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MULTIFREQUENCY EDDY~CURRENT INSPECTION
OF SEAM WELD IN STEEL SHEATH*

J. He Smith, C. V. Dodd, and L. D. Chitwood
ABSTRACT

Multifrequency eddy—current techniques were used to perform
a continuous on-line inspection of the seam weld in the steel
jacket for a superconducting cable. The inspection was required
to detect both surface and internal weld flaws in the presence
of a large, highly conductive central conductor. Raw eddy-
current data were recorded on magnetic tape, and test properties
such as discontinuity size and weld penetration were determined
by mathematically fitting these data to coefficientg developed
with representative standards. A sophisticated computer-
controlled scanning techmique was applied, and a unique scanning
device was developed to provide full coverage of the weld and
heat~affected zone. The techniques used to develop this
multifrequency eddy—current examination are described in this
report aleng with the test equipment, test procedures, and com—
puter programsa.

INTRODUCTION

The Large Coil Program (LCP), a major program activity of the Fusion
Energy Division at the Cak Ridge National Laboratory (ORNL), is developing
and testing large coils for use as superconducting magnets in the fusion
energy study. Several international companies have been contracted to
build large superconducting magnet coils using different designs and
materials, but adhering to the same performance specification and envelope
requirements. When completed, these coils will be tested at the ORNL

Large Coil Test Facility (LCTIF).

*Research sponsored by the Office of Fusion Energy, U.S. Department
of Energy, under contract DE~AC05-840R21400 with Martin Marietta Energy
Systems, Inc.



As part of the United States Large Coil Program managed by ORNL,

Westinghouse and Oxford-Airco have cooperated in the designa and fabrica-

tion of a large superconducting magnei that used one

of the most sophisti~-

cated superconductors ever ahtempied. The wire manufacturing process, for

example, iovolved twe extyxusions, approximately 20 heat treatments, and

over 50

it was
with a
ductor
vacuum

of 4 K

sepatrate wire drawing operations. After ithe wire was fabricated,
twisted into a cable containing 486 strands. The cable was wrapped
thin Inconel foil, then a steel jacket was formed around the coun-
and seam welded along its length. This jacket formed a cryogenic
vessel that was required to be helium leak tight at a temperatura

and a pressure of approximately 10 MPa (100 atm).

The most probable area for leaks was the seam weld; therefore, some

type of nondestructive test was needed to evaluate the quality of this

weld.

The size and geoumetry of the sample and the need to perform the

test continuously along the weld on a production line basis made eddy

currents the most logical nondestructive testing (NDT) method to try.

Studies using conventional eddy-current

techniques encountered significant

difficulties because of large irregular signals generated by the twisted

conductor and other materials present in Che cable assembly. The large

background signals and the number of significant variables that changed

during

virtually impossible.

the test wade the exanination by conventional eddy-current methods

This problem was brought to the ORNL Noudestructive

Testing Development Labovatory, where prior thecretical and experimental

studies had resulted in a capability to solve multiparameter problems by

use of

multifrequency eddy-current techniques. This report describes the

application of these techniques to inspeci the weld in the steel sheath

for the superconductor cable. Although available funds and time limited

the amount of deveslopment for computer processing of data, a very useful

system was developed.

DESCRIPTION OF PROBLEM

The problem as initially defined was to nondestructively inspect the

seam weld of the Lype JBK-75 steel sheath or jacket surrounding a super—

conducting cable. This steel is an alloy steel that has properties very



similar to those of A-286 stainless steel. The cable consisted of 486
strands of wire that had been twisted and wrapped with a thin {[approxi-
mately 0.05-mm {0.002-1in.)] Inconel foil. Each strand of wire consisted
of a copper—coated composite of 2869 filaments of 3.5-mm NbzSn. A
1.7~mm-thick (0.067~in.) steel sheet was wrapped around the cable and foil
te form a butt joint, which was welded autogenously by a gas tungsten arc
technique. The welded steel jacket forms a cryogenic vacuum vessel for
the cable. It was required to be helium leak tight at a temperature of

4 K and a pressure of 10 MPa (100 atm). The JBK~75 steel plate was ultra—-
gonically inspected before the sheath was formed;! therefore, the obvious
area of concern for possible leaks was the seam weld and heat—-affected

Zone.
INSPECTION REQUIREMENTS

The initial requirements were to inspect the seam weld and HAZ for
defects or discontinuities that could cause leaks in the sheath. The test
had to be performed from the outside surface of the welded sheath aand in
the presence of the large conducting cable. It also had to be performed
at the superconductor cable assembly site (the Oxford-Airco plant in
Carteret, New Jersey), Personnel there had to be trained for eddy-current
testing, and written procedures were required to describe the necessary
steps to perform the examination. The test also bad to be performed con-
tinuously on the production line as the weld was being made. [One of the
assembly requirements for the superconductor cable and sheath was that
they be formed continuously for lengths up to 100 m (~328 ft).] The test
was required to detect any crack oriented longitudinal to the weld and
having a length of 19 mm (0.75 in.) and a depth of 0.82 mm (0.032 in.) and
to detect any transverse crack having a depth of 1.62 mm (0.064 in.) and
visible on the surface of the sheath. (After the multifrequency eddy~-
current inspection method was developed and we had determined its capa-
bilities, additional test requirements were added.) The final test
requirements were to inspect the weld and heat-affected zone for defects

of the size indicated ‘above and to inspect the weld for lack of fusion,



lack of penetration, and sag in the weld crown. The test was performed
continuously for weld lengths up to 100 m with the weld moving through the
inspection station at a rate of 0.6 m/min {(~2 ft/min).

The eddy~curreat inspection station was located as near to the weld
station as possible to allow for quick corrections when errors such as
insufficient penetration or the weld beam straying off the joint were
detected. Even though the sheath and weld were quenched after the weld
operation, they still had a temperature above ambient wheo they reached
the eddy—current inspection station. We therefore had to account for
material property changes (e.g., electrical conductivity) due Lo tem-
perature variation during the inspection. Figure 1 shows a block diagram
of the major operations and the location of the various stations used to
assemble the superconducting cable and sheath. Because the eddy~current
system was near the gas tungsten arc welder, we also tested whether the
electrical noise generated by the welding operation was picked up by the
eddy—current instrumentation or the vecorders. No noise problem existed,
but we did use an isolation transformer in the main power line for the
instrument. Later in the program we had to move the eddy—current inspec—
tion farther downstream in the assewhly line because of a change in the

welding procedure.

ORNL-DWG 85-1808

FEED
CABLE IS TUBE £DDY FORMING STANDS STATION
oD - D - il (1 sranon WELB e K ve steed snean K7 CORBLE
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Fig. 1. Block diagram of production assembly line for the supercon-~
ductor cable and sheath.

The cross section of the cable and sheath at the time of welding was
round, having a diameter of about 25 mm (1 in.). The cable and sheath
asseubly then went through a formiag operation that compacted the cable
and changed the cross section to a square (21 by 21 mm). Figure 2 shows

the cross sections of the two superconductor cable configurations.



Y-188749

Fig. 2. Cross sections of cable. Left, after forming. Right, as
welded.

The superconductor cable and sheath had a round cross section when
the production line inspection was performed. Subsequent eddy-current
inspections were performed on the cable and sheath with the square cross
section to relocate and evaluate areas where indications had been obtained
during the production test to determine if weld repairs were needed. An
electromechanical circuit was developed to automatically mark areas on the
superconductor sheath weld where the eddy—-current signal exceeded a
selected level. The areas that required weld repair were also reinspected

to assure that a satisfactory weld repair had been made.

THEORY OF MULTIFREQUENCY EDDY-CURRENT INSPECTION

Many different parameters can influence eddy-current measurements;

therefore the unique determination of a given sample property when other



properties also vary is usually difficult or impossible unless sufficient
data are obtained to eliminate the effects of unwanted variables. In
general, at least as many independent eddy-current readings must be made
on a given specimen as there are properties whose variation may affect the
readings. If sinusoidal eddy currents are used, one can determine no more
than two quantities, such as the magnitude and phase, at a given fixed
frequency. Therefore, if more than two properties need to be determined,
multiple—-frequency, pulsed, or swept~frequency eddy currents must be used.
Since multifrequency techniques were applied to this particular problem,
only that method will be considered in this report. More detailed
descriptions of the use of multifrequency eddy-current techniques to solve
multiple—property problems have been reported.Q”“

No more than two pieces of information can be obtained from a given
sample with an eddy-current instrument operating at a single frequency,
for example, the magnitude and phase of the output voltage. However, many
sample properties can affect the readings, and their effects are so
interrelated that various combinations of the properties could produce the
same pair of instrument readings. Therefore, to distinguish the actual
properties from other possible combinations, one must make at least as
many independent readings as there are parameters that can vary and affect
the readings. This can be done by using magnitude and phase readings at
N different fixed frequencies to obtain 2N pieces of information.

Assume that N properties, such as conductivity, permeability, 1ift-
off or fill factor, wall thickness, and defects, may affect the readings.
Let ng be an array of properties in which j =1, 2, ..., N gives the par-
ticular property or parameter, and Z =1, 2, ..., M is the index giving

the particular sample. We can write the array as
Py P12 «es Py

P21 P22 es e P2N

Py = (1)



Let us also suppose that the set of properties Pjj (J =1, 2, cee, N
for the ith sample produces a set of ¥ independent readings Rj;j
{(k =1, 2, «n., N”), where ¥N° » ¥. We want to obtain a set of formilas
such that, for the ith set of properties,

P’il = Fl (R'z:l’ Riz, eoey R’IZN")

= F2 (Rili R/L?_, Y H”ZZN’)

kel
T3,
3%
{l

) : : ()

Pig = Fy (Bi1s Rigs «ees Big-)
where 7 =1, 2, ..., M, and the symbol = indicates that the functions
Fi, Fy, +e», Fy provide only approzimations te the corresponding
properties. To obtrain good approximations we may wish to expand the
readings into polysomials, such as

o Ny~ ny Mg My~

Ny
Pij ¥ Fj= 3. 2 e 2 Conynge.ony-iBisee-Bins » (3)
n1%0 n,=0 gy =0 '

where ¥y, ¥,, ..., Ny- are the highest powers of the readings Rii’ Riz’
eeey By~ in the polynomial. To determine all of the coefficients

Cj”lﬂz .ae My~ {see above) for the jth property, one must have at least as
many sets of readings (4 = 1, 2, ... M) as there are coefficients to be
determined. If M is greater than the number of coefficients to be
determined, then a linear least-squares fitting program can be used to

determine the set of coefficlents to minimize the sum of squares

M
S5 = 2o (Pij— 7 *
=1

for the jth property. This is done by a subroutine in the data-fitting
program, which numbers the coefficients consecutively. The first term in
the polynomial expansion Fj is the comstant C.ogp,..0, which is called the

"offset.” It may be equal to zero.



Once the polynmomial coefficients have been determined to calculate a
given property with the desired accuracy, they can be used to calculate
that property for an unknown sample if the properties of the unknown
sample fall within the range of validity of the polynomial expansion.

This is assured by fitting the polynomial to a range of variatioms that is
at least as great as that expected for the unknown samples.

Thus, dropping the index © from Eq. (3), we can calculate the

property EE of an unknown sample from the readings R, #y, ..., Hy- by the

formula
v, ¥ - ny N1y Cils
szFj= z Z ce e }-J Cjn]_nZO--"?N’Rl R2 ...HN’ . (5)
n31=0 n,=C ny ~=0

After examining this formula, it appears that any desired precision
can be obtained by making the polynowial large enough, and this is indeed
true. If the number of sets of measured properiies, M, is equal to the
number of sets of linearly independent readings, N”, then a unique and
exact fit can be obtained for the M values of each property by using only
linear terms. However, the function Fj may fluctuate drastically between
the fitted points so that intermediate values of the property would not be
fitted well.

Furthermore, if each reading Rj is subject to a certain amount of
random evrror, ARJ, so that the polynomial becomes

vy N2 Ny~ g
Fi= Y S e Y Cinpnge.ong B £ ARy £ ARYT2e. . (By- * ARY-) N, (8)
n1=0 1,=0 ny -=0
then we see that the random errvors, particularly in the terms involving
high powers, may lead to considerable error. The worst possible com-
bination of ervors, in which all the errors in the value of the property
are in the same direction, will be called the "DRIFT." In the curve-—
fitting program used to fit the experimeantal data, the worst possible com-
bination of errors produced by changes of 0.01% in each maguitude and
0.01° in each phase are calculated and printed as the DRIFT, since errors

of this amount are characteristic of current eddy—current equipment.



Because most material properties will not oscillate rapidly in a
limited range of any given parameter, cubic or higher powers of the
readings are rarely necessary or even useful to fit a given property.

Details on the linear least—squares curve—fitting procedure have been
given.z“3 The coefficients Cjn1"2¥--ﬂN’ in Eg. (3) are determined by a
subroutine in the data fitting program used to minimize the sum of squares

in Eq. (4).
GENERAL PROCEDURE TO DESIGN A MULTIPLE-PROPERTY EDDY~-CURRENT TEST

The overall design of a multiple~property eddy—current test Involves
two efforts, an analytical study and an experimental study of the given
problem. The analytical study is theoretical; it involves only the use of
our laboratory minicomputer and appropriate software, and no actual
instrument hardware or test standards are required. Appropriate computer
programs have been written at ORNL to allow this study. The analytical

study can be described in three steps.

1. Eddy-current instrument readings (magnitude and phase) are
theoretically calculated with the minicomputer for a number of different
frequencies and for a range of values for the test properties that are
anticipated to vary.

2. The minicomputer is then used to perform a least—squares fitting
of user—selected polynomials (constructed from the theoretically calculated
magnitude and phase readings) to obtain the various desired properties.

3. The fit error (how well the chosen polynomial can be used to
calculate the specified property) is determined. The drift error is also
determined [how much the calculated property will change for small changes

in the signal readings (magnitude and phase)].

The above three steps are repeated for different probe designs and
frequency combinations until the drift errors are minimized or are accept-
able for the given test conditions.

An analytical study is helpful to determine the correct probe design
and frequency values to provide optimum test results. The analytical

study is not absolutely essential, but it is very useful to determine the
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feasibility of the examioation, and it cao be used o predetermine the
accuracy for measuring any particular property and ihe allowable tolex—
ances in the flostrumental parameters.

An analytical study was not performed for this particular examination
problem because of critical deadlines in the fabrication schedule for the
superconductor cable. Essentially we used our experience, engineeriog
judgment, and a few experimental measurewments to determine the best com~
bination of frequencies and coil desiga to use. In fact, the first
selected coil design did not meet all the test reguirements, and a dif-
ferent coil was selected for the final test.

Once the analytical study has been completed and the coil design and
operating frequencies have been selected, the next step in designing a
multiple~property eddy-current test is to perform the experimental study

as follows.

1. The optimum instrumentation 1s comstructed or assembled from
existing medules, and the optimum probe is obtained. The instrumeant is
assembled, it is adjusted to the desired frequencies, and calibration
standards that cover the range of expected property variations are
obtained. Obtaining a representative set of test samples is ome of the
most important and most difficult tasks associated with solving any non—
destructive examination problem. This particular study was not atypical.
The test requirements changed several times before a final solution was
obtained, and the changes required new, different, or additional test
samples to be fabricated. Rather than belabor these problems Inm this
report,;, we will discuss only the test samples that were used to obtain the
final solution to the problem.

2. The test instrumentation is calibrated, and a set of data
(magnitude and phase readings) that represents the concerned property
variations is made from the test samples. These data are recorded with a
minicomputer, averages and standard deviations are calculated, aud the
data are stored in the computer's memory.

3. A least-squares fit is made of the selected properties to the
polynomials containing the actual magnitude and phase readings recorvded in

step 2. This is accomplished by use of the minicompiiter and the sofiware
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developed at ORNL. Various selected polynomials are constructed from the
actual experimental readings, and the properties of interest are fit to
these polypomials. The fit and drift errors are calculated to determine
how well the particular property can be determined.

4. When the optimum or a sufficiently accurate fit 1is obtained, the
coefficients for the polynomial representing the selected property deter-
mination are recorded and stored on a programmabie read-only memory {(PROM)
chip. The PROM chip containing the coefficients is placed in the micro-
computer circuit for the multiple-frequency eddy-current (MFEC) instru-—
ment. Selected properties to be measured can now be calculated from
actual magnitude and phase readings by the microcomputer systém in the
MFEC instrument. |

5. The final step is to field test the inspection system on site by
examining test samples and other representative samples and calculate the
desired pfoperties, tokevaluate how well the test system will perform in

the actual environment that will be: used.
INSTRUMENTATION, EDDY-CURRENT PROBE, AND SCANNING SYSTEM

The three—frequency eddy-current instrument used for this study is
shown in Fig. 3. A block diagram of the instrument is shown in Fig. 4.
This instrument will simultaneously measure both the magnitude and phase
of the eddy—current signal at three different frequencies: 20, 200, and
500 kHz. The eddy-current instrument can record raw data readings and
then calculate the speéified properties with an internal microcomputer.
The instrument can also interface with a larger minicomputer to permit
more complicated data analyses, such as least-squares fitting. This
instrument was developed at ORNL, and a thorough description has been
provided.s k

The extended module in Fig. 3 contains the NDT-COMPY9A microcomputer,
the analog-to—digital converter, the digital-to-analog converter, and the
transceiver unit. The NDT-COMPY9A is a self-contained, eight~bit microcom-
puter system designed specifically for experiment control and data analy-

sis with the wodular eddy-current instrument. The unit has 16 K of
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read-only memory and random access memory. It can perform 32-bit,
floating-point mathematical operations in hardware and it has a sophisti-
cated input—output structure for instrumentation control. The NDT-COMP9
microcomputer was also developed at ORNL, and details are provided.6

A small PROM chip lies in front of the instrument in Fig. 3. This
chip has a 2-K byte memory capacity and is used to store the polynomial
coefficients (used to determine material property values) in the microcom—
puter and the program for control of the test, data gathering, and evalua-—
tion. The chips are physically located in the top of the microcomputer.

The minicomputer (MODCOMP IV), used for most of the data analyses for
tests performed in the laboratory, is shown in Fig. 5. The minicomputer
can store and operate on much larger quantities of data. For example, the
polynomial coefficients used to develop material properties from the eddy-
current readings are developed with the minicomputer and are transferred

to the microcomputer by the PROM chips.

Y-188745

Fig. 5. MODCOMP IV minicomputer.
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The eddy—current coil design is selected to be able to detect the
types of defects or to measure the properties desired. It must be small
enough to provide the sensitivity required by test specifications, yet
large enough to provide an area of coverage to allow the test to be per-
formed in the time frame allowed. A flat pancake-type coil having a mean
radius of 2.11 mm (0.083 in.) was used for this examination. The eddy-
current probe actually contained driver and pickup coils arranged in a
reflection mode. Figure 6 shows a simplified circuit diagram for a
reflection—-type probe. Details concerning reflection coils are reported

elsewhere.’

The eddy-current probe used for this examination can be seen
in Fig. 7. (The probe is the cylinder located in the laboratory scanning
fixture.) A nominal 25-mm-diam (l-in.) superconductor cable and sheath
sample is located under the lower end of the probe. The flat eddy-current
coils are located in the end of the eddy-current probe, just above the

superconductor sample.

ORNL-DWG 72-671

W W WA >

<~>vo ==C¢ ZpQ M | Zpy Cp == §R9

Vo DRIVING VOLTAGE

Ry SERIES RESISTANCE IN THE DRIVING CIRCUIT

Cg SHUNT CAPACITANCE OF THE DRIVING CIRCUIT

Rg D.C. RESISTANCE OF THE DRIVER COIL

Zp IMPEDANCE OF THE DRIVER COIL

M MUTUAL IMPEDANCE BETWEEN THE DRIVER AND PICK-UP COILS
Zp, IMPEDANCE OF THE PICK-UP COILS

R, D.C. RESISTANCE OF THE PICK-UP COILS

C; SHUNT CAPACITANCE OF THE PICK-UP CIRCUT

Rg AMPLIFIER INPUT IMPEDANCE

Fig. 6. Simplified circuit diagram for an eddy-current reflection—-
type probe.



15

Y-188126

Fig. 7. Eddy-current probe.
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The three—axis (X¥2) scanning system used to examine the sheath welds
in the laboratory is shown in Figs. 8 and 9. The scanning motion can be
controlled by the operator using the teletypewriter keyboard (Fig. 10), or
the control can be programmed into the computer. The stepping motors that
control each axis of motion are driven by voltage pulses, and data are
recorded in incremental bytes during scanning.

Figure 11 shows three of the output devices used to record data in
the laboratory, a video display, a five—channel strip-chart recorder, and
a Versatec printer—-plotter. Two other output devices used were the line
printer and the magnetic tape recorder shown at the left in Fig. 5.

Figure 12 shows the instrument package that was assembled to perform
the tests on site. The components in the cabinet (from top to bottom) are
(1) the three-frequency eddy-current instrument, (2) a six-channel strip-
chart recorder, (3) a keyboard and video terminal, (4) a power supply and

speed control for the scanning drive, (5) a remote control box used with

Y-184755

Fig. 8. Three—axis scanning fixture.



Fig. 9.

Y-184756

Close—up of three—axis scanning fixture.

Y-184757

Fig.

10.

Keyboard and video display.

LT



18

ORNL PHOTO 1986-80

Fig. 11. Output devices (keyboard-video, strip-chart recorder, and
Versatec printer—plotter).

the microcomputer to select different test conditions, (6) a magnetic tape

recorder and buffer, and (7) a transceiver unit to link the microcomputer

and output devices.
Figure 13 shows the

device will be described

device, used to identify

current indications were

sheath weld scanner at the test site. This
in more detail later in this report. The marking
areas on the sheath weld where significant eddy-

obtained, is oriented about 45° to the scanner.

Two views of a hand-held manually operated scanning device in posi-

tion on a superconductor

cable are shown in Fig. 14. This device was used

to accurately relocate the areas where significant indications were

obtained and to reinspect local areas where weld repairs were made.
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CYN-5924

Field instrument package used at Oxford-Airco.

12.

Fig.
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CYN-5925

Fig. 13. Sheath weld scanner used at Oxford-Airco.

CYN-5921 CYN-5922

Fig. 14. Two views of the manual scanner used at Oxford-Airco.



21

TEST SAMPLES

The eight test samples used in this study can be seen in Figs. 8 and
9. Each sample was approximately 0.8 m long (31 in.) and about 25 mm
(1 in.) in diameter or thickness. Six samples had a round cross section
and two had a square cross section. The two cross sections, illustrated
in Figs. 2 and 9, represent different stages in the production of the
superconductor cable. The production, on-line eddy-current examination
was performed while the cable had a round cross section. The final
ingpection for weld repairs was performed on the superconductor after it
had a square cross section.

Several different types of manufactured discontinuities, such as
longitudinal and transverse notches, holes, and V-grooves, were placed in
the weld and heat-affected zones on both the inner and outer surfaces of
the steel sheath. Figure 15 shows the locations and orientations of some
of the discontinuities. The manufactured discontinuities were selected to
produce eddy-current signals similar to those produced by the properties

we were trying to measure. The holes and notches were used for defect

ORNL-DWG 85-1809

Fig. 15. Locations of manufactured discontinuities in the supercon-
ductor sheath weld test samples.
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examination. The notches had nominal depths of 0.25, 0.51, and 0.76 mm
(0.010, 0.020, and 0.030 in.) and were made by electrodischarge machining.
The holes had nominal diameters of 0.18 mm (0.007 in.) and were drilled
through the wall. V-grooves were milled in the root area of the weld to
simulate lack of weld penetration. The test samples were fabricated in
pairs with each pair being essentially identical. Tables 1 through 4
describe the various manufactured discontinuities in the test samples.
Samples C and D (Table 4) have a square cross section and represent the
final configuration of the superconductor cable. Sample C contained five
areas on the weld where weld repairs had been made. Each area was
approximately 76 mm (3 in.) long.

A brief identification system was developed for the various manufac-
tured discontinuities in the test samples. This identification was used
on data sheets, in computer programs, and in some figures in this report.
Examples of discontinuity identities are ILW20, 0TZ30, and HW7. Notches
have a five-character identification number and holes a three-character
number. The first character of a notch identification 1s either an I or
an O, representing the inner or outer surface location of the notch. The
second character is an L or T (longitudinal or transverse), and it repre-
sents the orientation of the notch with respect to the major axis of the
weld. The third character is either W or Z, representing the location of
the notch in the weld or in the heat-affected zone. The last two charac-
ters are numbers that represent the nominal depth of the notch in 25.4—pm
(0.001-in.) increments. The first character of a hole identification is H
for hole. The second character is W or Z (weld or heat-affected zone),
representing the location of the hole, and the last digit or digits repre-
sent the diameter of the hole in 25.4-um (0.00l-in.) increments. All
holes were drilled through the sheath (or weld) wall.

We discovered after doing quite a lot of work on the test samples
that the material adjacent to the manufactured discontinuities in some of
the test samples had become magnetic. These areas were not highly magne-
tic, and their field stremngths could be measured only by using sensitive
equipment such as a Hall effect device or an eddy-current instrument. We

were mildly surprised because the JBK steel is a high—alloy steel that is
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Table 1. Mar«factured discontinuities in superconductor sheath weld
test samples 1 and 2
Dimensions [mm (in.)]
Number Typed Surface Location
Length Depth
1 Longitudinal Ilnner Weld 6.35 (0.250) 0.51 (0.020)
notch
2 Longitudinal Inner Weld 6.35 (0.250) 0.76 (0.030)
notch
3 Transverse Inner Weld and 6.35 (0.250) 0.51 (0.020)
notch HAZ
4 Longitudinal Inner HAZ 6.35 (0.250) 0.51 (0.020)
notch
5 Longitudinal Inner HAZ 6.35 (0.250) 0.76 (0.030)
notch
6 Hole HAZ 0.18 (0.007) Through wall
7 Hole Weld 0.18 (0.007) Through wall
8 Transverse Inner Weld and 6.35 (0.250) 0.76 (0.030)
notch HAZ

OTransverse notches extend across weld into the heat—affected zone

(HAZ).
Table 2. Manufactured discoantinuities in superconductor sheath weld
test samples 3 and 4
Dimensions [mm (in.)]
Number Type Surface Location
Length Depth
1 V-groove Inner Weld 76.2 (3.0) 0.25 (0.010)
2 V-groove Inner Weld 76.2 (3.0) 0.51 (0.020)
3 V-groove Inner Weld 76.2 (3.0) 0.76 (0.030)
4 Wall thinning Inner Weld and 38.1 (1.5) 15%
HAZ
5 Wall thinning Inner Weld aud 38.1 (1.3) 25%
HAZ
6 Wall thinning Inner Weld and 38.1 (1.5) 35%

HAZ
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Table 3. Manufactured discontinuities in superconductor sheath weld
test samples A and B
Dimensions [mm (in.)]
Number Type® Surface? TLocation
Length Depthb
1 Longitudinal Inner Weld 6.35 (0.250) 0.25 (0.010)
notch
2 Longitudinal Inner Weld 6.35 (0.250) 0.51 (0.020)
notch
3 Longitudinal Inner Weld 6.35 (0.250) 0.76 (0.030)
notch
4 Transverse Inner Weld and 6.35 (0.250) 0.51 (0.020)
notch HAZ
5 Hole T Weld 1.65 (0.065) T
6 Hole Outer Weld 1.65 (0.065) 1.52 (0.060)
7 Longitudinal Inner HAZ 6.35 (0.250) 0.25 (0.010)
notch
8 Longitudinal Inner HAZ 6.35 (0.250) 0.51 (0.020)
notch
9 Longitudinal Inner HAZ 6.35 (0.250) 0.76 (0.030)
notch
10 Hole T HAZ 1.65 (0.065) T
11 Longitudinal OQuter Weld 6.35 (0.250) 0.25 (0.010)
notch
12 Longitudinal Outer Weld 6.35 (0.250) 0.51 (0.020)
notch
13 Longitudinal OQuter Weld 6.35 (0.250) 0.76 {0.030)
notch
14 Tranaverse OQuter Weld and 6.35 (0.250) 0.51 (0.020)
notch HAZ
15 Transverse Both Weld and 6.35 (0.250) 0.66 (0.026)
notch HAZ
16 Transverse Both Weld and 6.35 (0.250) 0.66 (0.026)
notch HAZ
17 Longitudinal Both Weld 6.35 (0.250) 0.38 (0.015)
notch
18 Longitudinal Both HAZ 6.35 (0.250) 0.38 (0.015)
notch
19 Longitudinal Outer Weld 19.0 (0.750) 0.76 (0.030)
notch
20 Transverse Quter Weld and 12.7 (0.500) 0.61 (0.024)
notch HAZ
21 Transverse Quter Weld and 3.18 (0.125) 1.63 (0.064)
notch HAZ

ATransverse notches extend across weld into the heat—affected zone
(HAZ).

by

= through wall.
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test samples C and D

Manufactured discontinuities in superconductor sheath weld

Dimensicns [mm (in.)]

Numbet Type? Surface? Location
Length Depthb
1 Transverse Quter Weld and 6.35 (0.250) 0.25 (0.010)
notch HAZ
2 Longitudinal Outer Weld 6.35 (0.250) 0.25 (0.010)
notch
3 Transverse Inner Weld and 6.35 (0.250) 0.76 (0.030)
notch HAZ
4 Longitudinal Inner HAZ 6.35 (0.250) 1.02 (0.040)
notch
5 Transverse Outer Weld and 6.35 (0.250) 0.51 (0.020)
notch HAZ
6 Longitudinal Quter Weld 6.35 (0.250) 0.51 (0.020)
notch
7 Transverse Inner Weld and 6.35 (0.250) 0.51 (0.020)
notch HAZ
8 Hole T HAZ 0.15 (0.005) T
9 Longitudinal Inner Weld 6.35 (0.250) 0.76 (0.030)
notch
10 Longitudinal Inner Weld 6.35 (0.250) 1.02 (0.040)
notch
11 Longitudinal Cuter HAZ 6.35 (0.250) 0.25 (0.010)
notch
12 Longitudinal Outer HAZ 6.35 (0.250) 0.51 (0.020)
notch
13 Transverse Innevr Weld and 6.35 (0.250) 0,51 (0.020)
notch HAZ
14 Longitudinal Inuer Weld 6.35 (0.250) 0.51 (0.020)
notch
15 Hole T Weld 0.15 (0.006) T
16 Longitudinal Inner HAZ 6.35 (0.250) 0.51 (0.020)
notch
17 Longitudinal Inner HAZ 6.35 (0.250) 0.76 (0.030)
notch
18 V-groove Inner Weld 25.4 (1.0) 0.25 (0.010)
19 V-groove Inner Weld 25.4 (1.0) 0.51 (0.020)
20 V-groove Inner Weld 25.4 (1.0) 0.76 (0.030)
ATransverse notches extend across weld into the heat-affected zone
(HAZ).
by = through wall.
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very similar to the 300~series stainless steels and should have been non-
magnetic. 1In fact, no magnetic effects could be detected with the typical
gaussmeter used in machine shops. The electrodischarge-machining pro-—
cesses used to cut the notches in the weld had apparently changed the
metallurgical structure and the properties of the steel in the small areas
where discontinuities were located. The result was that the signals the
eddy-current instrument received from these discontinuities were a com-
binatlion of geowmetrical and magnetic effects. The signals were larger
than normal, and the error was due to the magnetic effect. A very light
chemical etch of the samples allevliated the wagnetic problem, and after
etching we relonspected the samples using a saturating magnetic field
around the eddy-current probe and the discontinuity being measured.

No adverse effects were caused by the problem, except for a short delay

in the completion of the program to establish the test, but the sen~
sitivity of the eddy-current imspection could have been adversely affected
if we had not discovered the magnetic effects surrounding some of the

discontinuities.

CALIBRATION AND TRAINING OF TEST SYSTEM

An experimental study (discussed earlier in the theory section) was
performed in the laboratory to train the computer to determine the speci-
fied properties from the available magnitude and phase readings. The
basic steps required to complete thils study were to produce a data file,
record a data set, mathematically fit the data, develop mathematical coef-
ficients for the fit, and then store the coefficients for later use.
Details of how these steps were performed are discussed in this section of
the report.

To produce a representative data set, we fabricated a set of test
samples that had known property variations of the type and over the range
that we wished to measure. These samples are described in an earlier sec~
tion of this report. We then arranged them in a three—axis (xyz) scanning
system so that the necessary measurements could be made to produce the

data set. Figures 8 and 9 show the eight test samples assembled in the
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scanning fixture. Leveling bars can be seen under the samples in the
figure. We needed to level the samples so they could be scanmed at known,
uniform, fixed lift—off values to compensate for the lift~off wvariations
that occurred durlng the production line inspection. (The large lift—off
varlations were due primarily to changes in the weld crown reinforcement.)
The eddy—-current probe was mounted on the z—-axis slide, and lift-off
variation was controlled with the z-axis motion. The samples were aligned
so the T-axis motion scanned the eddy-current probe down the length of the
sample along the major weld axis. The Y-axis motion moved the probe
across the samples and was used to select the area to be scanned (weld or
heat—affected zoune) and to select the sample to be scanned.

After the samples had been arranged in the scanmer, a "scan data
file” was produced. A scan data file contains the coovdinates of the test
samples and the areas on the sample where we wilish to record eddy-current
readings. (The samples are physically measured, and the resultant data
are typed into the computer data flle.) This file then supplies the coor-
dinates that the computer uses to direct the scanner to move the eddy-
current probe to the areas where readings are recordad. The data file
also contains additional information about the properties being weasured,
such as the dimensions of the manufactured discontinuities, thickness of
the samples, and lift-off values. The computer later uses this infor-
mation to identify or describe the specific propertles. The properties
evaluated for this study were defect size and location, weld thickness,
and lift-off.

The next step in the experimental study was to modify an existiog
computer program to direct the minlcomputer to record a data set from the
specific test samples. This program utilized the coordinates and other
information provided by the data file just discussed. 1In general, the
modifications to the program were to correct the array sizes for data
storage, provide informatlon about the specific eddy-current instrumen-
tation and coil being used, and update the instrument calibration values.
Our basic computer program for recording data is referred to as a "READ”
program. The name of the program is BIGRDG, and for this particular test
the modified version was dubbed "SUPRDG™ (superconductor read). A copy of
BIGRDG is included in Appendix A. This program controls the scanning
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system, maintains a calibration check on the eddy-current system, records
and averages the data (typically three independent sets of data are
recorded), and stores the data on a random access data (RAD) file. The
microcomputer in the eddy-current instrument actually records the data
readings from analog-to~digital converters, and the readings are then
transferred to the minicomputer through a handshake arrangement between
the two computers. A computer program called MICMCD contrxols this opera-
tion. A copy of of this program is included in Appendix B. The program
was written in machine language and was stored on one of the PROM chips in
the microcomputer (see Fig. 3).

It is essential that the eddy-current test system be properly
calibrated when these data are recorded. 1If this step is properly con-
ducted, a representative data set will be obtained, and no further data
recording will be required. However, changes in the production procedure
(such as changing materials or the welding technique) or changes in the
test specifications could necessitate the recording of additiomal or new
data sets.

A data set can consist of a large number of readings of magnitude and
phase. These data require a relatively large amount of memory space
(typically about 1 megabyte), and they must be stored in aa orderly wanner
for easy retrieval. We can store a data set of this size in our
(MODCOMP 1V) minicomputer, but it occupies most of the available "free”
memoiry space and therefore limits some of the other capabilities of the
computer. Because of this we usually store these large sets of data on a
disk or magnetic tape until we are ready to use them.

After we obtained the data set, the next step was to perform a least-
squares mathematical fit of the data to select the polynomial that best
determines the specified properties from the magnitude and phase readings
recorded in the data set. The fitting was done with the minicomputer and
a slightly modified version of another cocwmputer program called BIGFIT.
This program is our basic FITTING software and was also developed at ORNL.
A copy of BIGFIT is included in Appendix C. The modified version of the
BIGFIT program used for this study was euntitled SUPFIT (superconductor

fit). This program allows the type of polynomial to be user selected from
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the computer keyboard. The operator can select linear or nonlinear poly~-
nemials of various degreeg; with or without offsets, for fitting the data.
In addition, he can examine the effects of other parameters on the results
by including or excluding these data in the fits. Whenever a mathematical
fit is wade, the computer calculates the fit ervor (how well the gpecified
property was determined) and the drift ervor (how small changes in the
magnitude and phase readings will affect the property deteramination).

Once the optimum mathematical fit to the data is established, the computer
will calculate the coefficients for the terms 1in the polynowial that
represent that fir. These coefficients are then stored in the minicom-
puter's memory unitll we are veady to transfer them to the microcomputer in
the eddy-current instrument.

Whenever a satisfactovy mathematical fit is obtained, it is usually
experimentally evaluated before the coefficients are transferved to the
microcomputer. This evaluation is accomplished by scanning the test
samples, recovding the eddy—current readings, and using the polynomial and
associated coefficients [o calculate the desired property as the test is
beling conducted. The computer program that controls this operation is a
modified version of the program PLTRDG. A copy of PLTRDG is iocluded in
Appendix D. A hard copy of the test vesults is normally obtained (in the
form of a plotied cuirve or tabular printout) from the Versatec printer—
plotter.

For example, Fig. 16 shows 2 plot of the raw data readings (magnitude
aud phase) that were recorded for =ach test frequency as the eddy-curreat
probe was scanned over the sheath weld for a 381-mm (15-im.) length of
superconductor test sample 1. The six curves represeunt the maguitude and
phase readings vecorded for each of the three frequencies. These are the
data recorded in the “data set” just discussed. 1In this particular case
it 48 difficult to select signals that distionctly relate to the manufac~
tured discontinuities placed in the sheath. Figure 17 is a plot of the
data obtained when the same weld was scauned znd the selected property of
discontinuity size was calculated by the computer frowm raw data identical
with that obtained in Fig. 16. The calculations were nade by matching the

raw data readings to the appropriate polynomial using coefficients that
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were developed earlier. The respective discontinuity is identified above
each signal. (These identities are explained in the section on test sam-
ples.) The distinct signals in Fig. 17 represent the various manufactured
discontinuities in sheath weld test sample 1 (see Table 1). Comparing
Fig. 17 and Table 1, it may be noted that no signal exists in Fig. 17 for
the hole in the heat-affected zone. This is because we scanned the weld
area, and the eddy-current probe area of coverage does not extend to the
heat-affected zone. These data (Figs. 16 and 17) provide a dramatic
illustration of the results that can be obtained by combining and mathe-~
matically fitting the eddy-current (magnitude and phase) data obtained
with three frequencies.

After we completed the calibration anmd training of the multifrequency
eddy—-current test system in the laboratory, we developed mathematical co-
efficients for the various properties that we wanted to monitor, such as
lift-off, wall thickness, and defect size and location. Some of our
results, especially those related to defect size, appeared a little ambigu-
ous, so we did some additional investigating. Many of the samples con~
taining discontinuities manufactured by electrodischarge machining (EDM)
were slightly magnetic in the specific area where the discontinuities
were located. The JBK steel is similar to the 300 series stainless steels.
It is normally nonmagnetic, but apparently the EDM techniques had changed
the magnetic permeability of the material in the vicinity of the discon-
tinuities. The change was so small that it could not be sensed by typical
magnetic detection devices, but a sensitive eddy-current instrument can
easily detect changes of this magnitude. The end result was that erroneous
signals had been obtained from some discontinuities; therefore the mathe-
matical coefficients developed for defect size were also in error. Not
all the samples were affected; for those that were, the entire sample was
not affected, only the small areas containing some of the discontinuities.
For this reason, only those eddy-current signals that represented defect
size were in error. We made sure that no changes such as these occurred
in the production cables, and we corrected the problem by removing the
magnetic variation in the samples and refitting the data to a new polyno-

mial. We removed the magnetic changes by acid-etching the samples to
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remove a very small amount of material from the surface and then inspected
the samples in the presence of a saturating magnetic field. (The saturat-
ing field reduces the effects of changes in the ﬁagnetic permeability of
the material.) Using these techniques we developed a new set of coeffi-
cients that represented the superconductor sheath weld in the normal
(vomagnetized) condition that occurred at the production site. As a
result of the new mathematical fit, the amplitudes of the signals from
some of the discontinuities were reduced, but the detection capability

was not affected.
SCANNING THE SHEATH WELD

The eddy-current probe was selected to meet two criteria; it had to
have sufficient sensitivity to detect the defects specified and it had to
cover 100% of the weld and heat—affected zone. In general, with other
parameters being fixed, the sensitivity to small defects and the area of
coverage of a pancake type eddy-current coil vary, respectively, inversely
and dirvectly with the diameter of the coil. The largest eddy-current coil
that we had available that met the sensitivity requirements for this exam~
ination had a mean radius of 2.11 mm (0.083 in.). When field decay and
other nonlinearities are considered, the effective area of coverage for
this coil is about 2 mm (0.08 in.). Test specifications required that we
inspect the sheath weld and both heat-affected zones. The minimum width
that we were required to scan to provide inspection coverage from one
heat-affected zone to the other was 8.13 mm (0.320 in.). We could not use
a larger coill because of the reduced test sensitivity, so we were faced
with two choices. We could use multiple probes (four or five) to scan the
weld and heat-affected zone simultaneously, or we could develop a scanning
fixture to move a single probe across the weld and heat-~affected zone.

The multiple probe technique would have required a multiplexer or multiple
instrumentation to record the data and would have been relatively compli-
cated and more expensive to develop. In addition, we had a very tight
time schedule for developing the test method, so we decided to use the

single probe and build a scanning device.
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the eddy-current probe machanically
and forth across the weld and hieat~affected zones as the weld moved

v past the probe {see Fig. 18); however, the problem wzs not as

simple as just providing the mechanical wotlons. We had to synchronize
the probe motion with the weld m ording to assure
complete coverage during the inspeciio ajntai relatively constant
lift-off between the piobe and she: nd syonchvonize the weld and probe
moiions with the data recording system to maintain positive identification
of the defect locarion. To additiou; we weve limited by the electronics

t
in our test sysiem (analog—to-digital converter and microcompubsy) to
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needed to inspect at least 1.52 wmm {0.060 in.) on either side of the weld

for a total width of coverage of 8.13 mw {0.320 in.) (sce Fig. 18). The
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Fig. 18. Sketch of probe over sheath weld-



area of coverage of the eddy-curvent probe was 2 mm (0.08 in.), so we
decided that five readings across the width would be sufficient to cover
the weld and both heat-affected zones with some overlap.

We also had to decide what path or scamnning pattern we wanted the
eddyv-current probe to make as it scanned the weld and heat-affected zones.
The coptions were sine‘wave, saw tooth, and squave wave. Dur final cheoice
was a sine wave {see Fig. 19} because it was relatively easy to produce
and it best fit the method used to output the data.

A crankshaft~typé drive was used to move the probe back and forth as
the supercoanductor shéath weld paséed underneath the probe in a liopear
direction. The resultant motion of the eddy~curreat probe relative to the
sheath was sinuscidal. Two views of the scanning device that was designed

and built at ORNL ave shown in Fig., 20. The spfing“loadeﬂ Teflon V-block
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Y-181449

(a)

Y-181448

Fig. 20. Sheath weld scanner.
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caused the eddy-current probe to follow an arc path over the sheath weld
and to maintain a relatively constant lift—off during the inspection. The
eddy-current probe did not contact the part during this inspection, buu
lift-off was minimized. The weld crown reinforcement varied as much as
1.0 mm (0.040 in.) above the base metal, so we placed a hard plastic wear
plate over the end of the eddy—current probe to protect the coil during
the inspection. The effect on the data of the variations in lift-off due
to changes in the weld crown reinforcement was accounted for when we
trained the computer on the test samples.

The electrical outlet in Fig. 20(b) supplied power to the marking
pen. Electric power to the pen was controlled by the microcomputer using
a solid state relay. The system was adjusted to cause the pen to mark
areas on the superconductor sheath where discontinuity signals exceeded a
preset level.

Rather than record random readings as the eddy~current probe
oscillated back and forth across the weld and heat-affected zones, the
readings were taken at specific predetermined locations across the weld
width. This is illustrated in Fig. 19. Five eddy-current readings were
recorded at fixed longitudinal axes each time the probe traversed the
weld. A total of ten readings were recorded for each cycle traveled by
the probe. The locations of the readings were controlled by computer
software and a synchronized pulse generated by the drive motor crankshaft.
Readings 1 and 5 were always made in the heat-affected zones, and
readings 2, 3, and 4 were taken in the weld area. The next consecutive
set of five readings was taken in reverse order along the same
corresponding longitudinal axes. These readings were stored in designated
arrays in the microcomputer, and corresponding values for consecutive sets
of readings were averaged before the data were transmitted to the output
devices. This process was repeated for the entire test. The data for
each individual axis (three in the weld and two in the HAZ) were fed to
the first five channels on the six—channel strip-chart recorder shown in
Fig. 12. The data on each channel of the strip-chart recorder then effec-
tively represented a scan down the longitudinal axis where the individual
readings were recorded. The first five channels were set to display

discontinuities, and the sixth channel was adjusted to indicate the worst
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case of lack of weld penetration. Worst case refers to the minimum pene-
tration for a given sine wave path of the eddy-current probe. To restate,
the depth of weld penetration was monitored for each of the first five
channels of data, and the channel exhibiting the minimum depth of weld
penetration was displayed on channel 6 of the strip—chart recorder.

The entire recording process and data handling were controlled by the
microcomputer in the eddy-current instrument and the computer program
SQRWLD. This versatile computer program, included in Appendix E, will be
described in more detail in the next section of this report. Figure 21
shows a segment of the strip chart from the analog recorder containing the
six scans.

All raw data (magnitude and phase readings for three frequencies)
were stored on magnetic tape by the recorder shown in Fig. 12. The six-
channel strip-chart recorder displayed the data that we wanted to observe
as the test was being conducted. The magnetic tape could be replayed
through the microcomputer to reproduce the six channels of strip-chart
data, or, by selecting other polynomial coefficients (via memory locations
in the computer), we could calculate other properties from the raw data

and display the results on the analog recorder.

PERFORMING THE INSPECTION ON THE PRODUCTION LINE

The superconductor cable was assembled in continuous lengths of up to
100 m. A block diagram of the basic operations is shown in Fig. 1. Rolls
of the 486-strand twisted cable and the type JBK steel strip were stored
at the feed station. The wire and cable were simultaneously fed through
the forming stands, where rollers shaped and wrapped the steel strip to
form a sheath around the twisted cable. The butt joint, created at the
top of the steel sheath, was then welded autogenously by a gas tungsten
arc technique. The weld and cable were quenched and fed through the eddy-
current inspection station at a speed of 0.61 m/min (2 ft/min). The
multifrequency eddy-current inspection of the sheath weld was performed
continuously for the entire length of the cable. A procedure, included as

Appendix F of this report, was written at ORNL to describe in detail the
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Fig. 21. Example of six-channel zstrip-chart reaceovding. Channels 1 through 5 indicats discon-
tinuities when they occur in the sheath weld or H&Zs. Chanvel § indicates the lack of pensiration. in
the weld. Channels 1 and 3 represent the two HAZs, and channels 2, 3, and 4 represent the weld.
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slteps necessary to perform the eddy-current inspection. The basic steps
were (1) initial check of the system, (2) precalibration, (3) test, and
(4) postcalibration. These steps are described in general as follows.

The system checks and calibrations and the data recording and display
were controlled with the microcouputer by a program called SQRWLD. A copy
of this program is included in Appendix E. The program was written in
machine language and was stored on {wo of the PROM chips located in the
microcomputer (see Fig. 3). The operator would sei up the equipment and
place the test piece or a standard in the scanning device. He would then
select the action to be performed by operalting a remote switch to a
designated position. The SQRWLD program would then take command and wake
sure that the pnecessary steps were taken to perform thait action. FRome of
these steps 1ncluded prompis on the video display defining actions for the
operator to take. The eight majior actions that could be selected by the
operator through the remote control switches were (1) run the main
program, (2) read tape, (3) read standard tube, (4) display raw readiags,
(5) display calculated readings, (6) perform and display calibrations,

(7) inspect square conditions, and (8) calibraite the digital or analog
converters and recorder. Ta addition, the program controlled the synchro-
nized data recording with the scanning device. (A synchromization pulse

was generated for each revelution of the drive motor crankshaft.)

INITIAL SYSTEM CHECK

The first step is to apply powexr to all electrical instruwments aand
allow a sufficient warm-up time for the equipment to stabilize. Duriag
this warm—up period, the operator makes several checks to emsure rhat the
instruments are working properly and that all systems are veady for the
inspection. For example, all electrical connections and switches are
checked. The analog (strip—chart) recorder imk and paper supply are
checked. General checkouts are made of both recorders (analog and magne—
tic tape) and the eddy-current probe scannex. In addition, the microcom~
puter is used to perforu the following system checks on command by the
operator.

The multifrequency eddy-current ingtrument contains a calibration

module that can be used along with the microcomputer to check the operation
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of the analog portion of the eddy-current instrument. This step is
controlled by the cowmputer program SQRWLD. Simulated eddy-current signalg
of known values are generated by the calibration module and fed through
the amplifiers, phase detectors, and analog-to-digital converters to the
microcomputer. These signals are separated into their magnitude and phase
components and are displayed on the video terminal. The operator can
determine from these magnitude and phase values whether or not any adjust-
ments or corrections are needed in the analog portion of the eddy—-current
instrument.

The operation of the analog recorder is checked by a series of
voltage steps received from the microcomputer through a digital-to-analog
converter. This step is also controlled by the computer program SQRWLD.
The voltage steps are recorded in a staircase pattern on the analog
recorder, as shown in Fig. 22. 1If the voltage steps cause the recorder
pens to move the correct number of increments in the proper direction on
the recorder, the system is ready for use. If not, adjustments are made.

Thekfollowing check was not part of the original test package but was
added later because of problems encountered by recording the raw data on
magnetic tape at the production site. A technique was developed to check
the entire digital recording system. The microcomputer was programmed Lo
generate a set of hexadecimal numbers by counting from 0000 to FFFF.

These numbers were transmitted through the transceiver wunit and tape buf-
fers and recovded on the magnetic tape. To check the tape, the numbers
were then read back from tape and through the buffers and transceiver,
compared with the original count in the microcowmputer, and then displayed
on the video terminal. By comparison of numbers in the microcomputer and
the resulting video display, the operator can determine whether the digi-
tal recording system is working proberly, and, if not, he can localize the
problem areas. The procedure for performing this check is in Appendix G.
The computer program that generated the hexadecimal number set and
controlled the operation was called CHECK. A copy of that program is
included in Appendix H. The program was written in machine language and

stored on one of the PROM chips in the microcomputer (see Fig. 3).
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PRECALIBRATION

After the eddy-current test system has completed the proper warwup
and stabilization and all systems have been verified, the following pre~
test calibration chacks were performed.

Three different sheath weld test samples were manually pulled through
the sheath weld scanner and inspected. The three test samples were iden-
tified as A, 1, and 4, and they are described respectively in Tables 3, 1,
and 2. (These are the same samples:that were used to develop this test in
the laboratory.) Three channels of ‘strip-chart data representing ouly the
sheath weld area made during a check of weld test sample 1 at the
Oxford—-Airco site arve shown in Fig. 23. The predominant discontinuity
indications can be seen on channel 3 (the center channel). This scan was
made down the center of the weld. Scans 2 and 4 were made down the edges
of the weld. Transverse notches should be detected by beth scans, but the
longitudinal notches may or may not be detected because of the limited
area of coverage of the eddywcurrent probe. The discontinuities are iden~
tified above the indications on chaonel 3. These data can be vompared
with Fig. 17, which represents a single scan of the same sample performed
in the laboratory at ORNL. The data from these pretest calibrations were
recorded on the analog recorder and were compared with previous data for
the same samples to make sure that the test sensitivity and repeatability
were satisfactory. The strip-chart recordings were identified and main-

tained for reference.

PERFORMING THE TEST

The sheath weld scanner was placed on the superconductor cable in the
production line assembly. Some initial checks were made, and, in coor-
dination with other functions such as welding, the assembly operation was
started. The assembly (welding, forming, inspection, and shaping) then
ran continuously until the desired length of the superconductor cable had
been fabricated and wound into a large coil. The average continuous
inspection time to complete the coll assembly was about 3 h. The raw data
{magnitude and phases for three frequencies) were recorded on magnetic
tape, and calculated data (discontinuities and lack of weld penetration)

were displayed on the strip-chart recorder. The strip-chart data were
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observed during the inspection and were found to be very beneficial to the
welder to help maintain alignment df the weld joint. Since we could not
stop the superconductor cable for a complete evaluation of each eddy-
current indication as it was obtained, we installed a marker pen on the
sheath weld scanner. Whenever an eddy-current indication was obtained
that exceeded a preset reference level, the microcomputer extended the
marker pen (by operating a solid state relay), and an ink mark was placed
on the steel sheath in the vicinity of the discontinuity that caused the
indication. These areas were later reinspected with the manual scanner to

determine whether weld repair was needed.

POSTCALIBRATION

After the completion of the production line inspection, a posttest
calibration was performed on the MFEC system. The three weld test samples
described under the pretest were rechecked, and the data were compared
with the pretest data to make sure that no significant changes had
occurred in the test system. These data were identified and recorded on
both analog and digital recorders.

After the postcalibration, the data on the tapes (strip chart and
magnetic) were reexamined by a wanual scanning téchnique to determine what
areas, if any, needed to be reinspebted. A wmore thorough investigation
could be made with the manual technique, and thekdiscontinuity could be
pinpointed more accurately for repair, if needed. The hand evaluation
provides more information about the discontinuity than does the regular

production scan. This will discussed in more detail in the next section.
MANUAL INSPECTION FOR WELD REPAIRS

After the production line inspection of the superconductor sheath
weld was completed, those areas where significant eddy-current indications
had been obtained needed reinspection. (The number of significant eddy-
current indications was typically fewer than ten per production run.) The
general ateas where the indications occurred could be determiﬁed by two

techniques, by examining the recorded data and by looking for ink marks on
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the steel sheath. In all cases the strip—-chart recordings were reexam-—

ined, and a second inspection was performed to examine the area causing

the indication to determine if weld repair was necessary.

The technique for inspecting for weld repairs was similar to that for

the production line inspection. The major difference was that a hand-held

manual scanning device was used, and sheath weld sample D (having a rect-

angular cross section) was used for the pre- and postcalibration inspec-

tions. The data obtained during the manual inspection were recorded on

the analog recorder but not recorded on magnetic tape.
The manual scanning setup is shown in Fig. 24. The same instrumen-

tation and eddy-current probe were used with both scanning devices. A

time lapse usually occurred between the completion of a production run and

the inspection for weld repair; therefore, the four basic procedural steps

CYN-5923

e

PRI Ap——————

"

Fig. 24. Manual scanner and instrument.
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were normally repeated: (1) initial system check, (2) precalibration,
(3) perform test, and (4) postcalibration. The manual inspection proce-
dure was very similar to the production line procedure, and many of the
steps were duplicated. The inspection procedure in Appendix I describes
the steps necessary to perform the manual inspection for weld repair.

The initial system check was identical except that a few switches
were changed on the control box and microcomputer to select different
software for the analog data analysis. The manually controlled motion of
the eddy—current probe produced only a single scan of raw eddy-current
data along one axis of the sheath weld. These data were recorded, ana—
lyzed by the microcomputer, and displayed on four channels of the strip-
chart recorder. Channels 1 through 4 on the recorder represented,
respectively, discontinuities on the outer surface, lift-off, discon-
tinuities on the inner surface, and lack of weld penetration. The opera-
tor made as many scans of the suspect area on the weld as were necessary
to relocate the indication obtained during the production run. The area
was then thoroughly examined to determine if a weld repair was necessary
and to determine the size of the area to be repaired. The weld repair
was made by locally grinding the weld to remove the bad area and then
rewelding. After the weld repair had been completed, the manual eddy-
current inspection was repeated to determine if the repair was successful.

The manual inspection was also used to relocate the copper leader and
trailer that were swaged to each end of the conductor of the superconduc-
tor cable. These areas were not visible after assembly because they were
encased by the steel sheath, but their precise location (for removal) was

easily accomplished with the eddy—-current inspection system.

SUMMARY AND CONCLUSIONS

We have shown that multifrequency eddy-~current techniques can be used
to selectively suppress the large signals generated by a large central
conductor and perform the continuous on-line inspection of a seam weld in
a steel sheath. A unique scanning device was developed to provide full

inspection coverage for the seam weld and heat-affected zones. The raw
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eddy—current data were recorded on magnetic tape, and properties such as
discontinuity size and location as well as lift-off and lack of weld
penetration could be determined from these data. The various properties
were determined by applying the appropriate mathematical fits to the raw
data by use of a microcomputer. The coefficients for these mathematical
fits were predetermined by the use of test samples in the laboratory.
This study provided another example of how multiple-parameter problems can
be solved by the use of multifrequency eddy-current techniques. Further
significant improvements could (and should) be made through development of
additional computer-based data processing for decision making (e.g., via
pattern recognition). Limitations in available funding restricted the
amount of data processing development to only the minimum required.

This successful test was applied on the welding line of the
Oxford-Airco plant and assured the welding quality of the superconducting

cable used in the large coil superconducting magnet made by Westinghouse.
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Appendix A

PROGRAM BIGRDG

A data file must be established to use this program. The program
BIGRDG reads the property and positioning data from the data file through
the logical input device {LID). It controls the mechanical scanners and
the multifrequency eddy-current {(MFEC) instrument to position the eddy~
current coil at the specified coordinmates on the test sample(s) and then
reads and records the magnitude and phase data for each frequency. These
magnitude and phase data are stored along with the corresponding property
data provided in the data file. Subroutines provide the ability to
calibrate the equipment prior to beginning the run. A brief summary of

the program follows.

Lines Actions
1-34 Information and definition of parameters.
3550 Assign dimensions.
5058 Define data files.
5970 Assign data values.
7190 Print title, time and date.
91—-156 Coil, instrument, and test properties are recorded from the
d;ta file.
157165 Property values and positioning data are read from the data
file.
166—185 The pretest instrument calibration is performed.
186196 Voltage readings are recorded from the eddy—-current coil

(usually placed at a rveference position on the standard test

sample).
197214 Initialization and setup for the start of the test.
215252 Actual eddy-current readings (magnitude and phase) are taken.
253260 The scanner is returned to the initial or start position.
261270 The posttest instrument calibration check is made.
271277 The eddy-current readings are averaged, and standard

deviations are calculated.

278300 The data are stored on the designated RAD file.



Lines Actions
301365 Job statistics, calibratiou readings, and the eddy—current
readings are printed gut on the line printer.
366-£0P The subroutine "POSITION® (written in FORTRAN and machine

language) is used to control the scanners or positioners that
move the eddy—current coil to the areas on the test sauwple

specified by the coordinates in the data file.
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DATA LIAZL/ LIDSS/7 LT /757 LP (/G HORE/67 . RFIL I/ LS00 7, MERT 7

DATA TITLEZ"TUDING CRLIG
DATA ITIMSAG47, 86,07, bRt
DATA NARISAZ2-.MHPT/10
DATA TOFSETA2.2

AT TSLOPE~—.
INLINE

LDI,.3 SE0EY
0950, 3.0

FINI

C PRINT TITLE ARD DATE

48

513}
C

C INPUT DESCRIPTIGON OF ID4riRiliE

L

99

Tad

—
—
<

WRITE (LO7.28) TITE
FORMAT O 1K, S0
FORMATCIH

CALL DRTECILAYD

CALL TIMECITIMD
IT=IDAY (13 ~1900
IDAY O =I0RY (2
IDAY (23 =1DAY (3D
IDAY(3) =17
LRITEWOT, 4
FORMATC" BATE
INLTIME

LDI.3 wLUnY i :
CbD.3,6 LUTEUY
FIMI

Wi ITECLOT. 542

FORMATC TYPE IM THE FOLLOWING

EIN S

WRITECLOT. G682
FORMATC? §iJLE e 7))
RE ﬂ)(lID A MPROBE
FORFMAT(AG)

THE COIL PROPERTIES nRE CRLLLE FROG FILE
CaLL CIRCOL (LI, LOT, NrPRUEES

LRITECLOT,. B

FORMATC SERIAL =22 73

READCLID, ) NSER ‘

WRITECLOT..98)

FURMAT(® DRIVER SERIES RES

RERDCLID, %Ry

WRITTECLDT, 166)

FORMATCO LBRIVER SHUWT CePr 72

READALID 0 CAPDR

WRITECLOT, 1163

FORPATCY PICK-UP SHUMT RED

KERD(LID.=ORS

u 1FE(LUF 1203
AT PICK-LE SH

RL D(LID,.; R

Lo

Sy
b4

-

=

5
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169
179
171
172
173
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LRTTECLOT, 1383

158 FORMATC" CRBLE I.D. #: 73
READCLID, 7OINCABLE
WRITECLOT, 1465

148 FORMATL LENGTH OF
READ(LID.CRBLEL
LRITECLOT, 158

156 FORMATC" CAPRCITANCE OF CaBLE: 73
READLID, %) CCABLE
LIRITECLDT, 16D

184 FORMAT(O EBDY CUR
RERD(LID, 703 INSTHO
WRITECLOT, 1¥as

178 FORMATC POWER OBC 1.0, 7))
READCLID. 7P FOLGSC

INPUT FREQUEMCY MRLUES

fan I o B v

LIRITECLOT. 1930
1548 FORMAT (" HO. OF FREQUENCIES: ™)
PEADCLIDRINET
RITECLAOT, 2882
254 FORMATOT INPUT THE
READCLID. ’)(FP:Q(
PI1F”(LUE 2102 (P
218 ORMATC INPUT
* T FREQUENCY: ’;iﬁh,i‘ii%h} 233
WRITECLOT, 2253
228 FORMATC? K :
READCLID, 2383 (P lLKﬂﬂ(HF SRF=1 L HETD
234 FORMRT 1B (AG, 1X))
WRITELDT, 244
248 FORMATCOY PHASE DETECTOR
READCLID, 238 (PHADETIMF
LRITE(LOT, 2585
254 FORMATC" 180~-DEG SWUGFFAUHD 72
READCLID, ZE8Y (PHASLICNFD . hi~l NFET)
268 FORMATCOIE(R3, 1X)
READ(LID, 278 (PRONAMINPRS [ NPR=1, HPRUPTS
278 FORMATI(S (R4, 1X3)

G BATH.E CHBR WITH A 8P6

3
SPACE

BETUHEER" N

LLNFT)

RERD PROPERTY VALUES AHD LUCETION D

B FOR THE PUSITIONZRS FROM LID

DO 380 HP=1.NPT
READ L ID, # C(PRGP (HP, HPRY (HPR= 1 MPROFIM  (PUST P HOR) , NAK=1,
#NAKIS) :

3o . CONTIMUE

5948 ASSIGN 773 TO KSTATE

e

C THIS SECTION TREES THE CRLIBRATIUN RE
C

IMLINE
LEI.3 #Gavy
opn. 3.6
FINMI
MSE=8
idala] WRITECLOT. 71}
7la FORMATC® CALIERATION REARDIMGS: 72

TERUPT. 82 HILBIIL/BILL




raa CALL FOLHTF(Q
I.(H%TUP ME .4,
LNF =207
NCRL = hPPCﬁL NMECHL
DO 776 MF= 1. LNF
I 7P6 NC= 1. NCRL
OLRDEL (NF, MDY = SRDGC (M, firy
’y’e CONTINUE
G0 TO NsTATE

C
L END OF stcrion LICH Texes DAL Ture
C

C TAKE READINGS ON MOMIkeL STENDERD Fon Valsyooon READINGS

[ MRITEfLOTﬁ7753

[4s) FORMAT (- INSERT PE
WRITECLQT, S28) (BLApxe
UmII&(er. £

g CnLL POE”EL(VULaiJ
(.UQII ( UI L'JJ)(\)’
IFCHNSTOR i b 3 b@
WRITECLOT, vos

42N FORMAT( gy ”P SLANER

vy CaLL Pﬁr”IC(Vﬂlii MLt
IFCNSTOP KE. B 2 L0

PN

C 2ERC apppys THaT “1“ e
C sUMs oF CRLIBRATION
C

(g1 CONTINUE

po gag ME=1 M7
Do 88p NP=1_#HeT
THAG (NP, N ) = =0,
PHASE (HP, HF) - =0,
31| CONTINUE
DO g1 NE=1,
=]

D0 819 NC ,ELhL
cUlCPthr MCY =01
SSCAL NI, MOY =0Lr, LN
21a CDNTINUE
C
C THIS SECTIoN O L ECE
C
DOor1Eg pige- fLlisey
NCOUNT=g
NRET=1
L0 930 pp= iﬁHPT
WRITECLOT, 2op i
60 “DPIF%rtjy Id
C
C POSITION SavpLeg BEFCRE 1ot REGLIHES
C
DO 910 Nax=1, HAXIG
“NEWHAX) =PoS TCHP . Hasts
918 CONTINUE
CALL Pog ST ION CRNELE, ey G2
MANCH=250 (R T~ 1y + i
LRITECLOT, 92 W (BLanks,
928 FGRHQT(QX,IG(ﬂI AL, LN
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RITECLOT. 3683
934 CaLL RDGMICIVOLTS,
LR ITECLOT, 289) ({VOLT
058 FORMAT (LM, 18 (F93, <,
IFMAG.EQ. aonll BRI
CoLL SATHMAGE:
NRET=
Do 988 iFn
THMAG (MP,
PHAS &thP
1513 CONTINUE
ASSIGH 1808 TC MSTATE
GO TO 784
1668 CONTINUE
DO 1138 HF=1.LHF
D0 1130 NC=1mERL
UVCﬂL(Wh NL3~bLi£HL€
GECAL (HF L HC Y =580aL (NF
CDNTIHU
CONMTINUE

NP

DO 1168 HeX=1.NAKIS
HHEWNAKY =5, 8
11668 COMTINUE

2
?(

25¢ CALL FOSITIONCHME, NAXIS)
261 ©

262 C

264 €

1198 D0 1258 MfF=1

= L 1258 HC=1,

20 SUMCAL (NF . HCY =

z SDVCAL CNF . N = L T aGUNMCAL (ML HES
26U #

269 12370 COMTIMUE

278 C

2¥v1  C CALCULATE gVERAGED o

22 C

273 DO 1298 MF=1.NFT

2744 Do o123 W N, NPT

275 TMAGE P HF Y =T CHP L HF Y AFLOATNBET)

276 PP@S{(\P,m.Bn» SEHP LN ZFLOAT GHISET

277 1298 COMTIMUE

2¥g .

279 L STORE ALL INFORMATION IN LI i BIsK
2e8 C

281 IREC=1

WRITEE?”
WRITE(GY I
W

WRITE (-
MRITECSY
wHF =1, MFT
LRITECEY
D0 1295 Ni=
WRITELSY” IKE

J»m

B
Oy CsUnL dNF . 1l
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291 1295 CONTINUE

292 LRITE(IY® IRECY (VOLSTR(MF . MF=1. LM

293 DO 1388 NP=1,.NPT

294 WRITE (3¢ IRED) CCTHMAG (HP L HF

295 HMPRY L NPR=1,NPROPM 3

296 1380 CONTINUE

Ir(iREC GE.
ORMATC LI

e,

HF 1L NETY L CFROP (P,

LRITECLRT,. 13553
FORMATCIHL . 2650
LIRITECLPT, 1340)

FORMATC" TUBRDG: DA

6. 3Z,Eﬁrﬁs§£,ﬁ, ] TL2CIZ Hes B
WRITECLPT,
FORMATC® PR 7OGERIAL HO.:t 150

U“ITt(LPTF.qb
FORMATC" DRIVER !

11 y cilz.4

- LR B LV R S T L Y
s ilde L5 difha i 5

7

312 LRITECLRPT, 1371 &

212 1878 FORMATCT P CEe™ v i 1,00, TP IDHE-US G
314 8 iy

E15 WRITECLPT, 12

216 1388 FORMATC CABLE SO LIBRTCEM LT,
317 x Ei2.4)

318 LRITECLPT, 13298) Ib

419 1358 FORMATCY EDDY CURRE Vit BRI e

320 WRITEW.PT. 1488 PO

321 1480 FORMAT(" POLER 0OSC 1

22 LWRITECLPT, 14103 (FEEU((af

322 1418 FURMAT (7, 1k, "FREGUEER

324 RITECPT, 14283 (P‘

2250 1428 FORMATO PICK-UP A

326 WRITELPT, 1430)  (PHRDE

2 1438 FORMATOY PHASE DETEC 3

320 URITE(LPT;144@) (PHA

229 1448 FORMATCT 188 PHASE

ICICH

551 C PRINT CALIGRATION RifDIGS

52 C

353 1688 CONTINUE

334 UQIT"(LDT 1658) HPFHCHL

335 1658 REMATCIHE,. » AVERS S OUF CeLIiBrnTIoN 7
H350 W ’REPDTHP”“*

357 LR ITECLPT, IGGU)

3E3 1668 FORMAT(3 010X, 1P

359 uRTTL(LPT,EGKU)&W

340 16Y8  FORMATISGK, o(ux TRG
DO 1760 MC=1.MCAL
UMITtLLPI,Jﬂ)
U&IIELLPT 16883 ((BUMOE

1688 QNHILJn,b(FiU 433
L»JRITE(LF’T, S0) ((SBVERL (R, REY 2 e =1 LS

1698 FORMATC! S.D. 2001860

1788 CONTINUE
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READIMGS FROIM NOMINAL SAIPLE

WRITECLPT, 1v453

CFORMATC® READINGE FROM NOMINAL 3

CLIRTTECLPT, 1668) (WOLETD (HF)  NF =

PRINT OUT READINGE AND FROFERTIES

WRITECLPT, 1?58}( FNF L NF =1, WFTY . (PROVUAMOHPRY JHPR=1,b
FORMATC Lo, “PEET” . 3(7 Mag” ., 18,7 FHE 11,6 0aEH, B4, 182

DO 1888 NP=1.NFT

WRITECLPT, 17683 1P, COTMRGCHP M) L MPLHFIL NP =1 NFT . (PROP GNP,

HNPRY (MPRE=1, HFROPMY X
FORMATULX, 14, 12(F9.42)
CONTINUE

STOP JOB
END

FOSITION
DETERMINES THE HEW LG
THE OLD LOCATION, THE
LOCATION. THEN 155Uk THE N

INTEGER®2 REG(E). (1, N
DIMENGION ®OLD(E), W 32 HETERS
DATA XOLD 23w, 0., STEFSE 8. BEBZES
DO 28 IAXIS=1,NAKIS

MSTEPS (IAKIZ) = (1, B “i[P"T?%gU
AOLDCTAXIS) =A0LD CIRAIS HFLOAT (M
CONTINUE

Do 2aa Mthz,ﬁ {13
IF(HSTEPS(hm EG.eyel TO 1¢g
REG(1: =8

IFCNSTEPS (RRR) GE.BXGD TO 18

- REG(1:=8

NSTEPS (NAXY =~RETEPS (IF-
CONTIHUE

SIGN SBET IN REGCII;CONMERT NGTEP TU

MREGIY-REGS)

DD 38 NRG=2.6
REG(NREY =HSTERS (MAX) 10820

HSTEPS (HAKD = (NSTEPS (KAX) - 106
CONTIRNUE

DATA FOR QUTPUT IM REGHRGL: ;OUTFLY TO APPROIRTE CONTRUOLLER

HCOUMT=MNAK-1

INL INE

LDI. 1 g  COLMTER
LD, 2 HCOUNHT : CHANL
115,24 LEFT LhﬁF RE LACES
ADM, 2, 1 REG 170 | z; ISTER 2

MEL.2.2
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497 ADlL2
483 onn.2.3
<82 LOPS  IDD,3.§
<418 TBRG, 3, 1
411 LBRB. 4. 14
412 LOPY  1BD, 4,1
412 LOPG  AER, 1,15
414 Lo, 2,1 N
415 MoL.Z.2
416 ADT. 2
417 LOP2  IDD,3.1

a THRE,. 3,15 LuPa
419 WOR,3,.4
420 TUn,u;B
421 [2RB. 2. 14
422 0bD.2.3
423 CRILI
424 CLHS, 6
LDI,2
apD.2.3
IDD,3.1
Tﬂﬁg3,3
BRE.3, 15 LCPZ

FINI
COMTIMUE
ONTINUE

CHECK FOR
HANG HERE

CONTINUE

REE JSTEP=8
43 DO 498 NAX=

440 NCOUNT=NAK-1
a4 INL INE

A7 LDM, 2
443 LDI,3
444 0on, 3.3
<445 Ioh, 4,1
410 RLS, 4,1

LOPY  RLE.4.1
SHRE, 2.
ETI.4
LDr. 2
LLS,E,G
ADI.
UUD,_.Q
InD.5.1
5THD,4
LI,
UUH,;,
FINI
JETEPS = CRGLD (AR -

358 H:IEP-(NQK! 2
366 JSTEP=J STF“
408 CONTINU
IF(quuP
<G4 418 FORMAT

,_.
wy




465
466
467

4o

IFCISTER.GT.23GO TO 1

428 COMTINUE
RETURN

i
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Appendix B

PROGRAM MICMOD

The program MICMOD (written in machine language) coordinates opera-
tions between the microcomputer in the multifrequency eddy—~current (MFEC)
ingtrument and the 1abbratory computer (MODCOMP iV). Actual eddy-current
data are recorded from the analog-digital converters by the microcomputer
oo command from the MODCOMP computer. The data are then transferred to
the MODCOMP through the handshake arrangement. The microcomputer will

take readings from either the probe or the Iinstrument calibrator on com~

mand from the MODCOMP.
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163  BEAF
164  88aD X

187 B34
168 B8AF 21 B0 es

159 agez a2 LOPs :
179 8BR3 D2 32 63 JRDLOPER

171 BgBs Kl B IR ORIGING
iv2 @s8py Lo RET AP RETURM.

IR victite]
179 G8BE
18g  a8cs
gl 88cez
182 B8c3
163 8BBECY
G3CE
pecy
a8Ch
GECE
asCF
2808 b2 L2 28
g3ps e

P
LA,

.
7

931
8805
6203

S
gant 83
auhr

88E8
B8E1
ag
HaEY
284 GoE4 Y

203 #8eh 3K
209 @B8ky D2
218 B89 DB
211 BBER  E6
212 BEED  Ch
213 goFu v3
214 uBFi ?h
215 ggFz 91
216 BEFE  Pn
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oD

CHSDA
CHSSA
cosa
DADDA
DDIVE
DMULA
pHuuE
E
ExP1E
FADDDB
FIxD
FLTD
FiuL
Fsug
CETCH
HILOOP
LOG
I.OPSHM
MCHA

UHD L
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Appendix C

PROGRAM BIGFIT

The program BIGFIT performs a mathematical {least squares) fit to the
data set obtained with the program BIGRDG. The program also calculates
the fit error, a measure of how well the fit matéhes the data and vice~
versa, and the drift error, an estimation of how small variations in eddy~-
current signal will affect the property determination. The operator
selects the type of mathematical fit to be performed and the program
caleulates the coefficients for that fit. On operator command, the coef-
ficients avre stored in a designated memory location. The coefficients are
later programmed into a PROM chip for use in the multifrequency eddy-

current (MFEC) imstrument‘s microcomputer. A brief summary of the progran

follows.
Lines Actions
127 Information and definition of parameters.
2861 Assign dimensions.
02~74 Define data files.
7579 Assign data values.
8087 Determine time and date-
88—108 Read test equipment, property, and calibration data recorded
by BIGRDG program.
109114 Print time and date.
115-118 Read eddy—current coil properties from the appropriate file.
119172 Operator selects (via computer prompts) the property to be
fitted and the type of mathematical fit to be performed.
173183 Read the eddy—current data (magnitude and phase) recorded by
BIGRDG.
186211 The properties to be fitted and the data points used in the

fitting process are selected and/or modified by the statements
in this section of the program. Then a least—~squares fit of
the eddy~current readings to the selected properties is made

by the subroutine “ALSQS."



Lines
212243

244260

261302

303-323

324—333

334356

357375

376406

407432

433448

449464

70

Actiomns
The properties to be fit and the data points used in the
fitting process are selected and/or wodified by the statements
in this section (similar to lines 184—211), and the fit error
and maximum drifts are calculated.
The polynomial for the mathematical fit is calculated.
On command, the entire fit is printed out.
On command, the coefficlents and other information are written
on the designared data file.
Properties are calculated from the eddy-current readings
(magnitude and phase) and displayed on the video terminal.
The eddy—-current readings (magnitude and phase) are expanded
(via the polynomial) into property readings.
New readings can be made from the eddy—current instrument to
check the mathematical fit cbtained.
This section provides a means to stop the program action by
operating a fcot switch.
Test equipment and property data (recorded by BIGRDG) are
printed out on the logical output unit (LOU).
Calibration data (recorded by BIGRDG) are printed out on the
L.OoU.
The actual eddy-current readings (recorded by BIGRDG) and

properties are printed out om the LOU,
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1 PROGRAM BIGFIT

2 (28 JUNE 19823

3 PROGRAM TO PERFORM A LEGST SOUARES FIT TO DRTA READ INTO A DISK

< FILE 8Y BICRIG PROGRAM aMD THEN PERFORM CONTINOUS BRACK CALCULATIONS
5 USING INMSTRUMEMT READINGS THAT BRE MADE BETWEEM ERCH DISPLAYED SET.
&

7 IRDPEM=MAKIMUM HUMBER CF COEFFICIENTS IN EXFANSION

3 LITEK=LOGICAL IWMPUYT UNIT CE=TTY)

9 LOTEK=LST QUTPUT UNIT FOR PROMPTING ARD BISPLAY

1@ LOU=LOGICAL CUTRUT UNIT FOR PERMANENT RECURD

11 HCHS=NUMBER OF LavA CHQHN”L

12 HECED=F ILE VWQLF"LL FOR MIC-COMP DATAH=18T CaLO DATA BYTE HEX OR DE

i3 =FILE LIMEIT ON LINES IM FILE 3Y. THE DRATA FILE

UEhEY HF

FREQUEMCIES
16
17 MF=PROFPERTY INDEX
i8 NPROPH=MAEXKIFUM NUMBER OF PROPERTIES CALZULATED(=G MOLE
13 HPT=TOTAL HUMBER OF SETS OF PROPERTY YoLUES FOR # COMPLETE
24 SET OF § GS=NU SArPLE REFECTS
21

NPTT=VALUE OF hPT RLQJ "REH FILE
HPHEAL =MUMBER Al TE

23 MMGCAL =NUMZBER UF MQEi ?b

PN
R
OOoOCOCOOOoOoDONOoDOoDoCooOoOanon

24 HCAL =HPHCALSHMELAL B{ﬁL GTION READIRNGES

28 MPRINT=PRIMT &ND Tﬁﬁﬂ“ :

26 NSTOP=IMDEN TO STOP THE READIEGS

7 FAG=IMDEX TO TURM O THE MAGNET (=G IF NONE USED)
28 ~

29 [2EEL Lz L LELELD

34 ATFLrG MPROEE, NCAELE, INSTHO, POWGEC, P?LK“N PHABET, COIL

31 REALMD TITLELS:

32 C DIMENSIONS THﬂT GRE NOT CHANGED:

33 TDIMENSION ITIFCE L IBRY (S L HEIONY (D

34 DIMEMSION VELTSCIZ2) VOLSTRE) L OFSET(G) LCEAINGEY L 8TRV(ES

3 C

236 U DIMENSIONS THAT PRE CHAMGED:

37 0 odel  DIMEMSION PLﬂw,bfPWT 1. 1\J9RMi1),”iu(b T,,uﬁL‘“YtiﬁﬁPPHviﬁuk
28 C DIMENSION PROPCL, NPROPMD . THMEFTIHFTI L PHEFTOMF T L JPOL (G MFTL HPREPMD
392 C ] HMS 10N CGLELR,H M,yCUEF(KPﬂPkN, RLGPP

48 C DIMEMSION RRGICL, IRDPREM , L NPOL (G, HFT

41 C DIMENSION JOFSETOHPE UHMﬁ,)”)PRfMP:ﬂ“““

42 . DIMENSION PROPTY (NPROPM) . PRO 3 ST
4% T ENSTON THAGLCLLHFTY L PHABE

deb SI0H PICKAMNFT) . P‘qu&atr%SEFJ i

45 ¢ STON SUMCEAL (NCHS . NCRL Y . 50 L”L( &4

U DIMENSTON RDGU CHCHS . NCALY L RBES (HNCH 3

47 . DIMEMSION TQFSET(HCWQ-FitéLRL(th:‘

a3 .

49 £ THE PPPROPRIATE NUMSERS SHOULL BE IMBERTED 1M THE FOLLOWING
59 0 DIMENSION STRTEMENTS: COMFENTELD STATERENRTS MARKED ok MRMNDATORY
51 C

52 DIMENSION READMGOIZ2E, 155 PROGEEL) POLARY IG5 . PROP UL, 52

53 DIVENSION THMOFTOSY  PHOFTOE, JruL'u,Jﬁﬁ) COECIS L COEF (15,62
5 DIMEMNS ION PDui{«xldig (G35, JUFSETE) , JRDPR (&)

5% DIFENSION PROPTY(S) WP FICSY LFREQOAS LGRTINCAS
56 DIMEMSION TMRGLI (L. 31, PHASELI(L, S
a7 DIMENSIONM PICKAME) PHADETCE) JPHASLWIOGE

UG, A

s DIMEHS 0N RDECLE. 40 ,RE
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i1v CALL CIRCOL L TTER, LOTEK, HPREBED
11a GOT0 538
LERST SQUARES DESIGN SECTION.

SELECT PROPERTY TO BE FITTED AND BET UP PROPERTY &HRAY.

[
™I
o

[ e B e ]

124 300 MSET=NPT
125 MSETL=MEET+
126 IFHPROPT.GT . NPECPMY GO 70
127 318 WRITEOTER, 328 NPREFHRHEH
126 328 FORMATOY SELECT MUMBER OF ?ma PROPERTY TO BE FITTED: .
129 WALGOIE, IR R, " 7 %)

SEAD (L ITEK, s NPROP '
131 I (MPREOP.GT. MPROPM HPROP =HPROPT

132 BEOOLRITE (LGTLKﬁQ&L
P 560 IS OFFSET: D OIF MO UFFSET: L2

FORMATY TYPE 1 OIF THEE
LLQJ(LETEKp*B ] 2
IOFGET = JUFEE
IRDPR=10FE
EV0 '.*s\r TE ‘Lrl'l
380 i

Pk pesd ek ek e e

(3 Lef O Lol G (o0 L
[ oS TR w3 TR A1 VN €1

THE FUNCTION TYFE. PUOLYROHIRL® .

,_.
h
LG

x” Da
" CROSS
141 WRITE(LOTEK, 35
142 296 FORMATC FUNCTION TYPE:1=LINERR 2=L0G 3=ExP &=IN¥ °J
143 400 WRITECLOTEL, 16

144 168 ;OiHﬁiLiKJ

H
B
s

2 ERCH MRGHITUDE o FHASE")

4162

WTI25:, "FUTH POL & CROSS™ 7,258 TVPE DEE TERMS

NE =8, HET

148 o0 <4 pC=1,2

149 HEC=HC#E

158 MNER = PVC t

151 HCF =HCE

182 IFORCUER. 17 WRITECOTEK, 43&)

1"" IFONCLER.2Y WRITE(LOTEK,

FORMATCY MAG AT 7 B Y.

#i(ﬂ PH AT

+ ”'Eh"a~

WJPUPf JCF LR L HPROPTY L JPCL L

188 C JEOLCELHFE L HPROPTY =6

159 .i?PH“]RUP% -JF HLL? P MPROPT P OL (NCE L N MPRUPTT

168 JRDPR (MPROPT) =IRDPR

MPUOL CHCF L NF ) =JPOL IRCF . MF
CHDP LMY = JPUL ONDP, NF

a
e
g

POLCHEC, ME L HPREPT

quyH’) =JP0LIHED, WL 1
16 440 COMTIMUE
165 408 CONTIMUE
166G IR P”lm“-
167 IF CTRDP
168 IF CIRDP
162 S0 FORMATO? 22
178 JROW= TRLPRM+]

ifi CALL POLTYP(POLARY, JROWL, IRDPRLNPOL,, GLNFT, 2, IOFBET, LOTER?

2N ""H!;ﬁ] SU
5 IN POLARY EXCEEDS DIMENSION

...A
-
&

EXPAND THE RAW RERDINGS INMTO IRDPR READINGS.



175
176
1er
17g
1v3
180
181
1682
183
184
185
166
187
188
102
198
191
192
123
194
195
196
197
198
199
208
281
2a2
263
284
2805
2806
287
2085
269
210
211
212
213
214
215
216
217
218
219
228
221
222
223
224
225
226
227
220
229
238
231

254

OGO, Ooa

O i

—
s

oooOoom

o,

[an Rtaw I o

MO0

[ae IR ar iR

560
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DO 430 MF=1,.8FT
b I(hf =4,
PHDFTCH) =8,
COMTIRUE
IREC=7-L N

=1

L 42 MP=1.NPTT
READCEY T IRECS (0T

AGICLL KR LPHAREE (L RF I WF =1, N

-
~r
.
-~
-
e
£
o
—~
e
~

PR L HPR=1,NPREPID D

LY

2

THE PROPERTIES CAN BE SET AND MODIFIEZD IM THIS SECTION

(1.4 -PROPOLLE
Ci, TJMPNUPLf,
Fudl O I8

20 =RL IR0

ROP
iiﬂ

FROPCI. DD
PROPCL, 23 =FRO

T\

PROP (L, 4 =PRI
=f )

IF THTS PROPERTY IS5 NOT 7O BE USED

.i!! ’(i,CJ LT

(l,;.)z-

IFIPRE

FPROP L) L GT

RO LG,

FOPROP L, G G0,

I&(Qﬁq(PPU”(lp?)

IFPROP (1,3 (GG

- AES (PR ‘9(5 Gi). RGO TD SR

LnL" whE \Pk&DGigTMﬂGE’PEHSEE;‘)OLylp<ﬁwTJ|“JFipPHJiT;
IRDPRILILHET, 1,1, 1,13

FI\D(Nk;-ﬂ“HH(.,ekﬂwqﬁ)

IRD=1, IRDPRNM

X HUMRL IRDY =0GI L, IRDS

LDxTI U"

N =NR+1

CONTIN U

DO THE LERST SQUARES FIT OF ThHE RERDINGS 7O THE PRCPERTIES.
Cobl LSS (READNHE, PROLCOELREOS, MSET, IRDPR.MSET L)

CALCULATE THE DIFFERENDES IN THE FIT AHD THE FoxXIMUM BRIFTS.

TECLOTER, 518 FRGHAM
TE LU, S1GRFRONAM O
Ciml 7L tGs, D07 LG, TBRIFTT S

D0 578 NP=1,MPTT
DRIFT=0.
READ(S? T IREC COTPRG I CILHFD LPHASE L CLLREY (M= NF T3 . (PROP (L,

SNPRY LMPR=1, HPROPMY

TEANSFER 1O S¢g IF PROPERTY IS5 MOT THE OHE LE WAMT

FOLLGY BT VL ORVPREPCL.6Y LT -0, 1068 TO 57P

? n‘=b£=U~LB- HHB (1.5 .LT.8.008: 00 7L 5724
LT-gLnimen
=P “;(1 (ER IR NI S AT M A N




233

234
235
236
237
238
2393
249
241
243
243
243
245
2487
248
249
250

R

bl
)

SRV RIS IR S IS
Y L L8 L

DD 0 S 0 ]

PR
RS RN
P o (D

3
)

263

264
265
266
267
264
274
271
27E
273
274
275
276
ey
¥E
279
288
281
282
283
284
285
286
287
2688
289
298

CGOTMm o

[ SN e R}

[ R

S CONTINUE

;39 !&ﬁi”
243 LUNT m

368

565 NR=NR

T 537y
G 10 svs
h.iSt"EU T4 a7t

UME MAGHITUDE QR PHASE L’H‘ I SET oM AT a4 TIME.

THE POLYHOMIBL IS CALCULATED

SUN=E,
DO 528 [R=1,1

SUM=SUMHCOE Y

E,IN THRES (READHG (HRL IRDPR I -SUMD

5 UFF D 1P F
LohR SRIFSDRIF
IFOHPRIMNTONE, 25060 -EL 2l

FTECLGU, s
“*:(,""“r. k,w.
Fbi‘\i!’ i

978 CONTINUE

5686
599

EDRIF=SURT(SEDRIEAF U.erﬁpi
SURTUSSDIFFAFLOS
CCLGLH, 580 PROM Hi‘ﬂf””:’ R
=L [_“:L <L SEOIPR
F U AT d
EECIR i

;E‘n%aﬂ“
FIFLGDE 1%
LU BHTDRIFT= LR I8,

IFCHPEOPT. 1

B0 55E I‘-@Cfﬂuf‘éfﬁﬁél

Lz IT (217 ICOEF) (RDGOCITLHE) L JJ=1. LHM
DL el LNF
CaLL COMVARD (RDES NFL NG, 1L NCONYD
Do 5} :

'.‘.Jis. :‘I

TE

595 COMTINUE

o
3

-
]

9

&
7

uf T"rw'nu JOVOLSTR(HF)Y , HF =1, LHED
LLLpF

ROCYOLSTD R Y , 1 ME0NY
w*,z':uz;%; EINEL O

CONTIMUE

WRITEWGU, 168
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“.»_AS

2
2

35
e
Kite!
eer
3 ed
A5
35
2
2%
-

36

50
361
362
363
38

-

365

368
367
368
E63
378
371

il

[ar ]

RN

-

iy

LHL[

e
0US FORVATC1HE,

825 IFORGE.EG.L 1 QQL
CrLl ROGMIC VDL
sL W lﬁ LT
It
Il—? hrHS
WIS (NC Y = VUL TS CNC Y +T0F
B389 COMTIML

. ?__

EITECLOTER, 828 (VO

ChaLl CuR
248 Do F’”
%PAJ

IFfHPHiH.,EG.a)t
oo FU}”QT(TH ,b(FiS,SJ
IF(MPRINT.EQ. 3 URITE (L0, 8363 (IVOLT
F=d  HETS
GO 10 uog
BOG WRITE (L0
957 FORMATO
G708l
GG WRITE L
B7a FUL'%Tﬁﬁ

FRTFITY
Wm.

ape. 3.5

FINI
CAD L TTER Ry MPRENT

6, 895, 908

893 FHIL L
CALL

UYL HCHES
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465 998 STOP JOB
TOTAL RECORDS

EXIT

SAVR CI

pad
B
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Appendix D

PROGRAM PLTRDG

The program PLTRDG is used to plot eddy—current data on a Versatec
printer—-plotter. Plots are wade as the test sample is scanned and as data
are recorded. Using prompts, the operator may select either the raw data
or a calculated property to be plotted. The raw data consist of a magni-
tude and a phase value for each data point recorded at each frequency.
For example, a raw data plot for a three~frequency test will éonsist of
six curves. The calculated property scan uses the coefficients provided
by the program BIGFIT to perform a mathematical fit to the raw data to
determine the desired property. A calculated property scan usually con~
sists of one curve for each property, but in special cases more than one
property can be represented by a single curve; for example, sample
thickness and defects. Calculated properties are usually examined one at
a time, but, with a slight program modification, more than one property
(or curve) can be displayed simultaneously. The prompts provided make
running the program almost self-explanatory. It is necessary to execute
options 1, 2, and 3 (raw readings, calculate properties, and recalibrate)
in numerical order before making a plot.

The program provides the gbility to control the scanning devices
associated with the test. The operator can specify the start position and
scan increment for each scanner used.

A section of the program provides a curve—smoothing capability by
averaging successive calculated values. The operator may specify the
number of successive data points to average. The number of points
averaged should be as small as possible to minimiée computer operating
time.

The operator can specify the gain and offset value for each curve.
The indication size and curve positibn (on the chart) can be controlled

with these two parameters.
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PROGRAM PLTRDG
21 JANURARY 1581

PROGRAM WILL PLOT RAW READINGS OR CALCULATED PROPERTIES
FROM READINGS MADE BY THE EDDY CURRENT INMNSTRUMENT UN THE
VERSATEL. THE CRLCULATE PROPERTIES SsCTION MUST BE SELECTED
BEFORE THE RECALIBRATE SECTION.

:3, IRBFR(6) , JOFSET (G2
6 SNPOLGE,3) L TIRGMCSS L PHASE (S
5, 5, PRUP (E) L PRONNIMCE)
RLIMC23 YPLIMZ2Y L XNARG O
12, YL Y2020, YVYRL (2,123
"(f\ RQTW(ﬁa,JTDV(G)
2]

DﬁTﬂ LYP 17
YALUES OF OFF

DATH ROFSET A4,
VALUES OF AT G
DAG f‘u:'SCT/E 3
OF Giin
:ﬁ LELIE/
DETN MCOWHTA
RERDINGES F i\E.;.

5. 5357, REAINAGH1 8686,

th ‘\L‘
N
0ph, 2. G
Fibl
WRITE (LOVEK, 152
U ISF(L.,,b;
JRMETCT "2
Jb, ;
LCOUN =0
FORMGY O UHEAT KEXT 1.Rr
w7 e SCANCRALD B SEARATRL
INLINE
LLT, 2
(nn, 3.6
I
READCL O RFRINT
ML THE
LD,z SUGYY S OLGLRE
DG, 5,6 guTeey
FINI

PT.52 Hi.Bia1/48111

o
ot
—

11,8118-81

NUPT.S51 LD, RESE
FTd POR

202 HILOMII/BIEY

T?” POSTTIONER 73
ELTRCE
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LD L0 LG LD A0 LD
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L0
[Sel e iial

189
181
a2
183
184
1685
185
18v
ies
189
1168
111
1z
113
114
115
116

!

L’

Do OoOOQO0oOm

2
2@

118
129
134

148

‘B3

JDELTACL) , DELTH
GO To c»a,husﬁ_muﬁa 1, 206, D¢ ;
CONTINUE
IF(MAG.EQ. 1) CALL RIGMICCYOLTS,NOHS, 12, MRET, HSTOR, 1.8)
LHF =NF T2
WRITE (LOTEK, 118 (NF, i
LR ITE (LOTEK, 128>
FORMATC? FLBCMAGETL T PHAC . 11,73 "33
FORMAT C 13
IF (NPRINT.EG. 1DG0 7O
MNEWC 1) %HLU(l)vDLL?ﬁ"‘

IF(KNEU(I) LT.8 g
HLULZ)“"LU(L,}U“ T
fFEmN U(Jﬁ LT.8.00% F=id g

ChLL S 1T EOM CXMELS,
CALL ‘Jbﬂ COVOLTS, MOHS, ITIMS, NEET, N
CALL CORRDG(VOLTS, OFSET, GAIN, HEHS
K=WDD(HCGUhTﬁEH?“Hﬁ

- NCOUNT=NCOUNT+

68

s
5]
jus]

READ(21°1

IFCK.EQ, “meETu(Lh OB {(VOLTE (NP L NP =g, LHF:
FORMAOT(IHS, GIF11.5 )>
DO 6 NF=1,LNF

MDACHIHE ) =RGHIH (NF Y S (ROFSET(NF ) #VOL TS CNF S )
CONTINUE
CRLL PLOTLAHDACH, LNF COUNTS

IF(HMSTOP.EQ. E"LU TO 138G
CHLL SATHFAG ()

BLL PLOTDAINDGCH ., L
IfL?PREHinEQ.%)Lﬁ'L
IFOMPRINT.EQ,

DO 65 MF=1.L
YOLTS CHFD “ULTE{“FE%QﬁFQE?ﬂWFB
CONTIMUE
IFCNPRINT.ER,DWURITEL (7,
FOMPEINTEQ. 43R ITECYY
LD TO 9

PRAOPERTY CRLECLLATION aRND DISPLAEY SECTION

IFCICOEF.NE. L3GO 70 218

L6 1ﬂr Iﬂbrk
E 7 THROUGH & + MFT §
£ LAST LINE HaS ’“xLP”

it

L0 285 NC=1,4
REREEEl’ECUEF)(R?L&(" HHET S NF =1, LHF

5O COMTINUE

READ (21" ICOEF)
READ(21” ICOEF
EFCPREHQH(NP”
IRBP=TRDPR

”'i
)LL&;F(ERBMFﬁﬁﬁﬂﬁpE§=EFER5?E
DO 213 NF=1,8FT
READ (217 ICOEFY (JPCL UL, NP, NPROPHD , T=1, 67
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1rg
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276

¢ FORMATOLNR T

84

CONTINUE
MPROPM=MPREPM-
=0 70 216
CONTINUE
NPROPM=NPRL
CONTINUE

WRITECLOTER, 28

WRITECLOTE
IFCHPRINT
ANERICT ) =5HEL
IFGAHELCTS LT Y
ANEWCZ2) =XNEW(2S
IFGMEL2D LY O
ChALL FOSTTI
Chall RoEMICK
Tl CORR
O 268 MPR

B0 236 ¢
PHASE(NF) =
TMARGMOMFD =t
DN 225 I=i.c

APOL CTL M 2 = JPRGL LY, HERGS
CONTINUE

CONTINUE
LAl Ri
PREP (NPROS =1,
IRDP=IRDPR (MY
BN 2a8 [R=1.1
PROP (HPROS
COMTIMUE

HDACH (HPRDS - R
3 CONTINUE
IFCISET.ER.U)POFSE T =0, LaC-FROP (U

b 26
MERHT) =
CONTINUE
HPRONTTS
HDACH (33 =1
D016 MT=1.NTT
NDRCH (32 =NDREH (S 40
COMTIMUE

HORCH (3 =NLACH (S 7Y

EMD 0OF SECTION

K=MODONCOUMT, TNTERS
MCOUNT =MCGUNT -+
IFK.EQ.83LRITE
FORMATCIHA,LFEL 3,
CALL PLOTDRINDRCH.LN
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497 HCOUNT=HAK-1

480 INLINE

484 T MLOUNT

41t LLS. 2.0

411 Al 2 $HREGF

412 uph.2.3

413 WORL 2.2

414 1D, 3.1

415 STMD, 2 ‘G%i

416 LDI2 2 ELITPUTS MO
417 UnG,2,3 4

418 FINI

415 JOTEPE = (XOLD (HAR

A2 338 HSTEPS (NAK) = JJ?L *3

<21 IF(NJELP&(NE&) LT.65 036U

422 KSTERS=KETEPS+ELE3E5

423 ED T0 358

424 C COUNTER CNLY GOES TO 685357 STRRTS BRCK OVER AT 8
425 C WRITE(5,3880MAKL IBTERE,K

426 368 JSTEP= JoTEP+N5TEPS(h4X}«HoiEPo(ﬁﬁK?
427 320 FORMATCIX, JIGJ
428 488 CONMTINUE

429 C IFCISTERP . NE.)LWRITE(S, 416)
439 418 FORMATC(" TRANSLATOR ERROR °)
431 IFCIJSTEP.GT.2G60 TO
432 428 CONTINUE
433 RETURN
34 i
TOTAL RECORDS LRITIEN = 4557 &6
E%TT

SAVR CI 4

EHD LISt
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Appendix E

PROGRAM SQRWLD

The program SQRWLD (written in assembly language) controls the entire
inspection process of the seam weld in the steel sheath for the supercon~
ducting cable. The program controls the calibration of all instrumen-—
tation (including the magnetic tape recorder), and the recording of the
calibration data. It provides prompts to the operator to remind him to
perform the necessary steps in the correct order to perform the examina-
tion. The program controls the recording of raw data on magnetic tape and
controls the calculated properties that are displayed on the strip-chart
recorder as the test is conducted. It also allows the playback of the
magnetic tape through the microcomputer in the transceiver unit to deter-
mine additional properties not determined during the on—line examination.
The program provides operator prompts to control the calibration and
operational procedure required to perform the manual inspection for weld
repair. ‘

The program performs the following functions, depending on the posi-
tion of the switch on the computer module or the remote control box. A
remote control box was used to select the test functions for this par-
ticular examination. The switches on the computer module in the multiple~
frequency eddy-current instrument were used to select the correct PROM for

the particular eddy~-current probe being used.

Switch
position Function
0 Main running loop
1 Read tape
2 Read standard tube
3 Display raw readings
4 Display calculated readings
5 Performn and display calibrations
6 Inspect square conductors
7 Calibrate the digital-to—-analog

converters and recorder



22

Position 0 is used for the automated on-line examination of the
superconductor cable (see Appendix F). In position 0, the microcomputer
controls the fixed locations across the scan path where eddy—current

eadings are taken. (The readings are synchronized with the mechanical
scanning system by a pulse generated from the crankshaft drive mechanism.)
The program also maintains the various readings in separate data arrays.
This allows the output data to be represented in the form of continuous
scans at fixed axes on the weld and heat~affected zones.

Position 1 provides a means to read the magnetic tape back through
the microcomputer in the transceiver unit. The operator can designate
other parawmeters to be calculated from the raw data and displayed om the
analog recorder {Appendix F).

Position 2 is used for calibration and calibration corrections (see
Appendix F).

Position 3 provides a means to observe the raw phase and magnitude
data on the video terminal during the initial setup. This position is
used to check the phase detectors and ithe bandpass amplifiers in the
milbifrequency eddy—curreunt instrument (see Appendix F).

Position 4 provides a means to chserve calculated data on the video
terminal. This function was not used for this examination.

In position 5, the video terminal displays signals that are generated
by the calibrator medule and fed through the baandpass amplifiers and phase
detectors. This allows the operator a means to check the calibration of
the multifrequency eddy-curvent instrument (see Appendix F).

Position 6 is used for the manual inspection of the superconductor
cable (see Appendix G).

Position 7 is used to check the operation of the digital-to~analog
converters aad to check the calibration of the analog recorder (see

Appendix F).
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Appendix F

PROCEDURE FOR PERFORMING THE AUTOMATED MULTIFREQUENCY EDDY~-CURRENT
INSPECTION OF THE SHEATH WELD ON THE SUPERCONDUCTOR CABLE

This procedure describes the techniques used to perform the
eddy~current inspection of the sheath weld on the production line as the
superconductor cable is being fabricated. The procedure provides guide~
lines for the necessary steps and the order of performance réquired to set
up and calibrate the equipment, verify the test sensitivity, and perform
the inspection to evaluate the quality of the gas tungsten arc weld in the
steel sheath for the superconductor cable for the Fusion Energy Program.
The procedure was wriften with theiassumption that the operator is famil-

iar with the test equipment and its operation.

1. EQUIPMENT
Multifrequency eddy-current instrument
Eddy-current probe and cable
Probe drive mechanism
Transceiver unit
Video terminal and keyboard
Remote control box (RCB)
Six~channel analog recorder
Magnetic tape recorder
Assorted nonconducting shims in the 25- to 250~um (0.001- to 0.010-in.)
range
Reference standards

Isolation transformer

2. ELECTRICAL POWER

2.1 Before coanecting power to the eddy—current instrument, make
sure that the three toggle switches on the phase calibrator module are in
the “down” position (i.e., "MAG-LO," "PH-LO," and "OPERATE” positions),
and make sure that an eddy-current probe 1s connected to the correct jacks

on the calibrator module.
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2.2 Connect electrical power o all instruments [eddy current {only
on isolatiocn tramsformer), twe recorders, transceiver, video terminal, and
probe drive mechanism], turn the equipwent on, and allow at least 4 h for

the instruments to warm up and stabilize.

3. DURING THE WARM-UP PERIOD

3.1 Check all cables and electrical connections to make sure that
they are correct (see Fig. F.l).

3.2 Check the switches on 21l modules and ianstruments to assure they
are in the normal position, per Tables F.l and ¥.2.

3.3 Place standard tube 1 (with inner surface defects) in the probe
drive unit. [Under nowmal conditions the probe has z 88.9—~um-thick
(0.0035~in.) tape on face.] Place a 76.2-um-thick (0.0030-in.) noacon-
ducting shim between the probe face and the tube and mechanically adjust
the lift-off. Connect hold-down spring to V-block.

3.4 Turn on the probe drive mechanism and let it run for a brief
period to assure that it operates freely and correctly.

3.5 Display Raw Readings. Set the remote countrol box (RCB) function
switch to position 3. When the cursor symbol appears on the video

2

“reset

display, press the switch on the RCB. The statement "NDT COMPY™

" e o

should appear on the video display. Next, press the "interrupt” switch on
the RCB, and the raw readiungs will be continuwously displayed on the video
terminal. Check the raw readings to see if any are either zero or 4.999.

1f so, theve 1is probably something wrong with the eddy-current Instrument,

[ "

and it should be corrected hefore proceeding. Press the "reset” switch on
the RCB to stop the readings, and go to the next step.

3.6 Check the analog recording system. Set the (RCB) function
switch to position 7. Press a chart speed switch to start the analog
recorder chart drive. Use a slow chart speed {5 mm/s or less). Press the
"interrupt” switch on the RCB aand set all recorder pens to the zero refer-
ence value on each chart scale by use of zero adjustments on the recordert.
The zero reference value for the five defect channels is 10 minor divi-
sions to the left of the vight-haad chart margin. [Each wiacor division
represents 51 pm (0.0020 in.). The chart range is —0.51 to +2.03 mm
(—0.020 to +0.080 in.).] The zero reference value for the lack-of-

penetration channel is the right-hand chart margin. [Each minor division
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Table ¥.1, Normal instrument settings

Correct
a
Instrument Modul?r .SWitCh switch
position identity
setting
Eddy—Current Instrument Power on-off
Power Oscillator Ml High frequency (top) 500 kHz
Median frequency (middle) 100 kHz
Low frequency (bottom) 20 kHz
Bandpass Amplifier M4 Low freguency 20 kHz
M6 Mid frequency 100 kHz
M8 High frequency 500 kiz
Discriminators® M3 Coarse lift—off 518
M3 Coarse balance 714
M5 Coarse lift~off 512
M5 Coarse balance 682
M7 Coarse lift—off 507
M7 Coarse balance 920
Analog Recorder Power on-off
Sensitivity — coarse 100 mvV/div
Sensitivity — fine Maximum CW
Chart speed 5 ma/div
Probe Drive Control Power on—off
Speed adjustment 124128
Scale selector Speed
(torque/speed)
Direction cw
(CW/stop/CCH)

AThe eddy-current instrument chassis has 10 modular positions. Thay are
identified as M1 to M1O from right to left when facing the instrumeont. The
computer module occupies two positions, MY and M1O.

bAdjustments of the lift—off and balance controls on the discriminators
may sometimes be necessary to calibrate the eddy-current instrumeat. These
ad justments should be made by using only the fine controls (screwdriver
adjustments). If a change in the coarse control setting becomes necessary,
notify your supervisor.
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Table F.2. Instrument switches and functions
Instrument Switch Position(s) Function and comments
Eddy Current Function 09 Selects correct PROM to
Control Module match the eddy-current
probe (00 for 454, 0l for
460, and 02 for 459)
Interrupt DO NOT USE
Reset DO NOT USE
Magnetic Tape
Recorder
Transporter Power On-0ff
Transporter Load On~0ff Used to load tape
Transporter On—Line On—0ff Use for recording and reading
Transporter Rewind On~Cff Used to rewind tape
Transporter Write ring See Appendix A
Buffer Power On—-0ff
Buffer EQF On-0ff See Appendix A
Buffer Mode Record Used to record data
Buffer Mode Read Used to read tape
Buffer Mode Continuous BO NOT USE
Buffer Mode Remote DO NOT USE
Transceiver Power On—Off
Selector DX Select external computer,
used to record data {in
eddy-current instrument)
Selector Local Select internal computer,
used to read tape
Function -9 Always set on 1
Video Terminal Power On—-0ff Located in back of
instrument
Keyboard Transmits information and

commands to computer
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represents 51 pm (0.0020 in.). The chart range is 0 to 2.54 mm {0 to
0.1 in.).] The actual value recovded oa each recorder channel is also
displayed on the video monitor. After zeroing all pens, press the
"return” key on the keyboard. All recorder pens should step five minor
chart divisions to the left on the respective chart scales, representing
an increase of 0.25 mm (0.010 in.). Press the "return”™ key a total of
eight times, representing an increase of 2.03 wm (0.080 in.). All five
defect channel recorder pens should now be at the left margin of their
respective chart scales. 1f any of these recorder pens are not alt the
left wargin, check the cecorder sensitivity adjustments for that recorder
channel (see Table F.l). Note the variable sensitivity adjustuwent must be
set at wmaximum (fully clockwise)} for that recorder chamnel to be
calibrated. Press the “return” key Lwice more to check the calibration on
the lack-of—penetration chaaunel. [Lf the incremented steps between zero
and maximum are not linear (i.e., five divisions per step), something is
wrong with the recorder.] Press the “"reset"” switch oo the RCB to stop
ihis check, press the "STOP” switch on the analog recorder, and go to the
next step.

3.7 Check the magnetic tape recorder according to the procedure

described io Supplement 1.

4. AFTER THY EDDY-CURRENT TEST SYSTEM HAS COMPLETED A 4-h WARM-UP
PERICD, COMPLETE THE FOLLOWING CHECKOUT SEQUENCE

4.1 Set the transceiver selector switch to "DX." Set the
transceiver function switch teo "1.7

4.2 Check the analog recording system. Set the (RCB) fusction
switch to position 7. Press a chart speed switch to start the analog
recorder chart drive. Use a slow chart speed (5 ww/s or less). Press the
"interrupt" switch on the RCB and set 211 recorder pens to the zero vrefer—
ence value on each chart scale by use of zero adjustments on the recorder.
The zero veference value for the five defect channels is 10 winor divi-
sions to the left of the right-hand chart margin. [Each minor division
represents 51 pm (0.0020 in.). The chart range is ~0.51 to +2.03 mm
(—0.020 to +0.080 in.).] The zero reference value for the lack-of~

penetration channel is the right—hand chart wargin. [Fach minor division



129

represents 51 um (0.0020 in.).] The chart range is 0 to 2.5 mm {0 to
0.1 in.). The actual value recorded on each recorder channel is also
displayed on the video monitor. After zeroing all pens, press the
“"return” key on the keyboard. All recorder pens should step five minor
chart divisions to the left on the iespective chart scales, representing
an increase of 0.25 mm (0.010 in.). Press the “return” key a total of
eight times, representing an increase of 2.03 mm {0,080 in.). All five
defect channel recorder pens should now be at the left margin of their
respective chart scales. If any of these recorder pens are not at the
left margin, check the recorder sensitivity adjustments for that recorder
channel (see Table F.l). ©Note that the variable sensitivity adjustument
must be set at maximum (fully clockwise) for that recorder channel to be
calibrated. Press the “"return” key twice more to check the calibration on
the lack-of-penetration channel. [If the incremented steps between zero
and maximum are not lisear (i.e., five divisions per step), something is
wrong with the recorder.] Press the "reset” switch on the RCB to stop
this check, press the "STOP” switch on the analog recorder, and go to the
next step.

4.3  Perform and Display Calibration. Set the RCB function switch to
position 5. Press the "interrupt” switch on the RCB. You should hear
relays clicking, and about 10 s later the computer will display four lines
of data on the video monitor. ©Let the display repeat about four or five
times and press the "reset” switch on the RCB to stop. Evaluate the data.
High magnitudes {columns 1, 3, and 5) should be 4.50 * 0.02 V. High phas-
es {even columns) should be 4.00 t 0.02 V, except PHI = 4.50 V. The
phase difference between high magnitude and low magnitude readings on the
first two lines of phase data should be less than #10 mV. If not, refer
to the instrument calibration procedure. {Important: Do not leave the
calibration system running for long periods of time because the relays
could be damaged.)

4.4 Read Reference Standard. [The probe should have the
88.9-um~thick (0.0035~in.) Teflon tape on its face.] Using the square
tube standard D, position the probe over the reference reading mark

[centered over the weld and 76.2 mm (3 in.) from the end toward defect 1].
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Select a lift-off shiw to obtain a Mag 2 readiog within *0.1 V of the

Mag 2 reading in Table F.3 (readings from nomiaal tube sawmple, third
column) for the coil being used. This is dooe in the function 3 position
of the RCB. Example: Probe 454-00 should read 3.6 V (3.5 *+ 0.1 V) with a
0.102~-mm {0.004—-in.) shim. Press reset on RCB.

Select function 2 on the RCB. Using the shim size determined above,
hold the probe over the reference reading mark with the shim between the
probe face and sample. Press the “interrupt” switch om the RCB. One line
of data should be shown on the video display. Press the "interrupt”
switch again and another line of data will appear. Repeat until at least
five lines of data are obtained or until the last two lines of data agree
to within *2 mV. Check the Mag 2 reading {(third column) and compare with
the Mag 2 reading for the nominal tube sample for the probe being used.
See Table F.3.

4.5 Place probe in scanning fixiture with a 76.2-um-thick (0.003-in.)
shim between the probe and tube and the shim not touching the nylon V-
block. Fix the probe at this lift~off and rewmove the 76.2—um (0.003-in.)
shim. Record the last set of readiongs obtained in the test log book.
Press the “reset” switch on the RCE to return the computer to normal
operation.

4.6 Display Raw Readings. Set the remolte control box (RCB) function
switch to position 3. Press the "reset” switch” on the RCB. The state-
ment “NDT COMP9" should appear on the video display. Next, press the
“interrupt” switch on the RCB, and the raw readings will be continuously
displayed on the videc terminal. Check the raw readings to see if any are
either zero or 4.999. If sc, check the eddy-current probe to see if it is
properly seated on the standard test tube. If it is, something is prob-
ably wrong with the eddy-current instrument, and it should be corrected
before you proceed. Press the "reset” switch on the RCB to stop the
readings and go to the next step.

4,7 Main Running Loop. GCalibration and test data are recorded

during this sequence, which is described in general as follows:

a. Precalibration -— Run each of the round calibration standards and

record the data on the amalog recorder and magnetic tape.
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Table F.3. Eddy-current probe, PROM code, and

calibration readings

Average and standard deviations of calibration
readings (V) for each frequency

20 kHz 100 kiz 500 kHz
MAG1 PHAL MAG2 PHA2 MAG3 PHA3
Probe 454, code 00
4.5004  4.0004  4.5022  3.9945  4.5023  4.4958
S.D. 0.0000  0.0000  0.0000  0.0023  0.0000  0.0032
2.4591  3.9989  2.3132  3.9933  2.4104  4.4956
S.D. 0.0023  0.0032  0.0000  0.0000  0.0016  0.0045
a 4.2220  2.5743  3.5361  2.8298  3.6230  1.0296
Probe 460, code 01
4.4977  4.0047  4.4985  4.0118  4.5007  4.4878
$.D. 0.0045  0.0032  0.0032  0.0032  0.0000  0.0064
2.4601  4.0047  2.3095  4.0103  2.4042  4.4864
S.D. 0.0016  0.0032  0.0000  0.0045  0.0000  0.0064
a 4.3142  3.0158  3.8659  2.9747  3.7303  1.0510
Probe 459, code 02
4.4974  4£.0006  4.4976  4.0110  4.5197 = 4.4953
S.D. 0.0045  0.0045  0.0000  0.0084  0.0032  0.0084
2.4592  3.9997  2.3090  4.0176  2.4158  4.4947
S.D. 0.0000  0.0032  0.0016  0.0055  0.0016  0.0084
a 4.5155  2.9760  4.1346  2.9136  4.1158  0.9058

dReadings from nominal tube sample.



132

b. Perform Testi on Sheath Weld — Record the data on both analeg and

magnetic tape recorders.

c. Positcalibration —~ Check the calibration standard and record the data

on both analog and magnetic tape recorders.

These eteps are described in detail in the following sections.

5. PRECALIBRATION

5.1 Tnstall a new magnetic tape onm the Lape transporter and label

the trailing end of the BOT marker with "1.7

5.2 Place the inner surface calibration standard (tube 1) in the
probe drive unit and cepter the probe over the area marked "start.”

5.3 Operate the "reset” switch on the RCB. (Check for the correct
coefficient code on the control module.)}

5.4 Set the RCB funciion switch to @#. Switch the magnelic tape
recorder buffer to "recerd” and place the transporter “om line.”

5.5 Operate the "interrupt”™ switch on the RCB. The instruction
"enter [D7 will appear un the video display. Enier the following infor-
mation from the keyhoard: PRE-CAL, standard number, date, superconductor
number, probe number;, and code.

5.6 Operate the 5-wm/s chart speed switch on the analog recorder.

5.7 Yress the "return” key on the keyboard. The eddy-current com-
puter will perform a recalibration and display the raw magnitude and phase
Teadings along with the calculated coefficients on the video terminal. At
the end of the display, the computer enters the “running” mode, and the
eddy—-curtent system starts recording data. Raw data are presented to the
magnetic tape recorder, and calculated data ars presented to the analog
(strip—chart) recorder. (The data will be recorded only if the respective
recovrder is activated.)

5.8 Start the probe drive wechanism.

5.9 Using a slow and steady speed, manually pull the stanazard tube
through the probe drive unit. Maintaio the alignment of the weld on top

of the tube and centered under the eddy-current probe.
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5.10 Observe the analog recorder as you pull the standard tube
through the drive unit. All five defect channel recorder pens should
write between 5 and 235 minor divisions [-0.25 to +0.76 mm (—0.010 to
+0.030 in.)] to the left of the right-hand margin on the recorder chart
except when defect indications are’obtained, {Ingide-surface defects are
recorded on the analog recorder.) Note: Signals greater than 0.76 mm
(0.03C in.} (15 divisions) on the recorder chart should operate the indi-
cation marker that identifies the area on the superconductor sheath where
the indication is located.

5.11 TIdeuntify this recording on the analog recovder as the
"Precalibration Test” and record the date, the examiner's initials, and
the identification of the superconductor sheath being examined.

5.12 When the precalibration of tube 1 iz complete:

a. Set the RCB function switch to 1.

b. Stop the analog chart recorder and the probe: drive mechanism.

c. After rhe EOF on the buffer illuminates, switch the magoetic tape
recorder to "off line.” Operate reset on the RCB.

d. Add a new BOT marker at "tape cleaner” and the outside edge of the
tape. Turn the transporter off, rewind the tape vreel about 1 turn,
and turn the transporter on. Operate the "load”™ switch; the
transporter should advance the tape to the new BOT marker. Label the
BOT marker "A,” and repeat steps 5.3 through 5.12 usiog the ioner sur~
face standard. Be sure to add a new BOT marker after standard A.
Remove the tape reel and label as follows: “Standard Readings for

?

Condnetror Identity , Datz , and Probe Identity .

6. PERFORM THE TEST

6.1 Place the probe drive unit on the superconductor cable, position
the drive uvuit against the stop on the mill, and'reconnect V-block and
spring.

6.2 Turn on the probe drive wmechanism and let it run for a brief
period to assure that it operates freely and correctly.

6.3 Operate the "reset” switch on the RCB.
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6.4 Set the RCB function switch to @.

6.5 Prepare magnetic tape recorder:

a. Install a new tape reel.

b. Verify "write” emnable.

c. Check for correct "BOT” position.

d. Set selector switch on buffer to "record.”

e. Set transporter to "on line" and verify.

Note: Never operate a "reset" switch when the magnetic tape recorder is
on-line and in the "record"” mode.

6.6 Operate the "interrupt” switch on the RCB. The instruction
"enter ID” will appear on the video display, and the EOF enable indicator
will go out.

6.7 Type in the test identification (ID) on the keyboard as follows
and in order: (date, AIRCO + tube number, and eddy~current probe serial

number and PROM coefficient code).

Probe serial number 454 460 459
PROM coefficient code 00 01 02

6.8 Manually hold the eddy-current probe off the tube until the plug
at the start of the superconductor is about 0.30 m (12 in.) away from the

first drive unit rollers. Then seat the probe holdev and

a. turn on the probe drive control,
b. press the "return” key on the keyboard,

c. operate the 5-mm/s chart speed switch on the analog recorder.

The eddy—current computer will perform a vecalibration and display
the magnitude and phase readings along with the calculated coefficients on
the video terminal.

At the end of the display, the computer enters the “"running” node,
and the eddy~current system starts recording data. Raw data are recorded
on the magnetic tape recorder, and calculated data are recorded on the
analog (strip-chart) recovder.

6.9 Observe the analog recorder. All six recorder pens should write
on scale on the recorder chart. If the pen on one of the defect channels

goes off scale and stays, press the "zero” switch on the RCB to briang all
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defect channels back to the zero reference line on the recorder. Record
the time of this "zero" shift along with the operator's initials on the
analog recorder chart and in the eddy-current log book.

€.10 Observe the equipment as :the test is being conducted to make
sure that all systems operate corvectly. Watch for probe wear. Check
both recorders periodically to see that they are recording properly and
that the recorder pené remain on s¢a1e. 1f test indications are obtained,
check the indication marker to see that it correctly identifies the area
on the sheath. Record any unusual events (such as power outages and
equipment breakdowns) on the chart and in the log book.

6.11 When the test is complete, do the following:

a. Set the RCB function switch to 1.
b. Turn off the analog recorder drive and probe drive mechanism.

¢. Remove the probe drive unit from the superconductor cable.

6.12 Check the magnetic tape recorder; the end-of-file (EOF)

indicator should be lit.

a. If the EOF indicator stays lit, you are ready to perform a post—
calibration test (step 7.0).

b. 1If the EOF indicator does nof stay 1lit, there may be problems with the
recorder or eddy-current computer, or beoth. In either case, make a
record in the log book. i

c. Rewind the tape, remove it, label the tape reel, and remove the write

ring.

7. POSTCALIBRATION

7.1 Replace the calibration tape made in step 5.

7.2 Advance the tape beyond the second BOT marker. Turn the
recorder "off,” then "on,” and operate the “load” switch. The transporter
shonld advance the tape to the thifd BOT marker and stop.

7.3 Repeat the calibration steps described in Section 5.

7.4 Place the calibration standard (identity) in the probe drive
unit, and center the probe over the area marked “"start.”

7.5 Set the RCB function switch to @.
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7.6 Operate the "interrupt” switch on the RCB. The ilnstruction
“enter ID” will appear on the video display.

7.7 Type in the test identification (ID) on the keyboard as follows
and in order: (date, ATRCO + tube number, and eddy-current probe serial

73

number). Note: Do not operate a "reset” switch when the magnetic tape
recorder is "on~line” and in the “record” wmode.

7.8 Operate the S~um/s chart speed switech on the analog recerder.

7.9 Press the “return” key on the keyboard. The eddy-curreunt

computer will perform a recalibration and display the raw magnitude and
phase readings along with the calculated coefficients on the video ter-
minal similar to step 4.7 of this procedure. At the end of the display,

the computer enters the "running” mode and the eddy-curvent system starts
recording data.

7.10 Start the probe drive wechanism.

7.11 Using a slow and steady speed, manually pull the standard tube
through the probe drive mechanism. Maintain the alignment of the weld on
top of the tube and centered under the eddy-current probe.

7.12 Observe the analog recorder as you pull the standard tube
through the drive unit. All five defect channel vecorder pens should
write between 5 and 25 minor divisicns [-0.25 to +0.76 mm (~0.010 to
+0.030 in.)] to the left of the right-hand margin on the recorder chart
except when defect Indications are obtained. 1f not, recheck the recorder
calibration and zero reference settings.

7.13 Tdentify this recording on the analog vecorder as the
"Postcalibration Test” and record the date, the examiner's initials, and

the identification of the superconductor sheath being examined.

8. WHEN THE POSTCALIBRATION TEST IS COMPLETE, DO THE FOLLOWING

8.1 Set the RCB function switch to 1.

8.2 Stop the analog recorder drive and the probe drive mechanism.

8.3 Check the magnetic tape recorder. The EOF indicator should be
lit. 1If it is, proceed to the next step. 1If it does not light, wait a
brief period. 1If it still does not light, check for problems and mention

this in the log book.
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8.4 Operate "rewind” switch on transporter. At this point, either
remove or read the tape per instructions in Supplement 1. To remove the
tape, operate the "rewind™ switch again and remove the tape reel when
rewinding is complete. Remove the "write"” ring from the tape reel and

save. Place a protective collar over the tape reel. TIdentify the tape

reel.

If there are no more tests to perform, turn all power off and secure

the equipment.
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Supplement 1 (to Appendix F)

TAPE RECORDER OPERATION

1. GENERAL

The read and record operztions of this tape recerder are performed
with the aid of computers. The read computer is located in the
transceiver unit, while the record computer is in the eddy-current
instrument. In order to read a tape, the read computer must have the same
program (EPROM 0800 and 1000) in it that was in the record computer when
the tape was written. Do not operaie the "reset”™ switch on the remote
control box (RCB) or the control module in the eddy-current instrument if
the transporter is “on—-line” and the buffer mcde switch is on “recovd.”
This causes the receord computer to lose synchronization with the tape
position. The tape beyond the point where the “"reset” switch is operated

cannot be read from this tape recorder.

2. LOAD TAPE ON THE TRANSPORTER

2.1 Turn on the power co the transport and buffer. A 30-min warm-up
period is recommended.

2.2 Remove write ring 1f reading a prerecorded tape.

2.3 Install the write ring if writing on a prerecorded tape or leave
the write ring in place if writing on a new tape. (The write ring is a
plastic insert on the back of the reel.)

2.4 Seat the tape reel on the supply hub, push the hub in, and
thread the tape as shown on the transporter. The power to the transporter
should be on and the "load” lamp out when the tape is being threaded.

2.5 Operate the "load” switch to advance the tape to the beginning
of tape (BOT) marker. The BOT marker is a piece of reflective tape, 25 by
6 mm (1 x 1/4 in.), on the outside edge of the tape.

2.6 The "write enable” or "write ring” lamp will be on if the write

ring 1s in place.
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3. RECORDING ON TAPE

3.1 Do not operate the “reset” switch on the RCB or on the control
module in the eddy-current instrument if the transporter is “"on line" and
the buffer mode switch is on "record.”

3.2 Set the selector switch on the transceiver unit to "DX.”

3.3 Operate the "reset” switch on the RCB (transporter "off line").

3.4 Set the function switch on the RCB to "¢." '

3.5 Select "record” on the buffer mode switch.

3.6 Set the function switch on the control module in the
eddy-current instrument according to the eddy-current probe being used
{see Table F.3).

3.7 Operate the “on line” switch on the transporter. The EOF switch
should illuminate, the "on line” light should illuminate, and the tape
should advance smoothly. If all three actions do not occur, operate
"rewind” and try again. This indicates that the EOF is enabled, both
buffers are empty, and the tape recorder is ready to receive data.

3.8 Operate the "INT" switch on the RCB. The EOF enable should go

o

out, and "enter ID” will be printed on the video display.

3.9 Type one space, then enter the correct test identification data
and probe serial number.

3.10 Operate the keyboard "return” key when you are ready to start
recording on the tape. The record computer in the eddy-current instrument
will be acquiring and recording the data. The transporter should advance
the tape in smooth rhythmic steps.

3.11 To stop the test, select "1" on the RCB. The computer will
£fill the last buffer and transfer the buffer contents onto the tape. The
EOF enable will illuminate to indicate that botn buffers are empty. The
computer: will then issue a write end-of-file (WRT EOF) command. The tape
recorder will record an EOF. The EOF enable light will go out, the tape
will advance, and EOF enable will illuminate again, and verify will be
indicated with a period followed by the cursor on the video display. The
tape recorder will stop and await further instructions.

3.12 Operate the "on line" switch to "off line.”
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TAPE

Operate the “rewind” switch. The transporter will vewiad the
the BOT marker is located and then stope.

Operate the "rewind” switch again. The transporter will rewind

the remaining portion of the tape and stop.

4.3
4.4
4.5
4.6

5. READ T
3.1

a. Transp

b. Buffer

Pull the supply hub cut to unlock the reel and remove the tape.
Place the protective collar around the reel.
Identify the reel.

Remove the write ring.

APE
Equipment required:

ortey

c. Terminal

d. Traunsce

e. Strip-~
5.2

instrument
5.3
5.4

tape as sh
on and the
5.5
to the beg
5.6
5.7
5.8
should be
5.9
will be di
5.10
5.11

light shou

iver unit

chart recorder

Remove the strip-chart recorder cable from the eddy-current
and connect to CZ of the transceiver unit.
Remove the write ving from the reel.
Seat the reel on the supply hub, push the hudb in, and thread the
own on the transporter. The power to the transporterv should be
"load” iamp out when the tape is being threaded.
Operate the “load” switch on the transporter to advance the tape
inning of tape (BOT) marker.
Select "local” on the tramscelver unit selector switch.
Set the function switch on the tramsceiver unit to "1.”
Cperate the "reset” switch on the transceiver umit. “NDT COMPS™
displayed on the terminal.
Operate the "INT” switch on the transceiver unit. The following
splayed on the video screen: “gwitch tape to read, on line.”
Select "read” on the butfer mode switch.
Operate the “on line” switch on the transporter. The “on line”

1d jlluminate. The tape should advance smocothly.
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5.12 Respond to statement printed on the CRT. Type in one of four
codes — @, 1, 2, 3 — and operate the return key oun the keyboard.

5.13 The tape will be read, and calculated data will be recorded onm
the strip~chart recorder.

5.14 To prevent damage to the tape, remove it from the transporter
and replace the protective collar.

5.15 Turn off equipment.
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Appendix G

PROCEDURE T0O CHECK DIGITAL RECORDING SYSTEM

This procedure describes the operation of the digital recording
system for the superconductor sheath weld inspection and describes the
steps necessary to check the operation of the system before performing the
eddy-current inspection. The computer program CHECK associated with this
test is described in Appendix H. The procedure is self-explanatory but

should be read completely before attempting the check.

1.0 GENERAL

The following is a description of the digital recording system and
the steps necessary to check the operation of the system.

Refer to Fig. G.l1, block diagram of the digital recording system.
Each multifrequency eddy—current (MFEC) test system has two identical
microcomputer circuit boards, one located in the control module of the
eddy-current instrument and one in the transceiver unit. A computer
program designed to check the operation of the digital recording system is
stored on PROM chips in each microcomputer circuit board. The two PROM
chips are identical and interchangeable.

Initiation of the program starts a counting program in each computer
that counts (in hexadecimal) from 0000 to FFFF. The four-digit
hexadecimal number that is generated is described in Fig. G.2. The low
byte (X3 and Xy) represent the count (from 00 to FF), and the high byte
(X3 and X,) represent the number of times the count has been repeated.

The low byte is transmitted through the transceiver unit and through
the "write” portion of the logic package to the tape transporter, where it
is stored on magnetic tape. When the tape is played back, the data bytes
are transmitted from the magnetic tape through the "read” portion of the
logic package to the computer board located in the transceiver.

The computer program in the transceiver unit generates a four-~digit
hexadecimal count identical to the one generated by the control module
microcomputer. When the data bytes stored on magnetic tape are received

by the computer in the transceiver unit, they will be compared with the
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Fig. G.1. Block diagram of the digital recording system.
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Fig. G.2. Video display of the hexadecimal numbers.
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corresponding low byte generated by the count program in the transceiver
microcomputer, and either one or two columns of data will be displayed on
the video terminal.

If the two bytes are identical, then only the one column set of four
hex numbers (the transceiver compute¥ count number) will be displayed on
the video terminal. If the received byte is not identical with the low
byte generated by the transceiver computer, a second column set of two hex
digits {(the data byte) will be displayed on the video terminal. The
appearance of the second column set df data is a positive indication that
something is wrong in the digital recording system. The manner in which
the numbers are presented in the second column set of data provides
information that can be used to determine the gensral locaticn of the
problem.

To use the information presented in the second column set, the
operator must understand hexadecimal and binary numbers and have a general
knowledge of how the recording system works. The following is a brief
description of how the system works (vefer to Fig. G.1).

The data bytes (Xj and Xp) are transmitted from the control module
over the respective data limes (Fig. G.3) to the two recorder buffers, A
and B. The same buffers are used to "write" data on the magnetic tape and
to "read” data off the tape. The two buffers are like one-way streets,
and data always travel through the buffers in the same direction whether

the recorder is reading or writing.

ORNL-DWG 85-1855

HEX X2 X

BINARY Bs|B7|Bs|Bs Ba|B3| Bz By

DATA LINES Do D1 D2 D3 Da Ds Ds Dy
BYTE

Fig. G.3. Eight data lines used to transmit two hexadecimal digits.
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A single buffer has a limited capacity for data. When a buffer is
filled with data, it must dump those data onto the next process in the
system before it can accept more data. If only one buffer is used, uo
data can be uransferred iato or out of the recorder while the buffer is
dumping. 1If twe buffers are used, then one buffer can be receiving data
while the other is dumping, and the recording process is continuous. The
multiplexers select which buffer receives data according to the amount of
data received. The program always starts with buffer A; when that buffer
is filled, the multiplexer will gwitch to buffer B. By the time buffer B
is filled, buffer A will be ready to receive data. Each buffer can hold
4K of memory (OFFF in hexadecimal). Table G.l shows the four-digit
hexzadecimal count and which buffer will be used. If one of the buffers is
not operating, for example, then all the data bytes traunsmitted through
that buffer will be incorvect and will differ from the count number.
Incorrect hex oumbers will be printed im the second column set on ths

video display.

Table G.1. Recorder buffers used for particular
seis of hexadecimal numbers

Hexadecimal Buffer Hexadecimal Buffer
count used count used
000C—OFFF A 800C-8FFF A
100C~1FFF B 9000—2FFF
2000—2FFF A A00C—AFFY A
3000—3FFF B BOOO—BFFF B
4000—4FFF A CCOCG—CFF¥ A
500C—5FFF B DOOC-DFFF B
6000—6FFF A EQOC—TEFF¥ A
7000~7FFF B FOOO-FFFF B

Four bimary digits are required to express each hexdigit (see
Fig. G.3); therefore, eight data lines are reguirved to transmit one data
byte through the recording system. These data lines are fixed (hard

wired) and will always represent the same binary digit; therefore, if a
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particular binary digit is missing'in the output data, we can trace it
back to a particular data line, and this will help locate the problem.

By examination of the data in'the second column set displayed on the
video screen, the operator can detérmine if the digital recording system
is operating properly or not, and, if not, he can determine whether the
problem is in one of the buffers or a data line and can isolate which buf-
fers or which data line is not operating properly. In addition, the
program will let the operator know if the problem is caused by an operator

eTrroxr.

2. EQUIPMENT REQUIRED

Eddy~current instrument
Transceiver unit

Remote control box (RCB)
Tape transporter

Tape buffer logic package

Video terminal

3. INITIAL SETUP

3.1 Apply power to the equipment.
3.2 Operate the select switch to "DX" on the transceiver unit.
3.3 Operate the reset switch on the RCB and verify response

{NDT~COMP9) on the video terminal.

4. SET UP TAPE RECORBER

4.1 Select a new reel of magﬁetic tape, make sure the write ring is
properly in place, and install the reel on the transporter.

4.2 Operate the select switch to "record” on the buffer logic
package.

4.3 Operate the "load" switch on the transporter (tape will advance
to BOT marker).

4.4 Verify that the "WRITE ENABLE" lamp is illuminated.

4.5 Operate the "ON LINE" switch on the transporter and verify that
the EOF lamp on the buffer logic package is illuminated.
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5. STORE THE DATA ON MAGNETIC TAPE

5.1 Type Gl54A and carriage return on the keybhoard. The EOF lamp
should go cut; the terminal will display the prompt “Hit carriage return
to start.”

5.2 Respond to the prompt on the video terminzl (type a carriage
returi). The tramsporter should begin advancing tape in rhythmic steps
and will continue for 1 to 2 min. Data generated by the counting program
in the control module computer are stored on the magnetic tape. When this
prograim loop is completed, the transporter will sitop advancing and the EQF
lamp on the buffer will illuminate. The line "rewind, SW to local, read,
C158F, on line, CR to start” will be displayed on the terminzl. Do not

respond at this time; go to the next step.

6. TIDENTIFY AND REWIND THE TAPE

6.1 Opsrate the "EOF" switch on the buffer logic package. This will
write an "END OF FILE” mark on the magnetic tape, and the tape will be
advanced a short lemgih. Operate the "EOF” gswitch again to place 3 second
"END OF FILE”™ mark on the taps.

6.2 Opervate the "ON LINE” switch on the transporter to “OFF LINE.”

6.3 1Install a BOT marker ou the outer edge of the tape in the area
near the tape cleaner.

6.4 Operate the "REWIND” switch on the transporter.

6.5 Identify the B80T marker at the start of the record.

7. PLAY THE TAPE BACK AND CHECK THE DIGILTAL RECORDING SYSTEM

/7.1 Operate the select switch to "READ™ on the buffer logic package.
/.2 Operate the select switch to "LOCAL" on the transceiver unit.
7.3 Operate the "RESET” switch on the transceiver unit and verifly

e (NDT-COMP9) on the video terminal.

7.4 Type GI58F and a carviage return on the keyboard.

7.5 Operate the "ON LINE” switch on the traunsporter.

7.6 Press the "CARRIAGE RETURN™ key on the keyboard. A check of the

digital recording system will begin. A column s=t of four hexadecimal
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numbers counting from 0000 to FFFF will be displayed on the video ter-
minal. The total display will take about 9 min. The count can be stopped
by pressing any character on the keyboard and can be resumed by pressing
the "CARRIAGE RETURN" key.

The maanner in which these data are displayed on the video terminal
lets the operator know whether the digital recording system is operating
properly or mot. If the digital recording is not operating properly, a
second column set of two hexadeciwal numbers will be displayed on the
video terminal. Perform the following data checks in the order listed to

localize the problem area.

CHECK 1: TLOOK FOR THE SECOND COLUMN OF NUMBERS

If only one column set of four hexadeciwal numbers is displayed, and
the numbers count from 0000 to FFFF, the digital recording system is
operating properly and is ready for use.,

ALl other checks apply to conditions under which a second column set
of two hexadecimal rumbers is printed out on the video terminal and some

problem exists.

CHECK 2:  EXAMINE THE LEAST SIGNIFICANT HEX DIGIT (LSHD) (RIGHT NUMBER) IN
THE SECOND COLUMN SET

a. If the LSHD (Xj) in the second column set increases consecutively
from 0 to F, and the number is one higher than the respective hex digit-in
the first column set, the problem is operational. BReturn to step 3.2 of
this procedure and repeat the procedure.

b. If the LSHD in the second column set does not increase con-
secutively or if certain numbers are skipped, determine which numbers are
skipped and go to check 3.

NOTE: If the data byte 1s properly transmitted through the digital
recording system and if it properly matches the low byte in the count
generated by the transceiver, no data will be displayed in the second

column set. This will be true for all or part of the data transmitted.
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CHECK 3: EXAMINE THE MOST SIGNIFICANT HEX DIGIT (MSHD) (LEFT NUMBER) IN
COLUMN 2
a. Determine whether the MSHD (Xp) in the second column set matches
the corresponding hex digit (X5) in the first column set; also determine
if any digits are skipped.

b. Arbitrarily select two or three values of X9 and X; from the
first column set and the second columm set and write them down on a sheet
of paper.

c. Convert the two sets of hex numbers into their binary equivalents
in the maaner shown in Fig. G.3.

d. Examine the binary digits to see if one or move remain set at O
or 1 throughout the count. Also determine if that digit can explain the
difference in the couut between the two column sets. 1If so, the problem

is in the data line corresponding to that binary digit (Fig. G.3).

CHECK 4: CHECK THE BUFFERS

If one of the buffers is bad, the data in the second column set will
be discontinuous, and large sets of numbers will appear to be missing.
The missing numbers will correspond to the good buffer. (If data are pro-
perly transmitted through the digital recording system, no values will
appear in the second column set.) The bad buffer can be determined by
relating the hex digit (X;) in the second column set to the corresponding
hex digit (X4). If X; in the second column set is zero or an even number
(hexadecimal), the problem is in buffer A. If X4 is an odd number, the
problewr is in buffer B.

To check the buffers, let the data count run long enough to make sure
that some numbers are (or are not) getting through each huffer.

If any oumbers get through a particular buffer, that buffer cam be

assumed to be operating properly.
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Appendix H

PROGRAM CHECK

The program CHECK (written in machine language) generates counting
programs - in the two microcomputers’located in the control module and the
transceiver units of the MFEC instfument. Each counting program generates
a set of hexadecimal numbers from 0000 to FFFF. The hex numbers generated
in the control module microcomputer are transmitted through the trans-
celver unit and tape buffers to the tape tramsporter, where they are
recorded by the magnetic tape recorder. The numbers are then read back
from the magnetic tape through the tape buffers and transceiver unit and
are compared with the number set génerated by the transceiver unit micro-
computer. The results of the comparison are displayed on the video ter-
minal. If the two sets of hex numbers are exactly identical, then only
one column set of four numbers (0000 to FFFF) will be displayed. 1If the
two sets of numbers are not identical, a second column set of two numbers
{00 to FF) will be displayed. This procedure provides a means to check
the operation of the digital recording system, including the magnetic tape
recorder. The procedure that outlines the steps required to perform this

system check is provided in Appendix G.
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Appendix T

PROCEDURE FOR PERFORMING THE MANUAL EDDY-~CURRENT INSPECTION
OF THE SHEATH WELD ON' THE SUPERCONDUCTOR CABLE

This procedure describes the techniques used to perform the manual
eddy—current inspection of the sheath weld after the superconductor cable
has been fabricated. Thé procedure provides guidelines for the necessary
steps and the order of performance required to set up and calibrate the
equipment, verify the test sensitivity, and perform the inspection to
evaluate those areas on the sheath weld where indications were obtained
during the on~line inspection. This procedure and technique can also be
used to determine whether or not the weld repairs were successful. The
procedure was written with the assumption that the operator is familiar

with the test equipment and its operation.

1.0 EQUIPMENT
Multifrequency eddy~current instrument
Eddy-current probe and cable
Probe holder for manual scanning
Transceiver unit
Video terminal and keyboard
Remote control box (RCB)
Six-channel analog recorder
Assorted nonconducting shims in the 25 to 254 mm (0.001 to 0.010 in.)
range
Reference standards

Isolation transformer

2, ELECTRICAL POWER

2.1 Before connecting power to the eddy-current instrument, make
sure that the three toggle switches on the phase calibrator module are in
the "down" position (i.e., "MAG-LO,"” "PH~LO,” and "OPERATE" positions),
and make sure that an eddy-current probe is connected to the correct jacks

on the calibrator module.
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2.2 Connect electrical power to all instruments [eddy current (only
on isolation transformer), analog recorder, transceiver, and video
terminal], turn the equipment on, and allow at least 4 h for the instru-

ments to warm up and stabilize.

3. DURING THE WARM~UP PERIOD

3.1 Check all cables and electrical connections to make sure they
are correct (see Fig. 1.1).

3.2 Check the switches on all modules and instruments to assure
they are in the normal position, per Tables 1.1 and 1.2,

3.3 Check the analog recording system. Set the RCB function switch
to position 7. Press a chart speed switch to start the analog recorder
chart drive. Use a slow chart speed (5 mm/s or less). Press the
"interrupit” switch on the RCB, and set all recorder pens to the zero
reference value on each chart scale using zero adjustments on the
recorder. After zeroing all pens, press the "return” key on the keyboard.
All recorder pens should step five minor chart divisions to the left on
the respective chart scales, representing an increase of 0.25 mm
(0.010 in.). Press the "return” key eight tiwnes, representing an increase
of 2.03 mm (0.080 in.). TIf any of these recorder pens are not at the left

margin, check the vecorder sensitivity adjustmeats for that recorder

ORHL-DWG 851856

T AR LINE

J soLewpin o
VALVE ... RuBBONCABLE —
e DEg
AR SUPPLY [PLAVBACK MBOE) TERMIAAL
c2
PROGE ~—j> ANALOS
DRIVF e R RECORDER
MECHANIZM 6COAX
_____ TRANSCEIVER |
r 1 URIT | REMOTE
I — T ——— N ]
DRIVE [ RIBBON CABLE 80X
\ CONTROL | L
\ | MASG. TAPE RECORDER
! 1
[ | c4 K= msonenc |
| - 1| BUFFER TAFE
‘ ...... J RIBBON CABLE .-~ TRANSFORTER I
| DRIVE - 1 | =
umT 1 27 TWISTED L -1
\ [MARKER +---| " PAIR CABLE
K o
‘ | PRoBE | [T 7
| ) ANALOG
™ RECORDER
L1 1 4

Fig. I.1. Block diagram of the digitial recording system.
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Table I.1l. Normal instrument settings

Modular? Switch LofrECt
Instrument . ; . switch
position identity .
setting
Eddy~Current Instrument Power on-off
Power Oscillator M1 High frequency (top) 500 kHz
Median frequency (middle) 100 kHz
Low frequency (bottom) 20 kiHz
Bandpass Amplifier M4 Low frequency 20 kHz
M6 Mid frequency 100 kH=z
M8 High frequency 500 kHz
Discriminators? M3 Coarse lift—off 518
M3 Coarse balance 714
M5 Coarse 1lift—off 512
M5 Coarse balance 682
M7 Coarse lift-off 507
M7 Coarse balance 920
Analog Recorder Power on-off
Sensitivity — coarse 100 mv/div
Sensitivity — fine Maximum CW
Chart speed 5 om/div
Probe Drive Control Power on—off
Speed adjustment 124128
Scale selector Speed
(torque/speed)
Direction CwW
(CW/stop/CCW)

AThe eddy-current instrument chassis has 10 modular positions. They are
identified as ML to M1O from right to left when facing the instrument. The
computer module occupies two positions, M9 and M10.

bAdjustments of the lift-off and balance controls on the discriminators
may sometimes be necessary to calibrate the eddy-current instrument. These
ad justments should be made by using only the fine controls (screwdriver
adjustments). If a change in the coarse control setting becomes necessary,
notify your supervisor.
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Table T.2. Instrument switches and functiomns

Instrument Switeh Position(s) Function and comments
Eddy Current Function C-5 Selects correct FROM to
Conirol Module match the eddy-current

probe (00 for 454, 01 for
460, and 02 for 459)

Interrupt DO NOT USKE
Reset DO NOT USE
Magnetic Tape
Recorder
Transportey Power On—0ff
Transporter Load On~0ff Used to load tape
Transporter On~Line On~0Off Use for recording and reading
Transporter Rewind 0a—0ff Used to rewind tape
Transpotter Wrire ring See Appendix A
Buifer Power On-Off
Buffer EOF On—Off See Appendix A
Buffer Mode Record Used to record data
Buffer Mode Raad Used to read tape
Buffer Mode Continuous DO NOT USE
Buffer Mode Reuote DO NOT USE
Transceiver Power On-Cff
Selector DX Select external couputer,
used to recerd data (in
eddy~-current instrument)
Selector Local Select ianternal computer,
used to read tape
Function C--9 Always set on 1
Video Terminal Power On~Qff Located in back eof
instrument
Keyboard Transmiis information and

commands to computer
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channel (see Table I.1). Note that the variable sensitivity adjustment
must be set at maximum (fully clockwise) for that recorder channel to be
calibrated. Press the "return” key twice more to check the calibration on
channels 1 through 4.’ [If the incremented steps between zero and maximum
are not linear (i.e., five divisions per step), something is wrong with
the recorder.] Press the "reset” switch on the RCB to stop this check and

press the “"STOP" switch on the analog recorder and go to the next step.

4. AFTER THE EDDY-CURRENT TEST SYSTEM HAS COMPLETED A 4-h WARM-UP
PERIOD, COMPLETE THE FOLLOWING CHECKOUT SEQUENCE

4.1 Set the transceiver selector switch to "DX." Set the
transceiver function switch to "1."

4.2 Check the analog recording system. Set the (RCB) function
switch to position 7. Press a chart speed switch to start the analog
recorder chart drive. Use a slow chart speed (5 mm/s or less). Press the
"interrupt” switch on the RCB, and set all recorder pens to the zero
reference value on each chart scale using zero adjustments on the
recorder. After zeroing all pems, press the "return” key on the keyboard.
All recorder pens should step five minor chart divisions to the left on
the respective chart scales, repreSenting an increase of 0.25 mm
{(0.010 in.). Press the "return” key eight times, representing an increase
of 2.03 mm (0.080 in.). If any of these recorder pens are not at the left
margin, check the recorder sensitivity adjustments for that recorder
channel (see Table I.1). Note that the variable sensitivity adjustment
must be set at maximum (fully clockwise) for that recorder channel to be
calibrated. Press the "return” key twice more to check the calibration
on channels 1 through 4. [If the incremented steps between zero and
maximum are not linear (i.e., five divisions per step), something is
wrong with the recorder.] Press the "reset” switch on the RCB to stop
this check and press the "STOP” switch on the analog recorder and go to
the next step.

4.3 Perform and Display Calibration. Set the RCB function switch to
position 5. Press the "interrupt” switch on the RCB. You should hear
relays clicking, and about 10 s later the computer will display four lines
of data on the video monitor. Let the display repeat about four or five

times and press the "reset” switch on the RCB to stop. Evaluate the data.
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High magnitudes (columns 1, 3, and 5) should be 4.50 # 0.02 V. High
phases (even columns) should be 4.00 + 0.02 V, except PH3 = 4.50 V. The
phase difference between high-magnitude and low-magnitude veadings on the
first two lines of phase data should be less than *10 wmv. If not, refer
to the instrument calibration procedure.

(Important: Do not leave the calibration system running for long
periods of time because the relays could be damaged.)

4.4 Read Reference Standard. [The probe should have the 88.%-pm-
thick (0.0035 in.) Teflon tape on its face.] Using the squave tube
standard D, position the probe over the reference reading mark [centered
over the weld and 7.62 em (3 in.) from the end toward defect number 17.
Select a 1ift—off shim to obtain a Mag 2 reading within *0.1 V of the
Mag 2 veading in Table 1.3 (readings from nominal tube sample, third
column) for the coll being used. This is done in the function 3 position
of the RCB. Example: Probe 454-00 should read 3.6 V (3.5 # 0.1 V) with a
101.6-pm {0.004-in.) shim. Press reset on RCBH.

Select function 2 on the RCB. Using the shim size determined above,
hold the probe over the refereance reading mark with the shim between the
probe face and sample. Press the "ifoterrupt”™ switch on the RCB. One line
of data should be printed out on the video display. Press the "interrvupt”
switch again and another line of data will appear. Repeat until at least
five lines of data are obtained or until the last two lines of data agree
to within +2 mV. Check the Mag 2 veading (third column) and compare with
the Mag 2 reading for the nominal tube sample for the probe being used.

See Table 1.3.

5. INSPECTION

5.1 Set up eddy-current equipment as just described in steps 1.1
through 4.4 above.

5.2 Place the eddy—current prove in the manual scanning fixture.
Adijust the probe position until the Mag 2 readiug is the same as in
step 4.4. Fix the probe at this 1lift-cff. Press the "reset” switch on

the RCB.
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calibration readings

Eddy-current probe, PROM code, and

Averages and standard deviations of calibration
readings (V) for each frequency

20 kHz 100 kHz 500 kHz
MAG1 PHAL MAG2 PHAZ2 MAG3 PHA3
Probe 454, code 00
4.5004 4.0004 4,5022 3.9945 4.5023 4.4958
5.D. 0.0000 0.0000 0.0000 0.0023 0.0000 0.0032
2.4591 3.9989 2.3132 3.9933 2.4104 4.4956
S.D. 0.0023 0.0032 0.0000 0.0000 0.0016 0.0045
a 4.,2220 2.5743 3.5361 2.8298 3.6230 1.0296
Probe 460, code 01
4.4977 4.,0047 4.4985 4.0118 4.5007 4.4878
5.D. 0.0045 0.0032 0.0032 0.0032 6.0000 0.0064
2.4601 4.0047 2.3095 4.0103 2.4042 4.4864
S.D. 0.0016 00,0032 0.0000 0.0045 0.0000 0.0064
a 4.3142 3.0158 3.8659 2.9747 3.7303 1.0510
Probe 459, code 02
4.4974 4 .0006 4.4976 4.,0110 4,.5197 4.4953
5.D. 0.0045 0.0045 0.0000 0.0084 0.0032 0.0084
2.4592 3.9997 2.3090 4.0176 2.4158 4.4947
S.D. 0.0000 0.0032 0.0016 0.0055 0.0016 0.0084
a 4.5155 2.9760 4.1346 2.9136 4.1158 0.9058

AReadings from nominal tube sample.
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5.3. Display Raw Readings. Set the RCB function switch to
position 3. Press the “"reset” switch on the RCB. The statement
"NDT COMPS” should appear on the video display. Next, press the
“interrupt” switch on the RCB, and the raw readings will be continuously
displayed on the video terminmal. Check the raw resadings to see if any are
either zero or 4.999. If so, a problem exists. Check the eddy-current
probe to see if it is properly seated on the standard test tube. TIf it
is, something is probably wrong with the eddy-current instrument, and it
should be corrected before proceeding. If the rsadings are all right,
press the "reset” switch on the RCB to stop the readings aod go to the

next step.

6. PRECALIBRATION

6.1 Place the manual scanning fixture on calibration standard D and
position the probe over the weld centerline.

6.2 Operate the “reset”™ switch on the RCB.

6.3 Set the RCB function switch to 6 and check that the PROM setting
on the control module is corvect for square conductor testing (04 for
eddy~current probes 454 and 459 and 05 for probe 460).

6.4 Operate the "interrupt” switch on the RCB. The instruction,
"enter ID” will appear on the video display. Enter the following infor—
mation from the keyboard: probe serial aumber and coding (e.g., 459-04).

6.5 Operate the 2-mm/s chart speed switch on the analog recorder.

6.6, Press the "return” key on the keyboard. The eddy—current com-
puter will perform a recalibration and display the raw magnitude and phase
readings along with the calculated coefficients on the video terminal. At
the end of the display, the computer enters the "running” mode.

6.7 Using a slow and steady speed, move the manual scanning fixture
and probe along the standard conductor. Maintain the alignment of the
weld on top of the tube and centered under the eddy—current probe. Scan
each defecr by moving the probe back and forth across the defect at least
three times.

6.8 Observe the analog recorder as you scan the square standard.

The four—channel recorder peas from the left should write between 5 and 25
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minor divisions ~235 to 476 mm (-0.010 to +0.030 in.) to the left of the
right-hand margin oan the recorder chart except when defect indications are
obtained. The four channels identified from left to right are outside
surface defects, lift-off, inside surface defects, and lack of penetration
or wall thickness.

6.9 When the calibration is complete, stop the analog chart recorder
and identify the recording as the "Precalibration Test.” Record the date,
the examiner's initials, and the identification of the superconductor

sheath being examined on the recording.

7. PERFORM THE TEST

7.1 The eddy—current system is now veady to manually scan
conductors. The scanning of a conductor is performed by starting the
chart recorder at 2 mm/s and slowlj pulling the probe and fixture uni-
formly along the conductor. The fixture must be kept level with the con~-
ductor surface to avoid lift~off effects.

7.2 Three scans of a given area are required: one along the weld
centerline, and one at 2.29 mm (0.090 in.) on either side of the weld in
the heat-affected zone. Fach scan ig¢ initiated by starting the chart
recorder and terminated by stopping the chart recorder.

7.3. 1Indirations obtained during manual scanning are to be compared
with the indications obtained on the calibration standard. Indications of
defects exceeding the tolerances defined in Westinghouse Specification
90P744, Spec. 1, Rev. 2, require repair. Areas needing repair are to be
indicated on the multifrequency eddy-current report and noted on the con-
ductor ingpection follower sheet.

7.4 When all manual scanning has been completed, rescan the calibra-
tion standard according to steps 6.7 through 6.9 of this appendix and
label as the "Postcalibration.”

7.5 After all testing is completed, set the RCB function switch to
5. When the display on the video terminal is completed, press the reset

button on the RCB.
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