
CO 
1 0 

8 

PATENT SPECIFICATION 
(21) Application No. 27816/76 (22) Filed 5 July 1976 
(23) Complete Specification filed 30 Aug. 1977 
(44) Complete Specification published 10 May 1979 
(51) INT CL2 G01N 29/04 
(52) Index at acceptance 

GIG 1A 2 3R 4A5 7T PC 
(72) Inventor RICHARD ANTONY SKINNER 

(54) ULTRASONIC INSPECTION 

(»> 1 545 324 

(19) , 

(71) We, NUCLEAR POWER COM-
PANY LIMITED, of 1 Stanhope Gate, 
London, W1A 1EH, a British Company, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, and 
the method by which it is to be performed 
to be particularly described in and by the 
following statement:— 

This invention relates to the non-destruc-
10 tive examination of metallic articles by means 

of ultrasonic methods of inspection. 
The many techniques of ultrasonic inspec-

tion of metallic articles which exist all involve 
one or other of two principles of operation, 

15 viz. either the detection of an ultrasonic signal 
arising from deflection of a transmitted beam 
by a defect or the detection of a reduction of 
a transmitted signal below an expected value, 
due to deflection or absorption by a defect. 

20 The first of these two principles is in wide 
use as the "pulse-echo mode" of operation, 
but it is subject to problems because an 
indication of the presence of a defect can only 
be obtained by placing a receiver or listening 

25 probe at the correct position. Factors which 
can lead to failure in detection of faults in-
clude departures of the article under test from 
its specified geometry and defects occurring 
with unexpected orientations. Techniques 

30 using the second principle, often called the 
"transmission mode", are in frequent use for 
the examination of sheet, plate and similar 
material when the opposite surfaces are sub-
stantially parallel and are both readily 

35 accessible so that a transmitting probe can 
be positioned on one side of the piece under 
test and a listening probe on the other in the 
path of the emergent beam (which usually 
enters and leaves the piece under test in 

40 directions substantially normal to the surface). 
This transmission mode of operation has two 
major advantages. Firstly, since the absence of 
a defect in the path of the transmitted beam 
is indicated by the reception by the listening 

45 probe of a signal of the correct intensity, 
any malfunction of the system which leads 
to a reduction in the received signal, such as 
incomplete coupling of a probe to the piece 
under test, will result in a fault being indi-

50 cated: the system is thus inherently of fail-

safe type. Secondly, a significant degree of 
reflection and/or absorption of the ultra-

sound will be produced by any defect which 
is at least partly in the path of the beam, 
almost independently of the detailed shape 55 
and orientation of the defect, and the "trans-
mission mode" method therefore provides a 
high degree of assurance that defects will not 
remain undetected. However, as will be 
appreciated, the "transmission .mode" of • 60 
operation is of relatively restricted application 
since it can only be used for inspecting 
articles or components of suitable shape. 

A variant of the above-described trans-
mission mode technique, known as the "pitch- 65 
and catch mode", can in principle be used in 
cases where access is available to only one 
surface of a component to be tested, if the 
component is of known and suitable shape. 
In this method, the input beam, which would 70 
normally be a shear-wave-angle beam within 
the article (initially travelling in the metal at 
a defined angle in the range from about 40° 
to 70° to the normal at the surface where it 
enters the component) is deliberately directed 75 
so that it undergoes reflection off another 
(and usually inaccessible opposite) surface of 
the component in such a way that the re-
flected beam will emerge again at the 
accessible surface where it is detected by a 80 
listening probe. The emerging signal is then 
assessed as being of the correct intensity for 
defect-free metal (often called the "back wall 
signal") or as being of some lesser intensity 
which indicates the presence of a defect some- 85 
where along the path of the ultrasonic beam 
(either before or after reflection). This pitch-
and-cateh method shares with the basic trans-
mission method the advantages that it is in-
herently fail-safe and that it is unlikely to 90 
leave undetected any defects which are pre-
sent. It is, however, subject to one .major 
disadvantage, in that it is highly susceptible 
to even small deviations from nominal of the 
local geometry of the component under in- 95 
spection since a small discrepancy in the local 
orientation, of the reflecting surface can lead 
to the reflected beam being displaced so that 
there is a substantial decrease, in the signal 
picked up by the listening probe, which can- 100 
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not be distinguished from a decrease caused 
by a defect encountered by the beam in the 
metal. This disadvantage has proved so severe 
that it has in practice limited the use of the 

5 pitch-and-catch mode of inspection to com-
ponents of extremely accurate and closely 
maintained local geometry. 

It is an object of the present invention to 
provide' an improved inspection method and 

10 equipment, utilising the pitch-and-catch mode 
of operation but modified to take account of 
local details of the geometry of an article to 
be examined and of any deviations from 
nominal which such details embody, and 

15 thereby to reduce the likelihood of such 
deviations leading to a spurious indication 
of a defect in the article under test. 

According to one aspect of the invention 
there is provided a method of ultrasonically 

20 testing an article for faults by means of the 
pitch-and-catch technique which includes 
applying a testing ultrasonic signal at a first 
point of an accessible first surface of the 
article and detecting the testing signal at a 

25 second point of the first surface after trans-
mission of the testing signal through the 
material of the article and reflection of the 
testing signal at a small region of a second 
surface of the article, which second surface 

30 js generally opposed to the said first surface, 
the said second point and the direction of 

detection of the reflected testing signal there-
at being selected in dependence on measured 
data defining the position of the said first 

35 point of the first surface, the direction of 
application of the testing signal thereat, and 
the orientation of the first surface at the said 
first point and at the said second point of 
the first surface, in conjunction with data 

40 concerning the disposition of the second sur-
face, wherein the method includes the steps 
of:— 

applying, at each of a plurality of points of 
the first surface, a surface-locating ultrasonic 

45 signal, 
detecting, at each respective one of such 

points, the signal applied at that point after 
reflection of that signal at a respective small 
region of the said second surface, 

50 adjusting the direction at which that signal 
is applied, so as to maximise such signal as 
detected after reflection and thereby establish 
that incidence and reflection of the signal at 
the respective small region are substantially 

55 normal thereto, 
measuring the position and orientation of 

the first surface at each of the said plurality 
of points thereof, measuring the orientation 
of the adjusted direction at which the surface-

60 locating signal is applied at each of those 
points, and the time lapse from application 
of each such signal to detection thereof after 
reflection, and computing, from such measured 
data, the location and orientation of each of 

the said respective small regions of the second 65 
surface, and 

utilising the data thus computed as the said 
data concerning the disposition of the second 
surface. 

According to another aspect of the inven- 70 
tion there is provided apparatus for ultra-
sonically testing an article for faults by means 
of the pitch-and-catch technique which in-
cludes applying a testing ultrasonic signal at 
a first point of an accessible first surface of the 75 
article and detecting the testing signal at a 
second point of the first surface after trans-
mission of the testing signal through the 
material of the article and reflection of the 
testing signal at a small region of a second 80 
surface of the article, which second surface 
is generally opposed to the said first surface, 
the said second point and the directions of 
detection of the reflected testing signal thereat 
being selected in dependence on measured 85 
data defining the position of the said first point 
of the first surface, the direction of applica-
tion of the testing signal thereat, and the 
orientation of the first surface at the said first 
point and at the said second point of the first 90 
surface, in conjunction with data concerning 
the disposition of the second surface, the 
apparatus comprising: — 

a support structure provided with means 
for positioning it in relation to an article to 95 
be tested 

a transmitting first ultrasonic probe and a 
receiving second ultrasonic probe each 
mounted on the support structure, 

first and second manipulators arranged to 100 
control and monitor the position and attitude 
of the first probe and, respectively, of the 
second probe, relative to the support struc-
ture and thereby in relation to an article to 
be tested, and 105 

a data recording and processing unit opera-
tively connected to receive from the first and 
second manipulators data defining the posi-
tions and attitudes of the first and second 
probes and of first and second points of the 110 
said first surface of the said article with the 
first and second probes positioned there-
against, and supplied with data concerning 
the disposition of the said second surface, 
and operatively connected to select, by means 115 
of the second .manipulator, the position and 
attitude of the second probe as required for 
receiving a testing signal transmitted from 
the first probe and reflected from the said 
second surface of the said article. 120 

The essence of the invention is thus that, 
in carrying out an ultrasonic inspection by 
use of the pitch-and-catch technique, the sur-
face which will be employed as a reflector 
for the testing signal during the inspection 125 
is not merely assumed to be positioned and 
oriented in accordance with the nominal 
geometry of the article under test but is 
itself actually investigated ultrasonically so that 
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(no reliance being placed upon the nominal 
geometry) any deviations from the nominal 
geometry are automatically taken into account. 

Aspects of the method and suitable appara-
5 tus according to the invention will now be 

described in more detail with reference to 
the accompanying drawing, which shows dia-
grammatically a cross-sectional view of a wall 
of a vessel to be tested in accordance with 

10 the invention, together with an embodiment 
of apparatus according to the invention for 
carrying out the .method of the invention. 

As shown in the drawing, a vessel to be 
inspected has a wall 11 of which a part is 

15 shown in section and which has an outside 
first surface 12, which is accessible to appara-
tus for testing according to the invention, 
and an inside second surface 13 (assumed 
to be inaccessible). Movable over the outside 

20 surface 12 is a frame or support structure 14 
provided with supports or legs 15, adjustable 
by control and monitoring means 15A, by 
which the position and attitude of the frame 
14 relative to the wall surface 12 can be 

25 adjusted. The frame 14 carries first and 
second ultrasonic probes 16 and 17 which 
are respectively a transmitter and a receiver 
and which are of the shear wave type, as 
well as first and second manipulators 16A 

30 and 17A by means of which the positions and 
attitudes of the first and second probes, re-
spectively, can be controlled and monitored. 
The frame 14 also carries a third ultrasonic 
probe 18, which is a transceiver of the com-

35 pression wave type, and a third manipulator 
18A by means of which the position and 
attitude of the probe 18 can be controlled 
and monitored. The three probes are all 
provided, in known manner, with liquid 

40 coupling systems 16B, 17B and 18B respec-
tively. 

The probes 16 and 17 could be used to 
carry out the pitch-and-catch technique of in-
spection in known manner as referred to 

45 above, but that could lead to many spurious 
indications of faults if assumptions made 
about the detailed shape and position of 
the inner surface 13 of the wall 11 were not 
justified. 

50 In accordance with the invention, however, 
the probe 18 is used to establish accurately 
and unequivocally the position and orientation 
of a plurality of small regions of a surface, 
such as the surface 13, at which surface an 

55 ultrasonic beam transmitted from the probe 
16 is to be reflected before being received 
by the probe 17. In use of the illustrated 
apparatus to determine the position and 
orientation of one such small region, the 

60 frame 14 is positioned appropriately and the 
probe 18 is positioned against the surface 12 
at some particular point A thereon. Associ-
ated with the probe 18 are means 18C which 
generate and measure the surface-locating 

65 ultrasonic signals respectively transmitted and 

received by the probe 18 and which also 
measure the "time of flight" from transmission 
to reception (following reflection at the surface 
13). The means 18C supply data, concerning 
the transmitted and received signals and the 70 
time of flight, to a data recording and pro-
cessing unit 19 to which, also, the control 
and monitoring means 15A and the manipu-
lator 18A supply data concerning the position 
and attitude of the frame 14 and of the probe 75 
18 respectively. The manipulator 18A incor-
porates means, to ascertain the orientation of 
the surface 12, at the point A thereon, rela-
tive to the frame 14, such orientation being 
defined by angles J3 between the normal 80 
AN and a reference axis AR defined relative 
to the frame 14. The values of the angles 
a and /? as monitored by the manipulator 
18A are supplied to the unit 19 where they 
are stored. The angular disposition of the 85 
probe 18 in relation to the point A is then 
manipulated by the manipulator 18A (under 
automatic control, if desired, of the unit 19} 
to maximise the ultrasonic signal received by 
the probe 18 after emission therefrom and 90 
subsequent reflection at the surface 13—the 
maximised signal indicating that incident and 
reflected signal directions are normal to the 
surface 13 at the small region at 0 on which 
the beam is incident; and the corresponding 95 
monitored angular values y and 8 are supplied 
to the unit 19 as are also (by the means 18C) 
the data concerning the emitted and received 
signals and the time of flight. In conjunction 
with the effective index of refraction at A, 100 
the data supplied by the manipulator 18A 
and means 18C to the unit 19 are sufficient to 
enable that unit to compute the position and 
the orientation of the small region of the sur-
face 13 at the point 0. If the small region 105 
at 0 is to be used immediately as a reflector 
for an ultrasonic testing signal emitted by 
the probe 16 and detected by the probe 17 
in carrying out a testing operation by use of 
the pitch-and-catch technique, it is preferred 110 
as a practical matter (thougjh it is not essential 
to the invention) first to adjust the supports 
15 so as to bring the frame 14 into parallel-
ism with the small region of the surface 13 
at the point 0, as computed by the unit 19. 115 
This may be achieved automatically by means 
of the means 15A under the control of the 
unit 19. 

The probe 16 is then moved by its manipu-
lator 16A into engagement at a point B, on 120 
the surface 12, of which the position and 
surface normal are defined by parameters x„ 
y„ ofy (as shown in the drawing) which 
are monitored by the manipulator 16A and 
fed thereby to the unit 19. The data then 125 
available to the unit 19 enable it first to check 
whether the selected position is suitable and, 
if not, to effect a suitable adjustment, and 
thereafter to compute the required parameters 
ya and ^ and to control the manipulator 16A 130 
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to set the probe 16 accordingly, so that the 
ultrasonic testing signal emitted by that probe 
shall be incident on the reflected by a small 
region of the surface 13 at its point 0. Simi-

5 larly, with the probe 17 moved by the manipu-
lator 17A to contact the surface 12 at a point 
Q the parameters x2, y2 as monitored by 
the manipulator 17A and fed to the unit 19 
are adjusted by the manipulator, under the 

10 control of the unit 19, until the point C is on 
the computed path of the reflected signal; 
and with the surface normal'at C defined by 
parameters B-. as monitored by the 
manipulator 17A and fed to the unit 19, the 

15 attitude of the probe 17 is adjusted, under 
control of the unit 19, to align upon the 
reflected beam after it has been refracted at 
C to emerge at angular parameters y2, 82 as 
computed by the unit 19. Thus, under con-

20 trol of the unit 19, the probes 16 and 17 are 
positioned for optimum reception by the latter 
of an ultrasonic testing signal emitted by 
the former, after reflection at the small surface 
region at 0 whose position and orientation 

25 have been established by actual physical 
investigation with the aid of the probe 18. 

The unit 19 also receives, from the means 
16C and 17C, data concerning the emitted 
and received signals enabling not only a com-

30 parison of intensities to be made but also, 
in known manner, a suitable correction for 
attenuation due to the distance travelled from 
point B to point C via the surface region at 
0. With attenuation thus taken into account 

35 in known manner, and the receiving probe 
17 accurately positioned and aligned for re-
ception of the ultrasonic testing signal re-
flected from a small surface region as it is 
actually ascertained to be and not merely as 

40 it might be believed or assumed to be, a much 
reduced possibility of spurious indications of 
defects in the path of the beam may be relied 
upon. 

Once a defect has been detected by the 
45 above-described method according to the in-

vention, its severity and extent may be in-
vestigated partly by observing the degree to 
which the intensity of the signal received by 
the probe 17 is reduced below its expected 

50 value, partly by testing at a number of 
adjacent points (for example, at neighbouring 
points on a regular raster of points at which 
tests would be made in a routine sequence, 
whether or not any defect had been detected) 

55 and noting the area over which the presence 
of the defect is still detected, and partly by 
other more conventional techniques of detailed 
investigation (including pulse-echo tech-
niques). 

60 It will be understood that the .monitoring 
of the various linear and angular parameters 
fed to the unit 19 may be effected in any con-
venient manner, which may include the use of 
electrical analogue or digital position indica-

65 tors, and that the unit 19 may utilise elec-

trical analogue or digital or possibly hybrid 
analogue/digital systems for carrying out the 
required computations and issuing appropri-
ate control signals. 

It will be appreciated that the embodiment 70 
of apparatus according to the invention which 
is described above with reference to the 
drawing has a high degree of versatility in 
that the degrees of freedom within which 
the probes are adjustable are wide enough to 75 
cope with a wide variety of surface profiles 
and local irregularities. A simpler system may 
suffice for applying the invention to the 
investigation of articles having relatively 
simple geometries and free from major local 80 
irregularitiies. For example, the probe 16 may 
be made to follow the external surface of the 
article being tested, with a fixed angle 

El (=Yi— 

between the probe axis and the normal to 85 
the surface, adjustment of its position being 
then merely a matter of adjusting x, with, 
perhaps, some minor adjustment of the 
lateral angular attitude Si if the surface is not 
dependably regular in that respect, until a 90 
combination of x2, yu Si and E, is achieved 
for which the emitted ultrasonic beam direc-
tion is such that it is incident on the pre-
selected and pre-investigated small surface 
region at 0 and is reflected thereat. Simi- 95 
larly the probe 17 could be made to follow 
the article surface until it reached a suitable 
combination of its parameters x2, y2 indi-
cating that (as computed by the unit 19) it 
was positioned in die path of the reflected 100 
signals beam. It would depend on the degree 
of regularity of the article under test whether 
the probe 18 could be operated with a sub-
stantially fixed angle 

$2 (=72—Si) 105 

or whether some independent adjustment of 
e2 and also of would be required for satis-
factory operation. 

It will be understood that, whether a fully 
versatile system as illustrated in the drawing, 110 
or a simplified version which may be adequate 
in the testing of an article of relatively simple 
and regular shape, is used in carrying out 
the invention, the testing of an article by 
use of the invention will normally involve 115 
establishing the spatial position and orienta-
tion of the reflecting surface at a large num-
ber of points, such as the point 0, by means 
of the probe 18. It may in practice be con-
venient (as described above) to utilise the 120 
surface region at each such point, immedi-
ately after its position and orientation have 
been determined, as the reflecting surface in 
carrying out a pitch-and-catch operation with 
the probes 16 and 17; but it is not an essen- 125 
tial feature of the invention that that sequence 
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should be adhered to. In particular, as the data 
determined in respect of a large number of 
surface points are measured and fed to the 
unit 19 and recorded there, it becomes 

5 possible for the unit 19 to compute interpola-
tions between the direcdy .measured points of 
the inaccessible reflecting surface, and thereby 
to carry out the pitch-and-catch operation 
using reflection from a small region, on the 

10 inaccessible surface, whose position and 
orientation it is not possible to measure 
direcdy by means of the probe 18 because, 
for example, there is some local external 
obstruction or excrescence on the external 

15 surface which prevents the probe 18 from 
being positioned appropriately. Then again 
it may in some circumstances (for example 
when a particular article is to be re-tested 
periodically) be convenient to carry out 

20 initially, using the probe 18 as above des-
cribed, a more or less complete survey of the 
inaccessible surface from which reflection will 
be utilised in carrying out subsequent examina-
tions in the pitch-and-catch mode by means 

25 of the probes 16 and 17, the data for many 
points on that surface being obtained and re-
corded before any pitch-and-catch mode 
examination is attempted; and the recorded 
data may then be used whenever subsequently 

30 a pitch-and-catch mode examination is carried 
out by means of the probes 16 and 17, using 
reflection either only at surface points in re-
spect of which data has been previously re-
corded or, as .mentioned above, using also 

35 surface points for which such data has been 
obtained by computed interpolation from the 
measured data. It will be appreciated then 
when the invention is carried out by first 
conducting a survey with the probe 18 of the 

40 surface from which reflection is to be obtained 
and then subsequently carrying out one or 
more examination in the pitch-and-catch mode 
with reflection, by means of die probes 16 and 
17, it is not essential to the invention that the 

45 probes 16, 17 and 18 should be mounted on 
a common support structure or even that they 
should all be simultaneously present in the 
vicinity of the article to be examined. 

WHAT WE CLAIM IS: — 
50 1. A method of ultrasonically testing an 

article for faults by means of the pitch-and-
catch technique which includes applying a 
testing ultrasonic signal at a first point of an 
accessible first surface of the article and de-

55 tecting the testing signal at a second point 
of the first surface after transmission of the 
testing signal through the material of the 
article and reflection of the testing signal at 
a small region of a second surface of the 

60 article, which- second surface is generally 
opposed to the said first surface, the said 
second point and the direction of detection 
of the reflected testing signal thereat being 
selected in dependence on measured data 

defining the position of the said first point of 65 
the first surface, the direction of application 
of the testing signal thereat, and the orienta-
tion of the first surface at the said first point 
and at the said second point of the first sur-
face, in conjunction with data concerning the 70 
disposition of the second surface, wherein the 
method includes the steps of: — 

applying, at each of a plurality of points of 
the first surface, a surface-locating ultrasonic 
signal, 75 

detecting, at each respective one of such 
points, the signal applied at that point after 
reflection of that signal at a respective small 
region of the said second surface, 

adjusting the direction at which that signal * 80 
is applied so as to maximise such signal as 
detected after reflection and thereby establish 
that incident and reflection of the signal at 
the respective small region are substantially 
normal thereto, 85 

measuring the position and orientation of 
the first surface at each of the said plurality of 
points thereof, measuring the orientation of 
the adjusted direction at which the surface 
locating signal is applied at each of those 9C 
points, and the time lapse from application 
of each such signal to detection thereof after 
reflection, and computing, from such measured 
data, the location and orientation of each of 
the said respective small regions of the 95 
second surface, and 

utilising the data thus computed as the 
said data concerning the disposition of the 
second surface. 

2. A method as claimed in claim 1, where- 10( 
in at least one of the said respective small 
regions whose location and orientation is com-
puted is utilised as a small region at which 
the testing signal is reflected in carrying out 
the pitch-and-catch technique. 10: 

3. A method as claimed in claim 1, and 
including the steps of utilising the computed 
data regarding the location and orientation of 
at least some of the said respective small 
regions to compute corresponding data re- 11' 
garding the location and orientation of at least 
one interpolated small region of the second 
surface, and utilising such interpolated small 
region as a small region at which the testing 
signal is reflected in carrying out the pitch- 11 
and-catch technique. 

4. A method of ultrasonically testing an 
article for faults substantially as claimed in 
claim 1 and as described herein with refer-
ence to the accompanying drawing. 12 

5. Apparatus for ultrasonically testing an 
article for faults by means of the pitch-and-
catch technique which includes applying a 
testing ultrasonic signal at a first point of an 
accessible first surface of the article and dd- 12 
tecting the testing signal at a second point 
of the first surface after transmission of the 
testing signal through the material of the 
article and reflection of the testing signal at 



3 
1,545,324 6 

a small region of a second surface of the 
article, which second surface is generally 
opposed to the said first surface, the said 
second point and the direction of detection 

5 of the reflected testing signal thereat being 
selected in dependence on measured data de-
fining the position of the said first point of 
the first surface, the direction of application 
of the testing signal thereat, and the orienta-

10 tion of the first surface at the said first point 
and at the said second point of the first surface, 
in conjunction with data concerning the dis-
position of the second surface, the apparatus 
comprising: — 

15 a support structure provided with means 
for positioning it in relation to an article to 
be tested 

a transmitting first ultrasonic probe and a 
receiving second ultrasonic probe each 

20 mounted on the support structure, 
first and second manipulators arranged to 

control and monitor the position and attitude 
of the first probe and, respectivdy, of the 
second probe, relative to the support structure 

25 and thereby in relation to an article to be 
tested, and 

a data recording and processing unit opera-
tively connected to receive from the first 
and second manipulators data defining the 

30 positions and attitudes of the first and second 
probes and of first and second points of the 
said first surface of the said article with the 
first and second probes positioned thereagainst 
and supplied with data concerning the dis-

35 position of the said second surface, and opera-
tively connected to select, by means of the 
second manipulator, the position and attitude 
of the second probe as required for receiving 

a testing signal transmitted from the first 
probe and reflected from the said second sur- 40 
face of the said article. 

6. Apparatus as claimed in claim 5 and 
comprising a transmitting and receiving third 
probe mounted on the support structure, and 
a third manipulator arranged to control and 45 
monitor the position and attitude of the third 
probe relative to the support structure and 
thereby in relation to an article to be tested, 
the data recording and processing unit being 
operatively connected to receive from the 50 
third manipulator data defining the positions 
and attitudes of the third probe and of a 
third point of the first surface of the said 
article with the third probe pressed there-
against and to receive from the third probe 55 
data relative to, a surface-locating signal 
transmitted therefrom and received thereat 
after reflection at the said second surface 
of the said article, and operatively connected 
to the third manipulator for adjusting the 60 
third probe to maximise the said surface-
locating signal as received after reflection, 
whereby die third probe and the third 
manipulator are adapted to supply to the data 
recording and processing unit the said data 65 
concerning the disposition of the said second 
surface. 

7. Apparatus for ultrasonically testing an 
article for faults, substantially as described 
herein with reference to the accompanying 70 
drawing. 
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