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EDDY-CURRENT INSPECTION OF FERROMAGNETIC TUBING USING
PULSED MAGNETIC SATURATION®

C. V. Dodd and W. E. Deeds

ABSTRACT

A pulsed eddy-current system has been designed and
developed for nondestructive evaluation of 2.25Cr~1Mo steam
generator tubing from the bore side. Since the tubing is
ferromagnetic, a large current pulse is sent through a driver
coil to produce magnetic saturation all the way through the tube
wall. A pickup coil produces an output pulss that is dependent
upon the tube properties as well as the driving pulse. The out~
put pulse heights at selected times are used as data that are
computer~correlated with calibration data taken from machined
standards. Performance data, circuit diagrams, and computer
programs are given for the system, which has been demonstrated
to detect small flaws located near the outside of a thick ferro—
magnetic tube.

INTRODUCTION

Both ultrasonics and eddy currents are candidate methods for inspect~-
ing liquid metal reactor (LMR) steam generators. An ultrasonic probe and
inspection system was successfully demonstrated for the Clinch River
Breeder Reactor (CRBR)' and the Westinghouse-Nuclear Components Division
(W~NCD) double-wall steam generator.® However, the inspection rate with
ultrasonics 1s relatively slow and, in the the case of the W-NCD double-
wall design, is ineffective in detecting defects in the outer tube behind
the grooves used for leak detection. On the other hand, inspection with
eddy currents is fast and not affected by the grooves. However, low-alloy
steels, such as 2.25Cr~-1Mo, are hard to inspect with eddy currents because
they are ferromagnetic. Eddy—current penetration is inversely propor-
tional to the square root of magnetic permeability, which can be quite
high. Furthermore, the high permeability causes magnetic fields to be

conducted around flaws, making them even harder to detect.

*Research sponsored by the Office of Technology Suppert Programs,
U.8. Department of Energy under contract DE~ACO5~840R21400 with Martin
Marietta Energy Systems, Inc.



A method often used to circumvent these difficulties is to magnetically
saturate the ferromagnetic material, so that it will effectively act like
air relative to further changes in the magnetic field. Magnetic satura-
tion can be used with samples small enough to be placed within a magnet
powerful enough to produce a field of about 1.5 T (15,000 gauss).
Unfortunately, steam generator tubing wust be inspected from the botve
side, and, in the case of the W-NCD double-wall steam generator, the inner
diameter of the tubing is small and the wall thickness great, so that a
saturating coil inside the tube will saturate the core of the coil long
before the wall of the tube is saturated. This means that the coil vir-
tually has an air core, and the reluctance of the magnetic circuit is so
high that the coil must carry very large currents (and get very hot) to
saturate the tube all the way through the wall. Early attempts®:* to
saturate the 2.25Cr-1Mo tubing from the bore side were unsuccessful
because too much heat was generated in the coil. It became obvious that
only a very large current in a bore-side coil could saturate the tubing,
and the current could be applied for only & very short time if the coil
was to survive. Therefore, it was evident that only a powerful currsnt
pulse on a low—duty cycle could possibly achieve the desired results. We
also decided to use the current pulse, with its many freguency cowmponents,
for interrogating as well as magnetically saturating the material. Thus,
the pulse response could provide the additiomal information required to
distinguish the warious tubing properties of interest from extraneous
variables, instead of requiring the usual multiple-fixed-frequency system
to provide the data. This report describes the development of a system
that accomplished these objectives.

Previous reports®>® have shown that, when several properties are
changing, enough information must be collected to permit unambiguous
identification of specific variables. 'This has usually been accomplished
by using multiple fixed frequencies and measuring, for example, the mag-
nitudes and phases of the output voltages at ithe various frequencies.
However, the additional inforwmation can also be obtained by measuring the
pulse height at selected times, or the times at which selected pulse

heights are reached, or the magnitudes and phases of variocus Fourierx



components of the signal pulse. Whatever types of information have been
collected can then be processed in the same way as described in the
multiple-property reports cited above.

In the past, pulsed systems have generally been simpler but less
accurate than multifrequency systems. The advent of improved electronic
modules has now made possible pulsed systems that have equal accuracy
while retaining their simplicity. Thus, having to use a pulsed system no
longer means a penalty in accuracy.

Figure 1 shows a cross-sectional view of a type of ferromagnetic
tubing that must be inspected, and Table 1 lists the required and recom-

mended levels of inspection for various types of flaws.
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Fig. 1. Cross section of the nominal Westinghouse Intermediate "A"
double-wall tube.

COMPUTER ANALYSIS OF PULSED EDDY CURRENTS

A piecewise continuous pulse can be considered as the sum of variocus

sinusoidal (single—frequency) components. A §-function pulse (infinitely



Table 1. Summary of reqguired and recomuended levels of sensitivity
to artificial defects in double-wzall tubing in Westinghouse
Intermediate "A" prototype steam generator

Depth, wa (in.)

Defect type
Reguired Recommended

Nefects on tube outside Jdiameter
Circumferential band, 6 mm long {0.25 in.) 1.2 (0.047) 0.48 (0.019)

Axial or circumferential potch, 25 mm long 1.2 (0.047) 0.48 (0.019)
by 1.6 wm wide (1 by 1/16 imn.)

Hole, 1.6 mm in diameter {(1/16 ip.) 1.9 (0.076} 1.9 (0.076)
Defects on tube inside diamoter
Circumferential band, % mw long {0.25 in.) 1.2 (0.047} 1.2 (0.047)

Axial or circumferential notech, 25 wn long 1.2 (0.047) 1.2 (0.047)
by 1.6 wm wide (1 by 1/16 in.)

Helae, 1.6 am in diameter (1.16 in.) 2.8 (0.112) 2.8 (0.112)

high and narrow) would contain all frequencies with egual asplitude, but
such a pulse is unobtainable and also undesirable in practice. We want to
use the pulse to magnetically saturate the tubing, a2s well as to induce
eddy currents in it and the pickup coil. Since a finite time is required
for the magnetic field to penetrate and saturate the tubling, as well as
for veading the response, a "sguare-wave” pulse is actually more useful
than a 6~function one. A square-wave pulse is diagramweed in Figs. 2(a)
and 3(2), which show a voltage of 400 V suddeunly applied to the driver
(saturating) coil at © = 0 and subsequently turned off suddenly. If the
time betwesen pulses is very long cowmpared with the duration of the pulse,
the frequency components will be mainly determined by the rise time (and
fall tiwme) of the pulse, as well as its total duration. The steeper the
rise times, the greater are the high-frequancy componenta. Figures 2(a2)
and 3(a2) also show the voltages induced in 2 pickup coil near the driver

&

coil. The pickup voltage will rise in such a way as to try to oppose the
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changing flux produced by the driver current and the induced currents in
the tube. Then when the driver voltage drops back to zero, there will
again be a voltage induced in the pickup, trying to oppose that change.
Figure 2(4) shows a block diagram of an imstrument to measure the pickup
voltages at certain times, t, to t,. Figure 3(b) shows a similar diagram
for an instrument to measure the times at which the pickup voltage reaches
certain specified values.

To calculate the defect sensitivity of a pulsed coil system, a
program for a reflection coil system near a multilayer conductor was
modified to calculate the pulse response to a defect in a single-layer
conductor. The pulse was a square wave synthesized from 80 freguencies at
integral multiples of 100 Hz. The program, called PULSE, is listed in
Apperidix 1. The magnitude and phase of the pickup voltage at various
lift-offs are printed for a wetal sample with and without a defect. The
metal in the example was assumed to be 5 mm thick (0.2 in.) and to have
the resistivity of 2.25Cr-1Mo steel. The metal was assumsd to have a
reclative permeability of 1, meaning that the steel was assumed to be
saturated. The flaw was assumed to be located 0.127 mm (0.005 in.) in
from the far side of the wetal, and it produced small but definite changes
in both the magnitude and the phase of the pickup signal. On the basis of
this and other calculations, it seemed clear that defects could be
detected with a pulsed driver system if the tube could be magnetically
saturated. In earlier experiments’ we obtained the values of relative
permeability for 2.25Cr—-1Mo steel at various levels of dc magnetic field,
as shown in Table 2. These data show that the steel can be saturated with

a wagnetic field somewhat stronger than 1 T.

MAGNETIC SATURATION CALCULATIONS

Abeut 2 T (20,000 gauss) is needed to saturate ordimary iron or
steel, and Fig. 4 shows that the saturation magnetization for 2.25Cr-1Mo
tubing is about 1.5 T. When that field is applied, the effective
permeability for small changes in the field becomes essentially the same
as that for air. Since we wmusl perform the inspection from the bore side

of the tube, a magnetizing coil must also be there. We have developed a
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Table 2. Relative permeability
for 2.25Cc—1Mo steel at

various levels of dc
magnetic field

dc Bias field Relative
permeability
T kilogauss (u/ug)
0.73 7.3 51.1
0.91 9.1 19.6
1.00 10.0 13.1
1.05 10.5 0.9
ORNL-DWG 80-11003
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Fig. 4. B-H curve for 2.25Cr-1Mo steel tubing.



program, MAGSCN, listed in Appendix 2, that calculates the axial and
radial components of the magnetic field at various points in the neighbor-
hood of an air-core solenoid. This program was used to calculate the
axial field strength, Bz, at a point opposite the middle of the solenoid
at the radius where the outside of the tibe would be. The outside of the
solenoid was just small enough to fit imside the tube, and the inside
diameter and length of the solenoid were varied to optimize the design.
The quality factor used in the optimization was the magnetic energy
(proportional to Bz?) divided by the power supplied to the coil. Since
both Bzz and the power are proportional to (NI)?, the square of the number
of ampere-—~turns, the quality factor depends mainly upon the lemgth and
inner diameter of the coil. Too short a coil or too large an inner
diameter will produce insufficient field strength at the outside of the
tube; too long a coil or too swall an inner diameter will produce greater
field strength but consume too much power. Also, a short coil has a
better resolution as an eddy—current detector. Figure 5 shows the quality
factor for coils of various lengths and inner diameters; the outer
diameter is fixed at 10.67 mm (0.420 in.) in order to pass through the
2.25Cr~1Mo tubing. In all cases, the number of ampere-turns was 200,000
and peak power was 1.03 MW. The optimum coil appears to have a length of
about 7.87 mm (0.310 in.) and an inner diameter of about 4.57 mm

(0.180 in.). The magnetic field at a point corresponding to the outside
of the tube opposite the middle of the coil turms ont to be 0.839 T for
the optimum coil shapa. Therefore, a larger peak current would presumably
be required for saturation. However, the ferromagnetic tubing itself will
contribute a considerable awount of spontaneous wagnetization current, so
that the (inal power reguirements are best obtained experimentally with
the actual material.

The coil could not long withstand such a high power, which is mainly
dissipated by chmic heating. Therefore, the pulse duration must be kept
very short, about 0.435 ms, or just long enough to take the necessary
number of readings. In addition, unless the pulse repetition rate or duty
cycle is kept very small, some additional means of cooling the coil
assembly is needed. Therefore, cooling passages are provided for coolant

to flow through the center of the coil. Various coolants have been tried,



ORNL~0OWG 85~18862

6.9 T A | I
COIL O.D. = 0.42in.
AMP-TURNS = 200,000 ]

@
o

@
N ]

o
)

o
in

o
EN

QUALITY FACTOR X 1077

o
O

6.2
tinch = 25.4mm

o R TR U NN N WU WA B
0.22 024 026 028 030 032 034 038 0.38 040 0.4z
COIL LENGTH (inches)
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including air, water, and a mixture of water and alcohol; other coolants
were also considered,; but environmental or financial considerations ruled
out many of them.

In addition to less heating, another advantage of a pulsed saturation
system is the decreased "grabbing" of the saturating magnet, which would
otherwise tend to be attracted strongly to one side or another of ths
ferromagnetic tube. With pulses only 435 us long at intervals of about
1 s, the grabbing effect is hardly noticeable, since the inertia of the

coil assembly prevents it from moving appreciably during the pulse.
DATA ACQUISITION SYSTEM

The signal from the driving coil saturates the tube wall and also
induces currents in the tubing and in a pickup coil, whose output voltage

depends on the tube properties as well as the drivimg pulse. The driving
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and detection circuits had to be designed to allow a fast rise and a
high-power pulse in the driver coil without Coo much ringing in the pickup
coil. There had to be a careful balance between high-frequency components,
which are easily transmitted, and low-frequency components, which are not.
The pickup output voltage can be considered as a "signature"
characteristic of the original pulse shape modified by the tube effects.
This signature contains wuch information, which can be extracted in
various ways. One way is to measure the magnitude of the output voltages
at selected times; this is the method used in Fig. 2. Another way is to
measure the times at which the pulse reaches certain preset voltages; this
is the method shown in Fig. 3. Still another way would be to pass the
pulse through various filters to analyze the pulse into its Fourier com—
ponents. The last method is complicated if many frequencies are involved
and is also unnecessary and guite expensive. If the frequency components
are desired, a fast Fourier transform (FFT) of the pulse height data can
be obtained. But even this procedure is unnecessary, as we shall see.
Integrated circuit modules are available to determine and record
either the pulse heights at selected times or the times to reach selected
pulse heights. At present, the forwmer method seems to offer advantages in
terms of cost and accuracy with existing modales. Appendix 7 shows the
circuit diagrams for a system to measure pulse heights at predetermined
time intervals and send the data to a computer. In essence, this system

is a multichannel analyzer adapted for this special application.
DATA PROCESSING SYSTEM

The use of multiple bits of information to determine various
properties of a sample has already been described in several reports.>s®
The basic method used at ORNL is to forw a polynomial for each property
desired. The polynomial for a given property consists of the bits of
information raised to various powers and wultiplied by coefficients
determined by a least-squares method to produce the best fit to that
particular property for data measured on known standard samples. It
does not really matter what type of information is used for the polynomial

variables, so long as the bits of information depend upon the desired
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property in a different way from the other properties. The bits of
information might be the output magnitudes and phases wmeasured at selected
frequencies, the pulse heights at selected times, or any other set of
variables sufficient to distinguish variations in the given property.
Since this procedure has been thoroughly described in previous
reports,®s»® we shall say only that the program PULRDG, which is listed in
Appendix 3, records the pulse ioformation and PULFIT, which iz listed in
Appendix &4, processes the information. In addition to reading pickup coil
voltages at regular time intervals and storing the data in an array called
VOLTS, the PULRDG program also has the computer ztore the data describing
the coil location, sample properties, and calibration data; move the probe
to the proper location; etc. PULFIT prompts the operator to choose a type
of polynomial, then makes the least-squares fit of the polynomial formed
from readings on known standards to the actual values of the selected
property and prints out the quality of the fit of the property values
calculated from the polynomial, as well as the optimized coefficients in
the polynomial. This procedure can be repeated as often as desired. The
polynomial that produces the most satisfactory fit to the known properties
can then be used to determine the value of that property from readings
taken on a sample whose properties are not known. GRAPUL and GRAPUF, both
listed in Appendix 5, are FORTRAN programs to graph the raw readings or
the calculated property values on the printer of the IBM System 29000 com—
puter. GPUL, listed in Appendix 6, is a wicrocomputer assembly language
program that enables the NDT COMP9B microcomputer® to communicate with the
peripheral equipment, such as the pulser, the probe positicner, and the

pulse amplitude module.
ACTUAL OPTIMIZED DESIGH

A great advantage of this pulsed system compared with conventional
eddy~current systems is that relatively little optimization is necessary,
since the pulse already contains many frequency components and, thervefore,
much of the inforwation used in multiple-frequency systems. Also, the
hardware changes required with fixed-frequency systems are much more
difficult and expensive than the simple software changes needed to change

the times of measuring the output voltage magnitude of the pickup.
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The main feature to be optimized is the design of the saturating
coil to produce the maximum saturafing field at the desired location with
the least awmcuat of power. Design studies such as that in Fig. 4 show

the coil shaps that will produce the maximum magnetic field at the outside

of the tubing, opposite the middle of the saturating coil (where the
pickup coil is located, as discussed in the next paragraph).

Other studies have shown that a small pickup coil wound around the
outside of the saturating coil, as shown in Figs. 6 and 7, is much more
sensitive in measuring tube thickness than a thin, disklike pickup coil
located between the halves of a splif saturating coil, as shown in Figs. 8
and 9. Figure 10 compares the pezk pulse powers reguired to saturate and
penetrate the tube wall thickness with the two different coil arvange-
ments. The coil design with the solid driver and circumferential pickup

requires wmuch less peak power (o penetrate the tubs wall thickaness. This

oS

s

A

ery important, as it reduces the heating of the coil or alternatively
permits a faster pulsing rate. The improved performance is mainly a
result of the increased demsity of turns in the driver ceil; particularly
in the widdle, where the measurements are made. Some of the improvemant
also comes from the pickup turns being closer to the tube and the flaw, on
the average (increased fill factor for the pickup waking it more sensitive

to the flaw). This type of coil is also much easier to construct.
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coil wound outside the middle of the solid saturating coil.
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PERFORMANCE OF THE SYSTEM

Figure 11 shows the varicus components of the system. An IBM
System 9000 minicomputer is on the right, and pulser components are set
up on the left, with the power supply om the bottem and the capacitor and
switching circult board oo top. The capacitors ave on the far side of the
chassis, and the power transisters are in the black row on the front. The

power supply and circuit beard are shown mounted in a cabinet in Fig. 12,



14

ORNL- DWG 85- 15534

‘. Qﬂ(
BB

Fig. 9. Perspective view of the probe design with the pickup coil
sandwiched between two halves of a split saturating coil.

ORNL-DW®G 86C-7164R

1000 , .
I ]
® SPLIT DRIVER DESIGN ] 1
—# SOULID DRIVER DES!GN---««-»;;;»&
» s’ B
,.,.
2 /‘;
= 100 4 Im
(@) 7 7
A . J 7
Z 4 7
z ,/!, j/'
x |
= yaw
o B4
[V
ui 10 £
Q 1’
& yi
8. 2
’
(1INCH = 25.4 mm)
1 | | !
0.00 0.05 0.10 0.15 0.20

TUBE WALL THICKNESS (INCHES)

Fig. 10. Peak pulse power required to saturate various wall
thicknesses of 2.25Cr-1Mo tubing.
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Figures 13 and 14 show a pulse saturating probe of the type with the
pickup coil sandwiched between the split halves of the driver coil.
Figure 13 also shows the pulser power supply and the machined standard
tube, which has five different wall thicknesses and machined flat-bottom
holes on the outside, as well as machined copper slip-on rings that are
used to tell if the probe can "see through" the tube and is therefore

saturating the metal.

ORNL-PHOTO 0234-85

Fig. 13. Pulse saturation probe in front of machined standard tube
and pulser power supply.

The system was tested and calibrated on machined standards in the
laboratory. Some results are shown in Fig. 15 for thickness measurements
in 2.25Cr-1Mo tubing. The tubing is ferromagnetic, with a nominal wall
thickness of 4.75 mm (0.187 in.). Various flaws were machined on the out-
side of the tube. The machined wall thickness variations are easily
distinguished, as are 0.48- and 1.2-mm (0.019- and 0.047-in.) circumferen-
tial notches and a circumferential band 6 mm wide and 0.48 mm deep (0.25
and 0.019 in.). An outside-diameter flat-bottom hole 1.6 mm in both
diameter and depth could also be detected, but was barely above noise.

Inside-diameter flaws are, of course, easily detected.
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Fig. 14.

Close—up of probe with split driver coil near machined standard tube.

LT
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Fig. 15. Detection of wall thickness and outside diameter flaws in
2.25Cr-1Mo tubing.

The thickness fit was run with the split—dri&er probe design at a
peak power level of 286 kW on a thickness calibration standard. The
standard deviation of the thickness fit was 0.043 mm (0.0017 in.), and
the "drift" was 0.019 mm (0.00074 in.). The drift is a worst-—case error
estimation, in which typical measurement errors are assumed to produce
errors all adding in the same direction. The power level allowed complete
penetration of the wall without producing a large signal from a copper
ring around the outside of the tube.

A new water—cooled probe has been constructed and tested in the
laboratory. New coils with Al,0; insulation on square aluminum wire were
also designed and constructed. The Al,0, insulation is two orders of
magnitude better at conducting the heat away from the interior of the coil
than the insulation on the square copper wire. This should lead to better

probe cooling, but it has not been tested.
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FIELD DEMONSTRATION

To further demonstrate the performance of the system, a field
demonstration was conducted at W-NCD in Pensacola, Florida. The ORNL
mobile laboratory comntaining the pulse system equipment was transported to
Pensacola on September 22, 1985. On September 23, the egquipment was set
up at the water tubesheet of the Westinghouse breeder steam generator.

The equipment was shown to work properly, and each probe was tested on the
laboratory demonstration standard. This demonstration was performed at
the relatively slow rate of 1 pulse every 30 s, because no cooling was
available on this side of the steam generator. However, prior to
conducting an in-service inspection of selected steam generator tubes, an
air regulator connected to a supply of compressed air was installed omn the
water side of the steam generator and hocked up to the tube to be
inspected.

A 25-m (81-ft) probe was then inserted into tube 19 on the water side
of the steam generator, and the air pressure was adjusted to 30 psi on the
steam side. Although the air flow through this tube seemed weak at the
time, the run was started. However, after 63 cm (25 in.) of tube had been
inspected, the inner lead of the saturating coil burned out, because of
lack of cooling, probably caused by the reduction in air flow/cooling
resulting from 23 m (75 ft) of cable in the tube. The system had pre-—
viously been tested only on short lengths of tubing. To avoid this type
of problem, we recommend that future systems should incorporate a gage to
measure coolant flow.

One of the two remaining probes [each of which was 14 m {45 ft) long]
was then inserted, and the scan continued. The air flow at the same
pressure was much greater with this shorter cable. The scan of tube 19
was completed; and tube 23 was also scanned, with only minor problems.
Water (used in an earlier test of the probe) had leaked into the
connector, causing one of the time channels to read incorrectly, and a
computer cable that was improperly laiched to the connsctor came loose,

interrupting the scan.
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At the exit from tube 19, in the tubeshest regions where the tube is
expanded, signals indicationg a change in wall thickness were observed.
Howewver, since the system was only calibrated for free tube regions, no
conclusion could be drawn at that time.

After the inspection was completed, Westinghouse management was
briefed on the development of the squipment, the tests performed, the
problems encountered, and the solutions achieved. It was noted that the
tests at Westinghouse were run at a slow speed (20 h per tube for 4 s per
pulse), although laboratory tests with the probes indicated that faster
speeds are possible. New probes with better cooling had already been
designed to allow a tube to be inspected in 15 min, but these were not
ready in time for this field demonstration. The probes were fabricated,
but they were neither calibrated nor tested on standards. Generally such
new probes need small design modifications after initial testing to
achieve optimum performance.

It was recommended that improvemsnts be made in the data recording
and display. A small cyvclic variation inm the readings was produced by the
slow mechanical printar. (After the tyip, changes were made in software
to allow plotting on a fast device and the varjations disappsared.) The
computer systewm has been tested at the rate of 20 samples per second
without making permanent display and storage records. The data reading
and display hardware for the field system should be upgraded to allow
rapid display and storage when capital funds are availabls,

Although not part of the original development, testing of the pulsed
systew at Westinghouse, Pensacola, revealed sensitivity to the tube in the
tubesheet (the expanded regions of the tube); therefore, calibrations
should be performed and sensitivity levels should be determined for thess
regions also.

In generel, the pulsed saturation eddy-current system was success-~
fully demonstrated by this field test. Much valuable experience was
gained, and ideas for improvements can be incorporated into future

inspections.
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CONCLUSIONS AND RECOMMENDATIONS

A pulsed magnetic saturation system has been developed that is
capable of making accurate measurements through the wall of thick
ferromagnetic tubing. The system is relatively simple electronically,
compared with multiple~frequency phase-sensitive systems, and can be
adapted to a wide variety of inspection problems.

Probe design 1s very important, but other test design problems are
generally less critical than for multiple~fixed-frequency svystems, since
the pulse inherently contains a wide band of frequency components.

Inspection speed is slowed by the nsed to keep the average power to
the probe within safe limits, but the ability to imspect through thick
ferromagnetic samples is unequaled by conventional systems, except for
specimens that can be located between the pole pieces of a large and
powerful magnet.

Although the present system works extremely well, there are still
areas in which further work might prove beneficial. These include the
design of probes for various applications, the driving pulser, the
multichannel data recorder, computer data handling, etc. At present,
inspection speed is not limited by the computer but by the power handling
capability of the probe. It is likely that further development could
include use of materials with improved thermal properties, as well as

increased flow of coolant.
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Appendix 1
PROGRAM PULSE

PULSE is a FORTRAN program to evaluate the defect response of a
reflection—type coil above a multilayer conductor with (N9 - 1) layers
{(up to 9). In the example shown, N9 = 3 for a single layer of iron
5.08 mm thick (0.200 in.) of resistivity RHO = 6.07 uQ-cm, with air on
both sides. A total of NFT = 80 frequencies, at integral multiples of
F = 100 Hz, are used to synthesize a square-wave pulse. The program
calculated the magnitude (TMAG) and phase (PHASE) of the pickup output
voltage, as well as the coil impedances and the defect contributions to
the impedance {GH and IJ) and the magnitudes and phases (TRGFMG and PHADF)
of the output voltage at NCOUNT = 5 time intervals after the start of the
pulse. There are interactive design sections for changing the coil and
attenuator designs and evaluating the probable drifts, or circuit
sensitivity to small random errors.

The assumed pulse shape can be changed by altering the coefficients
in the Fourier series, and the resulting pulse shape is written in File 34

for later plotting.

23
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PRUOGRAM PULSE
Cc VEREIOMN | JUNE 1984
c CALCULATES THE SENSITIVITY OF AN EDDY-CUHRENT PULSE
C TO A DEFECT LOCATED IN ANY LAYER OF A MULTI-LAYERED MATERIAL
C
c EXE C. V. DODD ET AL .,
[ THE ANALYSIS OF REFLECTION-TYPE COILS FOR EDDY~CURRENT
[ TESTING, ORNL-TM-4107, APRIL 1973
C
DIMENSION T'(10), UC10), RMHOC(CIO0)Y, BETACI0), MFAC(10,80),
§ V(2,2), TR(2,2), SHIFT(S), RL(S), PHABX(S,80:,
& THMAC(S,80), GAMMAL(80), VRDFMG(S,80), PHADY(5,80),
2 GAMMAZ2(80), MUT(S,80), PICKUP(S,80), DRIVEK{(5,80), GH(S,80),
3 NCH((E,2),1J¢(5,80),Vv0LT(80),
& SUMI(S5),38UMTDF(S),8UMDIF(S),SINCOEC80)
CHARACTER®4 CURNAM(4) ,HDVR,HDPU,HDRIV(Z)  HPICK{2)
COMPLEX BETAG, HECALl, RETA, V, TR, GAMMA1l, GAMMAZ2, MUT, GM1, GM2Z
COMPLEX DRIVER, PICKUP, GH, IJ, EX, CZRO, CTHMP
REAL L2, L3, L4, LS, L6, L7, MFAC, N3, N9
COMMON X, 2, Ql, PI
COMMUN /HB1/ BETAU, BETA1L
COMMON /B2/ H1, R4, R3, R4, L3, L4, RO, R4, R?7, R%, Cé, C?,
1 ve, G3, W, ¥, HS, N3, N4
COMMON /B3/ MUT, DRIVER, PLICKUP, AlRi, AlR2, GH, 1J
COMMON /84/ GAGE, XIN, XOUT, XLEN, TURNS, NlA, Jl, PERLAY, XLAY
COYMMON /BS/ VY, Al, DO
DALA LOU/6/,LOK/0/ ,L1K/0/,TWOFI ,RAD /(& .28B318831, $7 2997793/
DATA CURNAM/'PUL ','QU¥T ' ,'DEF ','DIF '/ ,HDVR,HDFU/'DVR', 'P-U"'/
DATA HDRIV, HFICK /'UBRIiV','ER 'S PPICKT, 'UP v
DATA HHO/1.E10,6.07,1.E10,7*0./
DATA U/3*1.,7*0 ./
DATA T/1.E10,0.200,1 ,7%0 /
DATA CZRO/CO. ., 0 )/
OPEN(LOU , FILE="'4PR"')
OPEN(34,F1LE=""PLOT DAT',BTATUS= "NEW')
CALL GEITTIM{IYR,IMO,I0A,IHR,IMN,ISE,IFR)
WHITE(LOU,2)IHA, IMN, ISE, 1MO, IDA, 1YR
2 FORMAT(' PULSE TIME L2, 12,00, 02, DATE ', I2,'/7",12,'1',12)
TIML=C(FLOATCIHR) &0 . +FLOAT(IMNI D ® 40 . +FLOAT(LISE) +FLOAT(IFR) /32768 .
c
C HEFER TO FIGURES 2 AND 4, ORNL-TM~4107
o}
JKL = 0
RS = .40
Rt = .7%
R2 = 1.25§
L2 = . 4
3 o= .48
R4 = .7
Ld = .0667
LS = 0.
Léd =« .0%
Ré = 14.2
R? = 1485
N3 = 414.
NG = 450 .
RO = ! . Eé&
R? = 1 . Eé&
Cé = 2.E~12
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C? = 0.47E~12

Ve = 10.

8 = 1000,

F = 1.E2

LZ = .0125

NFT I8 THE NUMBER OF FREQUENCIES,

AND F 18 THE FUNDAMENTAL FREQUENCY.

N7 15 THE TOTAL NUMHBEHR OF REGIONS INCLUDING THE COIL REGION
N8 [& THE REGION CONTAINING THE DEFECT
NET = 80

NY = 3

N8 = 2

1F (N¥ .LT. 2 .OR. N8 .GE. N9) GO TQ 1300
L? = Ld +« L3

L? = L3 - L7 - L7

R8 = 1.

27 = 008

Vi = 6. 5449 7E-35

Al = 1.

SET SINE & COSINE CQEFFICIENTS
DO 3 N=l,NPT
SINCOEIN)«=6 3466197723 /FLOAT(22N-1)

FOH A SQUARE WAVE

CONTINUE

W TWOPI*V

{F (JKL .EQ. 0) WRITE(LOU,10?

FORMAT C° N', 13X, '"THICK. (1IN} R(M-~-0OHM M) M,81GMA",
X, 'UrIiR)

CALCULATES THE VALVE OF
FOR ALL LAYERSC(I)

ABARY X2 XWR PERM*COND
AND FHREQUENCIES(M) .

(MFACC(L , M)

CON= . 309297V 2P XRO*HS
DO 50 I=1,N?
S8UM = 0.

VCON a.

1F (HHOCI» . LE.
RO 33 M=1,NFT
MEACCL,M)=VOONXFLOAT(2%M~1)

CONT INUE

IFCIKL . EQ. 9 WRITECLOU 2021, TC1),RHOCY)Y MFACCL, 1) ,U(CD)
CONTINUE

1.E9) VCON = CON*®UCI)/RHOC())

TIN?Y = 0.

DY = & 0805E~Z*F*RE*RE/RHO(NS)

IF (JXL .NE. 0) GO TO 105
WRITECLOU , 470

11 = 1

12 = 2

WRITE(LOU,40) 11, R1, 12, H2Z2, HDRIV, L3
[ = 3

12 = 4

WHITE(LOV,460) 11, R3, 12, H4, HPICK. L4
WRITE(LQU,80) R3, NFT, [

WRITE(LOU,90) LS

WRITE(LOU,100) Ls, L2

R83 = R8%RYS

WRITE(LQU,103) R8S§, Z7, N8

SET FIRST INTERVAL ANDU STEP SIZE FOR NUMERICAL INTEGRATION
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51 = .01
52 = §.
H1 = @
B2 = B2
INITIALIZE THE SUMS OF THE INTEGRAND TO ZERO
DO 10?7 M=1,NFT
DO 107 (=1,9%
MUT(1 ,¥M> = CZRO
GHCIL , MY = CZRO
DR1IVER(I , M) = CZRO
Jor, MM = CZRO
PLCXUP (I, My = CZRO
AIRt = Q.
AlHZ = 0.
Il = (B2 ~ Bl)/51
INTEGRATE W1TH THE RECTANGLE RULE, EVALUATING AT THE MIODPOINT
OF EACH STEP THE FUNCTIONS EVALUATED ARE CONTAINED IN EQ¢9),
EQC17), AND £AQC(21)> 1IN THE REFLECTION COIL REPORT.
X = HB1 - . S*gi
DO 390 IDX=1,I1
X = X + &1
CALCULATION OF EXPONENTIAL FUNCTIONS
TEST = X*L3
w3 = 0.
1Y (TEST .LT. 30.) W3 = EXP(-TEST)
W8 = 1. - W3
TEBT = X%*L4
Wd = 0.
IV (TEET LT. 30.) W4 = EXP(-TEST)
wWe = 1 - W4
TEST = X*L7?
W7 = 0.
1P (TEST LT. 30.) W? = EXP(-TEST)
WO = 1. -~ W7xy4q
TEST = X*LS§
W5 = 0.

1F (TEST .LT. 85.) WS = EXP(-TEST)
CALCULATION OF XJ1<¢(ZX) INTEGRALS

Z = X%R2Z

QL = R2

CALL BESSEL(VAL2)
Z = X*RIi

a1l = Ri

CALL BESSEL(VAL1)
2 = X*RA

Q1 = R4

CALL BESSEL(VAL4)
Z = X*R3

Q1 = R3

CAL{ BESSEL(VAL3)
RJ1 B8J1 (X*R8)
Dz1 VALZ - VALL
D43 = VAL4 - VAL3
56 = E1*D21

57 = S51*D43

H
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53 = S46%BD43

5S4 = BEé*DL1

S6 = BEXRJIL

8% = 857*D43

W& = 0.

TEST = ¥X*L4&

IFP (TEST .GY. 20.) GO TO 3835
Wé = ERAP(-TEST)
857 = S87xRJ1

T1 = WEAWY YWY
A% = T1=x257

TZ = Wé6*W8

AB = T2*x8B4

T = T1*WUS

A = T1*T2253
A4 = T2XTZ*H4
A7 = TI*T1*83F

CALCULATION OF MATRICES

1P (X .GT. 40.) GO TO 383
XE=X*X
EXXX=XZX*XR
NMIN = N9
DO 310 MY=1,NFT
NR=NMIN
Q8UM = 0.
180 BETA(NR) = CMPLX(X, 0.
IF(MYAC(NHR, MF) . EQ.0Q.2CG0O TO 190
X1=8QRT(D 5% (XL+SORT(XXXX+MFACINR , MF)I)X*MFACCNR ,MF))) ) /UCNR)
Y1=MFAC(NR,MF)/ (2 ®X1*U(NR)*U(NR))
BETACNR) =CMPLX(X1, Y1)
190 USUM = QB8UM + REALCHBETA(NR) I®U(NR)Y/RY
WRITE(LOU,* X , MF,NR,BETA(NR) , MFAC(NR,MF)
I (QBUM .GT. 2¢. OR. NR .EQ. 1) GO TO 210
NR = Nf - 1
GO TO 180
210 N7 = NR
NM1N=NR
Vii,2) = BETA(NR+1) - BETA(NR)
V(2.,2) = HETA(NR+1) + BETA(NR)
BETAQ = BETAC(NR+1{)
N72 = N7 + 2
IP (N72 .GT. N8) GO TO 250
DO 240 NR=N72Z.,N8
BETA1 = BETACNR)
NN = NR
CALL ¥FORMI(NN, TR, RS, U, T)
JUMP = 1
CALL MATHIX(JUMP, V, TR, BETAL)
240 BETAO = BETAL
250 1F (N8 . LT. N? + 1) GO TO 270
NR = N8B
EX = CEXP(BETA(NRY*(U(NR)®CT(NRY - Z7)/RS5))
VEL, 1) = VO1,2X/EX + V(Z2,2)*%EX
IF (N8 .LT. N? + 2) GO TO 290
N7 = N8 -~ 1
GO TO 290
270 IF (NB .LT. N7 GO TO 280
EX = CEXP(BETA(NR)*UINRI*Z7/RS?
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V(i,1) = (BETA(NR+1)> + BETA(NR+1)»)/EX
GO TO 2%0
Zz80 V(1,1) = CZRO

290 N72 = N7 + 2
I (N72 .GT. N¥) GO TO 302
DO 300 MR=N?2,N?

NN = NR

EETAL = BETAC(NR)

CALJL XFORM(NN, TR, RS, U, T)
JUMP = 0

CALL MATRIX(JUMEP, V, TR, BETAl)
300 HBETAQ = BETAI
302 GAMMAL(ME) = V(1,23 /Vv(2,2)
310 GAMMAZ(MYE) = V(1,1)/V<C2,2)

i

RL(1) = 1

TEST = X*L2

W2 o= 0.

IF (TEST .LT. 30.) W2 = EXP(-TESBT)
5UM = TEST

Bo 370 K=2,9

GUM = SUM + TEST

RL (X)) = 0.

I (8UM . LT. 30.) RL(K) = W2Z*RL(K-1)
370 CONTINUE

DO 380G M=1,NFT

GMi = GAMMAL(IMD

GMZ = GAMMAZ (M)

DO 375 K=i,5

CTMP = CGMIXRL(X)®RL(X)

MUT(K, M) = MUT(K, M) + CTMP%AS

DRIVER(X,M) = DRIVER(K,M) + CTMF*AS

PICKUP(K,M) = PICKUP(K, M) <+ CTMFRA7

GH AND IJ ARE CORRECTIOMNS TO THE DRIVER AND PICKUP
IMPEDANCED DUE TO THE DEFECT

CTMP = GMZ2RL(K)
GH(K, M) = GH(K,M) + CTMP*AS
IJOK M) = TJ(K, M) + CTHMP*A?
375 CONTINUE
380 CONTINUE
CALCULATION OF AIR VALUE
389 AlM1 = AIR1 + (549 + B4)*(X*L3 -~ W8)
T = A*XL4 - WO
AlR2 = AlR2 + (85 + S5)%(TA + TG - W7rxWy=®=2)
390 CONTINUE

END OF INTEGRATION LOOP

Bi = B2

Bz = B2 + B2

51 = .0%

IF (X LY. 9. GO TO ito
81 = .1

IE (X LT. 29.) GO TO 110
51 = .2

IF (X LY. 39.) GO T0 11¢
g1 = .§

IF (X LT. 79.) GU TO 110
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INTEGRATION 18 COMPLETE.

CALL GETTIMCIYR,IMO,1DA,LHR, IMN,18E,1FR)
TIMZ=FLOATC(IHR)I*3400 . +FLOATCIMMI *40 . +FLOATCISE)+«FLOAT(LFR) /32768
TIME=TIMZ-T1IM1
WRITECLOU, 3913 TIME

391 FORMAT (' ELAPSEDR TIME (SECY ' ,Fi12.4)

COMPUTE AND PRINT OUTPUT QUARNTITIES
FOR VARIOUS COIL AND ATTEMUATOR FARAMETERS.

394%  TI = N3/{((RZ~RLi¥®L3)D
T2 = M4/ ((R4-KH3)2%xL4)
DO $19 M=l ,NFT
ME =2 %M~ 1
WeMEPXTWORI*E
QA0=8 300475 20E~7*FaMEP2RS
QUF IND = @.

MAGNLTUDE AND PHASE OF QUTPUT VOLTAGE & COLL IMPEDANCE
ARE CALCULATED FOR MO DEFECT PRESENT.

CALL CIRCT (IMAG, PHASE, Q0, Ti, TZ, QULFIND, M
IF(M . EQ.I1O)WRITE(LOU, 410y HODRIV

Qa1 UOxTI*TI*A1TRL/W

Q2 = (REAL(DRIVER(3I,MY) + AIRL)/AIRL

03 = QUXTZXTZ*AIRZ/W

Q4 = (REAL(PICKUP(3I, M)) + AIRZ)/AIRZ2

DINMD = Q1

ONIM =« ul

PIND = Q3

PNIM = (4

IF(M.EQ . 1)WHRITE(LOU, 420 Ré, QL, M3, Cé&, G2
ITF(M.EQ.1)WRITE(LOU,210) HPICK
IF(M.EQ . 1WRITE(LOU, 420 R?, 3, N4, €7, 04
(P(M.EQ. DHWRITEC(LOU, 4400

IF(M . EQ 1DHWHITE(LOY, 450 vo, RO, G5, RY

IF(M. EQ. IIWRITE(LOU, 470)

RLC1)Y = Lé

RL (23 RL(O1)Y + L2

RL¢3) = RL(Z2) + L2

RL (4 = RLC3Y + L2

RL(S)Y = RLC(4) + L2

[F(M BEQ. 1 )WRITE(LOY,4920) RL

1P (M EQ . 1DOWRITE(LOW, 470

IF(M. BEQ. IHOWRITEC(LOY, 510 (TMAC(JI M), J=1,8)
IF(M.EQ. 1DWRITEC(LOU, 510 (PHASE(J, M), J=1.,39)
IF(M EQ.1)WRITEC(LOU, 470

H

i}

MAGMNLITURE AND PHAZE OF OUTPUT VOLTAGE AMD COIL IMPEDANCES
ARE CALCULATED FOR THE DEFECT(QDFIMD) PRESENT.

12 QDFIND =4 OQ80UE~-Z¥F*MEZRUARI*VERAL/RHO(NSE)
CALL CIARCY (TRHDFMG, PHADF, QO0, T1, TZ, QDFIND, M)
Y (M U EQ. 1) WRITEC(LQU,S$13> Vs, Al
1% FORMATCIH , ‘DEFECT VOL IS’ ,I1PEL3 .6,
1 SHAPE AND ORIENTATION FACTOR',ELi3.48)
[PAM.EQ.IDWRITECLOU, 4705
IP(M. EQ. 1DWRITEC(LOY , 510} (TRDFMG(JI , M), J=1,8)
TF(M.EG. IOWRITECLOU, 810> (PHADF(J . M), J=1,5)
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IV (M EQ . 1DHWRITECLOU, 470>
3EN = SENx. 2

919 WRITECLOK, 470

519 CUNTINUE

INTERACTIVE DES1GN CHANGE SECTION

$20 WRITE(LOK,S530)
READCLIK,S40)NS3S
GO TO (%0, 680, 760, 1020, 1300>, NS

COlIL DESIGN SECTION - USER 1S TO ENTER 4 INTEGERS, ONE
FOR EACH OF 4 FACTORS.ZERO MEANS NO CHANGE TO THE INITIAL
DATA .

550 WRITE(LOX,5407 HDRIV, HPICK
READ(LIK,*) NIA, NZA, N3A, N4A
IF (N1A*NZA _EQ. 0) GO 70 580
GAGE = Nia
XIN = RI%RU

XOU? = RZIXRS
XLEN = L3*RS
TURNS = M2A

N3 = N2A

N1A = -1

Jl = 1

‘CALL GACEHC(RS)
GO TO 600

580 [F (NIA .EQ. 0) GO TO 590
GAGE = NIA
XIN = R1I*RS
0uUT RZ*R3
ZLEN = L3*KS
Jl o= 1
CALL GAGERC(RS)
N3 = TURNS
GO TO 640
390 1F (NZA . EQ 0) GO TO é20
N3 = NZA
TURNS = NZA
XIN = RI*RS

i

il

XOQUT = RZ®*KS
XLEN = L3*HS3
Jio= 0

CALL GAGER (RS
600 WRITECLOK,610) HDRIV, TURNS, GAGE, PERLAY, XLAY, Hé
620 I[F (N3A*XN4A . EQ. 0) GO TO 6430
GAGE = N3A
TURNS = N4a
N4 = N4A
XIN = R3*RS
XOUT = R4*AS
XLEN = L4*RS
Ji = 1
CALL GAGERC(R?)
R7 = R?7 + R7
GL TO 650
630 1F (N3A . EO. 0) GOQ TO 640
GAGE = N3A
XIN = R3%RS
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X0UT = R4*RS
XLEN = L4™RY
J1 = 1

CALL GAGER(RY)

R?Y = R7? ¢ R7

N4 = TURNS

GO 10 650

1¥ (N4A .EQ. 0) GO TO 470
N4 = N4A

TUHRNS = N4A

XIN = R3I2AS5

XOUT = R4¥*RS

XLEN = L4®HS

Ji = 0

CALL GAGER(R7)

R7?7 = R?7 + R?
WRITE(LOK,610) HPICK, TURNS, GACGE, PERLAY, XLAY, R?
GO TO 395

ATTENUATOR DESIGN BECTION - ACCEPT E-FIELD DATA FOR §
ATTENUATOR PARAMETERS. ZERO MEANS NO CHANGE FHROM INITIAL
DATA .

WRITEC(LOK, 490 F
READCLIK,*) P1, P2, P3, P4
1¥ (P1 .NE. 0.) RO Pi
IF (22 NE. 0.) Cé6 = P2

1Y (FP3 .NE. 0.3} RY% = P2

IF (P4 .NE. 0. ) (€7 = P4

a? = DIND*DNIM

Qé BQRT(QT7/C4)

Qv 1./ (W*BARTCQA7*C6) )

Q7 = RO/ (W*xQ7)

G10 = PIND*PNIM

Q% = BOQRTQI0/7€7)

Q8 = 1./ {(WAGARTQ10%C7))

Q10 = RY/7(W*xQ10)

WRITEC(LOK, 730 HDVR, Q%, Qé, Q7
WRITEC(LOX, 750 HDPU, @8, @9, Q19
GO TU 3v5

i

it

L}

SECTION TO CALCULATE THE EFFECT OF DHLIFTS ON THE SYSTEM.
THE VALUE OF THE DRIFT MUST BE TYPED IN BEFORE THE PROGRAM
183 EXECUTED.

WRITEC(LUK,770)

DR1 = .01t
DRZ = .01
DR3 = .01
DRY = .01
DRS = .01
BRé = .01
DR7 = .01
DH8 = .01
DR? = .01

GO TO 790

WRITE(LQK,800)

1 (BRI _EQ. 0.) GO TO 8230
Ré = R&*(1. + DRL)

bR100 = 100 . *DR1
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960
910

?30

P50

970
980

¥90

1ouv

1020

1023

1030
1033

32

WRITECLOK,820) DRI00, HOVR
Ré = RE/(1. + DRI)

{[F (DRZ .EQ. 0.) GO TO 850
R7 = R7%{1. + DRZ)

DR100 = 100 . *DR2

WRITECLOX 820 DR100, HDPU
R?Y = R7/(l. + DR2Z)

1F (OR3 EQ. 0.) GO TO 870
Cé = CAX(i. + DR3I)

DR100 = 100 . *DR3
WRITE(LOK,B860) DOR100, HDVR
Cé = Cé/C1. + DR3)

IF (DR4 EQ. T.7 GO TO 8%QC
C? = C?7%C1. + DH4)

DRLIOO = 100 . *DR4

WHITECLQX ,860) DR1CGO, HDFU
C? = C72/7¢1. + DR4H

¥ (DRSS EQ. 0.) GO TO ¥%t1Q
RO = ROXC(I. +DRS)

DRiOO = 100 .*DRS
WRITE(LOK,?00) DR10O
FORMAY (1%, F4.1, 10X, 'SERIES HES ")
Iy (DR . EG. 0.) GO TO 930
RY = R¥*{(1. + DRé&)

DRIVOC = 100 . *DR¢é
WRITECLOK,920) ODR100

R9 = R9/(1. + DKE)

I (DR?7 EQ. 0.3 GO TO 950
VO = VYOXx(L. + DR7)

DRIQOU = 100.%xDR?
WRITECLOK, 940) DR1I0OO

Vo = Vve/(1. + DR?7)

I¥ (DR8 _EQ. 0.) €O TO 98¢
o= FP*(1. + DR8>

PDR1OO = L00. *DRE
WHITECLOK,960) DR10O

GO TO S

b= E/(L. + DRED

IF (DRryYy _EQ. 0.) GO TO 820
RY = RO*®C(1 ., + URY)

DRIGO = 100 .*DhR?
WHRITEC(LOK,990) BR1CGO
PORMAT (1X, F4.1, 10X, 'MEAN RADIUS ')

GU 10O 5§
RS = HS/ (1. + DR9%)
GO TO 5§20

WARITE(LOK,1029)

PULSE CALCULATIONS - THIS SECTION ALLQOWS THE INPUT PULSE
COEFFICIENTS T0 BE CHAMGED. THE INPUT AND OUTPUT PULSES
CAN BY CALCULATED,BTARTING AT ANY TIME(TSTART),WITH ANY
NUMBER OF STEPS(NCOUNT) ,QVER ANY [INTERVALCTINTV) .

FORMAT (' 1 CHANGE COEF 2 TYFPE COEF 3 PLOT PULSE 4 CON',1X,\D
READCLIK, *)N3

CuU TO (1030, 1041, 1050, $20), NS

WRITECLOX,1035)

FORMAT (' M OLDL CO0S5 COEY SIN COEV NEW C08% COEF 31N COEF',1X,\

DO 1040 M=l ,NFT
WHITECLOK,1037) n, SINCOE (M
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1037 FORMAT (11X, 13, 1P2ELZ2.5, 8%,V
READC(LLIK, »} SINCOE(M)

1040 CONTINUE
GOTO 1020

1048 WRITECLOK,1042)

1042 FORMAT ('0 M (08 COEF SINE COEF',1X.,\)
DO 10449 M=i  NFT
WRITECLOK, 10432 M, SINCOE (M)

1042 FORMAT (11X, 12, (P2EL4.%)

1644 CONTINUE
GO TO 1029

1050 WRITECLOK, 10319

1051 FORMAT (' E&TART TIME, INTERVAL, NO. OF STEPS ,NO OF CURVES ? ',\)
READCLIK,*) TSTART, TINTV, NCOUNT,NCURVE
WRITEC(LOX,10%2?

10%72 FOHMAT(® WRITE PLOTFILE 1. PULSE 2.0UTCI) 3 .DEF(IY 4. DIF(IY ', \)
DO 1054 NO=i NCURVE
WHITE (LOX, 10%3)NC

1083 FORMAT(' QURVE TYPE,LO VALUE FOR CURVE',I2,'? AR
READC(LIK, ¥ INCRING, 1), NCHRONC, 22

1054 CONTINUE

L]

SECTION TQ WRITE HEADINGS ON PLOT FILE NO 34

1 0

REWIND 34

WRITE(34,1083)
1059 FORMAT(' 3,34.9.1,8.3',/7, PULSE RESFONSE OF REFLECTION COIL')

WRITECI4,10563R8, RHQC22 ,T(2)
1056 YURMAT(' RBAH=',F5 3,' RHO=",Fé.3,' THK=',F5. 3}

WRITEC(34,1087 2 COCURMAM(NCR(NG, 1)) ,NCR(NC ,2) ,NC=1 ,NCURVE)
1097 FPORMATC(&CAL, 111X

WRITEC(LOX, 1057 (CURNMAM(NCR(NG, 1)) ,NCR(NC, 2 ,NC=1,NCURVE)

WRITE(24,1058)NCURVE
1058 FORMATCO'LINLIN' /7, *TIME(SECUNDS)Y ',/

& ,'VOLTAGE' , ! ,'8",7,11)

DO 1150 NC=1,NCUHVE

NPRT=NCR(NG, 1)

LERT=NCR{(HC, 2)

DELTIM = TINTV/FLOATI(NCOUNT?

TE(NRPRT  LT.10G0 T0 1060

NPTE=NCOUNT + 1

WRITE(34, *INPTH
1060 CONTINUE
1070 FORMAT ('Q1NPUT PULSE OUT.NQ DEF QuT,DEF ouT DIFF')

DO 1130 N=0,NCOUNT

TIME = DELTIM*FLORT(NY + TSTART

PUL = 0.

Wi = TWOPIXERTIME

SUMMATION OVER SINE SERIES TO GET THE VALUE OF THE PULSE
AT A GIVEN TIME.

aaCan

no 10%0 M=i,NFT
WNT=WT*FLOAT(2%M~1)
FUL=FUL+SIN(WNTI =S INCOE (M)
1090 UONVINUE

M LOO¥ OVER THE DIFFERENT LIFTOFF VALUES ,WITHOUT AND WITH DEFECTS
e LPRT
IF(LPRT , EQ . 0)J=1
BUMT(J)= 0.
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SUMTLY (J)= 0.

UM OVEH THE FOURLEH COEFFICIENTS . NFT

DO 1100 HM=1,NFT

WNT=WI*FLOAT (Z2%M-1)

ARG WNT + PHABE(J .M

SUMT(D)) =« SUMT (J) + THAG(J M) *SINCOE (M) *SINIARG)

ARG = WNT + PHADF (J,rMD

BSUMTDF (J) =8UMTDF (.J) +TROFMG(JI, MOXSINCOE(M)Y *SINCARG)
CONTINUE

LUMDIEP(JI=8UNT(I)-SUMTDF (.J?

1100

WHITE(LOK,1120)

FUL, SUMT (J) , SUKTDEF(J) , SUMDIF (J)

P (NPRT. EQ
IT(NPRT  LQ
{F(NPRT . EQ

LYWRITE(34,%)TIME, PUL
C2IWHITE(24, MY TIME, SUMT(LPRT)
CAOWRITEC(34,*)TIME, SUMTDF (LPRT)

IF(NPRT  EQ.Q)WRITE (34, %) TiME, SUMBIY (LPRT)
FORMAT (1X, 1P6EL12. 4>
1F (MOD(N + 1, 4§) .EQ.
CONT{NUE
CONTINVUE
WHITE END DATS
WRITE(34,13102
FORMATC' 0. ,0.
GO TO 520

1120
cii12s
1130
1150

0) WRITE(LOK,470)

ON FILE 34

1310 0,00

o]

40 FORMAT(1X,12,10X.3C1PE14.5),0FPF6.2)

60 FORMAT ¢(2¢' K',Il,'=', FB.5), 11X, A4,

80 FORMAT ¢' COQIL MEAN RADIUS=', F8.35,
1 ' FUNDAMENTAL=', 1PELZ.95)

90 FORMAT (' PICKUP RECESSED', F8.35)

100 FORMAT (' MIN LIFT-OFF=', F8.35, '

103 FORMAT (' DEFLECT LOCATED AT R=',

A3, 'LENOTH=',
INCHES ', 13, °

Fa. %)
FREQUENCI1ES ',

LIFT-OFF
F% . 46, °

INCREMENT=",
INCHES "/

Fg.35)

1 .
1
410 FORMAT

1 "SHUNT

420
440
450
470
490
310
930

FORMAT
FOHRMAT
FORMAT
FORMAT
FORMAT
FORMAT
FOUOHRMAT
1
$40 FORMAT

AND
INCHES BELOW THE SURFACE OF ‘',

PULSE

L=', F9 .6,
12,

INDUCTANCE

‘TH LAYER ')
(1X,Ad4,A3, 'RES NO TURNS',
CAP NOR IM ¥PT*')
(1%, 1PE1Z2.5, E14.3,
(' DRIVING VOLT
(iX, FS5.1, 9%,
(1X)

(' OMARGNLITUDE AND
1X,
' 1
CAL
11

6%,

2X, OPFB8.1, 1PEiB .S,
SERIES RES AMP GAIN
1PE12.5, OPF10.1, (PEL18.5)

2%, QPF9.6)
INPUT IMP')

PHASE VS

4(1PELZ.5,2X), ELZ2.5)

CO1L DESIGN 2 ATTEN.
S QUIT '"\)

LIFTOFYF ' /1X, 4(F&.3,8%X), Fé. 3)

DESIGN. 3 DRIFVT CHECK 4",

560
610
1

FORMAT
FORMAT

'JLAYER' ,

(21X, A4,
(1X,Ad,A3,
rs.1,

A3,
Fé 1,
LAYE

690 FORMAT ('OFYREQUENCY ="',

i

' DRIVER

SERIES RES.

5

' SHUNT CAP T /1X)

'WIRE GAGE,

TURNS®

' TURNS GF #°'

RS', 1PE12.5, °
1PEL12 .3/

HUNT CAF,

., F5 .1, "
OHME )

yL1R,\)
WIRE",

Pl1CKUEF RES, ',

rs.i1,

750 FORMAT
i ' 0PT
770 FORMAT
800 FORMAT
1 '% Ot
820 FORMAT
860 PORHMAT
RO

rRo/7C1L. ¢

(iX,
RES "',

A3, * CX1v', 1PEiZ.5, '
E12.5, ' RES/REACT.'")
(' GY¥SETEM DRIFT VARIATIONS ')
(' % VARIATION PARAMETER VAR RADIANS',L?X,'DEGREES',7X,

RANGE '
C1X,F4.1,10X,A3,
(iX, F4.1, 10X,
[BIt)

BELOW RES', E12.9,

'RES
A3, '

'
SHUNT CAP'")



-~

L

GoOoaann

920
240
240

1300

1500

1510

1520

1600
1610

1

1

FORMAT (1%, F4.1, 10%, 'AMP 1INPUT RES')
FORMAT <(1X, F4.1, 10X, *APPLIED VOLT.®)
FORMAT (1%, F4.1, 10X, 'FREQUENCY '

THEYE FIFTH POSSIBILITY ENDS CALCULATIONS
CONTINUE

sSTor

END

SUBROUTINE BESSEL (VAL)

TH1IS SUBROUTINE CALCULATES THE INTEGRAL OF XJ1(X»
FROM 0 TO £, ACCORDING TO THE EQUATIONS IN COMPUTER
PROCGRAMS 1970,PAGE 259.

COMMON X, %, 01

GATA PIQ4d /. 78B35398162/

v &2 . GT. §.r GO TO 1510

L = Z + Z + 3.

Fl = .5*Q1%x0Q1#Q1

VAL = F1/73.

T = - 2H%ZRZ

bt = 2.

D2 = §.

E = §.

Do o1%00 I=1,L

¥l Firy/D1

VAL = VAL + F1/D2

Dl = DI + E

E = E + 2.

DZ = D2 + 2.

CONTINUE

GO TO 1520

T 1.1%

0 = -6.4109E-8 + Tw®( 72034845 + TX(-. 1730503 + Tx(2.050931 +
TH{(-23.79333 +« T*(109.1142 -~ Tx188.135732)»)M)
XK1l = 7979098 + T®(-1 . 8B72344E-3 + T*(.4952029 + TH(-_68%41%4 +
T*(2.1065874 -~ T*§.8175173)1»)

ARG = Z - PI04

VAL = (1. - SORT(ZI#(X1*COSCARG) ~ XO*SINCARG)I I/ (X%x23)
RETURN

END

SUBHUUTINE YoM (N, TR, RS, U, T

COMPLEX BETAG, BETAL, EX, TR, BSUM. BDIF
DIMENEION EX(Z), UC10), TC10), TRC(Z2,2)

COMMON /Bl/ BETAU, BETA!

EX(1) = CEXP(-BETAQ*U{(N-1I)®T(N-1)/R3)

EX<(2) 1. /7EXCL)

BEUM = HBEITAL + BETAQ

BDIF¥ BETAL ~ BETAOQ

DO 14610 1=1,2

DO 1610 J=1,72

K = 1 + J

I¥F (K .EQ. 3) GO TO 1400

TRCYI,J) = BSUMREX(D)

GO TO 16190

TRC(I,J) = BDIFRERC(J)

CUNTIMUE

RETURN

EMI

SUBROUTINE MATRIX (JUMF, V, TH, BETAl)
COMPLEX V, 4, TR, BETAt

35
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DIMENSION Qdz,2), v(2,2), TR(2,2)
At , 1) = VL, 1)
V(1,12 = (BETALl + BETAL)®2(1,1)
1720 DO 1730 1=1,2
1730 QC1,2) = Ww(1,2)
DO 1740 I=1,2
Vel,2) = (Q., 0.
DO 1740 JU=1,2
1740 V(1,2) = ¥Y(1,2) + TRC1,J)y*G¢J,2)
RETURN
END
SUBROUTINE ClRCT (TMAG, PHASE, QO, Ti, T2, Q, M)

TH1S BSUBROUTINE CALCULATES THE MAGNITUDE AND PHASE QF THE

DUTPUT VOLTAGE WITH OR WITHOUT THE DEFECT AT EACH FREQUENCY.

THE DEYECT FACTOR I8 Q, WHICH I8 SET TO ZERO IN THE CALLING PROGRAM
TO »I[VE THE PHROPERTIES WITHOUT THE DEFECT

COMPLEX 0QJ

COMPLEX MUT(5,80), DRIVER(I,80), PICKUP(S,80), 2i, 42, 23, Z4, Q5,
1 23, 426, Z7, DENOM, TNUM, VOLT, GH(S5,80), [J(S,80), Qi, Q2, Q3, Q4
REAL L3, L4, N3, N4

DIMENSION THAG(S5,8¢), PHASE(S,80)

COMMON /H2/ R!1, RZ, H3, R4, L3, L4, RO, Ré, R?, RY, L&, C7, VO,

1 G5, W, F, RS, N3, N4

comMMon /B3/ MUT, DHIVENH, PICKUP, AlR1, AlRZ, GH, 1J

Y=Y

Z1 = CHMPLYX (WQRRO*C6, =-~1.)
ZZ = CMPLX (WQ&R9%C7, -1 .)
23 = CMPLX (0., -RUOD

Z4 = CMPLX (0., -H%:

aJ = CHMpLE (0., -Q)
Q2 = QU*T]

Q1 = Qz*TZ

Q2 = QI*TLI*(0., 1.9

Q3 = QO*TZ*xPe*x(0., 1.
Q4=21%22

G =VU*RYRGE* (0. ,~-1 )
DO 1800 J=1,8
25 = QIXC(HMUT(I, M) + OIXCHI MI*IJCI, 1))
Z4 = QIX(DRIVERC(I, M) + AIRLI + OxCH(JI MI®CHI M)
Z7 = QIX(PLCRUPC(J M + AIRZ + O*1.J(J , MIA1J(3,03)
DENDM = Q4%*Z3*ZS + (Z1%(Z6 + RE) + ZAIX(ZZ%(Z7 + R?7) + Z4)
INUM = QS®ZS
VOLT = TNUM/DENOM
THAGCI , M) = CAES(VOLT)
PHASEC(J M) = ATANZ(AIMAG(VOLT), REAL(VOLT))
1800 CONTINUE
RETURN
ENLI
SUHBROUTINE SENS (0, RADD
DIMENS[ON O(S)

Qz = 0.
0O 2000 JI=t1,5
a1 = ()

IF (ABS(Q2 ) . LT. ABSCG1)) Q2 = 01
20006 CONTINUE
Q2DEG = Q2*RAD
WEITE(6,2010) Q2, Q2DEG
2010 FORMAT (' MaX PHASE 8MIFT=°, 1PE13.&8, ' RADIANS QR', E13 .4,
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ann

1

2100

2i19

23120

2130
2140

21540

140

37

& ' DEGREES')

RETURMN

EMD

SUBROUTINE GAGER(REE)

CALCULATES THE WIHRE GAGE AND RESISTANCE OF THE COlLS.
COMMON /B4 G, D1, DZ, HLM, T3, Nih, 1, D, E

DATA PIG12 ! 264799388/
18 (J1 JEQ. 1Y GO TU 212Z4

NIiA = -1

03 = . ®ERBGRTIDZ « DL)ERLN/ITSY

X2 = 1. 0371E~8/CD3%D3)

QO = 40,

G = 40, + 4 . 3429%4402%*CALOGCRZY ~ ALDGC. 9989 + ,Q17%(
19 (A8BQ - G) LT. 1.E£-4) GO TO 2110

Q = G

G0 TO 2100

16 = 03

¢ o= IG

TG = 1R

K2 = (.9989 + . 012%(T0 ~ 1.))%10 ®%(TG -~ §.,)
U3 = SRRV . 0371E-35/%2)

1F (G . GT. 40.) GO TO 2130

X3 = (. 4404855 %ALOG(D3*%]1 E3) - ,43444)>%) E-3
GO TO 2140

X3 = .0980222B8%D3 4+ 2.5647FI1E~%

10 = HLM/ (D3 « X3

D = [D

1B = (D2 - D12/ CD3 + X3

E = JE

1F (N1A EQ. -1) GO TO 21350

T% = DHE

RES = TH2X22(D2 + DIXRPLOLZ

RETURN

EMD

FUNUTION H3J1(X)

CALCULATES THE BESYEL FUNCTION J1(X) ACCORDING T0
HARY ET AL., COMPUTER APPROXIMATIONS, PP. 141i-149%.

IF (X .GT. 8.» GO TO 100
T = X%%2

INDEYX NO. 403¢, P. 304

BuJ1l = X% .316289938E% + TR(~ 3734650241E4 + TR(.138125342E3 +
1 Tx(~ 234652384081 « T®{ 219796B3BE~1 + T*(-.1176408503L~3 +
2 TR 3823645 74E -4 = T® 474Z70728E-9)2)30))2/C . 4328919B77ES 4

I TR{ 43349201783 + )

GO TO 200
Z = B.JX
T = 2%%
INDEX NO. 4742, P. 224
Pl = (-, 13437934E5 -~ .B277S54517E3%T)/(~.13437934E5 +

1 TH{~.803149374E3 + T3)

INDEX NO. 7142, P. 231

124

1.

)
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Q1 = Z*( . 17%121078E3 + .177238283E2*T)>/(.382124%969E4 +
1 T*X(.394433467E3 + T))

ARG = X + .785398143

BSJ1 = (-P1i®COSCAHG) + QI*SINCARG)I*SORT(.636619772/X)
Z00 RETURN
END



Appendix 2
PROGRAM MAGSCN

MAGSCN is a FORTRAN program to calculate the radial (BR) and axial
(BZ) components of the magnetic field at points on a rectangular grid in
the vicinity of an air—~core solencid. The solencid has inner radius R10,
outer radius R20, length L30, and TN turns, each carrying current AMP,
requiring total ohmic power PWR to be expended in the assumed copper wire.
The program also calcnlates a quality factor QF, defined in this case to
be (BZ)%/PWR, ths square of the axial magnetic field (proportiomal to the
magnetic energy density) divided by the power required.

A modified version has also been developed, with loops to vary the
coil length and inner coil radius (the outer coil radius is fixed by the
inner diameter of the tube through which the coil must go). The modified
version was used to calculate the magnetic field and quality factor
opposite the center of the solenoid, at the radius where the ocutside of
the inspected tube would be. Data from this modified version were used
to make the plot in Fig. 5 and can also be used to determine the actual
number of ampere-—-turns needed to saturate the tubing all the way through,
opposite the widdle of the coil. OCOnce the tube is saturated, of course,
its effective permeability for eddy currants becomes like that of air, as

assumed in the calculations.

39






Appendix 3
PROGRAM PULRDG

PULRDG is a FORTRAN program that controls all the peripheral
equipment te collect and store the pulsed eddy-current data for a given
test setup. It reads data through logicsl input device (LID) from input
files (INDAT and REF.DAT) on the array of probe locations for the
experiment, material properties, coil data, etc. It instructs the
Modulynx controllers of the probe positioner to move the probe to a
desired position, reads the sctual position from digital encoders and
makes any corractions if needsad, triggers the pulser when everything is
ready, reads the output pulse magnitude at the selected time intervals
from the pulse awplitude instrument, writes the pertinent data on an
output file through the logical output device (LOD), then moves the probe
to the next position and repeats the process. The instructions to and the
return information from the peripheral devices are carried over an
IEEE~-488 general purpose information bus {GPIB).

The program also tskes and stores calibration readings from nominal
standards. At each position, both for the sample and a standard, MSET = 3
readings are taken and averaged for each of the pulse times at each of the
probe positions. All the collected data are stored on a disk file
designated LOD.

41
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* .8 MODCOMP SOURCE EDITOR DATE  Al/85-786 15:35:38 PAGE 1
1 PROGRAM MAGSC
2 C 13 SEPTEMBER 198%
3 C PROGRAM CALCULATES ReZ MAGHETIC FIELD IN THE ALl REGIONS
4 C STEPS THROUGH NRRT VALUES GOF R AND NZZT VALUES OF 2
5 C LRITES THE R COMPONENT OF MRG FIELD.BR.ON 37 AMD BZ ON 33
6 C 2Z PRINTED OUT IS MEASURED FROM THE CENTER OF THE COIL
7 IMPLICIT REBL*E (A-H.0-2
8 REAL*S 1.3.1.34
9 DIMEMSION RR(3),2ZF(43,81(7),82(7) ,ERR(V3
18 DATA LOFL2-39/,L0FL/37/,L0U/5/,P1/3.141582653/,85F 1./
11 paTe 51-.81,.82..85..1,.5,2..5.7
12 LaTh 52-1.8,2.8,5.0.1A0.0.58.8,262.0,1883.98/
13 paTa ERR-.1,.01,.881.1.E-4,1.E-5,1.E-6, | .E-7/
14 DATA RR/6.375,0.415,0.435/,N2T 47
15 DATA ZF/-.12,-.13,-.14,-. 15~
s Rig=a.17a
17 R2B=0.377
18 L36=0.3A
12 € NORMALIZATION OF DIMENSIONS
28 R3=. 5% (R18+R73)
21 R1=R16B/R3
22 RZ2=R28/R3
23 L3=L36/R3
24 TN=580.0
25 aMP=480.0
26 AT=0rFRTN
27 PUR=5. IBAE-GINRTHRATHRZ /(R28-R18) /L36
28 WRITE (LOU.S)
29 5 FORMAT(ONL MAGSCHN ")
38 WRITECLOU, 18)1.38,R18,R28
31 18 FORMATC" COIL LENGTH ,F7.4.2X, "IN RAD™,F7.4.2X.70T RAD",F7.4)
32 WRITECLQU.11)AT.PLR
33 11 FORMATC" AMP TURNS®,.FB8.8,7 POWER”,F14.8,7WUATTS™)
34 WRITE CLOU,.526)
35 FAC=TH&AMP %2 . 473632E -5 (L3 (R2--R1) #R3)
36 WRITEC(LOFL,2) R18,R28,..34
37 WRITE(LOFLZ2,4Y R18,R29.1.30
38 2 FORMAT(1,58,3.8.8.2%.7,"RARIAL MAGHETIC FIELD(RI=",F5.2.7 .R2=",
39 ®5.2,,1.3="F5.2.7) 7,/ "LINLIN®, 7. "0aXIAL DISTANCE FROM COTL CENT?.
48 **ER (INCHESI ", . "RADIAL MAGNETIC FIELD (TESLAS)Y”,/,"B*,/.73%)
41 4 FORMAT('1,49,3.0.8.2°,-,"8XIAL MAGNETIC FIELD(RI=",F5.2,",R2=",
42 F5.2,0,L3=",F5.2,") ", /" LINLINY .~ "AXIAL DISTANCE FROM COIL CENT®,
43 # ER CINCHES) ', 7, "AXIAL MAGNETIC FIELD (TESLASY ./, B",7,"37)
44 DO 1188 NRR=1,3
45 R=RR{NRRI-R3
45 WRITECLOFL, %) NET
a7 WRITECLOFLZ . %INZT
48 DO 1850 NZZ=1.NoT
49 272 =30k . 5+ZF (N2JD
50 2=22+8.5%L 30
51 2=2/R3
52 CREG=ZX(L3~Z)
53 BR=B.@
54 BZ=6.8
55 Bl=p.8
56 Do 488 JKL=1,7
53¢ 49 BZ0LD=BZ

o8 BZ=H1+52 (JKL)
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*E.8 MODCOMP SOURCE EDITOR bATE @1-.86-86 15:35:38 PRGE 2
559 X=B1-8.5kS 1 (IKLD
&0 [1=8.1+(B2~-B1) /81 {JKL)
&1 Do 98 I=1.11
6 K=x¥+51 (JKLD
63 KR =XaR
64 CALL BESSEL(HIRZ.X,R2)
65 CALL BESSEL(MIR1.X,R1)
L& TALL BESTOXIIR., KRS
67 CAll BESBIXIBR, XRY
68 KFEAT = (RIRZ-XIR D *S81 (TKLI#Fa0
69 KL=XADABS (Z-L3)
7a XL =XKDABS(Z)
71 XPONXL=0.8
72 XPONXZ=8.8
73 IF(RLLGT. 158,860 10 S8
74 HPONKL =DEXP (~XL)
8] 58 IF(XZ.GT.139.0.60 TO &8
i APONKZ =DERP (~KZ)
77T COIL REGION 8. < &2 < L
g BA. AP T=HPONKZ - XPOMNKL
79 BR =BR-XFACHXT TRRXPT
&8 IF(ZREG.GE. 8. JBZ=BZ+XFACKXTBR%K( 2, B~ XPUNXL ~XPONKZ )
gl C REGION BELOW COIL,.Z.LT.83.
82 IFCZ.LT.8.1B2=BZ+xFACKXIBRwFT
83 € REGION ABOVE THE COIL,.Z.GT.L
B84 IF(Z.GT.L3)BZ=BZ~-XFAURAIOR%XPT
85 28 COMTINUE
86 CHECK=(BZ-BZOLD ~D5ART (BRA*BR+ABIABZ)
a7 B1=B2
88 IF(ABS (CHECKD LETLERRUIKLYY GO TO 4
89 W= 451 CIKL Y A2
98 488 COMTINUE
a1 UF =BZ#BI-PLR

92 568 FORMAT(® QF=BZ¥BZ -POLER=",1PE13.6." TESLAS/UATT")
g3 528 FORMATCY RAD LOC Z LOC R MAG FIELD 2 MAG FIELD”,
94 HULM, TRFT L 46, TALPHA™)

93 688 URITE(LOU, PHBIRR (NRR) LZZ.BR,.BZ.OF , XX

96 780 FORMAT(IX, 2F7.4.30(1PE13.5) . F8. 83

97 WRITECLOFL %) 22 . BR
S WRITECLOFLZ, %322, B2
99 1838 CONTIMUE

6@ € WRITE(LOU, 1875)

ig1 1875 FORMATO1D

g2 1188 CONTIMUE

193 WRITECLOFL, 111612

1n4 WRITECLOFL2,1118)

185 1118 FORMRT( R, .8..9..8.")
186 1888 STOF JOB

187 EMD

188 SUBROUTIME BESSEL(RI1,X.R)
1as IMPLICIT REAL»E (A-H.0-2)
11@ DATH PIN4/, 7853981637

111 £ =30KR

112 IF(Z.GT.5.9) GO Th 1093
113 L5=2.0%2+3.08

114 F1=0, 5% *R

115 XI1=F1/3.8

116 pO 1878 N=1.L5



bb

*E .5 MODCOMP® SUURCE EDITOR DATE Bl,85-7.86 15:35:39 PaGE 3
117 RN=N
1ig Fl==F {9, 25%20%7 7 (RMARNARN]
112 1878 RI1=XJ1+F1/7(2,0%RN+3.9)
128 G0 TO 121@
121 1898 IF{(Z2.67.28.8) GO 70 {1s8
122 Q1=C0C(~188.1357/2+109. 11420 r2-23.793331 72+2. 950931177
123 Gi=CCUL -, 17385833 /2+.7034243) /2~ . BEA163E-3
124 D2=(((~5.817317/2+2.185574) #Z2-,6896196) 72+, 43528241 2
125 N2=(02-. 1B7344E-2) /Z2+. 7373895
126 XJ1=(1,08-80RT(Z)x(AZ2HCOS(Z-P L04) =0 1RkGIN(Z-F 1042 1) /2 (XxxkX)
127 GO TO 1218
1283 1168 P3=1.8/(2%2)
129 Pi=2%(-1.8+P k(. 554687542, 48062 1 14xP3) )
138 P2=.875P3n (-, 2345783 1+8,98975114%P3)
131 XI1=1.,0+,73788456% (P #C05(2-.78539816)
132 8§ AP2RSIN(Z~. 785322182 /SURT(Z)
133 XJI1=XT 1/ OX0RH%)
134 1218 RETURN
135 END
136 C
137 SUBROUTINE BESACXIAR.R)
133 C PROGRAM TO CALCULATE JACR)
139 IMPLICTT REAL®S (A-H,.0-2)
148 IFCR.GT.Z. GO TO 5@
141 Y=R#R-2.8
142 XIBR=(((((.BEB21%Y-.BB33444) 5%+, B44447F) %Y~ , 31638661
143 1RY+1, 2056208 %72, 24999571 %Y+ .8
144 GC TO 169
145 38 Y=3/R
145 FB=C(((((,08014476%Y -, 6007 2885) *Y+.,89137237 ) xY~. 00009512
147 1a-- L BEE527 40 1w~ BEQBEATY ) kY4, 737BB456
149 AONG=C(CCC, BB 13550%Y-. 86823333) xY-, BBABS41 25 %Y+, pB25257 3)
149 Y-, @BRB3954) kY-, B41663375 %Y~ , 785330 164R
158 XIAR=FaxCOS (ANG) /SORT (R
151 128 RETURN
152 END
153 C
154 SUBROUTINE BESI(RJIIR, KD
155 C PROGRAM TU CALCULATE JI1dR)
126 IMPLICIT REAL¥E (A-H,0-23
157 IFR.GT.3.8)G0 TO 38
152 Y=R¥R 5.0
159 XIIR=R#((((((.NB0B11A9xY -, BAATI7S 1) %Y. BB4433 135 %Y -, 9335428
led I, 218935731 4~ , 56249200154+, 5)
161 GO TO 188
162 38 Y=3-R
162 Fil=(0C0(-.BBB20833xY+.BA113633) %Y, 8824951 1) %Y+.88817183)
164 DY+ BLE53667 ) #Y+, BREBBE 1562 %Y+, 72788455
165 ANG 1= {0~ BRAZD IGERYS | QBAT 3024w+, BBBT4340) »Y -, BRL37EP D)
166 1Y+, BRR85E56) %'+, 124995 12)%Y-2, 3556 194434R
167 XIJ1R=F [HCOS (ANG 1) 7S0RT (R
168 198 RETURN
169 END
TOTAL RECORDS WRITTEN = iras 25
EXIT
FAVR C1 4

$END  LIST
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PRAOGRAM PULRANG
20 DECEMBER 19%8%

THIS FROCGRAM READE MAGHMITURE OF THE VOLTAGE AT DIFFEREMNT TIMES

USIMNG THE PULSED E2DDY CURREMT INSTRUMEMT ANMD THE MECHAMICAL SCANNER.
THE PROGRAM WILL READ THE POSITION DATa FROM A FILE,ALONG WITH THE
PROPERTIES . TME AMPLITUDE DATA I8 STORED AFTER EACH SET OF PROPERTIEE.
THE PROPERTY AND POSITIONING DATA IS REAL FROM DEVICE LID,DISK FILE

ICMD=INTEGER COMMAND (DETEAMINES TYPE OF FROGRAM THE MICROCOMPUTER RUNS
LI=LOGICAL INPUT TERMINALIFROM OFIRATOR)
LID=LOGICAL INPUT DEVICE(ASSIGNED T DRISK FILE, POSITIONM, PROPERTY DATA)
LORD=OUTPUT DEVICE TO STORE FULSE DATA
LOT=LOGICAL QUTFUT TERMINAL(TD OPERATOR)
LPT=L INE PRINTER(OUTRUT I TERMINAL
LTP=TEMPARARY DATA FPILE TH HOLD INTEAMEDIATE READINGS AS THEY ARE MADE
MAG=INDEX TO TURN OM THE SATURATING MAGNET(=0 IF NONE USED)
MBET=NO OF BETS OF HEADINGS THAT WILL BE TAKEM
NCH=HUMBER OF CHAMMELS
NOL=COLL DATA FPILE
NAXIS=NUMBER OF AXI[3 THAT ARE POBI{TIONED
NP=PFROPEATY INDEX
NPROPM=MAX NUMBER OF PROPIARTIES THAT MAY VARY
NET=TDTAL NUMBER OF SETS8 OF PFROPERTY VALULES FOR A COMPLETE
SET OF READINGS=NO SANPLEZ+HNO DEFECTES+NO LIFT-OFFS
NT=TIME INDREX
MTCAL=NUMBER 0OF TIME CALIBHATIONS
NTT=TOTAL NUMBER OF TIME INTERVALS
CHARACTER INDAT*S,0TUAT*E FNAME®IZ ,NPROBE*S ,NCABLE*S, INBTNO*6 ,COIL*S
CHARACTER*4 PROMAM(SE) ,AZIBNMM(SE:
CHARACTER ADUMYS3 FPx1
INTEGER#®2 FUNMCC?) , TIMOUT(3) , IKY,I5, X871 ,X87F2, [RR
DIMENSION PROP(NPT NFROPM) , TIMNTD)
DIMENSION SUMMAGINPT,NTT:  SSMAC (NPT, NTT) , SDVMAGINPT , NTT? , DIFMAGI(NPT ,NTT?
DIMENSION BUMCAL(NTT, NCAL) ,880AL (MTT , MCAL) , SDVCAL INTT ,NMCAL)
DIMENBION VOLTE(NTT), ININTTY , ROCC(NTT  NCAL? ,OLRDGCINTT, NCAL)
DIMENSION PROMAMINMPROPHN)  FORTIMNPT, MAXIE}

DIMENSION PROF(30.,4) ,TIME)

DIMENEION SUMMAG (40,82 ,88MAGC40 ,8) , 3DVMAGC4A0,8) , DIFMAG(40,8)
DIMENBION SUMCAL(S, 42  S58CALIE, 40, 80V0AL(8, 4)

DIMENSION VOLTS(8y , VOLSTD(H )  RDCC(8 4 ,DLRDCCC(B, 4)

DIMENSION POST(30,3)  NOLDC2)Y (EMEVCIY  XHOMO 3

DATA LY/O0/7 ,LID/ 97, 0Q0B/37/,L0TS07 ,LPTH4/ , LTF/387 , NCH/SY  NCL/728/ ,MBET/ 8/
DATA NRADG/ 17  NTCAL/ S/, INDAT/ TNPULZ'/ , GTDATY "OTRPUL '/

DATA NMAXNIS/ L1/, MDLD/320/7,XHOM/ 340 .7 , NPROPM/ 47 MFPEL/ 48/ ,MBUS/ 446/ ,MVL1/47/
DATA FUNC/30,800,32,10,42.,580802,0/,TIHQUT/30,4080,0/ NBEC/30/,NPT/10/
FF=CHARC1Z)

ORPEM(LPT,FILE«"%PR")

CREN(NCL,FILE="'"REY .DAT ')

MULTI FREQUENCY EBELDY CURRENT INMSTRUMENT ADDR=5 OM CGPIB RBUSS

ADDA=E? OM TEM BUSS DRIVER. FORTRAN LOGICAL UMIT = 435

OPEN(MFEC ,FILE="4BUSYE? "

WRITE(O, %) 'FILE OPENED FOR FULSED 1/Q OVER IEEE-~488 BUS'

SET THE TIMEGUT ON PULSE RADGCE FOA 300 MILISECONDS

CALL SYSFUNIMPEC,TIHOUTUL) ,NERR)

MODULYNX AXIS POSITION COMTHOLLER AUDAe«d ON GPIB HUSS,ADDR=F? ON

I8M BUSS DRIVER, FORTHEAN LOGICAL UNIT = 44

OPEN(MBUS , FILE<"'#BUBYF? '}
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CALL SYSFUN(MBUS,FUNCC(1),IERH}

WEITEMBUS ) ' XD YE ZE'

WRITE(MBUS, ®) ' {CAH>"

FLUKE VOLT METER ADDRESS5 = 7 ON GPIB BUSS,LOGICAL UNIT = 47
QPENC(MVL1 , FILE="'#BUSG?"')

WHITE(MVLL ,*)'* Fi RS S0 T4

C PRINT TITLE AND DATE

c

CALL GETTIM(IYR,IMO,IDA,IHR, IMN, ISE,IFR)

WRITEC(LPT,Z)IHR,IMN,ISE, IMD,IDA,IYR

FORMAT(* PULRDGC TIME *,I2,':',12,":",12," DATE *,12,'/',12,'/1',12)
FORMAT (1X)

QFEN FILE FOR INSTRUMENT AMD PROPERTY DATA - ASSUMED LOCATION ON DEFAULT
DISK

FNAME = {NDAT/ /' . DAT'

OPEN(LID,FILE=FNAME, STATUS ='QLD')

OPEN FILE FOR QUTPUT TO STORE DATA TAKEN - LOCATE ON DEFUALT DISK

FNAME=DTOAT/ 7'  DAT'
OPEN(LOD,FILE=FNAHE ,35TATUS ='NEW')}

OPEN FILE FOR TEMPARARY DATA TO CONTAIN INTERMEDIATE READINGS
OFPEN(LTP ,FILE="TEMP . DAT',6 STATUS ='NEW')

C INPUT DESCRIPTION OF EXPERIMENTAL APPARATUS

C

40

70

89

90

100

130

140

130

160

WRITECLOT,60)

FORMAT(* PROEE #: ')

READN(CLIN, 70)NPROBE

FORMAT(AS)

WRITE(LOT, B0)

FORMAT(® SERIAL #: '

READC(LID, *)NSER, RDVER

WRITE(LOT, 90>

FORMAT (' DRIVER SERIES RESISTANCE: B
READCLID,*)RO

WRITECLOT, 100)

FORMAT(* DHIVER SHUNT CAP: '
READC(LID, *)CAPDR

WRITECLOT,110)

FORMA'LT (' PICK-UP SHUNT RESISTANCE: ')
READ(LID,*)R9 ,RSER

WRITECLOT, 120)

FORMAT(® PICK-UP SHUNT CAP: ‘)
READ(LID, *)CAPPU
WRITE(LOT,130)
FORMAT(' CABLE I.D. #: ')

READ(LID, 70)NCARBLE

WRITE(LOT, i40)

FORMAT (' LENGTH OF CABLE: ')
READC(LIN, *)CABLEL

WRITE(LOT,130)

FORMAT(' CAPACITANCE 0OF CABLE: ')
READ(LID, *)CCABLE

WRITE(LOT, 160)

FORMAT(* EDDY CURRENT INSTRUMENT #&: U]
READCLID,70) INSTNO



¢ INPUT TIME VALUES
C
WRITE(LOT,130)
{90 FORMAT(' NO. OF TIME VALUES,PROP SETS, PULSE TIME,RDG TIM,PULSE VOLTS:. ')
READRDCLID, *INTT NPT, NTP NTR,LOMD, PVOLT
IFCICHMD . LE . 3)NTP=NTH
WRITE(LOT, 2002
2090 FORMAT (' INPUT EACHKH VALUE OF TIME SEPARATED BY & SPACE:',/)
READ(LID, ®y CTIMINT) ,NT=1,NTT)>
c
READI(LID, 210 (PROMAMINEGR) ,NPR=1  NPROPM) , (AXISNM{NAX) ,NAX=1,NAXIE)
210 FORMAT (10 (A4 ,2K))
c
¢ READ FROPERTY VALUES AND LOCATION DATA FOR THE FOSITIONERS FROM LID
c
Do 300 NP=1,NFT
READCLID, *) (PROP(NP ,NPR) ,NFH=1 ,MFROPM) , (POST(NP ,NAX) ,NAX=1 ,NAKXIS?
WRITECLOT,270) (PROP(MP ,NFR) NPR=1 ,NFROFM), (POST (NP ,NAX) ,NAZ=1 ,NAXIS)
270 FORMAT(I0CET .3
300 CONTINUE

WRITE(MVLL, )2
READ(MVL1,320)PVOLT

320 FORMAT(EL1.4>
PWR= ((PVOLT-10 )/ (RDVE+RODX YH22wPROVRW 001
WRITECLOT, 330)YFVOLT, PWR

330 FORMAT('PULSBE VYOLTAGE® ,Fé.4," PULSE FOWER',Fs.1)
WRITE(MVLL,¥>'% F{ RS 50 To0°®
CLOSE(MVLL)

[ THIE SECTION TAKES THE CALIBRATIOMN READINGS.

700 WVRITE(LOT, 710
710 FORMAT(® CALIBRATION READIMGS . TYPE ANY XEY TO COMTINUE ')
7035 CALL CALMIC{(RDGC,MFEC, NRDG,NTT, 1 ER?
CALL GETHREYC(IXKY, I8 ,XBF!, KBFZ, IRR)
IF{IRR.MNE 0G0 TO 705
770 CONTINUE
C
END OF GECTIOM VWHICH TAKES CALIBREATIOM READINGS

TAKE READINGS ON NOMINAL STANDARD FOR VOLSTD(IY READINGS

OmOn G

SET ITIM:I TO CORRBECY VALUE BEFORE BTARTING TBKING READINGS
CALL GETTIMIIYR, (MO, DA, IHR, IMN, ISE,IFR?
ITIME=CC((3ONIMOI+IDAI 24+ THRIMAD+IMMI R A0+ (BE
ITIMEL =ITIME+NSEC
c SET NP TO VALUE DESIRED FOR STANDARD HEADING
MNP =0
773 WRITECLOY, 773)
773 FORMAT (' FLACE PROBR OM NOMINAL STANDARD ,HIT C TO CONTINUE, & TO STQP')
C USE A DELAY OF NSEC BETWEEN READINGS TO ALLOW COIL TEMP TO STABALIZE
776 NP=NF+1 ’
IF(NP CT NPTOINP=1
RO 778 MNAX=1,NAXIS
ENEW(NARL Y=POST (NP, NAK :
778 LCONTINUE
C MOVE PROBE TO 3 NEW POSITION BETWEEM FBACH HREADIMG TO MINIMIZE HEATING
CALL POSIT(INEW, NOLD,NAXIS MBUS)
780 CALL GETHEY(IKY, IS, XKBF1, K8FZ, IRR?
IECIXKY EQ. 83 AND.IRR . EQ.0XL0 TO 17200
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IFCIKY EQ. 67 AMN IRR.EG.0)GO TO 790

CALL GETTIM(IYR,IMO,IDA,.IHR,IMN,ISE, IFR)
ITIME=((((30%IMO)+IDA)YX24+IHR) %40+ IMNI%60+I8E
IFCITIME . LY. ITIME1)GOQ TO 780

ITIMEL=ITIME+NSEC

CALL PRDGC(VOLSTD MFEC,NCH,NRDG, ICMD, NTP,NTR, IEH)
WRITECLOT, 950) (VOLSTD(NC) ,NC=1,NCH)

GO TO 776
C ZERD ARRAYS THAT WILL CONTAIN SUMS OF THE VOLTAGE MAG READINGS,
c SUMS OF CALIERATIOM READINGS, AND 3UM3 OF SQUARES OF EACH

c
790G CONTINUE
DO 800 NT=1,NTT
DO BADD NP=1 NPT
SUMMAC/INE , NT =0 .
SEMAG (NP ,NT)=0.
8040 CONTINUE
DO 810 NT=1 NIT
DO 810 NC=1,NTCAL
SUMCAL (NT ,NC)=RDGC (NT,NGC)>
SSCAL (NT ,NC)I=RDGC (NT ,NCIXRDGC (NT, NC)
810 CONTINUE

[
C THIS SECTION TAKES THE ACTUAL MAGNITUDE DATA HREADINGS
C

DO 1150 MSE=1,MBE

DO 9RO NP=1,NPT

WRITE (LOT, 900)NP, (PROP(NE ,NPR) ,NPHR=1 ,NPROPM) , (FOBTI(NP ,NAX) ,NAKs1 ,NAXIS:
%00 FORMAT(14 ,10(F8 .4))

NSEC=PROP (NP, NPRCPM!

N

OSITION SAMPLES SRXORE TAKING READINGS

]
4]

DO 905 MAX=1,6NAXIS
KNEY(NAX ) =POST (NP, NAX
P05 CONTINUE
CALL POSIT(XMNEW,NOLD,NAXIS,MBUS)
C USE A DELAY OF MSEC HETWEEN READINGS TO ALLOW COIL TEMP TO STABALIZE
908 CALL GETKEY(IKY,IS,KBFi, 6 KBr2, IRR)
IFCLKY EQ.83 AND IRR . EQG.0>GO TO 1900
CALL GETTIM(IYR, IMO, IDA, IHR, I¥MN,ISE, IFRJ
ITIME={(({30*IMOI+IDPA)*Z4+TIHR> 460+ IMNI*60+ISE
IFCITIHE . LT.ITIMEL)GO TO 908
ITIMELI=ITI(ME+NSEC
910 CALL PROG(VOLTS MFEC,NCH,MNEDG, ICMD,.NTP NTR, IER?
IF(IER.NE Q)READ(Q,?13)ADUH
%13 TFORMATIAZ?
IF(IER.NE . 0)GO TO 910
WRITECLOT,950) (VOLTS(NC) ,NC=1,NCH)
WRITECLTP,i760)NP, (VOLTS(NC) ,NC=1,NCH? , (PROGP{NF ,NFFR) ,NPR=1 ,NPROPM)
950 FORMAT(8FH.3)
TEMFERARY TRANSFER AROUND TO USE WITHOUT AUTO POSITIONER
IRR=0
CALL GETKEY(IKY,IS,KBFi,KBFZ, IRR:
IF(IRR.NE . 06D TO 910
DO ¢80 NT=1 ,NTT
SUMMAG (NP, NT) =8UMMAG (NP . NT) +VOLTS (NT)
SEMAG (NP  NT)=38MAG(MNP ,NT) +VOLTS(NT ) *VOLTS (NT?
y80 CONTINUE
c MAKE 2 CALIBRATOR HEADINGS TO ALLOW THE RELAY TIME TO POSITION

anao



CALL CALMICORDGC ,MFEC,MRDG NTT, IER?

CALL CALMICIAEDGC , MPEC, MROG, NTT, TER)

PO 1130 NTei NYT

DO 1538 NU=1,NTCAL

BUMOAL (NT , NG =8UMCAL (MY, MO + ROLGU (NT , ND

SSCALINT N =88CALINT N +RDGC (MT MO ®RDGC (NT , NC)
1130 CONTINUE

D MAKE AN EXYHA READING TO GIVE THE CALISRATOR EELAY A CHANCE TO SETTLE
¢ USE A DELAY OF MRV BETWEEN READRINGS TO ALLOW COIL TEMP TO STABALIZE

1140 CALL CGETKEYCIEY, I8, KBF),XKBIFZ, 18R
IRCIEY  EQ. 83 AND.IAR EQ. 0260 TO 1900
CALL GETTIMCOIYE®E, IMO, 1DA, IHR, IMN, ISE, IFR)
ITIME={( ({309 IHO+ IDAY ¥4+ THRY ® AN+ IMMI 24018
IFCITINE LT ITIMELIGS TO 1140
ITIMEL=ITIME+NGEC
CALL FRDG(VOLTE MEEZC, NOH, NRDG, ICHMD . MTP,NTR, TER)

1150 CONTINUE
[
< RETURN FOSITIONER T0 ANEWCII:xD .0 80 THAT POSITIONSE CAN BE CHECKED
c TURM OFF MOTIR DURBENT
¢
¢ WHITE(MBUS, 2 " {CAHY '
[
CALL POSITYSHOM, MOLD, NAXISE, MaUS:
WRITE(MBUS ¢ "XR ¥E 2B
G
G AEFORE STOPFIMG CALIULATE AVERACGES & STANDARD DEVIATIONS
c
DO 12%0 NTU-1  NTY
DO 1280 MC=1 WTOAL
BUMCALINT MO «SUMSAL (RT . NC Y/ (FLOAT(MBEY+ 1))
SRVCALIHT  ND) =BQRTIARBLC (BHCAL INMT , NL X ~BUMCAL (NT, NCY* BUMCAL (NT , NC)
* AELUAT(HSET+ 12 /FLOAT(MEET) 2}
1230 CONTINUE
G
[ CALCULATE AYERAGES (OF THE READIMGE
G

DO 1260 HT=1,NTT
U 12648 MP=wi NPT
SUMMAGIND , MT ) =BUNMAG(NE ,NT Y /PLOAT(HEET?
SDVMAG (NF  NT)=3GRT{ABS ((BSMAC (MP , NT) -SUMMAG (NP, NT Y ¥ SUMMAG (NP , NT)
® BFLOAT(MEET Y Y IFLOAT(HMBET 1313
IFCNF.CT. 1) DIFMAC (MNP -1, NT) =« BUMMAG (NP, NT } ~SUMMAG (NF-1 ,NT)
12460  COMTIMUR
c
¢ STORE ALL INFORMATION IM DISX FILE
v
WRITE(LOD, 12701 HR, IMN, ISE, IO, I1DA, T¥R
1270 FORMAT (& {1E. T4}
WRITECLOD, 1278 MNFAQHE ,NSHR, D, CAFDR, H? , CAPPU  NCABLE,
& CABLEL , CCABLE, INSTHMHO
1273 FORMATOAS , 1,15, 44843 42, 1¥%,24.20E13 .42 ,1X%,4é)
WRITECLODD, 1277 NYT, NPT, NPROPH , WTCAL MNMTR,ICMD,PVOUT
1277 FORMAT(SCLE, 152,184 0
WRITE(LOD, 1279 {LUIMINT Y N1, HTT)
127% FORMAT(BCLIPELD. 32
WRITECLOD, 1288 (PHONAM(MPR? ,NPR=1 ,NPROFM)
1280 FORMAT(?P(1X,A49)
DD 1295 MC=i  MTCAL
WRITE(LOD, 12902 CRUMCRAL (NT , M) , MT=1 ,NTT)
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1290 FORMAT(B(E?.4))
1295 CONTINVE
WRITE(LOD,1290)(VOLSTD(NT) NT=1,NTT}
DO 1300 NP={ , NPT

WRITECLOD, 1297) (SUMMAG (NP ,NT) ,NT=1 .NTT), (PRGP(MP ,NPR? ,NPR=1  NPROFM)

C1297 FORMAT(B(F?7.3),3CF5 .3),F3.0)
1297 FORMAT(3(F?7 .3),3(FS.3),F5.0)
1300 CONTINUE
c
C END OF SECTION WHICH WRITES DIRECT ACCESS FILE
C PRINT SUMMARY OF JOB STATISTICS ON LPT
c
WRITE(LPT, 1350) NPROBE,NSER,RDVR

1350 FORMAT(' PROBE NO.:' ,A6,5X,' GERIAL NO.:*',IS,' D.C. RES',F8.3 )

WRITECLPT,1360) RO,CAPDR

1340 FORMAT (' DRIVER SERIES RESISTANCE:*® ,Fi0.3,5X, DRIVER SHUNT JAP.:',

* E1Z2.4)
WRITE(LPT,1370) R%,RSER, CAPPU

1370 FORMAT(' PICK-UP RES: SHUNT',F%9.1, 'SERIES',F9
WRITE(LPT,1380) NCABLE,CARLEL,CCABLE
1380 FORMAT(® CABLE I.D. NO.:' Aé,5%, 'LENGTH:',F10.1,5X, ‘CAP. "',

* E1Z.4)
WRITE(LPT, 13%90) INSTNO

1390 FORMAT (' ENDDY CURRENT INSTRUMENT NO.:' 6 A§)
WRITEC(LET,i393)NTF,NTR, ICMD, PVOLT, PWR

1395 FORMAT( ' FULSE INTERVAL=',12,' RDG INTERVAL=',I2,'

*' FULSE VOLTS=',F5.0,' POWER(KW)',Fé. 1>
WRITECLPT, 30)

c
c PRINT CALIBRATION READINGS
C
1600 CONTINUVE
cc WRITE(LPT,1650) NTCAL
16350 FORMATC('AVERAGES & STAMDARD DEVIATIONS OF
ccC WRITECLPT, {660)CTIMI{NT) ,NT=1 ,NTT)

1660 FORMATC'TIMES ' ,8C1FET.2))
DO 1700 NC=1,NTCAL

cc WRITEC(LPT, 14680) ( (SUMCAL(NT ,NC)>) ,NT=1,NTT?
1680 FORMAT(3X,8(F?.4))
€C WRITEC(LPT, 1490) C(SDVCAL (NT ,NC)) ,NT=1,NTT)

1690 FORMAT(' S5.0D." ,8(F9.4))
1700 CONTINUE

ccC WRITEC(LET,30)

c

C READTNGS FROI NOMINAL SAMPLE
c

WRITEC(LPT,1745%5)

17453 FORMAT(' HREADINGCS FROM NOMINAL TUBE SAMPLES

WRITE(LPT,1680) (VOLSTD(NT)Y , NT=1_ NTT}
c PRINYT OQUT HEADING3 AND PROPERTIES
C

CALIBRATION RIDGS:

WRITE(LPT,1750) (NT,NT=1,NTT), (PRONAM(NPR} ,NPR=1 ,NFROFM>

c175%0 FORMAT( 'PSET' ,8(!' MAG' , I1,1X) ,6(1X,A4))
1750 FORMAT('BSET' ,8(C" MHAG',I1,1X),6(1X,A4))
NO 1800 NP=1!,NPT

COMMAND=",

1z,

.13,

1,0 SHUNT CAP.:',E12.4)

PIAGS ")

YRITE(LPT,1760)NP, (SUMMAG{NP ,NT > ,NT=1,NTT}, (PROP (MNP ,MPHR} ,NPR=1 ,NFROPIM)

WRITE(LPT, 1765 (SDVMAG (NP ,NT? ,NT=1 ,NTT)

IF(NP LT . NPT) WRITEC(LPFT,i744(DIFHAGI(NP NT? ,NT=1,6NTT}

WRITEC(LPT, 30)
1760 FORMAT(I3,B(F7.3),3(F3.3),F5.0)
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FORMAT(' SD*,8{(F7.3))
FORMATC *DEF*  B(F7.3))
CONTINUE
WRITE(LPT,181G}FF
FOAMAT ( 143

GO TO 2000

RETURN POSITIONER TO ENEW(II:=0.0 50 THAT POSITIONS CAN BE CHECKED
TURN OFF MOTOR CURRENT

WRITE(HMBUSR, %) ' {CAH> "

CALL POSIT(HHOM,NOLD,NAXIS, HBUS)
WRITE(MEBUS ,») '¥E YE ZE°

STOP

END

SURRQUTINE POSIT(XNEW, NOLD,MAXIS, MBUS)

VERSION 4 JULY 1984

DETERMINES THE NEW LOCATION FOR 3 DIFFERENT POSITIONERS AND FHOM

THE OLD LOCATION, THE NUMBER OF B3TEPS MEEDED TO REACH THE NEW

LOCATIOM. THEN SENDS THE PULSES OVEH THE [EEE-488 BUSS TO THE QONTROLLER.
AFTER THE NEW POSITION [85 REACHED THE FULSE COUNT I8 COMPARED TO THE
ENCODRER COUNT ANMD CORRECTED IF DIFFEREMT.THE EDDY CURRENT HEADINGS WILL
NOT BE MADE UNTIL THE FOSITIOM [3 CORRECT.

DIMEMSION NOLDCO3) , ENEW(3) ,NMSTEFS(3 3

CHARACTER®Z AXC(3),040

DATA AXC/ XM ,"¥M' ,"EN/,GC/G 1 ,ETRPSZ/0. 00028/
DO 20 IAXIB=1,NAYIE

NETP={XNEW(IAXIS)+0 BODL253/8TEPST
HNEBTEPS(TAXIS ) =NSTP-NOLRD(ITAXIS )

MOLD(IAXIS) =NSTP

CONTINUE

WRITE(MBUS, 302 (AXCC(IARIS)  NSTEPS{TAXIBE) G0 1AX1E=1,NAKIS,
WRAITE(MBUE , %} ; {CFAY’

WRITE(MBUS, *) ;'

FORMAT(S4 CAZ , IV A22)

RETURM

END

SURBRQUTINE PRDG(VOLTS , MFEC,MOH,MNMRDG, ICMRD, NTP ,NTR, IER)
PROGRAM TO BEAD PULSE DATA OVER THE CPIB BUSS
CHARACTENRw) TM{14: . X,Y,CR

DIMENSION VOLTSI(NCHY  IN(E)

DATA TM/ M1 00 v (V50 vst VR R DS, @ DY e,
aTHINTE

Y=TH{NTH?

CR=CHARCI3)

VE1=5.8/4094.

VFA=VEL/FLOAT(MRDG?

PO 210 I=1 NOH

VOLTS(I)=0 .

GO 230 JJ=1,NRDG
WRITE(MPEC, 35 ,ERR=400)IIMD, X ,¥,CH
READ(HMEEC, 70, ERR=3D003 CIN{I), I=1 NCH?

DO 245 I=1,NCH

VOLTS (D) =Y FAfFLOATCINCIY ) +VOLTSC D)

CONTINUE

COMNTINUE
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FORMATI{I1,Al ALl ,AL)

WRITECG,S0)(VOLTS(I),I=!,NCH)

FORMAT(1X%X,8F8 4)

FORMAT(B8I4)

GO TO 600

IER=1

WRITECH,*) 'BUSS WRITE ERROR,RESET-HIT KEY RTN TO CONTINUE®
GO TG é00

IER=12

WRITE (G, ) 'BUSS READ ERROR,RESKET-HIT KEY TUO RIUN CONTINUES
RETURN

END

SUBAOUTINE CALMIC(RDGC ,MFEC,NRDG,NTT, IER?}

PROGHRAIT TO DRIVE AUTOMATIC CALTIBRATOR MODULE
READINGS ARE TAXKEN THROUGH MICROCOMEUTER

oi
ic
DG 100 NEXT=1.4

I1=4+3%NEXT

CALL PRUG(VOLTS,MFEC,NTT,MNRDG,TCM,1I1,11,IER)
DO S0 NT=i,NTT

ROGE (NT ,NEXT) =VOLTS (NT)

CONTINUE

WRITECH, 60IYNEXT, (VOLTS (NT? ,NT=1,NLI"T)
FORMAT(I2,8F9 3)

CONTINUE

WRITECG,*)'

RETURN

END

MENSION RUGC(NTT,4),VOLTS(8)
M2



Appendix 4
PROGRAM PULFIT

PULFIT is a FORTRAN prograwm that takes the pulse magnitude and sample
properties data from files written by the PULRDS program and then uses
these data to make a least-squares fitting of the polvnomials of the pulse
magnitudes to represent the sample properties. The process has been

1,2

described in earlier reports, and only a brief summary will be given

here.

The operator is prompted to generate a polynomial for any particular
property that is of interest. The polynomial hss terms with the pulse
magnitudes measured from standards and raised Yo various operator-chosen
powers. Each such term in the polynomisl is multiplied by a coefficient
that is determined (by the subroutine ALSGS) to make the polynomial have
the best least-squares fit to the actual sasmple properties for the
standards. Then this polynomial with its optimized coefficients can be
used to calculate the sample property from pulse amplitude measurements on
an unknown sample. However, before this stage 1Is reached, the operator
can try different types of polynomials, with the pulse magnitudes possibly
raised to different powers, or different combinations of magnitudes
(i.e., measured at different times during the pulse), polynomials with
different numbers of terms, stc. For emach type ¢f polynomial, the rms
deviation of the fit of the calculated to the actunal properties of the
standards is printed, as well as a guantity called "DRIFT," which measures
the standard deviation of the worst~case errors im the fit, that would be
produced if typical measurement srrors were all such as to make the
calculated property deviate in the sawme direction from what it would be
with perfect measurements.

When the operator has chosen a type of polyvoomizl that produces a
satisfactory fit to the standard properties with satisfactory
insensitivity to measurewent errors, the optimized polynomial coefficlents
can be printed out and stored in a disk file, the complete comparison of
actual and calculated properties can be printed, another property can be

fitted, and so on. The various cheices are offered in line B9%90.
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PROGARAM PULFIT
VERSION 23 OCTOBER 1984

FROGRAM TO PERFORM A LEAST BOQUARES FIT
FILE BY PULRDG PHROGRAM AMD THEN

IRDPRM=MAX IMUM NUMBER
LITERK=LOGICAL

LOTEK=LEI

LOUsLOGI CAL
NCHS=NUMBER OF DATA CHANNELS
TMDEX

NT=TIME

TO DATA HEAD INTO A DISK

0F COEFFICIENTS
INPUT UNMIT

OQUTPUT UNIT FOR PROMPTING AND DISPLAY

OQUTPUT UMIT FOR PERMAMENT RECURD (PFRIMTER?
{(TIME INTERVALS)

IN EXPANSTON

NFTT=NUMBER OF TIMES

NP=FROPERTY

IMDEXR

NEROPM=MAXIMUM NUMBER OF FROPERTIES CALCULATED(=6 MOW}

NPT=TOTAL

FOR THE FIT.EACH
NPTT=NUMBER OF DATA LINES

MUMBER OF SETS OF FROPERTY VALUES THAT
SET OF PROPERTY VALVES I5 ON OME LIME
IM THE INPUT DATA FILE

IM THE DRATA YFILE

NTCAL=NUMBER OF TIME CALIBRATIONS

NERINT=PRINT

MAG=INDEX

REAL

TG TUHN

AND TRANSFER INDEY.

ON THE SATURATING MAOMET(=0 IF NONE USED

L2 ,L4,L3,L8,Lé

CHARACTER*S NPROBE,NCABLE, INBTNO,.COIL

CHABACTER
CHARACTER

CHARACTER* L

INTEGER%Z
INTEGER

DIMENSTON
DIMENSTON
DIMENS I ON
DIMENSION
DIMEMNSION
DIMENSION
DIMENSIONM
DIMEMWSION
DIMENSION
DIMENSION
DIMENSION

DIMENSION
DIMENS I ON
DIMENS{ON
DIMENSION
DIMENSION
DIMENSION
DIMENSION

COEDAT*8, ENAMEX 12, BLANKS* 4, PRONAM( 7)) %4, AX ISNM(3 %4, ADUM* B2

PROPTY(7)%4 ,STOP#4, INDAT*8 , PHASW (3224, PFOLARY (14 ,5)%4
CR, THMO142
FURNC(?7) , TIMOUT (3>

CHMDaG, CHD 1, OMDZ , CMD 3

CHANGED:
READMNG(NFT+1, IRDFPAM+ 13, PROMPT? , POLARY{IRDFAM+1,3)

PROF (L, NPROPHM) , THMDETI(NTT) ,YLOFTINTT) ,JEOL (2, NTT NPROPM)
COECIRDPRM) , COEFCIRDPRM, NFROPM) , TIMANTT)
ROGLC1, IRDPRM) ,NFOL (2, NTT)

JOFBET(MPROPM) , JRDFR(NPROPHM)

PROPTY (NPHOPM) , PRONAMI(NPROPM)

THMAGL (T, NTT)

SUMCAL (NTT,NCAL) , SDVCAL (MTT,NCALD

RODGCONTT , MCAL) ,ROUGO (NTT ,NCAL) , COFSETINTT) , COAIN(NTT?
VOLTS(NTT) , VOLSTDINTT) , 8TDVINTT» , MOONV (MTT?

TOFSETINTT)  TSLOPEINTT}

MUMBERS SHOULD BE IMBERTED IN THE FOLLOWING
COMMENTED. STATEMENTS MARKED »% MANDATORY

READNG(14,14)> ,FRO(34) ,PROP(1, 72

THMDET (8 ,VLOFT(8: ,JFOL(2,8,7),COB{15) , COEF (15,73, TIM(8:
RUOGICL, 150 NFOLIZ, 8 ,JOFBET(T7),JRDPR(7)

THMAGL 1,8

REGCCE, 4)  HADGO(8, 4 ,COFSEYT(8) ,CLCAINIE)

VOLTS(2) ,VOLSTD(8) ,8TDV (8 ,NOONV )

TOFSET(8 , TSLOPE(8)

ODATA THAT HAY NEED TC BE CHANGED:

DATA
DATA
DATA
DATA

NET/15/ , MPRINT/O/ ,LOU/4/  LITEX/Q/ , LOTEX/ID/

NCL/28/ ,LIDI3T/ , LOD/38/ ,MFEC/TA5/7 , MBUS/ 467 ,MaG/0/
IRDPAM/ 158/, IR/ 1/ , NOCH/B8/ ,NRDG/ 22/ , NPROPM/ 7/, NPROPT/ L/
STOFs '8STOFP' 7/, BLANKS/*

PLCNUMIT L

PEATORM CONTINOUS BACK CALCULATIONS
USING INSTRUMENT READINGS THAT ARE MARE BETWEEN EACH DISPLAYED SET.

WILL BE CONSIDERED
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DATA TR/ 10, 't T8, %t LB, T TR D S R D W, e,
DATA CHDO/0/,CMD1/1/,CMD2/2/,CHMD3/3/

DATA NLINES/i0/,INDAT/'OTP220A'/,COEDAT/ ' PULCOE '/

DATA COFSET/8%0.0/,CGAIN/8%1 ./

DATA FUNC/30,400,32,10,42,$8002,0/,TIMOUT/30,6,0/

PRINT TITLE AND DATE

30

40

491

REA

35

60

45

70

80

85
100

END

o

®

*

OPEN(LOU  FILE='#PR" ,ERR=990)

CALL GETTIMCIYR, IMO,IDA,IHR, IMN,ISE, IFR}

FORMAT('PULFIT TIME *,12,°:',12,"':"'",12," DATE ¢, 12,'/',12,'1',12,4%,A8)
WRITE(LOU,2,ERR=990)IHR, IMN, ISE, IMO, IDA, IYR, INDAT

FORMAT(1X)

OFPEN FILE FOR INPUT DATA FROM PULRODG,ASSUMED ONDEFAULT DISK

FORMAT(AB)

FNAMT=IMNDAT/ /' .0DAT"

FORMAT(A12)

OPEN(LID,FILE=FNAME ,  STATUS ='0LD' ,ERR=9%71)

OFEN FILE FOR QUTPUT COEFICIENT DATA STORAGE -~ ASSUMED ON DEFAULT DISK
FNAME=COEDAT/ /' DAT'

OPEN(LOD,FILE=FNAME, STATUS ='NEW' ,ERR = 992)

MULYTI FREQUENCY EDDY CURRENT INSTRUMENT ADDR«3 ON GPIZ BUSS
ADDR=E? ON IBM BUSS DRIVER, FORTRAM LOGICAL UNIT = 45
OPEN(MFEC,FILE="#BUSE?" ' ,ERR=993)

INITIAL INFORMATION IN DIRECT ACCESS FILE LID ON DISK

READCLID, §5) IHA, IMN, ISE, IMO,IDA, I¥YR

WRITECLOTEK,S35)IHR, IMW, ISE, IMO,IDA, IYR

FORMATC(&(1X, 142

READCLID.60) NFROBE,NSER,RO,CAPDR,R?,CAPPU ,NCABLE,
CARBLEL ,CCABLE, INSTNG

WRITE(LOTEK .60) NPROBE ,NSER,RO,CAFDR,R?,CAZPV,NCABLE,
CABLEL,CCABLE, INSTHNO

FORMAT(A6 ,1X,15,4C(E13 .4),1X ,A4,2(E13.4),1X,A6)

READ(LID, 65> NTT,NPTT,NPROPM,NTCAL

IF(NTT.NE.NCHWRITE(O,*) 'ERROR IN CHANNEL(NCH} AND TIME INTERVALS(NTT)'

WRITE(LOTEK, 65> NT'T,NPT NPROFM,NTCAL

FORMAT (4 (1X, IS

READ(LID, 70) (TIM(NT)> ,NT=1, NTT)

WRITE(LOTEK, 70) {TIM(NT) ,NT=1 , NTT)

FORMAT(E(1PELD. 3))

READCLID, 80) (PRONAM(NFR) ,NFR=1 ,NPROFM)

WRITE(LOTEK, 80) (PRONAM(NFR) ,NPR=1 NPROPM)

FORMAT(7{(1X .A4))

DO 100 NC=1 ,NTCAL

READ(LID, 88) (RDGOCNT,NC) ,NT=1 ,NTT)

FORMAT(B(F7 .4}

CONTINUE

READ NOMINAL STAMDARD VLOTAGES

READ(LID, 85)(VOLSTO(NT) ,NT=1,NTT)
WRITE(LOTEK, 88) (VOLSTR(NT? ,NT=1 ,NTT?

OF SECTION WHICHM READS INITIAL DIRECT ACCESS FILE

THE DATE AND TIME THE DATA WAS TAKEN ARE PRINTED
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WRITE(LOU,140)>IHR, IMN,ISE, IMO,IDA, IYR
140 FORMAT(' CALIBRATION DATA TAKEN ', I2,°:*',I12,°':',12,"' DATE ',12,'/"
*,12,'0,12)
WRITE(LOU,*) ‘DATA FILE ‘,INDAT,' COIL ',NPROBE,' SERIAL NO °‘,NSER
160 FORMAT(1X)

COIL DATA {5 READ FROM REF.DAT OR CIR.DAT FILE

FILE TO INSERT INTO REFLECTION OR CIRCULAR PROGRAMS FOR COIL
DATABASE REFERENCES

[z N e NI RERE]

CTHE INPUT DATA FOR THE REFLECTION COIL IS READ FROM FILE 28
CSEE FIG.2,P.7 AND FIG.4, P.7, ORNL-TM-4107, FOR DEFINITIONS.
C
OPEN(Z8,FILE«"'REF DAT',STATUS ='0QOLD', ERR=?94)
10 READ(28,11)COIL,RBAR,R1 ,R%,L3 ,R3,R4,L4,LY L&
*,RDCDR, RDCPU , TNDR, TNPU
11 FORMAT (A4, 9F8.4,F10.4,F11.4,2F8.1)

IF(COIL. EQ. ‘END YIWRITECH, %) *REF COIL NOT FOUND'
IF(COIL.EQ.'END *IG0 TO 1%
IF(COIL.NE.NPROBE:}GO TO 10
GO TO 630
c
G THE INPUT DATA FOR CIRCULAR COILS I3 READ FRQOM FILE 29
v SEE TABLE 3,PAGE 10 OF ORNL/NUREG/TM-335 FOR DEFINITIONS
c
15 OPEN(29,FILE='CIR.DAT',8TATUS ='0QLD' ,ERRef%3)
READ(29,202COIL,RBAR,R} ,R2Z XL, ,ZL ,RLIM, RDCDR
*,RDCPU, TNDR, TNPVU, ZLDR, ZLPV, X
20 FORMAT(AS,6F8.4,2F10.4,2F8 . 1,2E11.3,F8.1)
IFC(COIL.EQ. 'END PAWRITECG, ' CIR COIL NOT FOUND'
IF(COIL . .EQ. 'END YIGO TO 200
IF(COIL.NE . NPROBE)GO TO 15
GO TO 430
c
c LEAST SQUARES DESIGN SECTION.
c
c SELECT PROPERTY TO BE FITTED AND SET UP PROPERTY ARRAY.
[~

300 MSET«=NPT
MSET1=MSBSET+1
IF(NPROPT.GT . NPROPM) GO TO &é0
310 WRITE(LOTEK,320) (NFR, PRONAM{NPR) ,NPR=1 ,NPROPM)
320 FORMAT(' SELECT NUMBER OF THE PROPERTY TO BE FITTED:',
*y L 7CI3 X A4, 2 N
READCLITEK, ®*)NPROF
IF(NPROP .GT .NPROPM)NPROP=NPROPM
330 WRITE(LOTEK, 260
360 FORMAT(' TYPE | IF THERE IS OFFSET; 0 IF NO OFFSET:'.,/7)
READ(LITEK,*) JOFSET(NPROFT:
IOFSET=JOFSET(NPROPT)
IRDPR=I0OFSET
370 WRITE(LQTEK, 380
380 FORMAT(' SELECT THE NUMBER OF THE FUNCTION TYPE & POLYNOMIAL',
*' DEGREE, FOR EACH TIME VALUE')
WRITE(LOTEK, 2900
390 FORMAT(' FUNCTION TYFE: 1=LINEAR 2sL0OG 3=EXP 4«=INV ')
400 WRITEC(LOTEK, 140}
WRITE(LOTEK, 410
410 FORMAT(235%X,'FCTN POL '/ ,23X'TYPE DEGC ")
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DD 450 NT=1,NTT
WRITE(LOTEK,420) TIM(NT)

420 FORMAT(' TIM = '+ 1PE12.4,' SEC PR
READ(LITEK,*)JPOL(1 ,NT,NPRQPT) , JPOL(2 ,NT,NPROPT)
IRDPR=IRDPR+JPOL (2 ,NT, NPROPT)

JRDFR(NPROPT) =IRDPR
NPOL{({ ,NT>=JFOLC(1,NT,NPROPT)
NPOL(2 ,NT}=JPOL (2 ,NT,NPROPT?

450 CONTINUE
IRDPR1=IRDPR+1
IF(IRDPRM. LT . JRDPR(NPROPT) IWRITE(LOTEK, 460
IF (IRDPRM.LT.JRDPR(NPROPT))>GO TO 630

460 FORMAT(' ERROR: ¢ OF TERMS IN POLARY EXCEEDS DIMENSION')
JROW=IRDPRM+1
CALL POLPUL(POLARY,JROVW, IRDPR,NPQL,NTT, IOFSET,LOTEK)

a0

EXPAND THE RAW READINGE INTO IRDFR READINGS.

470 DO 480 NT=1,NTT
c SET THE TIME AMD VOLTAGE DRIFTS TO ZERO INITIALLY
TMDET(NT =0 .
480 CONTINUE
REWIND(LID)
DO 481 IREC=1,NLINES
READ(LID,d483)ADUM
483 FORMAT(AZ)
481 CONTINUE
NR=1
00O 490 NP=1 ,NPTT
READ(LID, 482 (TMAG1L {1 ,NT)> NT=1 ,NTT) , (PROF(1,NPR) ,NPR=1,NFAROFM)
482 FORMAT(B(F?7.3),3(F5.3),F5.0)
cd482 FORMAT(14(1X ,F9.9))

THE PROPERTIES CAN BE SET AND MODIFIED IN THIS SECTIONM

IF THIS PROPERTY IS NOT TO BE USED TRAMNSFER TO 490

o nn

IF(PROP(1,3).GT.0.001)>G0O TO 490
IF(PROP(1,2) .GT.0.001)G0 TO 49%0
PRO(NR)>=PROP(1,NPROP)
CALL RDGPUL(RDG1,TMAG! ,MPOL, IOFSET,TMDFT, 1, IRDPR1,1 ,NTT,1,1,1,1)
DO 485 IRD=1, IRDPRM
READNG (MR, IRD)=RDG1 (1, IRD)
485 CONTINUE
NR=NR+1
490 CONTINUE

c

C DO THE LEAST SNUARES FIT OF THE READINGS TO THE PROPERTIES.
c

CALIL ALSQS(REAONG, PRO,COE,R308,MSET, IRDPR,MBET1)

c

c CALCULATE THE DIFFERENCES IN THE FIT AND THE MAXIMUM DRIFETS.
c

500 SSDRIF=0.

SSDIFF=0.
IF(MPRINT.EQ. 2)WRITE(LOTEK, 510) PRONAM(NPROP)
IF(NPRINT EQ.2)WRITE(LOU,510)PRONAM{(NFROP)

510 FORMAT(' PSET',8X,Ad,9X, ‘CAL' ,8X, 'DIFE',7X, 'DRIFT")
REWIND(LID)
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DO 35135 IREC=1,NLINES

READ(LID, 483 >ADUM

CONTINUE

NR=1

DO §70 NP=1,NPFTT

DRIFT=0.

READ(LID, 482 (TMAGL (1 ,NT) ,NT=1 ,NTT), (FPROP(1,NPR} ,NFR=1 ,NPROFM)

THE PROFERTIES CAN BE SET AND MODIFIED IN THIS SECTION

TRANSFER TO 570 IF PROPERTY IS5 NOT THE ONE WE WANT

IF(PROPC(1,3).GT.6.001)G0 TO 3570
IF(PROP(1,2) .GT.0.0012CG0 TO S57¢
DO 540 NT=1,NTT

ONE MAGNITUDE OR PHASE DRIFT IS SET ON AT A TIME.

TMDFT(NT)=. 001
CALL RDGPUL(RDG1!,TMAGI ,NPOL, IOFSET,TMDFT,1, IRDPR1,1 ,NTT,%,1.1,1?

THE POLYMNOMIAL IS CALCULATED

SUM=0Q .

DO 520 IR=1, IRDPHR
SUM=8UM+COE(IR»*RDGL (1, IR)
CONTINUE
DRIFT=DRIFT+ABS(READNMG(NR, IRDFR1)~8UM}
TMDFT(NT =0 .

CONTINUE

CONTINUE
DIFF=PRO(NR)-READNG (NR, IRDPH1)
SSDIFF=8SSDIFF+DIFF*DIFF
SSDRIF=SSDRIF+DRIFT*DRIFT
IF(NPRINT .NE .2)0C0 TQ 545

THE ENTIRE FIT [3 PRINTED QUT

WRITEC(LOU, 560 NP, PRO(NR) ,READNG(NR, IRDPR1,DIFF,DRIET
WRITE(LOTEK, S60XNP, PROCNR) , READNG (NR , IRDPR1) ,DIFF ,DRIFT
FORMAT(1X,14,4F12.5)

NR=NR+1

CONTINUE

SDRIF=SORT(SSDRIF/FLOAT(MEET) )
SDIFF=8S0RT(SSDIFF/FLOATI{(MSET )
WRITE(LOU,580)PRONAM(NPROP) ,SDIFF ., SDRIF, (NFOL(1,NT) ,NT=§  NTT?
WRITE(LOU,383»I0FSET, (NPOL(Z ,NT) ,NT=1,NTT?
WRITE(LQU, 30

WRITE(LOTEK, 580 2PRONAM(NPROP) ,SDIFF,SDRIF

FORMAT (' RMS5 DIF IN ', A4,'=',F10.5,2%,'DRIFT=" ,F1D .5, 3%, 'FCTN"1012Z}
FORMAT(12,*' COMNSTANT®.,37X,'POL ',1012)

IF (NPRINT.NE.33:G0 TO &30

IF(MPROPT NE. 13GO TO 397

DO 595 NC=1,NTCAL

WRITE(LOD, *} (RDGO(JJ  NC),IJI=1 ,NTT?

CONTINUVE

WRITE(LOD, *)(VOLSTD(NT)} ,NT=1,NTT)}

CONTINUE

WRITECLOU,1460)
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WRITEC(LOTEK, 160)

NCOEDI1=NCOED+4*IRDPRM+1

WRITE(LOD,*) IRDPR

DO 410 I=1,IRDPR
WRITE(LQU,600)I ,COECI), (POLARY(I J),Jd=1,5}
WRITECLOTEK,600)I,COE(L) , (POLARY(I,J) ,J=1,%)
FORMAT(' COEF(',12,')=',1PE13.7,4X,524)
COEF(I ,NPROPT)=COE(I)

DO 610 NCO=1,4

WRITECLOD, *)NCONV(NCO)

CONTINUE

NCOED=NCOED1

THE COEFFICIENT,OFFSET,NPOL AND IRDPR ARE WRITTEN ON THE DISC

WRITE(LOD, 615)PRONAM(NFROP) , IRDPR, JOFSET(NPROPT)
FORMAT(1X,A4,214)

WRITECLOD,*) (COEF(IR,NPROPT),IR=1, IRDPR)

WRITE(LOD, 616)(COEF(IR,NPROPT),IR=1, IRDPR)

FORMAT (! DATA C /' ,AIPE13.6,14('/,C (' ,1PE13.61))
DO 620 NT=1,NTT

WRITECLOD, ®*) (NPOL(I,NT),I=1,2)

CONTINUE

PROFPTY(NPROPT)=PARONAM(NPRO?)

NPROPT=NPROPT+1

WRITE(LOTEX, 640)

FORMAT(' 1 FIT PROP 2 PRT ENTIRE FIT 3 PRT/8YV COEF 4 CHG FCTN/POL'
*, "T¥P 3 RUN TEST',/)

READCLITEK, *)NPRINT

GO TO(300,500,590,350,650).NPRINT

NFROPT=NPROPT-1

WRITE(LOU, 140

GO TO 880

CALCULATES PROPERTIES FROM MAGNITUDES AND PHASES AMD CONTINOUSLY
DISPLAYS THE VALUES ON THE CRT TERMINAL.

CONTINUE
IF(NPRINT.EQ.2)WRITEC(LOTEK, 710) (PROPTY (NPRO) ,NFRO=1 ,NPROPT)
FORMAT(1X,6 (8X,A4,1X))

IF(NPRINT . EQ. )WRITEC(LOTEK,715)C¢II,1I=1,NTT)

FORMAT(8¢(' MAGC(',I1,')>'}))

WRITEC(LOTEK, 140)

EXPANSION OF THMAG! (1,NT>INTC READNG(1, IRDPRM)

DO 800 NPRO=1,NFROPT

DO 7290 NT=i1 NIT

DO 780 I=1,2

NPOL(1 ,NT)=JPOL(I ,NT,NPRQ)
CONTINUE

WRITE(O,721)(NPOL(I ,NT),I=1,6)
FORMAT(&613)

THMDET(NT) =0 .

CONTINUE

IOFSET=JOFSET(NPFRO)
IRDPR=JRDFR(NPRO)
IRDPRi=IRDPR+1

CALL RDGPUL(RDG1 ,THMAG! ,NPOL, IQFSET, TMBFT,1,IRDPR1 1 ,NTT,1,1,1,1)
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PRO(NPRO) =0 .

DO 800 I8}, IRDPR

PRO(NPRO} =PRO(NPRC) +COEF (IR . NPRO)*RDGI {1 IR}

CONTINUE

IF(NPRINT .EQ. )WRITE(LOTEK, 805 (PRO(NPRO) ,NFRO=1 ,NPROPT)
FORMAT(1X,7(F13.8))

NEW READINGS ARE MADE FROM THE EDDY CURRENT INSTRUMENT.

CALL PRDG(VOLTS MFEC, NCH,NRDCG, CMDL, TM(146) , IER)
IFP(MAG .EQ .1} CALL BATMAG(D)
VOLTS(8)=25 aVOLTS( 7Y /VOLTS(H)

DO 830 NC=1,NCH
VOLTSI{NC)»=VOLTS(NCI»+TOFSET(NCI+TELOPE(NCI*VOLTS(8)
CONTINUE

IF(MFRINT . EQ. )WRITRE{LOTEK , 820 (VOLTS{(NT) NT=1,NTT)
CALL CORRDG(VOLTS,COFSET,CGAIN,NTT)

DO 845 NT=1,NTT

TMAGL (1  NT)=VQLTS (NT)

CONTINUE

FOQRMAT (B (FB .43

CALL GETKEY(IKY, IS, ¥E8F1,XBF2,IRR)

IFCIRR.NE 000 70O 730

PROGRAM WILL STAY IN THIS LOOPF UNTIL ANY KEY IS STRUCK.

IFI(NLABL+NPRINT  £Q . 3)WRITE(LOU, 730> (NPRO, NFRO= 1, NFROFT}
NLABL=NPRINT

IS(NPRINT .EQ. 2>WRITECLOU,85%0) (PRO(NPRO ,NPRO=1,NFROPT)
FORMAT(B(F® .55

IF(NPRINT . Q. )WRITECLOU, B850 (VOLTS(NT> ,NT=1,NTT?

GO TO 880

WRITE(LOTEK, 870

FORMAT(' PROF ARRAY IS FILLED. '}

WRITECLOTEK, 82402

FORMAT(' PRINT :1.MEAS VOLY & PROPERTIES 2.CAL&DIEPLAY PROPS'
*,'3.RAW RDGS .4 . RE-CALIEB 3§ .8TQP'., /)

READ(LITEK, ®»NPRINT

GO TO ¢13048,700,700,895,200) MPRINT

CALL CALMIC(RDGC ,MFEC, NRDG,NTT,CHMD3, ™, [ER)

CALL RESET(RDGC,RDCH,COFSET,CCAIN,STDV. . NTT?

GO TO &8¢0

PRINT SUMMARY OF DATA FROM DI&X FILE

WRITE{LOU, 1356 NPROBE,6 MSER

FORMAT{(' PROBE NO.:',Aé,8X,' SERIAL NMO.:',I5)

WRITE(LQU,1340) RO ,CAPDR

FORMAT(' DRIVER SERIES HRESISTANCE:’ ,F10.1,5%, 'DRIVER 8SHUNT CAP.:
* E12.4)

WRITE(LQU , 1370 R¥,CAPPU

FORMAT (' PICK-UP SHUNT RESISTANCE:®,F10.1,8X, 'PICK~UP SHUNT CAP.:

* JE12.4)

WRITE(LOU,1380) NCABLE,CABLEL,CCABLE

FORMAT(' CABLE I.D. MD.:*,A4,5%, ‘LENGTH:',F10.1,5X,'CAP.:"',
* EL2.4}

WRITECLOU, 1290 INSTNG

FORMAT(* EDDY CURRENT INSTRUMENT MO. ', 8863
WRITECLOU,1410) (TIMINT! NT=1,NTT)
FORMAT( 'TIME: ', B(iFELD. 3))
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PRINT CALIBRATION READINGS

CONTINUE
WRITE(LOU,1450) NTCAL

FORMAT(®' AVERAGES & STD.DEVIATIONS OF CALIBRATION READINMNGS:',I13,' MACS')

WRITE(LOU,1460)

WRITE(LOU,146460) (TIM{(NT) NT=1,NTT)
FORMAT(8(1PE1LI0.3))

DO 1700 NC=1,NTCAL

WRITE(LOU,1680) ( (RDGUO(NT,NC))>,NT=1,NTT?
FORMAT(8(F10.4))

CONTINUE

PRINT QUT READINGS AND PROPERTIES

WRITE(LOU,160)

WRITE(LOU, 1750 (NT,NT=1,NTT), (PRONAM(NPR) ,NPHR=s1 ,NPROPM’
FORMAT(1X, 'PSET' ,8(' MAG' ,I1),5¢4X,A4,1X))

REWIND(LID)

DO 1755 IREC=), NLINES

READ(LID, 483)ADUM

CONTINUE

DO 1800 NP=1,NPTT

READCLID,482) CTMAGL (1 ,NT? ,NT=1 ,NTT), (PROF(1,NPR) ,NPR=1 ,NPROPFPM?
WRITECLOU,1760)NP, (TMAG1(1 ,NT? ,NT=1,NTT), (PROGP(1 ,NPR),NPR=1,NPROPM)
FORMAT(1X,14,13(F?.4))

CONTINUE

GO TO 880

WRITE(LOTEK, *) ' ERROR IN OPENING PRINTER FILE-~CHECK FOR QFF-LINE'
GO TO 900

WRITE(LOTEK, ®) 'ERROR IN OPENING INPUT DATA FILE'

GO TO 900

WRITECLOTEK, ®) *ERROR IN OPEMING OUTPUT COEF DGATA FILE®
GO TO 900

WHITEC(LOTEK, ®*) 'ERROR IN OFEMING INSTRUMENT DATA FILE:®
GO TO %00

WRITE(LOTEK,*®} 'ERROR IN OPEMING REF DATA FILE'

GO TO 900

WRITEC(LOTEK, #) 'ERHOR TN COPENING CIR DATA FILE'

STOP

END

SUBROUTINE ALSGB(A,Y,HB,RZ,NN,MM,HA)

ALS0OS IS A FORTRAN IV SUBROUTINE TO SOLVE THEZ LINEAR LEAST

SQUARES PROBLEM NORM(AB -~ ¥) = MIN. CALLING SEQUENCE IS
CALL ALSQS(A,Y,B,R2,N,M,NA)
WHERE

IS AN ARHRAY CONTAINING THE LEAST SQUARES MATRIX.
UPON RETURN THE (M+1)~-TH COLUMN CONTAINS THE
APPROXIMATING VECTOR AB.

Is THE VECTOHXK 70 BeE F¥IiT

CONTAINS UPON RETURN THE COEFFICIENTS OF THE FIT.
CONTAINS UPON RETURN THE HRESIDUAL SUM OF SQUARES.
15 THE NUMBER OF ROWS IN THE LEAST SQUARES MATRIX.
IS THE NUMBER OF COLUMMS IM THX LEAST SQURARES
MATRIX.

IS THE FIRST DIMENSION OF THE ARRAY A.
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DIMENSION A(NA,1),¥C1),B(1)
N = NN

Nl = N+l

M = MM

Mi = M+l

MMI = M-1

g}

REDUCE THE LEAST BSQUARES MATRIYX TO UPPER TRIANGULAR FORM

DD 40 L=1,M
88 = 0.
Do 14 I=L,N
10 88 = 8% + A(I,L)x»32
52 = 8BS
5 =8QRT(82)
IF (ACL,L) . LT.0.) 8=-8
D = 82 + B¥A(L,L)
ACL,L) = AC(L,L} + S
IF (L.EQ.M> GO TO 50

L1 = L+1
DO 30 J=L1,M
PP = 0.
BO 210 I=L.N
20 PP = PP + A(YI,L)*A(I,J)
30 A(NL,J) = PP/D

Do 40 J=Lt M
DO 40 I=L.N
q0 ACT,J) = ACI,J)Y - ACI,L)>*ACNL,I)
S0 A(N1,L) = -8
60 CONTINUE

REDUCE THE VECTOR Y

sz e

DO 80 I=1,N
80 ACI, ML) = Y(I)
DO 100 L=1,M
PP = 0.
DO 90 I=L,N
0 P2 = PP + ACI,L)*A(I, ML)
D = PP/(-ACL,LY*®A(NL L))
DO 100 I=L,N
100 ACI ,M1) = ACI ML) -~ D®ACI,L?

[
C CALCULATE THE COEFFICIENT VECTOR B
[

B(M: = A(M,M1)3/7A(N1 M)
IF (M.EQ.1) GO TO 130
ne 120 LL=i,MM1
L = M~-LL
L1 = L41
PP = A(L,M1i>
DO 110 I=L1,M
110 PP = PP ~ A(L,I)®B(I)
120 B(L)Y = PP/ACNL, L)
C
c CALCULATE R2Z
ot
130 58 = 0.
MPL = M+t
DO 140 I=MPi N
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88 =
140

I =
PP =

&4

85 « A(I Mi)y¥x2

ACI, M1 = 0.

RZ2 = 88

PERFORM THE BACK CALCULATIONS

DO 170 LL=1i,M

MeLLad

a.

00 150 I=L,N

150
0 =

FP = PP + ACI,L)%A(CI, ML)

PP/ (~ACL,LXXACNL, L))

DO 160 I=L,N

160
170

24%
250
s

50
70

400

600

ACI,M1) = ACI, M1) - B¥ACI,L)
CONTIMUE
RETURN
END

SUBRQUTINE PROG(VOLTS ,MIEC,NCH NADG,CHMD, X, IER)
PROGRAM TO READ PULSE DATA QVER THE GPIB BUSS
CHARACTER® ! X

INTEGER CMD

DIMENSION VOLT3(MCHM), INC8)

VFA=3 . 0/(40%6 *FLOAT(NRDG))

IER<0Q

DO 210 I=!,NCH

VOLTS(I =m0 .

DO 250 JJ=1  NRDG

WRITE(MFEC, 35, ERR=400)CHMD,X,.CR

READ(MFEC .70 ,ERA=500) (IHN{(I), I=1 ,NCH)

DO 2485 Ial NCH
VOLTES(I)=VYFARFLOAT(INCI)) +VOLTSC(I)

CONTINUE

COMNTINUE

FORMAT(I1, AL, AL)

WRITEC(O, 301 (VOLTS(1),I=4 NCH)Y

FORMAT(1X,8F8.4)

FORMAT(BI4)

GG TG 400

IER=1

WRITE(G,*)'BUSS WRITE ERROR,HIT RESET AND CONTINUE'
GO TO 600

IER=2

WRITECO, %) 'BUSS READ ERROR,HIT RESET AND CONTINUE!
RETURN

END

BUBROUTINE CALMIC(RDGC,MFEC, NROIG , NTT,I[CM.TH, IER)

PROGRAM TO DRIVE AUTOMATIC CALIBRATOR MODULE
READINGS ARE TAKEN THROUGH MICROCOMPUTER

CHARACTER*1 CR,X,TH{14)

DIMENSION ROGC(NTT,4),VOLTB(8)

N 100 NEXTw1,4

I1=4+3*NEXT

L=THM(I1)

CALL PRDG(VOLTS ,MFEC,NITT,NRDG,ICHM, ¥, IER?
IF(IER.NE.0O)GO TO 100

DO 50 WNT=1,NTT

RDGC(NT ,NEXT) «=VOLTE (NT)



5 €3 1Y

<1

e

ey

&0

60
100

30

10¢Q

210
2240
230
240

i0¢0

65

CONTINUE

WRITEC(D, 60)NEXT, (VOLTS (NT? ,MTe1 ,NTT?
FORMAT (1% ,8F% . 4)

COMTINVE

WRITE (G, ®)® ¢

RETURN

EMD

SUBROUTINE RESET(RDGC, RDGO, COFSET,CAIN, STDV,NCH!

SUBROUTIME ROES NCH LEAST SQUARES FITS OF RDGU=COFSET+«GAIN*RDGC
LEAST SQUARES SUBRQUTINE 18 STANDARD FOR Y(J)=COFSET+CAINRE{J?

DIMENSION RDGOC(NCH, ) RDGO(NCH, 43 , COFSET(NCH) , GAININCH) , 3TDVI(NCH)
GATA NRD/A/

D0 100 NC=1,NCH

BUMYE=0.0

SUMY=0.0

GUMAY =0 . 0

SUMRL=0. O

SUMYY=D . 0

PERYORM LEAST B20QUAREZ FIT OVER NRED READINGS

DO 50 NR=1,NERD
SUME=B8UME+RDGC (NC ,NR)
SUMY=SUMYSRDGO (NG, NR)
EUMEY«SUMYY+RDGC (NC , NRY®RDCO (NC ,NR)
BUMIR=SUMXEX+RDGC{(NC (NR)®RDGC (NC,NR)
ABUMYY=S3UMYY+RDGO (NC ,NR)®*RDGO (NC ,NR)
CONTIMUE

¥BAR=SUMX/NRD

YBAR= UMY /NRD

GAIN(NL) = (SUMAY-SUME*YBAR) /(BUMXK~BUMYX*XBAR)
COFSET(HMC)=YBAR~GAIM(NCY*XHAR
STDVINC) «BOART(ABS( (SUMYY-SUMVAYBAR-GAIN(NC) * { BUMXY-SUMX*YBAR)Y )/
*FLOAT(NRD-23))

CONTINUE

WRITE(D,210)(1, I=1,NCH)

WRITE(G, 2202 {COFSET(NC) ,NC=1 ,NCH)
WRITE(H, 2302 (CATNI(NG) , NC=1 ,NCH)
WRITECQ, 240 <STDV(MC)  NC=1 , NCHD)
FORMAT(S5X,8¢¢ VLT, 11,2}
FORMAT( 'QFSET' ,8(F8.4))

FORMATUC "GAIN ', B(F8 42
FORMAT( ' 8TDV ¢ ,B(F8.4))

RETURN

END

SUBROQUTINE CORRDG(VOLT3,COFSET,GAIN,NCH)
DIMENSION VOLTB(MCH! ,COFSET(MCH) ,GAIN(NCH?
DO 100 NCe=1  NCH

VOLTS (MG =COFSETI(NC) +GAINING) *VOLTE (NC)
CONTINUE

RETURN

END

SUBROUTINE POLPULI(FOLARY,JROV, IRDPR,NPOL  NTIM, IOFSET,LOQW)

THIS SUBROUTINE CONSTRUCTS AN ARRAY FOR PRINTING
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CHARACTER*Z RDGYYP(2),IDEG(12),INUMC?)

CHARACTER*§ FUNTYP(4),BLANKS,CONSTA(2), POLARY (JROW,S5) ,ROLD(4)
DIMENSION NPOLC2,NTIM

DATA ROGTYP/' M',' T‘/,CONSTA/'CONS', 'TANT'/

DATA FUNTYP/' LIN',' LOG',*' EXP',' INV'/

DATA IDEG/'1 ', "2 *,'3 ',*§ *, 'S ', 6 *,'7 +,'8 *, 9% *,"10","11","12"/
DATA INUM/'1),'23','3) ,*4) "', '8y, "6y, "2y, ,"8)","' 9114

DATA BLANKS/'® '
c
C BLANK OUT PFOLARY ARRAY
c
DO 71 J=1.,%
DO 71 I=1,JROVW
71 POLARY (I, J)=BLANKS
c
MROW=1
IF(ICFSET . NE. 1) GO TO 70
POLARY (NROYW, 1) =CONSTA(L)?
POLARY(NROW,2)=CONSTA(Z}
20 FORMAT(1X, 3A4)
c
70 DO 200 NT=1,NTIM

NDEG=NPOL (2, NT)
IF(NDEG_EQ.0) GO TO 300
DO 400 I=1,NDEG
HEOW=NROW=+ 1
POLARY{(NROW, 1 )=FUNTYP(NPOL{1 NI}
POLARY (NROW, 2)="'VLT("
POLARY (NRQOW, 3)=INUMI(NT)/ /IDEGCI)
400 CONTINUE
21 FORMAT(/ ¢(1X,A4,'VLTC' ,I2,"'}"' ,A4))
300 CONTINUE
200 CONTINUE

c
C FPRINT RESULTS
c

DO 1000 NR=1,NROW
WRITE(LOU,20) (POLARY(NR,II) ,II=1,3)
1000 CONTINUE

RETURN

END

CALL RDGPUL(READMNG, SUMT,NPOL, IOFSET, THDFT,MSETI
1, IRDPR1 M, NTIM,NL,NLT, NP, NPT}

THE POLYNOMIAL 15 CALCULATED

SUM:=0.
DO 20 IHR=1, IRDPR
SUM=SUM+COEF (IR) ¥*READNG (M, IR)

20 CONTINUE
DRIFT=ABES(READNG (M, IRDPR1)-8SUM)
SODRIF=SEDRIF4DRIFT*DRIFT

70 CONTINUE

80 CONTINUE
SDRIF=SQRT(SSDRIF/FLOAT(MSET))
WRITE(LOU, 60)CKTPAR(NDRIFT) , SDRIF

60 FORMATI(SX,Ad Fid. S)
CKTVAL(NDRIFT+10?=CKTVAL(NDRIFT+106>/1.01

8200 CONTINUVE

a0 OO0 Q
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CALL RFCIRK(TMAG, FHASE ,TWOPI ,RAD, TMUTRE , TMUTIM, DRIVRE

1, DRIVIM,PICKRE,PICKIM,DRVDR,DRVDI ,PICKDR,PICKDI (NRDF, FREQ
2,U,WUSR,GAIN, AIHL ,ATHZ  NLT,NRT, NPT, ,NFT,NODF ,NPFTT, DFSIZE)
RETURN

END

SUBROUTIME HRDGPUL(READNG, SUMT,NPOL, IOFSET, TMDFT ,MSET1

1, IRDPRI M NTIM,NL,NLT ,NF, NPTT)

REAL®S READNG, RDG

DIMENSION READNMG(MSETIL, IRDPR1) ,NPOL(2,NTIM) , TMDEFT(NTIM}
DIMENSIONM SUMT(NLT,NPTT , NTIM)

NPOL CONTAINS A NUMBER FOR THE FUNCTION TYPE & THE POLYNOMIAL
DEGREE. IF IQF3ET=0,N0O OFFSET IS INCLUDED,=1 OQOFFSET IS INCLUDED
NPOL(Z ,MY)> =0, THAT PARTICULAR TIME VALVE VWILL NOT EE INCLUDED
IN THE PROPERTY CALCULATIONS.

READNG(M,1)=1.

MN=1

IFCIQFSBET.EQ. 1)N=2

20 210 NT=1 ,NTIM
IF(NPOLL2,NMTY . EG.0) GO TO 200
ROGC=SUMNT (NL , NP, NT) +TMDFT (NT)

THE TYPE QF FUNCTION IS SELECTED

IF(NPOL(1,NTY . EQ. 1YREG=RDGC
IF(NPOL (1, NT) EQ.2)RDG=ALGC(RDG!
IFCNPOLCL,NT) . EQ . 3)RDG=EXP(RDG)
IF(NPOL(1,NT) EG.4)RDG=1./RDG

THE TYPE OF POLYNOMIAL 15 SELECTED
AND THE POLYNOMIAL VALUES ARE CONSTRUCTED.

READNG (M, M) =RDG

N=N+1

NDEG=NPOL(Z ,NT)~1
IF(NDEC LT .1) GO TO i3
0o 10 I=1,NDEC

READNG (M, NI} =ROG*READNG(M,N~1)
N=M+ 1

CONTINUE

CONTINUE

CONTINUE

CONTINUE

RETURN

END






Appendix 5
PROGRAMS GRAPUL AND GRAPUF

GRAPUL and GRAPUF are FORTRAN programs to graph the raw readings or
the calculated property values on the printer of the IBM System 2000
computer. Input data are read from a file called COEDAT.DAT. The
polynomial type and coefficients are read from the file and used to
calculate the sample properties from pulse magnitude readings as the
sample is scanned; the properties‘are printed on the printer and also
displayed on the CRT as the probe is moved along the sample,

GRAPUF is a shorter, faster-running version of GRAPUL.

69
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PROGRAII GRAPUL

VERSION 23 SEPTEMSER 1985

GRAPHME THE VALUE OF THE RAW READINGS o’ T
PROPERTIES FROY THE FILE COEDAT.DAT AS THE MOTOR
STEPS TO MOVE PER FULSE MUST BE INPUTTED .

£ ARE MOVED.TH

HE CALCULATED VALUES OF THEZ

E NUMBER OF

DIMENS I ON NSTP(S),LSTF(S),IVOLTS(B),IVGLTO(&),VOLTS(B),FRO(lS),RDGl(l,lS)
DIMENE [ ON KOFSET(S),GAIN(G);JPDL(Z,B,?),NPDL(Z,B),RﬁGO(B,4),VDLSTD(8)
DIMENS: ON &GE(IS),COEF(IS,7),JDFSET(?),JRDFR(?),TNQ?T(B),THAGE(I,B)

DIMENSION {¥{(Z0),RAWOFS{8),RAWCIN(S)

CHARACTER PRONAM(?)*4,COEDAT*S.FNAHE*iZ,TFILE*14
CHARACTER*Z AXC(3),GC

CHARACTER®I THM(16:

INTEGER*2 FUNCC(7),FUNT(3)

DATA FUNC/QO,1200,32,10,42.53002,0/,?UNT§2,0,0/
DATA ICHDfI/,NTPIié/,NTRIIéI,NSECiiI,ITIWEI/O/,I
DAL A RRWQESIO.,O.,~4A2,—1,?,~.£,~.Z,0.4,0.08/
DATA HAWGINIO.,0.,2.0,S.O,S.O,S.O,S,O,l0.0I
AXC/‘XM‘,'Yﬁ‘,'ZM’[,GC/'G‘/,COEOATi’PS?A'I
HFEC/QS/,MEUS/Qé/,NAXISII/,LSTP/3*OI,NHDGIZ

=25 .75/12200 .

'IEY TUBE AND GENERATE FILE NAME FOR T

WRITE(G, %) [IMSERT NEW DISKETTE IN §.25 DRIVE.
NUMERICS )

READ(O,20) TUBE

20 FOURMAT(AB)

o
0
on

396

600

TELLE="'0: "/ /TUBE/ /"' DAT'

GPFEN(NPO, FXLE=TFILE, STATUS= ‘NEW' )
FNAME=CORDAT/ /' . DAT
OPEN(LOD,YILE:PNAME,STATUS¢‘OLD’,ERR:??Z)
S5ET UP GRAPHICS SUBROUTINE
UPENCLOU , Fl1LE=‘#PR"' )

CALL GETTIH(IYR,IHO,IDA;IHR,IHN,ISE.IPR)
WRI:CL(LOU,Z)IHR,IMN,1SE!IHO,1DA,IYH,C()EDAT

FOHMAT(* GRAPUL TiME L2, 0,102,000, 12,0 DATE
*

PHROBE OATA *, A8

MUTI FREQUENCY EDODY CURRENT INSTHRHUMENT ADDR=35 ON
AUDDR=E? ON IBM HUSS DR1VER, FORTRAN LOGILCAL UNIT
OPEN(MFEC , FILE="'#BUSE? ')

MODULYNX AX1S POSITION CONTROLLER ADDDR=6 ON CP1B
IBM BUSS DRIVER, FORTRAN LOGICAL UNIT = 46
OPEN(MBUS , FILE="'43USBF? )

CALL SYSTUN(HBUS  FUNC(1), I ERR)

WRITEC(FBUS, %5 "X YE Z&°

WRITE(IBUS , %) {CAH) "
leTE(MBUS,*)‘XAlOOOOXEQOOXHlOOO‘

NPHRO=0

DU 5%5% NC=1,NTCAL
HEAD(LOU,*)(RDGU(JJ,NC),JJ:I,NT[?

CONTINUE

READ(LOD,*)(VOLSFD(NT),NT:X,NTT)
WRITECG, *) (VOLBTO(NT) ,NT=1,NTT)

NPRO=NFRO+1

READCLOD, *  END=625) [RDFR

WRITE(O, *) IRDPR

JTUBE®S

X717 ,NTIM/IO/

/ ,COFSET/B%0/ ,GAIN/BxQ/

UBE DATA DISKETTR
ENTER TUHE NUMBER

BUES, ADDR=F?

READ(LOU,éUO)PRQNAM(NPRO),JRQPR(NPRH),JOFSET(NPRG)

FORMAT(IX ,Aq,214)

oM

LOD/3B/,LOU/6/,NPD/9I,IVORTO/B*SG/,NOLD/SO/,NTT/S/,NTCALIQI;XPQS/O.I

(8 ALPHA

CelZ, 12,000,102,



30 1

a3

71

WRITECD,400)PRONAM(NPRO) , JHDPRINPRO) , JOFSET(NPRE)
READLLOD, * 3 CCOEF (IR, NPAQ) , (A=, IRDPR)

WRITELG, ) (COEF (IH,NPROUY, IR=1  IRDPR)

DO 620 NT=L,NTT

REABCLOD, ») (JPOLCY  NT,NFRO) , 11,23

WHITECD, *) (JPOLCL,NT, NPRO)Y , I=1,2)

CONTINUE

GO TO 574

CONTINUE

NPROQPT=NPRO- 1

PAFER MOVES .0 IM. FOHR 804 PULBES-1 PAPER STEP=U.01190% IN<47 62
4000 MOTOR STEPS =1 IM

1

10

15

30

44

100

110

120

700

780

WHITECQ, * )NAXIS, ' ‘BET(S) OF STEPS FPER FULSE(D . D421 IN/JSTEP)
REALDCO , * Y (NSTPCIAZIB) , [ARIG=1 ,MAXIS?

WRITECLOU,#) "BTEPSE PER PULBE=' ,NETP{1},' SEBEC PER PULSE=',NSEC
WRITE(D ,*3 "1 HAW RDGE 2. CALCULATED FROPERTIES 3.8TQp? ¢
READCD, *)ITEST

CALL GETTIMCIYH, IMO, DA, ITHR, IMN, ISE, [FR?

ITIMEL=( (0302 IMOY+1 DA *24+THRI 2404+ IMN 2504+ 1BE+NSEC
GO TOCLO, 700,502, ITEST

CONTINUE

CALL FOI(NSTP NAXIS,MBUS)

LETR(I)=LETP 1Y -NETP(1)

XPQOB=KPOG+EFACRNETRP (D)

CALL FPRDG(YOLTS . MFEC,NTT,MRDG, 1CHD, MTP ,NTR, 1ER?
WRITECD, 1531 XP06, (VOLTE(NT) ,NT=1 ,NTT)

WHITEINPD, 13 2RP08 , (VOLTS(NT)Y , NT=3, NTT)
FORMAT(F2.3,8F6 .30

DO30 NT=1  NTT

TN = (HAWCIN(NIT)Y ®* (RAWOFS(NT) «VOLTS(NT ) %100
CONTINUE

CALL GRAPRT(OLY, 1XE,NTT,LOV,NTIM)

CALL GETTIMCIYR,IMO,IDA, [HR, IMM, 1SE, IFR)

ITIME= (OO0 IMGI +TIDAI R4+ IHRI #4004+ 1MNI X4 0+ I BE
JECITIME LT.ITIMELINGO TO 40

ITIMEL=TTIME+NMSEEC

CALL GETREVCIRKY, IS5 ,KBF1 ,XBF2, IRR)

1FCIRAR NE. OGO T 10

COMNTINUE

CALL SYSFUNCLOW,FUNT(1), IRR?

NI M=

WRITELLOU, 1103 (RAWLININT) ,NT=1,NTT?
WRITE(LOU, 1102 {RAWRES(NT) . NT=1.,NTT?
WRITECLOU, 1200 CIYINT) ,NT=1,NTT)

FORMAT(BFS6 .3

FORMAT(RY 4

GO TO 1

MOTOR

CALCULATED PHOFPEATIED FROM MAGNITUDES AND PHASES AND CONTINOUSLY

DISPLAYS THE VALUES ON THE CAT TERMINAL.
CONTINUE
SEFANSION OF TMAGL (1, NT) INTO READMG(OL, IRDPRM?

U 800 NPRO=1 ,NMFROFT
DGO7IY NT«1 ,NTT

RO OTRY I=1.%2

NPOL L, NT = JPOL O], NT, NPRD)
CONTINUE

THMOFTNTI =0

BTEP

=4
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CONTINUE

(OFBET=JOFSET(NPRO)

IRDPHR=JRDPR (NFRQ)

IRDFR1=YRDFR+1

CALL RDGPUL(RDGI,THMACG! NPOL,10FSET,TMDFT, i, IRDPRI, 1 ,NTT,1,1,1,1)
PRO(NPRO) =0 .

DO 795 IR=1i, IRDPR
PRO(NPRD)=PHO(NPROI+COEF (IR, NFRO)XRDGL (1, IR
CONTINUE

CONTINUVE

1Y(1)=PHOCY)®X4000

[¥(2)=PROC2) %3

WHITE (O, 19)3P0S, (PROINPRQ) ,NPRO=1,NPROPT)
CALL GRAPARTC(IY, IXX,NPROPT,LOU, NTIM)

JEW READINGS ARE MADE FROM THE EDDY CURRENT INSTRUMENT.

CALL POS(NSTP,NAX1S MBUS)
LATP(1)=LBTP (L) ~NSTP(L1)

XPUB=YPOS+SFACXNATP (1)

CALL PRDG(VOLTS,MFEC,NTT,NRDBG, ICMD,NTP,NTR, [ER)
WRITE(NPD, 1§)XPOS, (VOLTS(NT) ,NT=3,NTT)

DU 84% NT=1,NIT

THAGLC(L ,NT)=aVOLTB (NI

CONTINVE

CALL GETTIMC(IYR,IMO,IDA, 1HR,INMN, ISE,IFR?
[TIME=C(C(30*IMO+[DAI X249+ [HR) X604+ [MNI%E0+IBE
IFCITIME. LT . ITIMEL)CGO TO 860
(TIMEI=ITIME+NSECT

CALL GETKEY(1IKY,18,KBF1,KuFZ, IRR)
[FCIRR.NE.0)GO TO 720

PROGRAM WILL STAY 1IN TH1S LOOP UNTIL ANY KEY 18 STRUCK.

GO TO §

CONTINVE

WRITE(MBUE ., *) ' {CAH) "'

FOR STEAM GEMERATOR

CALL POS(LSTE,NAXIS, MBUS)

WRITR(MBUS, ») 'XE YE ZE'

CALL SYSFUNCLQU,FUNTC(1), IKR)

WRITE(LOU,®)* !

GO TO 1000

WRLITECO,*) '0OLD CORFFPICLENT FILE NOT FOUND'

GO TO 1

STOv

END

SUBROUTINE PRDG(VOLTES,MEEC, NCH,NRDG, 1CHD . NTP ,NTR, TER)
PROGRAM TO REALD PULSE DATA OVER THE GPIB BUSS
CHARACTER®1 THM(14),X,Y,CR

DIMENS(ON VOLTS(NCH?, IN(8)

DATA PL'HII!I'IIII'l*l’Is|'l%4‘|&|'I(I'I*I'IQIEISI'I:I'I@l'1olllwlllﬂl'l

X=THINTP)

Y=TH(NTH?
CR=UHARCLIY)
VE1=5.0/4096 .
VEFA=VFLI/FLOAT(NRDLG)
DO 210 I=1 NCH
VOLTR ()= .

t
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PO 250 JJI=1,.NRDG
WRITE(MFEC,35,ERR=400ICHD X, ¥ ,CR
READ(MYEC, 70, ERR=8500) (INCLY , 1= ,NCH)
RO 245 [=1,NCH
VOLTS (I )= VFARFLOAT(INCL) Y +VYQLTS (1)
24% COMTINUE
230 CONTINUE
38 FORMATC(IL,Al,A1 . AL)
WRITECQ, 502 (VOLTSE(1)Y,1=1,NCH)
$0 FOHRMAT(1X,BF8.4)
70 FORMAT(814)
GO TO 491
400 1EH=1
WRITE(U, *)> 'BUSS WRITE ERROR,RESET-HIT KEY RTN TO CONTINUE'
GO TO 600
500 1ER=Z
WRITE(Q,2)'BUSE READ ERROR,RESET~HIT KEY TO RTN CONTINUE®
400 RETURN
END
SUBROUTINE POSINSTP NAXIS MBUS?
DIMENSGLON NSTR(S)
CHARACTER*Z AR (3),GC
DATA AXC/' XM, "¥M',"ZM' 1 ,GCH°G '/
WRITE(MBUS, 30)(AXC(IAX1S)  NESTP(1AXIS),G0,IA%18=1,NARIS)
WRITE(MBUS, %) CCFA>!
WRITE(MBUE ,»)
30 FORMAT(4<{AR, 17,423
RETUHRN
END
SUBROUTINE RDGPUL(READNG, 8UMT NPOL, 10FSET, TMDFT,MSETI
1, IRDPRY M, NTIM,NL,NLT NP, NFTT) :
REAL®S HEADNG,RDG
DIMENSION READMGI{MSETL , IBDFR1) ,NFOL(Z , NTIM) , TMDFT(NTIM)
DIMENSION SUMYT(NLT NPTT , NTIM)

NPOL CONTAINS A NUMBER FOR THE FUNCTION TYFPE & THE POLYNOMIAL
DEGREE. IF 10FSET=0,NQ OFFSET [5 INCLUDED,=1 OFFSET (85 INCLUDED
NPOL (2 ,NT} =0,THAT PARTICULAR TIME VALUE WILL NOT BE INCLURED
iN THE PROPERTY CALCULATIONS.

READNG(M, 1) =1,

Nw=1

IFCI0FEET . EQ. 13M=2

DO 210 NVe! NTIM

TP (NPOL(2 ,NT»  BQG.02 GO TO 200
RDG=8UMT (NL NP ,NT)+TMDFTI{NT}

THE TYPE OF FUNCTION IS SELECTED

IF(NPOL (1, ,NT) . EQ. 1 YRDG=RDG
IF(NPOL{1,NT)Y . EQ. 2)RDG=ALOG(RDG)
IF(NPOL (1 ,NT) . EQ. 3)RDG=EXP(RDG)
IF(NPQL (1 ,NT) . EQ.4)RDG=1 . /RDC

THE "TYPE OF POLYNOMIAL IS SELECTED
AND THE POLYNOMIAL VALUES ARE CONSTRUCTED.

READNG (M, NY=RDC
N=N+ 1
NDRDEG=NPOL(2Z,NT)~1
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IF(NDEC . LT.1) GO TO 135

Do 10 1=1,NDEG

READNG (M, N) =RDG*READNG (M, N-1)

N=N+1

CONT'INUE

CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROQUTINE GRAPRT(1Y,1XX,NCUR,LOU,NTIM>

PLOT A GHAPH ON PRINTER,EACH CALL WILL ADVANCE 1/84 OF INCH
IXX 15 A COUNT OF THE NUMBER OF TIMES THAT SUBROUTINE 15 CALLED
PRINTING (& DONE EVERY 7TH TIME S3USBHROUTINE IS CALLED.
Y VALUES OF THE CURBNES MUST BE SCALED FROM 1 TO 800
INTEGER*1 GRAPH(BO00),GRD1(800),GRD2(800)

INTEGEH=Z FUNC(3),FUNP(3) ,FUNT(3)> ,BIT(?)

DIMENS{ON [BUFC(10),IY(NCUR)

DATA FUNC/6,2,0/,FUNP/2,1,0/FUNT/2,0,0/,GRD1/800*0/,GRD2/800%1/
DATA BIT/1,2,4,8,16,32,64/,IMAX/800/,MIN/BOO/,1X/0/,IBUF/10%0/ ,NA/O/
IF(NTIM.EQ.1)GO TO 20

CALL SYSFUN(LOU,FUNP(1),IRR)

SET COLOR USING FUNC CALL,O0=RED,i=GREEN.,2=BLUE, 3=BLACK(DEFAULT>
CALL SYSFUN(LQU,FUNCC(L1), IRR)

SET UP GRID

GRDL(1)=£827

GRDZ(1)=83

DU §,1=100,800,100

GRD1I(1)=8%

GCRD2(I)=8%

CONTINUE

NTIM:=1

BO 10 1l=1,1MAX

GRAPH({I)=GRDZ (1)

CONTINUE

CONTINUE

1X=1X+1

DO 30 NC=1,NCUR

LECIYC(NC) . GT.799)IY(NC»=799

IFCLY(NC) LT.1)IY(NC)>=1

GRAPHCIY(NC) »=CGRAPHCOLY(NC) ) +BIT(IX)
GRAPHCIVINC)+ 1) =GRAPHCIY(NCY+ L) +RBITCIX)D

CONTINUE

IFCIX . LT.7>GQ TO 200

DO 40 11I=1,10

IBUF(II)=0

CALL SWRITEC(LOU,GRAFH(!),IMAX, IMIN, IMAX,1BYT, IRR?
[F(IRR.NE.0)WRITE(O, %) ' ERROR= ', IRR

IX=0

IF(MULDC(IRX ., 84) EQ.0XGO TO 80

DO 70 [=1,IMAX

GRAPH(I)>=GRD1 (1)

CONTINUE

GO TO 100

DO 90 I=1,IMAX

GRAPH(I) =GRDZ (1)

CONTINUE

CONTINUE

[XX=1%X+1

RETURN

END
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PROGRAM GRAPUF.

VERSION 30 SEPTEMEER 1985 FAST VERSION OF GRAPUL

GRAPHS THE VALUE OF THE RAW READINGS OR THE CALCULATED VALUES OF THE
PROPERTIES FROM THE FLILE COEDAT. DAT AS THE MOTORS ARE MOVED.THE NUMBER OF
BSTEPS TO MOVE PER PULSE MUST BE INPUTTED.RESBPONSGE (8 PLOTTED ON CRT

THE RAW READINGS ARE SAVED ON 0: DISK.THE RAW RDC SECTION OF THE PROGRAN
HAS NOT BEEN CHECKED OUT!! THE TEMPERATURE SHIFT THAT OCCURED USING THE
PRINTER IS NOT EVIDENT.MAX SFEED 1S5 18.1 PPS WITH MOTOR DRIVE,24.8 WITHOUT

DIMENSIOM MSTF(3),L8TP(3),1VOLTS(8), 1VOLTO(8) ,VOLTS (8, 1N(8)

DIMENSION COSSET(8),GAIN(B),VOLSTD(8?,IV(7000,2)

DIMENE1ON RAWOFS(8), RAWGINCB)

CHARACTER FMAME*12,TFILE*(4,TUBE%B,XCR*1,CR*1

CHARACTER*2 AXC(3),GC

INTEGER*2 FUNG(7), FUNT(3)

DATA FUNG/30,i200,32,10,42,4$8002,0/ ,FUNT/2,0,0/,%XCR/" '/

DATA [CMD/1/,NTP/167/,NTR/16/,NSEC/0/,ITIMEL/0/,IXX/1/ , NTIM/O/

DATA RAWOFS/0.,0.,-4.2,~-1.7,-.6,-.2,0.4,0.08/

DATA RAWGIN/O.,0.,2.0,5.0,5.0,5.0,5.0,10.0/

DATA ARC/*XM','¥YM','ZM'/,GC/*'C'/,NGR/39/

DATA MFEC/45/ ,MBUS/446/ ,NAKIS/1/,L8TP(3%0/( ,NRDG/ L/ ,COFSET/8%0/ ,GAIN/A*0/

DATA LOD/38/,L0U/é/ ,NPD/9/,IVOLTO/B8*50/ ,NOLD/S0/ ,NTT/5/ ,NTCAL/4/,XPOS/0 ./

DATA COf ~-1.704746E2/,C1/~8_.333823E1/,C2/7.575977/,C3/2.980622E2/

CR=CHAR(13)

SFAC=25.75/12200 .

VEAC=20.7/4096.

IDENTIFY TUBE AND GENERATE FILE NAME FOR TUBE DATA DISKETTE

WRITECO,*)' (NSERT NEW DISKETTE IN 5.2% DRIVE. ENTER TUBE NUMBER (8 ALPHA
NUMER1CS) '

READ(¢,20) TUBRE

FORMAT (AB

TFILE='0: "'/ /TUBE/ /'  DAT’

OPEN(NPD,FILE=TFILE, STATUS="'NEW')

OPEN(NGR,FILE="'#GR")

SET UP GHAPHICS SUBROUTINE

CALL GETYTIMCIYR,IMO,[DA,IHR,IMN,ISE,IFR)

WHITECD,2>1HR, IMN, ISE, IMO, IDA, 1YR

FORMAY (' GRAPUF TIME °*,%2,':',I2,':',12,' DATE *,I2,'/',12,'/',12)

PULSED EDDY CURRENT INSTRUMENT ADDR=-5 ON GPIY BUSS

APDDR=E? ON [BM BUSS DRIVER, FORTRAN LOGICAL UNIT = 4§

OPEN(MFEC,FILE="'#BUSE?"')

MODULYNX AXIS POSITION CONTROLLER ADDHR=6 ON CPIB BUSS,ALDR=F? ON

1EM BUSS DRIVER,FOHRTRAN LOGICAL UNIT = 44

OPEN(MBUS , FILE=#BUSF?')

CALL SYSYUN(HMBUS,FUNC(1), IERR)

WR{TE(MBUS,*)'XD ¥E ZE'

WRITE (MBUS, *) ' {CAH)

WRITE (MBUS, *) ' XKALDO0O0XB400XH] 000"

LPOS=0.

CONTINUE

WHITE(U,#®)' STEPS PER PULSE(0.0023% IN/STEF)

READCO, * ) (NSTP(1))

WRITE(D,®)'STEPS PER PULSE=',N8TP(i),' SEC PER PFULSE=',N3EC

WAITE(O,®)'1.RAW RDGS 2. CALCULATED PROPERTIES 3.5TOP? '

READCOQ, 2) ITEST

CALL GETTIM(IYR,IMQ,IDA,IHR,IMN, ISE,IFR}

ITIMEI=C¢(((30%1MO)+1DAY*24+THR) %40+ IMN) *40+ I SE+NSEC

GO TO(10,700,50), ITEST
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10 CONTINULE
WHRITE(MBUS, 11)YAXT L)  NETP(1),GC
WRITE(MBUS, %) ', (CFA>’

[ WRITE (MBUS, *) ' ;'

11 FORMAT (AZ,17,A2)
APUB=XPOS+SBFACANETP (1)

1§ FORMAT(FB . 3,8Fé6.3)

DO 30 NT=1,NTT

cec IY(NT) = (RAYGIN(NT) * (HAWOFS(NT) +VOLTS(NT)) ) *i 00
30 CONTINUE

c CALL GRAPHYTC(IY, IXX ,NTT,LOU NTIH)

40 CALL GETTIM(IYH,IMO,IDA,IHR,INMN,ISE,IFK?
ITIME=¢((((30*IMOY+IDAYRZ4+THRI®AD+IMNI)®40+ISE
IFCITIME . LT . ITIMELIGO TO 40
[TIMELl=TUIME+NS3EC
CALL GETKEY¥(IKY,1S,KHEF1, KHBFZ, IRR?
[ECIRR .NE . 0)GO TO 10

100 CONTINUVE
NUIH=¢
WRITECO,110) (RAWGIN(NT) NT=1,NTT)
WRITECG, L10) (RAWOFS(NT) NT=1t, NIT)

CC WRITEC(G,120) (LY (NT) ,NT=1,NTT)

110 FORMAT(8F4 . 3)

120 FORMAT(81&7

GO TO i

CALCULATED PROPERTIED FROM MAGNITUDES AND FHASES AND CONTINOUSLY

DISPLAYS THE VALUES ON THE CRT TERMINAL.

(o]

el

0

700 CONTINUE
CALL CLS
CALL GRID(NGR)
I1X1=50
NR=0

720 [XZ2=I[X1+1
NR=NR+1

c
c NEW HEADINGS ARE MALEY FROM THE EDDY CURRENT INSTRUMENT.
c
WRITE(MBUS, 11)AXC (1) ,N8TP(1),CC
cc WRITE (MBUS,*) ' XMZ4G"
c WRITE(HMBUS, ®) ' (CFA> "
c WRITE(MBUS, %) ;"'

XPUS=YXPOB+BFACARNETP(1)
WRITE(MFEC, 35, ERR=400)ICMD, XCR,ZCR,CR
READCHMPEC, 70, ERR=800) (INC1), 1=1,NTT)
35 FORMAT(I1,Al, AL, AL)
70 FORMAT(BIA4)
1Y2:=0024 ¢ (CIXFLOATCINC3I ) +C2XFLOATCINCA) Y+ C3XFLOATCINC(S) I I AVEAL-350

(MW XY¥2:=CO04(CINFLOATCINII) ) +C25FLOAT(INIE) J+CIXFLOAT(IN(S)Y)IXS . 0/4094.
CALL GRAPH(IX1,IY1,1%X2,1Y2,NGR?
cc WRITE(O,835)XP05, (IN(NT) ,NT=3,NTT),1Y2,XY2
835 FORMAT(FSE . 3,316,1%.F9.3)
1¥Yl=(Y2
1¥1=1X2
C

840 DO 843 NT=3 ,NIT
IVINR ,NT~2) = IN(NT)

&40 CONTINUE

240 CALL GETTIM(IYR, IMO,I1DA,1HR,I1MN,18E,1FR)
ITIME={(C(A0XIMO+[DAI*22+ [HR) %60+ IMN) *60+[BE
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IFCITIME . LT . ITIMELYGO TO 840
ITIMEL= [TTIME+NSEC

CALL GETREY(IKY,IS, . XBEL,KBF2,I1RR)
IFCLRR.ONE . O)GO T0 7290

PROGHAM WILL STAY IWN THISE LOOP UNTIL ANY KEY 15 STRUCK.

GQ 10 3

CUNTINUE

WRITE(MBUS, %) ' CCAH>'

GO TO 1000

WHITECO,*) QLD COEYFPICIENT FILE NOT FOUND'

GO TO |

WRITE(Q, ®)'BUSS WRITE ERROR,RESEYT-HIT KEY¥ HIN TO CONTINUVE’
GO TO 84¢

WHITE (G, ®)'BUSE READ ERROB,REGET-HIT XKEY TD RTN CONTINUE'
GO TO 860

DO 1080 MNel,NH

WRITE(NPD, 1060 CXVIN,NT)  NT=1,3>

CONTINUE

FORMAT (8IS

5TOF

END

SUBROUTINE GRAPHIL1X1,1Y¥1,I1X2,IY2,NCGR)

TEST PROGRAM TO D0 GRAPHICS [N FORTRAN

EXAMPLE OF LINE PLOT CALL 1IN BABIC 300 LINE(XOLD,YOLD,ANEW, YNEW, 1)

INTEGER*Z XYFUN(7)

DATA RYYUN/23,0,0,27,0,0,0/
AYFUN(2)=1X1

EYPUNC(3 =1Y1

XYFUN(3»=1X2

EYFUN(S8)Y=1Y¥2

CALL SYSFUNINGR,XKYFUN{(1),IERR)
RETURN

ENMD

SUBROUTINE GRID(NGR}

CALL CRAPH(SU,50,750,50,MNCR)
CALL CGRAPM(S0,150,750,150,NGR)
CALL GRAPH(30,250,750,2%0,NGR)
CALL GRAPH(S0,350,750,350,NGR)
CALL CGRAPH(S0,4350,750,4%0,NOR)
CALL CGRAPH(S50,30,%0,4%50,NGR)?
CALL GRAPHC1350,.50,130,450,NGR)
CALL GRAPHC(ZS50,%0,250,450,NGH)
CALL CRAPH(250,50,3350,4350,NGR)
CALL GRAPH(450,%0,450,450,NCGR)
CALL GRAPH(ES50,50,550,450,NCGR)
CALL GHAPH(GGC,50,630,450,NGR)
CALL CRAPH(7S50,50.750,450,NGR)
RETURN

END






Appendix 6
PROGRAM GPUL

GPUL is a microcomputer assembly language program that enables the
NDT COMP9B microcomputer to communicate with the peripheral eguipment,
such as the pulser, the probe positioner, and the pulse amplitude instru-
ment. The pulse control with the IBM System 9000 is over an IEEE-488
general purpose information bus (GPIB).

GPUL configures the COMP9B microcomputer to furnish timing instruc-
tions to the sample—and~hold (S/H) modules and read the amalog-to-digital
converters (ADC). Lines with a semicolon are comments; lines 16 through 24
define the port addresses; lines 26 through 31 give the GPIB and mask
definitions, and so on.

Timing instructions are determined from an array called TM, set up in
PULRDG, with 16 different time scales, according to the ASCII character in
TM, as shown in Table A6-1. The times Ti, T2, ... are times available
for the corresponding S/H module to take a reading, allowing a certain
amount of dead time between readings. Since the pulse is limited to about
435 us to avoid overheating, only the faster schedules can be used if many

readings per pulse are needed.

Table A6-1.
™ ASCII Time Times available (us)
number character (us) T1 T2 T3 T4 o
1 ! 2541.8
8 % 296 366.0  355.5
9 & 200 268.4  257.9
10 ( 170 239.1 228.5
11 % 140 209.9 199.2
12 @ 120 1%0.2 179.7
13 0 100.5 170.8 160.1
14 W 90.7 161.0 150.4 150.4 150.4
15 ~ 71.2 141.4 130.9 130.9 130.8
16 (space) 24.8 95.1 84.5 84.4 84.5 “ee

79
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Thers 1s a nuwmber ICMD, also set up in PULRDG, which tells GPUL which
command te run {(for the pulser, 5/H module, etc.). The various

possibilities are determined in the following ssctions of GPUL.

TCHD Comment Command

fLae lines lines Description
CHMD1 284—-288 290-328  Readings made during pulse
C¥D2

CHMD3  330-331 333-368 Calibration only; nc pulse

Céa 370-374  376-419  Readings made after pulss turned off
CHD5

CMDE  421-422 424462  Fast pulse and readings during pulse
CMD7 464465 467504  Fast pulse and readings after pulse turped off

The section following line 506 has instructions for reading the ADCs
and converting to ASCIT representation. The sectioun following line 593
takes care of data summation, converts data, etc.

The NDT COMP9B port assignments for the pulsed Iinstrument are shown
balow,

PORT 1 POKRT 2
Input Qutput
AC ADCO, LSB AD calibrate, opeynie
Al ADCL Al

A2 ADC2 A2

A3 ADC3 A3

A4 ADC4 AL

AS ADCS AS

A6 ADCé AR

A7 ADCY A7
Qutput Qutput
BO  ALC sel. AD, 8205 S/H1
Bl ADC sel. Al, 8203 S/H2
B2 ADC sel. A2, BZ0S5 S/H3
B3  ADC sel. E3, 8205 S/Hé
B4 S/H5
B5 ADC start S/Hé
B6 S/H?
B7 S/H8
Input Queput
Co in ADC 8 co

Cl in ADC 9 c1

€2 in ADC 10 c2

C3 in ADC 11, MSB c3

Ch Ch

cs C5

Cé cé

c7 c7 pulser and calibrator
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ERR LINE ADDR Bl B2 B3 B4 GPUL. PROGRAM VERSION 5 AUGUST 83 PRGE 1

TITLE “GPUL PROGRAM VERSION 5 AUGUST 85°
NaMe GPUL

LIST B.G.0.T

NLIST  I.M.S.T

PROGRAM TO CONFIGURE THE COMPSB MICROCOMPUTER
AS A TALKER-LISTEMER OM THE IEEE488-GPIB BUSS
USING AN B291A& 2 R293°S5.

START PULSE,DPERATE S-/H READ ADC"S OVER GPIB

%= WE we wa W wn em

ORG 98868H START PROGRAM IN SECOND PROM.
SYMBOL DEFINITIONS

DEFINE PORT ADDRESSES

" wr w2 ww

T ba b bk ek e s ek s $A
WD NDUT A OGN e DAWDONDT UL GF R -

BacrF PORTI EQU BCFH PORT 1 COMTROL UWORD ADDRESS
arce PORT1#A £0U 8CCH PORTIA ADDRESS
aacop PORTIB EQU 8CDH PORTIB ADDRESS
0BaCE PORTIC EQU BCEH PORTIC ADDRESS
28 Ban? PORT2 EGU 8D7H PORT 2 COMTROL WORD ADDRESS
21 pepd PORTZ2A EQU @D4aH PORTZA ADDRESS
22 98D5 PORT2E EQU 8D5H PORT2E ADDRESS
23 Bebe PORT2C EQU: @D&H PORTZC ADDRESS
24 BBEE APDATA EQL BEEH ARITHMETIC PROCESS0R DATA PORT
25 H GPIB ADDRESS AND MASK DEFINITIONS
26 ©obp BUSPRT EQU aD8H BASE ADDR OF GPIB BUSS
27 BoDps BUS TN EGU 8D8sH DATA 1N FROM BUSS ADDR
28 @ebs BUSQUT EQU BUSIN DATA OUT TO BUSS ADDR
29 8gb3 51 EQU BD3H INTERRUPT STATUS REGISTER1 ADDR
38 @Dy INTE] EQU: 8D9H INTERRUPT EMABLE REGISTER 1 ADDR
31 Beaz BOM EQU B2 BYTE DUT IMTR MASK,BYTE
32 H SHOULD BE WRITTEN IH BUSOUT
33 981 BIM EQU 81 BYTE IN INTR MASK.BYTE SHOULD
34 3 BE READ FROM BUSIN REGISTER
35 BO1@ ENDMK EQU 18H END INTERRUPT MASK
36 BBen CPT EQU. 888H COMMAND PASS THROUGH MASK
37 H REG: #2 INTERRUPTS
38  86DhA INTEZ EQU 2DAH INTERRUPT RERISTER 2 ADDR
39 H REG #4 ADDRESS MODE CONSTANTS
48 8ebl ADRMD EQU BDCH ADDRESS MODE REGISTER ADDR
41 Bbesa TON EQU: BEBH TALK OMLY,NOT LISTEN MODE
42  9p4a LON EQU 848H LISTEN ONLY,NOT TALK MODE
43 90Ca TLON EQU BCHH TALK AND LISTEN ONLY MODE
44 gl MODE L EQU @1H MODE 1 ALDRESSING
45 : REG #4 (READ) ADDRESS STATUS REGISTER
46 eepc ADRST EQU ADRMD ADDRESS STATUS REGISTER ADDR
47 Be2e EDIST EOU 28H END DR TDEMTIFY MASK
48  ©0Boz2 TA EQU: 82H TALKER ADDR OR RCT;S5ER POLL-TADS TACS SPAS
49 8084 LA EQU B4H LISTEHMER ADDRESSED OR ACTIVE-LADS OR LACS
58 88yl MM QU B1H MAJOR OR MIMOR TRLKER-/LISTENER. 1=MINOR
51 : REG #3 (URITEY AUKILLARY MUDE REGISTER
52 BYDh AUXMD EGU- AbDH AUXTLLARY MODE REG ADDR
53 @E22 CLERT EQU. &22H CLOCK BET FOR ZiH2
54 86083 FNHSIK EQl- 834 FINISH HAMDSHAKE ol COMMAND



ERR LINE

35
36
57
58
59
[214]
61
62
53

&7

ADDR

8886
0880
aeg1
Bo82
2083
oBe4
jalalals]
jalagala]
Baar
aasy
apng
6081

eanD
BADE
BOGH
BBEB
goas

BeDF

BBa1

BEES
jslalete]
Beas

Bi B2 83 B4

GPUL. PROGRAM YERSION

SDEOI
AXRA

HOHSK
HOEND
CARHCY
EDEOS
EOIS

ENSBC
YSCHD
HYCHMD
AXRE

CPTEN
CPTRG
ADRB1
DTDL1
DTDL2
ADRTL
EOSR

H

"PUBLIC

H

MATH SUBRDUTINES FUR

EQU
EGU
EQU
EQU
EQU
EQU
EQU
EQu
EQU

82

BDEH COMP S GPIB ADDRESSES

fal=3alg DISABLE IMAJOR TALKERALISTEMNER
AEdH DISABLE MIMHOR TALKER/LISTENLER
asH TALKER LISTEMER ADDRESS SET TO 5
%7 EDS-END OF SEQUENCE CHARACTER REG

BDFH

GPIB MESSAGES (COMMAMDS)

PRTSU

: CAN BE CALLED USING AN "EXTRM" STATEMENT.

EXTRN
EXTRN
EXTRN
EXTRN
EATRN
EXTRH
EXTEN
EXTEN
EXTRM
EXTRN
EXTRH
= N
EXTREN
EXTRH

K

ACOS,ASIML ATAN. ATANA, BIDEC, B IDECF
CHSD, CHSDA, CHSF . CHSFA, CHSS, CHSS5A . COS, CO5N
DADD, DADDA. DADDE, DD IV, DD IVA. DD IV, DECHD

DMUL , DMULA, DMULE . DMUU, DMULA, DEFULE . DSUR . DSURA, DSUBE
EXP L EXFALEXP 18, FADD, FADDAL.FADDBLFDIY.FDIVA,FDIVB

FIXD,FIXDALFIXS, FIXSA,FLTD,FLTDALFLTS,FLTSA

FrUL, FMULA. FMULE, FSUB, FSUBA, FSURE .. LN, LN, LOG, LOGH

FDAD, PORD,PORS,.PTOD, PTAS, PUPT, PLUR . PURA . PLRE
SADD, SADDALSADDE, SDIV, SDIVALSDIVEL.SIN, S INA
SHUL . SMULA, SPULE, SMUU, SHMBUA, SMUUB . SART, SORTAR
SSUB . S5UBA,L SSUBB, AN, THHAL TOSZ2. TG54

WRTZ, WRTA, XCHD , XCHS

CROUT.COPDT,GETCHM, PRINT, PRINTF.EPRNT,.FPENT, ZERD

GETC, GETHM. CO.MMOUY, ECHD, GETHX, SGHON

:CONSTANTS ARE SET
NREG

EoU

Enu
Fo

[ERIE

41500y OF RDGS PER CHANMEL =1
BUH

TR

QY T:0 GUTRUY

RiM ADBRESS DEFIMITICHNS

FLAGS EMD OF BLOCK BY CHAR (M REG

THE COMR 9 RARE STORED AS PUBLIC.AMY ROUTINE

5 AUGUST 85 PAGE 2
BGEH SEND END OR IDENTIFY WITH NEXT BYTE
gaoH LRITE DDDDD INII AUX REGISTER A
gt HOLD OFF HANDSHAKE ON ALL BYTES
B2H HOLD OFF HAHHSHAKE ON EMD BYTE
a3t CONTINIOUS ACCEPTOR HANDSHAKE CYCLING
G4H END OM EOQS BECEIVED DAT REG MATCHES EOS RE
a8H OUTPUT EOI OM EODS SENT
4aH EQS FUNCTIONS RS FULL 8-EIT REG
aFH VAL ID COMMAND PASS THROUGH
ayH INVALID COMMAND PASS THROUGH
GroH RUXTLLARY REG B PATTERN
@1H COMMAMD PASS THROUGH ENABILE
#5 (REANY
ADDH ADDR TO READ COMMAND PASS THROUGH
5 #5 (WRITEY ADDRESS B/1 REG CONSTANTS
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ERR LINE ADDR Bl B2 B3 B4 GPUL PROGRAM YERESION 5 AUGUST 835 PAGE 3

189 H

118 3C18 RALDA EQU B83C18H RAL RDGS.4 8YTES/CHNLL.MGLL.PHI, MG2. . HI-LO
111 3024 OLDSW EQU RALUDAHANCHA  CALIBRATION SWITCH POSITION FROM COMTROLLE
112 3C25 ASCDAT EQU OLDSWH+I AGCIT DATE, BxNCHA+1 BYTES

113 3C4E DIAD EOU ASCDATHENNCHRA+1  ;ADDRESS FOR INFUT DATA

114 3C%@ NCH QU DIap+2 CHANNEL NUMBER COUNT FOR ADC RDGS
115 3051 CNTSH EQU HCH+1 SAMPLE AND HOLD COUNT HUMBER

116 3CS2 SHDAT EQU CHTSH+1 SAMPLE AND HOLD DATR BYTE

117 3C53 DATIN EQU SHOAT+1 START OF DATA READ IN FROM GPRIB,.32 BYTES
118 3808 RAMADR EQU 3888H ADDRESS OF RAM PROGRAM.CALLED BY CMDG
119 1888 INTRP EQU 15968H ADDRESS OF FROMT PAMEL INTERUPTS
128 H ENTRY POINT FOR INTERUPTS

121 8o F1 POF PSU FOP STACK S50 LE LONM®T HAVE OLD ADDR
122 @881 DB D9 IN S1 RERD INPUT STATUS

123 88B3 FE 82 CPI BOM CHECK FOR BYTE OUT REQUEST

124 88BS L£A 1D 88 JZ BOUT JUMP TO OUTPUT DRTA

125 @888 FE 861 CPI BIM CHECK FOR 8YTE IN REQUEST

126 888n LA 27 88 JZ BIN JUMP TO BYTE 1IN ROUTINE

127 ©88h FE 18 CPI ENDMK CHECK FOR END DOF TRAMSMISSION

128 @80F LA 33 68 JZ2 BEND JUMP TG END OF TRANSMISSION ROUTINE
129 @812 FE 08 CP1 BBH COMPARE TO ZERO

133 ©Bl14 CA 28 18 JZ INTRP INTERUPT WAS NOT FROM 8291,

131 ©8817 CD o8 @@ E catl NMMOUT PRINT A REGISTER

132 ©8Bl1A [3 B8 @8 E JMP GETCH RETURN TO MONITOR

133 88lb 7E BOUT MOY A.M LORAD ASCII BYTE QDDR BY HL IMTG 8
i34 @81E D3 DB ouT BUSPRT WRITE ONTO GPIH BUSS

135 8828 23 INX H ADDRESS MEXT BYTE

136 pg21 an DCR C DECREMENT COUNTER

137 @822 LR 45 88 JZ WREND FINISHED TRANSMISSION

138 @825 FB El EMABLE INTERUPT

129 8825 76 HLT HALT COMPUTER UNTIL NEXT INTERUPT
149 8827 DB DG BIN IN BUSPRT READ A BYTE IN FROM THE BUSS

141 9829 204 4 3C LHLE DIAD LOAD ADDRESS FOR DATA-IN TO ML

142 ®882C 77 MOV M.A STORE DATA READ IN INTO RAM

143 882h 23 INX H INCREMENT FOR NEXT BYTE

144 BB2E 22 4t 3C SHL.LD DIAD STORE MEXT ADDRESS

145 BB831 FB EI ENRBLE INTERUPT

146 8832 76 HLT WATT FOR PMEXT INTERUPY

147 B833 3Aa 53 3C BEND I.DA DATIN LOAD FIRST BYTE LRITTEN OWER GPIB
148 9835 E& OF ANT BFH DUMP HI BITS.CONVERT TO ADDRESS

149 @838 87 ADD A DOUBLE VALUE,ADDRESSES ARE 2 BYTES
158 B39 4F MOV C.A Loan INTO C

151 ©883n 96 88 Mvl B.g8 ZERO B.BC CONTAIN QDDR INCREMENT
152 @B3C 21 85 88 L¥I H.CADDR COMMAND ADBRESS LISTS IN HL

153 8B3F @9 DAD B OFFSET TO STARTIMG ADBRESS OF PROGRAMS
154 ©g48 7E MoV ALM PUT LOW ORDED CHMD ARDR IN A

158 @841 23 MY H ADDRESS HI 8YTE OF CMD ADDR

156 @842 66 MOy H.M SEND TD H

157 @843 &F Moy L.A PUT LOW ORPER IN L

158 @844 E9 PCHL TRANSFER COMMAND TQ ADDR IM HL

158 @845 3E @6 WREND MYI A,B6H SEND EDL WITH MEXT BYTE oUT

168 B847 D3 DD OUT AL SEND T0 AUX MODE REGISTER

161 @B43 FB El EMABLE INTERURPT

152 884 76 HLT HALT COMPUTER UNTIL MEXT IMTERUPT
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ERR LINE ADDR Bl B2 B3 B4 RPUL PROGRAM VERSION 5 AUGUST BS PAGE 4
163 ;
164 ;GPIB PORT SET-UP
165 8848 3ZE 98 PRTSU MVI ALPRTI1I LOAD PROGRAM WORD FOR A&C INPUT.E OUTPUT
166 884D D3 CF oUT PORTIY SEND T} PORT 1
167 B84F 3E 88 MVl A, 8884 L0AD PRG WRD,A=QUTFUT,BaC=0UTPUT
168 88351 D3 D7 OUT PORTZ SEND TO PORT2
168 @833 3k B2 MVI A,.02 RESET THE B291A
v 8855 D3 DD ouT AUXMD SEND TO THE AUXULARY MODE REG
171 8857 3t 80 MVI A,.80 ZERD A REGISTER
172 8839 D3 D3 OUT INTEQ DISABLE INTERUPTS TEMPORARILY
173 B8B358 D3 DR OUT INTEZ DISABLE SECONDARY INTERUPTS
174 803D 3E A4l MVl A,.MODEL ENABLE MODE 1 ADDRESSING
175 803F D3 DC DUT ADRMD SEND TO THE ADDRESS MODE REG
176 2961 3k 22 W1 A,CLKRT SET THE CLOCK RATE FOR 2 MHE
177 B8B83 D3 DD DUT AUXMD SEND TO THE AUX MODE REG
178 B8&85 3E 85 Myl ALADRTL LOAD TALKER/LISTENER RDDREGS
179 @867 D3 DD ouUT AUXMD SEND TO AUXILIARY COMMAND RERG
180 9869 D3 DE ouT ADRA1L SEND 70 COMP 9 GPIB ADDRESSES
181 ©BGE  3E 8D MVI A,8DH LORD A CARRIAGE RETURN A% END OF MESS
182 886D D3 DF ouT EOSR SENMD TU END OF SEQUENCE REGISTER
183 B88sF 3E 84 Myl R,B84H LOAD EMD OM ENS RECEIVED DAT
184 8871 D3 DD QUT AUXMD SEND TU AUMULARY MODE REGISTER
185 @gr3 3t 13 MYI A,B13M EMABLE END BYTE.BYTE IN.BYTE OUT INTRPS
186 8875 D3 D9 ouT INTE1 EMABLE INTERUPTS
187 @877 3E B4 MY A.00 LOAD ZERD INTG A
188 8879 D3 DD OuT AUXMD PUT B291A INTD IDLE MODE
189 8878 21 B3 3C LXT H,.DATIN STORE ADDRESS FOR INPUT DRTA INTO HL
188 BBPE 22 4 3C SHLLD DIAD STURE IN RAM
191 @681 21 @68 B8 E LX1 H,SGNON 1.OAD SIGNOM MESSAGE ADDRESS
192 884 [8 RET
193 H
134 H TABLE OF ADDRESSES FOR COMMANDS FOR MICROCOMPUTER
195 H THE COMMAND TRANSFER ADDRESSES ARE PICKED UP FROM
196 ] THIS TABLE.FIRST BYTE XMITTED BY CONTROLLER 18 CMD NUMRER
197 : THE SECOND BYTE DETERMINES THE DELAY TIME BETUWEEN S/H PULSES
198 BBBS B6 BB CADDR Dl CMDA NORMAL PULSE READING
199 9887 1C @9 Dl CMD1 FAST READINGS AWD COMVERSION,ASCIT XMITT
209 0883 1D @9 bW CMp2 FAST RDG,SEND OLD RDG WHILE PROCSNG HXT
201 @8BB 61 839 DU CMD3 FRST CAL.IBRATOR READINGS
202 98en B2 8% DU CMD4 FAST RDGS & CONV.ASCIT XMITT.RDG PULSE ON
203 ©9BF B3 839 D CMDS FAST RDG ON TURM OFF,SEND OLD RDG WHILE PR
204 @991 96 87" DL CMDE FAST RDG,MO DELAYS,RDGS WHILE PULSE 1S ON
285 B893 54 2A DLf CMDB? FAST RDG.NO DELAYS,RDGS AFTER PULSE OFF
286 H
287 : BASK CONVERTS BINARY BYTE ADDR RY HL
283 H TO ASCII MO ADDR BY DE FOR I BYTES
209 H
218 9895 7E BASK MoY nL.M LOAD BYTE ADDRESSED BY HL
211 2895 1IF RAR CONVERT 4 HI BITS FIRST
212 @897 IF RAR ROTATE 4 HI BITS 70 LOW FOS
213 88938  IF RAR
214 9899 1F RMAR
215 ©0%9a E6 OF AMT BFH LOOK AT ONLY 4 L0 BITS

216 @89C 27 DAn DEC ADJUST AcCh



ERR LINE

217
218
213
228
221
222
223
224
22%
228
227
228
229
238
231
232
233
234
235
236
237
238
239
248
241
242
243
244
245
246
247
248
249
25a
251
282
253
254
255
25¢
257
258
259
260
261
262
263
264
265
266
267
268
2648
279

ADDR

2B3n
BagrE
a8n1l
B8Az
2813
oA
ABAG
BBA7
asng
alsigtss
aenc
BEAD
B8[E
ggaF
28B2
a8e4
aeRs

ORBE
alaittss
aapn
BERD
BEBF
a6c2
B3C4
asrs
gacy
o8CE
Bacs
QBCE
julsivs
arn2
Ban3
8BDE
Bapy
BBDA
nanc
UBnE
a8Ea
ABEZ
284
BBES
agER
PBEDR
BoRED
ABEF
Boars
gBF4
AgFG
aeF2
boeFc
BEFF

Bl

ce
CE
12
13
7E
EG
27
ce
CE
12
13
23
ap
c2
3E
12
3]

B2 B3 B4

F&

3A

ar

F&
3R

95

a5
31
ag
b6
54
39

ala]

68
Els

51

31
cr

Dé
99
CF
6o
ch

. 8@

ch
63
al
a5
28
B3
CF
78
19
25
14

g8

3C

3C

BE
fals}

3C

3C
a3

ag

ag

fal3]
i

3C

GPUL PROGRAM YERSION 5 AUGUST 85 PAGE
ADI @FGH SET CARRY FOR BYTE GT 9
ACT 83rH ADD REST OF VYALUE WITH CARRY
5TaX D STORE IN RAM ADDR BY DE
INX D ADDRESE NEXT ASCIT MEM LOC
MO ALM READ HEX BYTE BACK IM
AHT BFH LOOK AT 4 LOW BITS
DBAA DEC ADJUST Aartc
A1 BFEH SET CARRY FOR BYTE GT 2
ACT 83AH ALD REST OF HUMBER WITH CARRY
8TAx D GTORE IN RAM ADDR BY DE
INX D ADDRESS NEXT ASCYI MEM LOC
IM¥ H ADDREZS HEXT NEXT HEX RYTE
DCR C DECREMENT COUNTER
JNZ BASK G0 BACK FOR MEXT BYTE IF MOT DONE
MYl A.8DH ADD A CARRIAGE RETURN AS THE LAST CHAR
STAX D STORE IT IM RAM AFTER THE DATA
RET RETURN 70 CALLER IF DOME
: CHMDE LOOP TO TAKE READINGS AND SEND THEM QUT
CHMDB M1 ALNCHA SET THE MUMBER OF SgH CHANHELS IN RAM
§TH CNTSH STORE
Ml A, B888H SET HI ORDER BYTE HIC1208.-0908)
QuUT PORTZC SENMD PULSE oUT
LDA DATIN+] LOAD VALUE OF SECOND BYTE TRANSMITTED
GUT @Z8H COMVERT TO HEX
MOV B.A STORE IM B REG
VI C.8H ZERD T REG
LOPSH PUSH B TEMP STORE 0N STACK
CALL DELAY DELAY BY BC
CALL SHLD SEND SAMPLE AND HOLD HI
PoP B KEGTORE BC DELAY VALUE
LDA CNTSH LOOK AT COUMTER VALUE
DCR A DECREMENT COUMTER
STA CHTSH RESTORE COUMTER
INZ LOPSH STAY IN LOOP UMTIL ALL S/H'S OM
XRA A ZERD ACCUMULATOR

85

NUT PORTZE
MVI ALPRTII
ouT PORTL
MVI A.2BBH
QUT PORTLB
VI AL ag9aH
OUT PORT1B
CALL ADBUS
MYl B.MRDG
MVE C.NCHA
CALL SMPAT
VI ALPRTID
NUT PORTY
CALL MEXDEC
Ll HLRAWDA
LT D, AsedaT
VI C,a44NCHA

SEND OUT TO FORT 2C

SET PORT1 FOR INPUT
STROBE ADC 1911-6000,B1T B HI

THEN STROBE 1491-08980,.BIT BS L0

A START COMMAND HAS BEEN SENT TO ADC’S

HANG IM LOOP UNTIN ADC READY

LOAD THE HUMBER OF READINGS INTO B
LOAD THE NUMBER OF CHANNELS INTO C
GUM THE READINGE

SET PORTI FOR OUTPUT

COMVERT HEX 7O DECIMAL

LOAD STARTING ADDRESS OF ROl DAT
LOAD START ADDR OF ASCIT DAT

1o BYTES QF DATA TO BE CONVERTED
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ERR LINE ADDR B! B2 B3 B4 GPUL PROGRAM VERSION 5 AUGUST 85 PAGE 6

271 ©3@1 Cb 95 88 CaALL BnsSK HEX DAT TO ASCII DAT

22 BSB4 21 53 3C LXT H.DATIN LOAD ADDRESS OF FIRST BYTE OF INPUT DATA
2r3 @98y 22 4E 3C SHLD DIRD STORE IN RAM.RESET COUNTER FOR HEXT READ
2r4  B98R 3k FF MV1 A.8FFH SET ACCUMULATOR TO 1111-1111

275 @%8c D3 DS auT PORT2B TURN ALL SAMPLE & HOLD CHIPS TO SAMPLE
2r6  B9BE 32 52 3C STA SHDAT RESET SAMPLE AHD HOLD DATA

277 8911 21 25 3C
278 B914 BE 28
273 0916 3k 13

LXI H,ASCDAT
MVI C,8*NCHA
MVI R.B13H

LOAD ADDRESS OF DATA TO BE SENT
NUMBER OF CHARACTERS TO BE SEMT
ENABLE READ,.WRITE OR EO0I

288 8318 D3 D3 OUT INTEL SEMD TO 8291 INT ERR

281 @914 FB El ENRBLE INTERUPTS ON 8288

282 8318 76 HLT WAIT FOR INTERUPT FROM 8291 OVER GPIR
283 H

284 : CMb 1 LOOP FOR FAST READIMGS LIITH MO

285 ; STORAGE IH THE COMPOB MICROPUTER

286 3 CMp2 SAME AS Crib1 EXCEPT CHMD2 TAKES NEXT
287 H READING WHILE THE PREYIOUS ONHE IS

258 : BEING PROCESSED.

283 :

250 B891C 88 CMpD1 NOP BOTH PROGS ARE SAME EXCERT FOR ADEBUSY
281 @91bp 3E 81 CMD2 MVY1 A.@1 SET FOR READ

2592 @BS1F D3 D4 OUT PORT2A SET RELAY FOR READ

293 83821 CD 63 @R CALL ADBUS DON*T START PULSE IF WE ARE STILL READING
294 8924 3E 85 MV A.NCHR SET THE NUMBER OF S&H CHAMMELS IN ROM
295 @926 32 51 3C STA CNTSH STORE

296 9928 3A 54 3C LDA DATIN+1 LOAD YALUE OF SECOHD BYTE TRANSMITTED
287 @s2C D6 20 SUT 8zoH CONVERT CHR TO DELAY:"!:=LONGEST, "*=5HORT
298 @sz2E 47 MOV B.A STORE IN B REG

298 B892F ¢E 68 MvI C.BH ZERQ C REG

308 8331 3E 80 MVI A,B888H SET HI ORDER BYTE HIC(1880-0890)

381 B933 D3 D6 OuUT PORT2C SEND PULSE OUT

382 0935 (S5 LOPSHZ PUSH B TEMP STORE ON STACK

383 8936 CD 6B BB CALL DELAY LEAVE PULSE ON FOR i TIME .648-BC

384 @939 (D SB @B CaLL SHLD SEND SAMPLE AND HOLD HI (28.5 USED
385 @93C C1 POP B RESTORE BC DELAY VALUE

386 @930 3A 51 3C LDA CNTSH LOOK AT COUMTER VALUE

367 B948 3D DCR A DECREMENT COUNTER

388 @941 32 51 3C STA CNTSH RESTORE COUNTER

388 @944 (€2 35 @839 JNZ LOPSH2
318 09247 AF *RA A

STAY IN LODP UWTIL ALL 5-H°5 ON
ZERO ACCUMULATOR

311 8943 D3 D6 OUT PORT2C SEND OUT TO PORT2C. TURN PULSE OFF

312 83%4R 3E 99 MY ALPRTLI

313 @94C OUT PORTI SET PORT1 FOR [NPUT

314 LX1 B.BABH LOAD 4 MS DELAY [N BC FOR NOUW

315 CALL DELRY TEMPRARY DELAY TO ALLOW DATA TO SETTLE
316 THIS CAN PROBABLY BE REMOVED AND EERLACED WITH COMPUTATIONS
317 ©994E M1 A, 8B0H STROBE nDC 1811-8080,B11 BS HI

318 B350 QUT PORTIB

319 @852 MYT AL BSEH THEN STROEE 1801-.0005.BIT RS LO

328 B934 QuT PORTIR A START COMMAMD HAS GEREH

32 BY56 3C LXI H,ASCDATHLHHCHA LOAD HL FC i COUHT

322 Bu59 VT ML BDH LOAD CRE ) bOIMT

323 09%B DCK H DECREMEHT FOR

324 B893C ac SHLD DIND STORE DATA COUNT nRLREsh




IRR LINE

325
326
327
328
329
338
331
332
333
334
335
336
33¢
338
339
348
341
342
343
344
345
346
347
343
349
358
351
352
353
354
355
356
357
358
359
366
361
362
363
364
363
366
367
368
363
Kxq:
371
372
373
374
375
376
377
378

ADDR

as5F
#4962
a964
8367

896hR
a36C
a96E
8971
0973
a976
a9re
a97a
a97h
B97F
6988
8982
9983
8986
8984
898nA
a38n
a98E
a991
n994
8395
a987
8999

B899k
g99n
a99F
a9at
B9Aa3
89A6
a9a3
9969
a9nc
B9AF

8982
@983
98BS

3E
b3
3E
b3
21
36
28
a2
cC
L3

Bva

L3

6B
9B

51
51
D&

99
CF

a1
D4

B3 B4
3C

fal=]
an

aB

3C

3C

oB
B

3C

3aC
a9

3C

3c
8B
an

GPUL PROGRAM VERSICON 5 AUGUST 85

3 ve ve e va
]
U

LOPSH3

e we Ve

87

LDA DATIN
CPI A31H
CZ ADBUS
JMP RDGOUT

CMD3

MY1 f.88
ouT PORT2A
caLl AapBUS
MY1 A.NCHA
STR CNTSH
MVI A,088H
DUT PORT2C
LDA DATIN+1
SUT 926H
MOV B.A
My C.8H
PUSH B
CALL DELAY
CALL SHLD
POP B

LDA CHNTSH
DCR A

STA CNTSH
JNZ LOP3SH3
XRA A

ouT PORT2C
MVI A.PRTII
OuT PORT1
LxI B.BABH
CALL DELAY

THIS CAN PROBABLY

MVI A.B8BBH
OUT PORT1B
MYI A.896H
OUT PORT1S

PAGE 4

TEST FOR CMDI OR CMD2

SEE IF CMD1 WPS TRANSMITTED

LRIT FOR RDG TO END BEFORE DATA IS READ
READ ADCTS.SET UP DATA FOR TRANSMITT.HALT

LOOP FOR FAST CALIBRATION READINGS WITH NO
STORAGE IN THE COMP2B MICROPUTER

SET FOR CALIBRATE

SET RELAY FOR CALIBRATE

DON"T START PULSE IF LE ARE STILL READING
SET THE NUMBER OF SaH CHAMNELS TN RaM
STORE

SET HI ORDER BYTE HIC1506.-0680a)

SEND PULSE OUT

LOAD VALUE OF SECOND BYTE TRANSMITTED
CONVERT CHR TO DELAY; " {:=LONGEST, " "=SHORT
S5TORE IN B REG

ZERO C REG

TEMP STORE ON STACK

DELAY BY BC

SEND SAMPLE AND HOLD HI

RESTORE BC DELAY VALUE

LOOK AT COUNTER YALUE

DECREMENT COUNTER

RESTORE COUNTER

STAY IM LOOP UNTIL ALL S/H"S ON

ZERD ACTUMULATOR

SEND OUT TO PORT 2C

SET PORT1 FOR INPUT

LOAD 4 MS DELAY IN BC FOR MO

TEMPRARY DELAY T0 ALLOW DATA TO SETTLE

BE REMOVED AND REPLACED WITH COMPUTATIONS
STROBE ADL 1811,0088.8B17 BS HI

THEN STROBE 1981-9006.91T B5 LO
A START COMMAND HAS BEEN SENT TO ADC*S

LXI H.ASCDATHARNCHA:LOAD HL. FOR DATA COUNTER VALUE

Myl M.@DbH
DCK H

SHLD DIAD
CZ ADBUS
JMP RDGOUT

CHMD4

CHMDS

HOP
MV1 7,81
OUT PORTZA

LOAD CARRIAGE RETURN INTO MEMORY AT END OF
DECREMENT FOR NEXT DATA BYTE

STORE DRATA COLNT ADDRESS IN RAM

UAIT FOR RDG TO END BEFURE DATA 1S READ
READ ADC”S,SET UP DATA FOR TRANSMITT.HALT

FAST RERDING LOOP.NO STORRGE IN
COMPSB MICRO,RDGS MADE ON TURN-OFF
SAME AS CHMD4 EXCEPT CMDS TAKES NEXT
READING WHILE THE PREVIOUS OME IS
BEIMG PROCESZED.

BOTH PROGS ARE SAME EXCEPT FOR ADBUSY
SET FOR READ
SET RELRY FOR RERD
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ERR LINE ADDR Bl B2 BZ B4 GPUL PROGRAM VERSIOM 35 AUGUST 85 PAGE 8
379 ©9B?Y CD 63 BB CALL ADBUS DON"T START PULSE IF WE ARE STILL READING
388 ©9Bn  2E g5 MY1 A.MNCHA SET THE NUMBER OF SeH CHAMNELS IN RAM
381 B@3BC 32 51 3C ST CHTSH STORE
382 B3%BF 3R 54 3C LDA DATIN+] -0AD VALUE OF SECOND BYTE TRANSHMITTED
383 B9C2 D6 28 SUl BzeH COMVERT CHR TO DELAY:"!:=LONGEST, ""=3HORT
284 @9Ca 47 MOV B.A STORE IN B REG
388 B2CS Bk @8 MYl C.0H ZERQ C REG
386 @9C7 3t 8@ YD A, P8aH SET MI ORDER BYTE HIC1808.-6009)

387 @2C2 D3 DG OUT PORTZC SEND PULSE QUY

388 89CB CD 6B BB CALL DELAY LEAYE PULSE ON FOR A TIMZ .640/80

389 @3CE AF XRA A ZERQ ACCUMULATOR

399 B9CF D3 D6 QUT PORTZC SEND QUT TO PORTZC, TURN PULSE DFF

391 @3D1 3A 5% 3C LDA DATIN+2 LOAD VALUE OF THIRD BYTE TRANSMITTED

392 ©9D4 D6 28 SU1 028H CONVERT CHR TO DELAY:"!:=LOMGEST.""=SHORT
393 93906 47 MOV B.n STORE IN B REG

354 B9D7 BE @69 My C,.0H ZERO C REG

395 @903 CS LOPSH4 PUSH B TEMP STORE ON STACK

396 B89bA CD 6B BB CALL DELAY LEAVE PULSE OH FOR @& TIME .GA0-/RC

397 93DD Ch 9B B8 CALL SHLD SEND SAMPLE AND HOLD HI (28.5 USED)

398 @9EB 1 POP B RESTORE EBC DELAY VALUE

399 B9E1l 3 51 3C LDA CNHTSH LOOK AT COUNTER WALUE

408 B9E4 3D DCR A DECREMENT COUNTER

491 B9ES 32 51 3C STA CHTSH RESTORE COUNTER

A2 89ty C2 D9 B9 JNZ LOPSHA STAY IN LOOP UMTIL ALL S/H’S ON

4832 B9ER 3E 99 MVYI ALPRTLI

494 @9EL D3 CF OUT PORTI SET PORTI FOR INPUT

495 H LXI B.ondH LOAD 4 MS DELAY IN BC FOR NOW

486 : CALL DELRAY TEMPRARY DELAY TO ALLOW DATA TO SETTLE
aa7¢ H THIS CAN PROBARBLY SE REMOVED AMD REPLACED WITH COMFUTATINNS
408 B@9EF  3E BB MYI A.BB8H STROBE ADC 18011-0980.B1T B3 HI

409 @9F! D3 CD OUT PORTIB

418 89F3 3E 949 MYl A, a2aH THEM STRUBE 1681-,0008,.B17 BS LG

411 89F3 D3 CD OUT PORTIB A START COMMAND HAS BEEN SENT TO ADC'S
412 89F7 21 39 3C LXT H,ASCDAT+4NTHALOAD Hi. FOR DATA COUNTER VALUE

413 @9rn 36 @D My M,8DH LOAD CARRIAGE RETURN INTO MEMORY AT END OF
414 @9FC 2B DCX H DECREMENY FOR MHEXT DATA BYTE

415 B9FD 22 4k 3C SHLD DIAD STURE DATS COUNT ADDRESS IM RAM

416 JRge 3R 53 3C LLDA DATIN TEST FOR CMD1 OR CPD2

417 @Ag3  FE 34 CPI B34H SEE IF CMD4 WAS TRANSMITTED

418 9rP5 CC 63 88 CZ ADBUS WATT FOR RDG TO EMD BEFORE DATA IS READ
419 9aEg  C2 9C A JHP RDGOUT READ ADC*'S LSET DATA UP FUR TRANSMISSION,H
429 :

421 : CMpe FAST PULSE AMD READING-NO DELAYS

422 3 RERDINGS INSIDE PULSE.63 U-SEC

423 H

424 @grgE 3k Bl CMbg MVI R,01 SET FOR RERD

425 BAAL D3 D4 ouUT PORTZA SET RELAY FOR READ

426 @RRF  CD 63 @B CALL apBusS DOM* T START FULSE IF LE ARE STILL READING

427 BRlZ 3B B9
Bald 32 51 3C

THE RUIMZER OF S&H CHANNELS IN RAaM
JfEE

13, G

gply  as fFe hg 111020018 00 B REGISiRR
BRID  3E BB T, HI ORDER BYTE HICIBOO-OLEY)
BATE D3 D6 QT PURT U PULSE OUT

BAIL  OF AN ZERD ACCUMULATOR
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ERR LINE ADDR Bl B2 83 B4 GPUL. PROGRAM YERSION 5 AUGUST 85 PAGE 3
433 9nlE BY ADD B 111171119 IN A
4354 @AIF D3I 05 ouYT PORTZB HOLD 157 TRACK AND HOLD
435 BAR2) B ADD A 11110188 IN A
436 BA22 DI DI OUT PORTZEB HOLD 2MD TRACK AMD HOLD
437  8r24 87 aph A 11111008 IN A
438 PR2% D3R D5 OUT PORT2B [OLD 3RD TRACK AND HOLD
439 @nar 87 ADD A 111172888 IN &
448 @628 D3 DS QUT PORTZ2B HOLD 4TH TRACK aND HOLD
441  @RzZr 87 ADD A 1118-8689 IN &
442 BDAaz28 D3 D5 QuUT PORTZ2H HOLD STH TRACK AND HOLD
443  @pA2D 87 AbD A 1188888 IN A
444 BAZE D3 DS QUT PURTZRB HOLD &TH TRACK AND HOLD
445 aR30 87 ADD:- A igha-paa IN A
446 BA31 D3 DS OUT PORT2R HOLD 7TH TRACK AND HOLD
447 QA33  B/Y ADD A 0a89.-2809 IH A
446 BA34 DI DS OUT PORTZB HOLD 8TH TRACK AND HOLD
449  BR3&  AF ZRA A ZERQ ACCUMULATOR
456 8437 D3 De OuUT PORT2C SEHD OUT TO PORTZ2C. TURN PULSE OFF
451 @9A3% 3E 99 MYL A.PRTLI
452 ©BA3R D3 CF OUT PORT] SET PORT1 FOR INPUT
453 @A3D0  3E B8 MVYI A, BBBH STROBE ADC 1911-0008.BIT BS M1
454 @R3F D3 LD OUT PORTI1R
455 OR41  3E 98 MJT G.098H THEM STROBE 1981.20928,B1T 85 L0
456 @A43 D3 CD (uT PORTIE A START COMMAND HAS BEEN BENT TO ADC’S
457 BAd4S 21 39 3C LXI H.ASCDATHAKNCHA: LOAD HL FOR DATA COUNTER VALUE
458 BA48 36 @b M1 M, 9DH LOAD CARRIAGE RETURN INTO MEMORY AT END OF
439 BRd4n 28 DCA H DECREMENT FOR NEXT DATA BYTE
468 248 22 4B 3C SHLD DIAD STORE DATA COUMT ADDRESS IN RAM
4561 BadE CD 63 88 caLL ALBUS WAIT FOR RDG TO END BEFORE ADC'S ARE READ
482 9651 C3 9C @43 JMP RDGOUT READ ADC*S .SET DATA UP FOR TRANSMISSION,H
463 3
464 ' cMD? FAST PULSE AND READING-NO DELAYS
465 H READINGS AFTER PULSE.? U~SEC EACH
466 H
467 ©@A54 3E 8l Crp? MVl R.81 8ET FOR READ
469 BASE D3 D4 oUT PORT2R SET RELRY FOR READ
463 @n3g CD 63 @B CAaLL AdBUS DOH*T START PULSE IF UE ARE STILL READING
478 BASE  3E B85 MYT R.NCHA SET THE HUMBER OF SaH CHANNELS IM RAM
471 @Ash 32 §1 30 3TA CHTSH STORE
472 BAB3 85 FE MVI B.OFEH STORE 111171118 IN 8 REGISTER
473 oaez 3t B MY1 A, 0884 SET HI ORDER BYTE HI(1968-8a20)
474  BAed4 D3 D6 OUT PORTZC SEND PULSE OUT
475 BRBE  AF XRA A ZERD ACCUMULATOR
475 BAsY D3 D& ouT PORTZC SEMD OUT TO PORTRC, TURN PULSE OFF
477 969 Ba ADD B 11114118 1IN A
478 @A6A D3 DS OuUT PORTZB HOLD 15T TRACK AMD HOLD
479 9AGC 87 ADD A 111171198 IN A
488 BAGD D3 D& OuUT PORTZB HOLD 2MD TRACK AND HOLD
491 @REF 87 ADD A 1111-1888 IN R
482 9a7E D3 D3 OuT PORT2R HOLD 3RD TRACK AND HOLD
483 @A72 &7 aDd A 1111-6888 IN R
484 BAP3 D3 BE QuUT PORTZ2R HOLD 4TH TRACK AND HOLD
485 @A7S  B7 apy A 11188088 IN &

486 @mave D3 DS ouT PORTZA HOLD 5TH TRACK AND HOLD



ERR LINE

487
488
489
4508
491
492
493
454
495
496
A57
498
493
589
581
582

ADDR

Bnre
an79
BR7B
BR7C
BA7E
8AarF
ZAB1
PAB3
PABS
a8y
AR89
ahBRe
B8A8D
Ak
9n92
Ba932
BA96
2A93

ansc

anq!

anay

B2 B3 B4

? 50 3C

a8
A7 BB

cc
ar

88

C? 1B

90

GPUL PROGRAM VERSION 5 AUGUST 85 PRGE 19

ADD A 1108868 IN A

OUT PORTZB HOLD 6TH TRACK AND HOLD

ADD A 1868888 IN A

OUT PORTZ23 HOLD 7TH TRACK AND HOLD

ADD q 0098-0800 IN A

QUT PORT2B HOLD 8TH TRACK AND HOLD

MYI ALPRTII

OUT PORT1 SET PORT1 FOR INPUT

Myl R, OB8H STROBE ADC 1911.88080.817 BS HI

OUT PORTIB

MVI A.B98H THEN STROBE 18861-6899.BIT BS L0

OUT PORT1B A START COMMAND HAS BEEN SEMT TO ADCS

LXT H,ASCDAT+AMCHA:LDAD HL FOR DATA COUNTER VALUE

MvI1 M,BDH L0OAD CARRIAGE RETURN INTO MEMORY AT END OF

DCX H DECREMENT FOR MNEXT DATA BYTE

SHLD DIAD STORE DATA COUNT ADDRESS IN RAM

CALL ADBUS WAIT FOR RDG TO END BEFORE ADC'S ARE READ

JME RDGOUT READ ADC*S ,SET DATA UP FOR TRANSMISSION,.H
H RDGOUT READ EACH ADC AND CONVERT TO ASCII REP OF
: SET THE SYSTEM FDR DUTPUT UVER THE BUSS
RDGOUT MVYI A,.NCHR LOAD CHANNEL COUNT

STA NCri STORE [N RAM.CH NG GOES FROM 8 TO 7
ADRDLP ADI 897H CH SEL. ND +CD*S ON 8384.5EL. ON aDC

OUT PORTILB SET CH. SWITCH 70 CH. NO.

IN PORTIC HIGH ORDER BYTE IS BROUGHT IN.

ANT 8FH 4 HIGHEST ORDER BITS ARE DUMPED

RLC RGTATE LEFT,DOUBLE VALUE,.ADDR ARE 2 BYTES

MOV E.A STORE TN E TEMPERARILY

IN PORTIA LOW ORDER BYTE IS BROUGHT IN AND

ANT BF8H DuMP LOL} NIBBLE

RRC ROTATE RIGHT 3 TIMES

RRC RESULT IS 2ND MIBBLE DOUBLED

RRC ADDRESSES OF VYALUES ARE 2 BYTES WIDE

MoV C,A STORE IN C

MVYI B.@ BC CONTAIN OFFSET ADDR FOR 2ND NIBBLE

LXI H.HIB2B
DAD B

MoV C.E

IN PORTIA
ANT 8FH

DAA

ADD M

DAR

LOAD BASE RADDRESS FOR 2HD NIBBLE

ADD OFFSET TO L ADDRESS

BC NOL) CONTAINS OFFSET FOR 3RD NIBBLE
LOW ORDER BYTE IS ENTERED AGAIN

DUMP 2ND MNIBBLE,HI 4 RITS

DECIMAL ADJUST ACCUMULATOR

ADD 2ND NIBBLE DECIMAL ¥alLuk FROM MEMORY
DECIMAL ADJUST ACCUNMULATOR

STORE SUM IN DE

HI BYTE OF 2KD NIBBLE

ZERD A

ADD HI BYTE OF DEC VAL OF 2ND NIB

DE CONTAINS SUM

BASE ADDRESS FOR 3RD NIBBLE

AbD OFFSET POINTER FOR DEU WAL 0OF 3RD NIB
BRING SUM OF 18T 2 NIBS BACK IN

ADD LO BYTE OF 3RD

DECIMAL ADJUST



ERR LINE

541
542
543
544
545
546
547
548
549
558
331
552
553
554
555
556
357
558
559
568
G561
562
563
564
565
S66
567
564
569
s57e
571
572
373
574
575
576
577
578
579
583
581
582
583
584
585
586
587
388
589
399
591
92
593
594

ADDR

BACE
BACF
8ADA
8an1
aaAn2
aAD3
Ban4g
anp?
aAne
aaba
BADT
gAnD
BADE
BADF
BAE]
BRE2
BRE3
gnaEd
BRES
OREY
BAEd
GRESD
BAERA
BREC
AAEE
BREF
AAFe
BAF 1
9AF3
Bar4
oRFS
BAFes
anF?
anFg
aaFA
BAFE
BAFE
goat
abaz
apas
jafstal
oRae
BBAE
oBlg
aglz
BE1S
gB1g
BR1A
2B1C
aB1E
a8 1F

B2 B3 B4

F@

2@

aF
26

Fa

3C
3C

3C
ah
3
3C

3C

91

LK1 H,ASCDAT
M1 T, ANCHRA
MYI A,913H
OuT INTEL

El

HLY

GPUL PROGRAM VERSION S AUGUST 85 PRGE 11
MOV E.A STORE BACK IM DE
iMX H INCREMENT TO M1 BYTE OF DEC VAL OF 3RD NIB
MOV ALD BRING IN 2ND BYTE OF SUM DF 16T 2 NIRS
ADC ™ ADD HI BYTE OF 3RD NIB
DAA DECIMAL ADJUST
MOy D.6& STORE SUM IN DE
LHLD DIAD LOAD ADDRESS FOR ASCIT DATA IN HL
MOY ALE LOARD LOW ORDER BYTE FROM DE
ANY BFH DUMP 4 HI BYTES OF LOW ORDER BYTE
ADT 36 CONVERT TO ASCII
MOV M. 6 STORE IN RAM
DCX H ADDRESS NEXT MEMORY BYTE
MOV ALE BRING LD BYTE BACK
ANT @FaH DUMP LOW 4 BITS
RAR
RAR ROTATE T LOW 4 BIT POSITION
RAR
RAR
AbI 38H COMVERT TO ASCIT
MOY M.A STORE IN RAM
DCX H ADDRESS NEXT IMEMORY BYTE
MOV ALD LOAD HI ORDER BYTE FROM DE
ANT BFH DUMP 4 HI BITS OF HI ORDER BYTE
Abl 3eH CONVERT T ASCITI
MoV M.A STORE IN RAM
DCX H ADDRESS NEXT MEMORY BYTE
MOV ALD BRING HI BYTE BACK
ANI gFeaH putP LOW 4 8ITS
RAR
RAR ROTATE TO LOW 4 BIT POSITION
RAR
AR
ADT 38H CONVERT Ta AsCII
MoV M.A STORE IN RAM
DCX H DECREMENT ASCIT MEMORY COUNTER
SHLD DIAD STORE BACK FOR HEXT LOOP
LDA MCH LOAD CHANMEL COUNT FROM RAM
DCR A DECREMENT CHANNEL COUNT
STA NCH STORE IT 8ACK IN RAM
JNZ ADRDLP GO BACK TO ADC READINGS IF NOT DONE
LXI H.DATIN RESET INPUT DATA ADDRESS FOR NEXT WRITE
SHLD DIRD STORE ADDRESS IM RAM
MVI A,8FFH SET ACCUMULATOR TO 111171111
OUT PORT2B TURN ALL SAMPLE & HOLD CHIPS TO SAMPLE
5TA SHIAT RESET SAMPLE AND HOLD DATH

LOAD ADDRESS OF DRATA TO BE SENT
NUMBER OF CHARACTERS TO BE SENT
ENABLE READ.WRITE DR EDJ

SENMD TO 82921 INT ENR

ENABLE INTERUPTS OH BAED

UAIT FOR INTERUPY FROM 8231 OVER GPIB

;SNDQT - DATA SUMMATION ROUTIMNE,STARTING WITH UHAMNEL 1.READS MO OF
sCHAMHELS IN CLUITH NO OF READINGS PER CHANHEL IN B (UP TD



ERR LINE

535
596
597
598
529
680
681
682
683
664
6835
685
687
688
693
E18
611
612
613
614
615
616
R17
618
619
628
621
(22
623
624
625
626
627
628
6292
638
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648

ADDR

eR2a
8823
ap24
aB2s
aR2e
B827
0828
B8B23
8B2C
BB2D
BB38
aB33
8834
aRz6
#a3y
BB3nA
FAB3D
aR48
nR4l
aB4z
Be4s
an46
ggar
aB4n

AR4B
ar4Dp
aB4r
gRS1
anRs3
AR55
aas?e
L]
aB5A
ansc
AaskE
BB68
BBG2

8863
8B6s
2867
aBGA

21

21
€3
79
a8r
a7
4F
aF
ch
C1
11

2
<

€5
3E

()
D3
DB
D3
DB
[
D3
2l
D3
D3
3
b3
c9

DB
EG
r2
€9

1a

80

24
13

as

4B
0o
e

24

38

1]
Ch
cC
EE
CE
aF
EE

EE
EE
98
CD

Ce
10
63

B3 B4

BB
a8
86

2B

2B

™

(R AS]

GPUL PROGRAM YERSION

SHDAT

SHLOP

CHLOP

ADRDG

Xy ve e ve v

1 DELAY

92

5 AUBUST B35

PAGE 12

55).5UM OF THE DATA WILL BE IN RAWDNG -4 + (AxCH, M3
Al DATA 1S STORED AS MAGL,PHL,.MAG2,PH2,MAG3 . PHI: 4 BYTES EACH

LXI H,RaLDA
PUSH B
MOV A,C

AbD A

ADD A

MOV C.

xR A

CALL ZERO

POP B

LX1 D,B834H

LXI H,RAWDA+E3H
PUSH B

MVI A,NCHA

slB C

CaLl ADRDG

CALL DADDA

Chi.lL TOs4

DARD D

DCR €

JNZ CHLOP

POF R

DCR B

JNZ SHLOP

REY

a

HLLOADED WITH LAST RAW DATA ADDRESS
COPY OF REGS B,C STORED OM STACK
MNUMBER OF CHANNELS LOADED INTO A

AN OF CHAMMELS IM A

4xNO OF CHANMELS IN REG C

A REGISTER ZEROED

2ERGQ RAM FROM HL TO HLAC

MO OF CHANNELS (REG ) & TIMES/CH (B) RES
LOAD +4 INTO DE

HL LOADED UITH FIRST RAW DATHA ADDRESS

AND COPY STORED ON STACK AGATH

TOTAL NUMBER 0OF CHAMMNELS IN N

NCH = TOTAL NMO. - CHA COUNT IN REG ©

MAKE AD CON RDG.ANSWER ON AF TOP OF STACK
32 BIT FIXED ARD TO DATA AT HL,.HL=HL-3

AP TOP OF STACK STORED IM RAM AT HL

BE (+4) ADDED TU HML.POINTS TO NEXT ADDR
CHAMNEL COUNT DECREMENTED

JUIMP BAZK TO CHANMEL LOOP IF MOT FINISHED
RESTORE BC FROM STACK

DECREMENT THE NUMBER OF RDGS/CHAMNEL

GO BACK TO THE SUM LOOP IF NOT FINISHED

SELECTS THE ADCONVERTOR MNUMBER THAT 15 IN ALREADS THE

12 BITS FROM THE COMNYERTOR,ADDS 28 ZEROS AND RETURNS WITH
A POSITIVE 32 BIT FIXED NUMBER ON THE TOP OF THE APSTACK.
FOR DATEL ADC-ET1ZR AMALOG 70 DIGITAL CONVERTOR.

ApI A9sH
T PORTIB
IN PORTIA
OUT APDATA
IN FORTIC
ANT BFH
OUT ARPDATA
XRA A

OUT APDATA
OUT APDATA
MYI A,B38H
OUYT PORTLIR
RET

ADBUS

CH SEL WO +CD*S ON 8384,5EL ON aRC
SET CH. SUWITCH TO CH. MO.

LW DRDER BYTE IS BROUGHT IN AND
STORE OW ARITHMETIZ PROCESSCR STACK.
HIGH ORDER BYTE IS BROUGHT IN.

4 HIGHEST ORDER BITS ARE DUMPED
STORE 0N ARITHMEYIC PROCESSOR STACK.

ZERD ACCUMULATOR

STORE ON ARITHMEYIC PROCESSOR STACK.
STORE ON ARITHMETIC PROCESSOR STACK.
LEAVE START LU,DESELECT ODCONVERTORS
SEND TO PORTIB

RETURNS LIITH POS. OMSUWER ON AP STRCK.

HANG HMERE UNTIL ALL BUSY LINES OF THE DATEL

ADC~ETi2R AMALOG TO DIGITAL CONVERTORS GOES LOW
DATA FROM THE LASYT CONVERSION CAN BE READ FOR
THE NEXT 9 MILLISECONDS.

IN PORTIC
AND B1oH
JNZ AbBUS
RET

CHECK PORTIC.BIT4 FOR BUSY (HI)

buMP ALL BITS EXCEPT 1C4,-8681,0080/
STRY IN LOOP UNTIL BUSY LINE LOUW
START BIT WILL GO LO LHEN DATA CH READ

- GEMERATES M TIME DELAY.DEPENDING ON THE COMNSTANT LDADED



ERR LINE

549
558
&31
B52
653
654
635
556
&57
539
639
568
61
662
£63
664
&65
665
567
568
£69
678
571
672
&73
&74
75
&7
&77
678
679
689
581
ce2
£83
(1)
583
686
587
6688
589
698
591
692
593
694
593
696
£97?
698
599
788
7al
a2

ADDR

aBse
aBEC
BBED
8B6E
oBeF
aBr2
oR73
9B7E
BEF?

geve
BETE
8erD
BBTE
ul=td 3
gBez
9834
agevy
avas
gBee
BaEac
BBen
aBaE
aBeF
aB9g

a9l
aE94
BBES
apas
aps?
aB9n

BB9B
BB3E
jalzizla
agal
2Ba4
oBAG

aBaY
OBRE
OBAF
9BB3
auBY

g1

79
Ba
Ce
ES
21
89
bz
El
co

21
gE
C3
ES
Co
16
Cp
El
11
1A
e
B
13
1A
77

i1
19
1
ab
c2
9

3n
E6
ar
32
D3
o

ga
32
64

28

B2

6a
72

13
85

aa
B4
aa

BA

as

7D

g2
F

52
D3

a8
28
3o
ea
a1

B3 B4

ae
uB

aC

fa
B8g
3C

3a

ac

in

15
43
34
12
44

ok
aa
o8
al
a1

vy

93

GPUL PROGRAM VERSIOM 5 QUGUST 83 PAGE 13
: INTO BC. # CYCLES = 28%FFFF~(BCY ABOUT 18 USEC-LOOP
: WITH 18.432 MHZ CLOCK.TIME=.648-BC SEC OR BC=,648/TIME(SEL)
DELAY MOV A,C MOVE CONTENTS OF C REG TO A
ARD 8 CHECK REG BC FOR ZERO
RZ RETURMN IF BC ZERO
PUSH H SAVE THE COWTENTS OF HL AND
L®I H,BH ZERQ HL
LOPSM pad B ADD BC T THE CONTENTS OF HL
JHC LOPSHM 5TaAY IN LOOP UNTIL HL OVERFLOWS.
FOP H THEIR ORIGIMAL VALUES
RET AMD RETLRN.
H HEXDELC PROGRAM COMVERTS FIXED HEX TO DECIMAL,.12 B
H THIS IS NOT NEEDED IF THE HOST COMPUTER CAN READ BINARY
B THE OLD HEX DRTH IS OVER WRITTEMN WITH BCD DATA
HEXDEC LXI H.RALDA+3 START WITH LO BYTE OF 1ST RAW DATA LRD
MVI £, HCHA LOAD THE NUMBER OF CHANNELS TO BE CONVERTE
CONLOP PUSH B SAVE A COPY DF THE CHANNEL COUNTER
PUSH H SAVE 6 COPY OF HL
calL WRT4 WRITE THE HUMBER TO BE COHVERTED ON THE AP
MVI D.84 L.OAD NUMBER GF BYTES TO BE CONVERTED
CAalL BIDEC CONVERT THE BINARY NO TO DECIMAL
POP H LET THE ADDRESS OF THE CONYVERTED NO BACK
LX] D, 3CAARH ADDRESS OF THE DECIMAL NUMBER
LDAX B Loap L0 8YTE OF DECIMAL NUMBER
v M,.a STORE IT OVER THE HEX NUMBER
DCX H NEXT BYTE OF HEX HO
INX D NERT BYTE OF DEC NOQ
LDAX D LOAD NEXT BYTE OF DEC MO INTO A
MOV M, A SEND IT TO MEMORY
H REPEAT TWICE MORE FOR LARGER HUMBERS
L¥1 D,83 LOAD QFFSET @ADDRESS FOR HL INTO DE
DRD D HL ADDRESSES LO ORDER BYTE FOR NEXT CHANMNE
POP B GET COUNTER BACK FROM STACK
DCR C© DECREMENT THE COUNTER
JHZ CONLOP LOOP BACK IF NOT DONE
RET RETURN IF FINISHED
: SHLD PROGRAM TQ RUN THE SAMPLE
3 AND HOLD CIRCUITS (28.5 USECS)
SHLD LDA SHDAT LOAD SAMPLE AND HOLD DATA WORD
ANI @7FH SET HIGEST BIT TO ZERO.KEEP OTHERS SAME
RLC ROTATE ACCUMULATOR LEFT
STA SHDAT STORE FOR NEXT TIME
ouT PORTZE TURN NEXT SeH LOW,SWITCH TO HOLD
RET GO BACK TO CALLER
NI1B2B DB B,0,16H,8,32H.8,48H.,0,64H,0.260H,8,896H,8,.12H. 1

DB 28H,.1,44H,.1,60H, 1,76H,1,892H,1,8,.2,24H,2, 494, 2



ERR LINE

783
784
785
786
’ar
788
703
710
71l
712
713
714
715

ADDR

BBBB
aBBF
eBC3
aBC?
oBCe
aBCF
BBD3
aebr
aBbB
agDbd
BBE1
@BES
BBEY

ASSEMBLER ERRORS

8

4

a1
B2
a2
B2
|3l'g
12
17
23

29
35

94

GPUL PROGRAM VERSION 5 AUGUST 8S

NIB3B

DB 8,8,56M.2,12H.5,68H,7,24H, 16H,880H, 12H

DB 36H. 15H.892H, 17H, 848H, 26H, 4, 23H,60H, 25H

DB 16H.28H.72H, 39H, 284, 33H, BB4H, 35H.48H, 38H

END

PAGE

14



Appendix 7

CIRCUIT DIAGRAMS

The NDT COMP9B is a microcomputer developed at ORNL! around an
Intel 8080 microprocessor. The schematic diagrams for the processor and
memory boards are shown in Figs. A7-1 and A7-2. The microcomputer can
control all the peripheral equipment, using instructions stored in the
EPROM chips, or can act as an intermediary between another computer and
the equipment. It instructs the pulser when to fire, comtrols the times
at which the pulse amplitude measurements are made, and records the data;
it can also control the probe positioner.

There are a number of the pulse switching circuit modules in parallel
to handle the very large peak currents needed. Figure A7-3 shows a sche~
matic diagram of one pulser module, and Fig. A7-4 shows a schematic
diagram of the circuit to measure the pulse amplitude. There are eight
sample—and-hold circuits that can measure the pulse amplitude from the
pickup coil at as many as eight times, according to software-determined
computer instructions. Actually, we have found that five different read
times during a pulse seem to be sufficient at present. The
analog-to-digital converter, shown schematically in Fig. A7~5, changes the

sample-and-hold voltages to digital form for use by the computer.

REFERENCE

1. C. V. Dodd and R. F. Cowan, The NDT-COMFP9 Microcomputer,
ORNL/NUREG/TM-39C, September 1980.
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