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Introduction:

Computers are extremely vital to the work that is being performed in many
research and development areas in ultrasonic inspection. The many reasons for
the computer's popularity and importance are outlined in a paper by Rose and
Rogovsky [l] that was prepared as part of a first year effort on the ONR research
program. The overall research program is outlined in Table I.

The first year's effort in the study of microprocessor utilization in
ultrasonic inspection for flaw growth determination has encompassed a tremen-
dous work task from the initial concept and problem statement to the selection
and construction of the microprocessor system and to the final implimentation.
The underlying purpose of this year's work was to demonstrate the applicability
of microprocessors to the ultrasonic inspection field. The importance of using
microprocessors to perform ultrasonic data acquisition and signal analysis is to
allow the large, laboratory based computers used for traditional signal proces-
sing to be replaced by smaller, inexpensive, and portable processing units. Thus
the computing power now limited to the laboratory could be transported into the
field. The emphasis of microprocessor implementation was directed initially
towards ultrasonic inspection problems of interest to the U.S. Navy, in particular
that problem of inspecting ship hull plates additional details of which are pre-
sented in [2]. The task of inspecting ship hull plates was selected because of
its practical application as well as its ease of ultrasonic implimentation. The
inspection procedure is designed to be instrumental for both quality control
during manufacture and inservice inspection. The system allows manual scan-
ning of the area of interest, records the location of the edge of the damaged
area and presents a graphical picture of the extent of the damage. The area of
interest must first be determined either form a quality control examination,

a possible acoustic emission, liquid penetrant, or visual inspection. In ad-
dition, this system is designed to monitor the damaged area and to note any
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growth while the ship is in service. Therefore, as shown in figure 1, the

first year's work included the mechanical systems development, introduction
to basic microprocessor technology and implimentation to a simple ultrasonic
inspection problem.

A second work task was included as part of this microprocessor feasibility
study. As illustrated in figure 1, task II efforts consisted of developing an
advanced ultrasonic nondestructive test for flaw classification. The particular
ultrasonic test considered was that of fatigue crack growth and remaining life
prediction for aluminum specimens, additional details of which are presented in
'[3,4]. A computer derived algorithm was developed to interpret the ultrasonic
signals which were reflected from damaged area. The algorithm incorporated pat-
tern recognition techniques, in particular an Adaptive Learning Network, to pre-
dict nondestructively the extent of damage incured. This pattern recognition
algorithm is then to be programed on the microprocessor to demonstrate the ability

of a microprocessor to perform advanced nondestructive testing problems.

Selection of a Microprocessor

The most important step in developing a data acquisition and signal
processing system such as the one being used in our flaw growth inspection
system, is the selection of the central processing unit, in this case, a
microprocessor. An LSI-1l microprocessor system has been purchased and
is being used for studying such problems as storage requirements, computa-
tion time, interfacing problems, programming modes and general adaptability
to nondestructive testing kinds of problems. The LSI-11 unit was selected
for several reasons, the principle reason of which is associated with the
availability of a development system in our laboratory, namely the PDP11/05
minicomputer system. Also, the LSI-11 is one of the more versatile micro-

processors, with more than sufficient memory capacity for this problem.




Method of Attack

The problem of scanning a large steel plate and determining the extent
of any damage was divided into four segments. First a mechanical scanner was
designed and built to locate accurately the transducer on the plate. The
scanner, as shown in figure 2, is attached to the plate at its pivot point
by either a magnet or a suction cup. The transducer is attached to a slider
which is mounted on an arm that is allowed to turn about the pivot point.

A polar coordinate representation of the transducer's location is obtained
from potentiometers, one located at the pivot, which provides the angle, and
one attached to the slider by a string and pulley system, which provides the
radius.

The second part of the system is the data acquisition equipment. The
proposed equipment, as shown in figure 3, consists of a USIP-11 flaw detector,

a peak detector box and an inexpensive analog to, digital converter. The USIP-11
is used to pulse the transducer and to gate out the significant signal. The

peak detector will determine the peak voltage of the gated signal and the ana-
log to digital converter will digitize that voltage so it can be stored in the
microprocessor. Therefore, each data point will be an element of an array
which will be stored in the computer in the form of a radius, an angle, and

a voltage (r,@, P).

The third part of this inspection system is the signal processor. The
signal processor consists of a LSI-11 microprocessor, a video display terminal,
a paper tape reader/punch and the necessary interfacing hardware. This sig-
nal processing system must store all the data points and their respective vol-
tage levels, plus determine which data points locate the edge of the damage
area. Once the edge points have been separated, a picture of the damaged
area can be displayed on the video terminal and punched on paper tape for a

permanent record.
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The fourth and final segment of this project was to design and machine

test specimens for determining the accuracy of the system. Two ship hull model
specimens have been designed to test this microprocessor based, C-scan system.
Drawings of the two test specimens as shown in figures 4 and 5. These speci-
mens were machined from 1/2" thick steel plates and include various curvatures,
right angles, and depths. The manual C-scan apparatus was used to determine
the shape of each flaw. An account of the accuracy and reproducibility of the
microprocessor based C-scan was gained by using these two models.

Results

The utility of a microprocéssor in an ultrasonic inspection system is
certainly demonstrated with the design and implimentation of this micropro-
cessor augmented 'C'-scan system. There are two options for the form of the
output from this microprocessor based ultrasonic test apparatus. The out-

put may be displayed on the video termainal by a crude graphics mode. Examples

of these plots are shown in figures 6 and 7. Also the microprocessor is able

to punch on paper tape the precise coordinates sent to the microprocessor from
the potentiometers of the 'C'-scan device. The precise coordinates can be
additionally be plotted on a more sophisticated terminal if the microprocessor

is directly interfaced for example to a PDP-11 terminal. The graphics package

on the PDP-11 terminal was used to demonstrate the accuracy of the microprocessor
controlled 'C'-scan system. A PDP-11 drawn plot is shown in figure 8 along

with an actual drawing of the flaw.
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Fatigue Crack Study

In order to attack today's complex nondestructive test (NDT) problems,
an organized approach making the best use of available inspection procedures,
instrumentation and advanced techniques in signal gathering and analysis is
required. These elements must be combined with as much physical understanding
of the problem as possible. Lack of attention to any of these details can ruin
a prospective solution. An example problem attacking the important task of
fatigue damage detection and estimation was used to suggest procedures that can
be extended to other problems.

Nondestructive inspection techniques seek to improve the reliability of
various structures by detecting material flaws and defects either during manu-
facture or in service. The ultimate goal of nondestructive testing may simply
be expressed as the location and complete specification (size, shape, orienta-
tion, etc.) of a flaw. This is seldom possible, however.

A fatigue crack gro;th and remaining life study has been conducted at
Drexel University during the previous year with the thought of possibly impli-
menting the algorithm on a microprocessor. The problem of fatigue damage is
certainly an important one. It has been estimated that some 75-90% of all mech-~
anical failures are fatigue related. It is not surprising then that various
studies have been carried out to detect or estimate the size of fatigue cracks.

A knowledge of loading conditions, stress analysis, and fracture mechanics
indicates that cracks tend to form at certain sites and in certain structural
areas, and to grow in certain directions. This is particularly true when ar-
tificial sites such as rastener holes, cooling passageways, threaded sectionms,
or keyways are present. This may be less true if the formation sites are natural
in form such as voids or metal inclusions. However, the artificial sources have

been shown to be the predominant sources of cracking problems.
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Most of the investigators to date have tried to detect a crack of a certain
size. In some cases this '"crack'" was a saw cut or a machined slot, in others
a fatigue crack grown from a starter scratch or notch, and in a few cases actual
cracks have been used. The work presented in this paper uses a plate fatigue
specimen containing a through hole as a crack initiation site. No modification
of the through hole was made to produce a single crack. In fact, a multiple
crack was always formed in the vicinity of the hole due to the cyclic reverse
bending applied to the specimen.

At various points in their fatigue life, the test was stopped, and the
specimens were interrogated using a simple ultraéonic shear wave test arrange-
ment. The entire inspection was made from one side of the plate. Fixtures were
used to locate the transducer normal to the expected direction of crack propaga-
tion at two predetermined locations with respect to the through hole. The ultra-
sonic waveforms were digitized, stored, transformed, and analyzed on a computer.
An adaptive learning network (ALN) was used to develop a correlation between

the characteristics of the signal and the percent of fatigue life seen by the

specimen.
This produced a detection of fatigue damage after 10Z of the fatigue

life with a 92% success. Estimates of damage were made within + 20 of the actual
fatigue life percentage for 767 of the data. A study of fracture surfaces in-
dicates that the single crack size at the limit of detection was approximately
.020 in. in length and .030 in. in depth.

It should be noted that this procedure avoids progressing from measuring
crack size, through a fracture mechanics analysis, and to a calculation of
criticality. Rather it goes directly to a prediction of system performance.

It should also be noted that the ultrasonic test procedure was realistic for

inservice use.
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Major conclusions of the fatigue crack study are listed below.

1) The use of only amplitude-time information is usually not sufficient
to characterize the flaw. By transforming the amplitude-time signal into the
frequency domain the task of classifying flaws is in general simplified. Thus
a major portion of NDT inspection is involved in signal processing which depends

on the use of digital computers.

2) The ultrasonic test employed was designed to be realistic and simple,
to tend to remove operator influences from the testing and to perform the complete
inspection from one side of the plate. It should be noted that even sophistica-
ted signal processing and pattern recognition schemes are doomed to failure un-
less the basic test equipment is well understood and the testing procedure

well conceived.

3) A computer based test system is required to handle the volume of data
generated in this type of study and to quickly process the signal informationm.
Such a system also provides unbiased handling of the data and thus promotes in-

spector objectivity.
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Future Work Tasks

It is proposed to continue this microprocessor oriented study for
determining the applicability of microprocessors for advanced ultrasonic in-
spection and for structural dynamics assistance. The work for the second year
of this ONR research program will consist of two additional tasks, which are
shown in figure 1 as tasks III and IV. Tasks III efforts involve developing
software and hardware to improve the accuracy, speed, and reproducibility of
the existing microprocessor based 'C'" scan system. Several techniques that could
be useful for improving the accuracy of the "C" scan system are incorporating
a second generation improved manual scanner, more sophisticated ultraso#ic inspec-
tion equipment, and more intricate signal processing schemes.

Task IV is proposed to develop an algorithm to solve a contemporary and
challenging ultrasonic nondestructive test problem using our laboratory based
minicomputer in a generalized systems approach to the inspection problem. Once
the computer software has been designed with generalized coefficients and
computation routines, task IV work would then be to implement the software on
the LSI-11 microprocessor system. There are several anticipated difficulties
involved in the transition of the software from Drexel University's PDP11/05
minicomputer to the LSI-11 microprocessor. First, due to the limited core storage
of the microprocessor, the higher level language used to program the minicomputer
will have to be translated into assembly language, which uses core storage more
efficiently, to program the microprocessor. Also, the microprocessor will have
to be modified so that it may interface with more sophisticated peripheral de-
vices such as real time analog to digital converter. Once the capability to
translate programs from the minicomputer's higher level language to the LSI-1l's
assembly language, plus the ability ot interface the microprocessor with ultra-
sonic equipment has been developed, many Navy oriented ultrasonic inspection pro-

blems can be readily solved by a microprocessor.
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FIG. 6 - TYPICAL EXAMPLE ¢ THE GRAPHICS DISPLAY SHOWING A FLAW
MAPPED BY THE C-SCAN SHIP HULL INSPECTION SYSTEM
(MODEL 1)




Fig. 7 - PLOT OF FLAW FROM PDPII TERMINAL USING C-SCAN COORDINATES
(MODEL 1)
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Fig 8 - PLOT OF FLAW FROM PDPIl TERMINAL USING C-SCAN COORDINATES
(MODEL 2)
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