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PULSED EDDY-CURRENT INSPECTION OF THIN-WALLED
STAINLESS STEEL TUBING

C. V. Dodd, D. W. Koerner,* W. E. Deeds,*¥ and C. A. Pickett®¥¥

ABSTRACT

A pulsed eddy-current system has been developed for
production inspection of small, thin-wall, non-ferromagnetic
tubing. To detect and accurately size both outer and bore-side
flaws required an operating frequency higher than available from
present commercial equipment. A pulsed eddy-current instrument
was designed and constructed that used 3.2 MHz square waves,
with a bandwidth of 20 MHz. The system is able to reliably
detect flaws as small as 0.015 mm (0.6 mils) on either the inner
or outer surface of the tube. A computer controls the scanning
of the tube, as well as recording, analyzing, and plotting the
data. The computer programs and instrument details are given in
the report.

INTRODUCTION

A bellows is fabricated from a 0.3 m (12 in.) section of thin-walled
stainless steel tubing. Because of failures in the bellows, methods of
improving the quality of the tubing through nondestructive testing were
investigated. The only existing inspection for screening the tubing was
an ultrasonic shear-wave test. Unfortunately, this inspection could not
be calibrated to detect interior defects, and required all defects to be
oriented perpendicular to the sonic field. A feasibility study was
conducted to determine if an eddy-current technique could be developed to
adequately inspect the tubing.

The problem consisted of inspecting a large quantity of thin-walled,
stainless steel tubing to a sensitivity level of 0.015 mm (0.0006 in.) for
cracklike flaws on either the inner or outer surface of the tube. The

tubes were nominally 3.66 * 0.05 mm (0.144 * 0.002 in.) in diameter and

*Product Certification Division, Oak Ridge Y-12 Plant, Oak Ridge, Tenn.
**Adjunct research participant, University of Tennessee, Knoxville.
*%%Development Division, Oak Ridge Y-12 Plant, Oak Ridge, Tenn.



0.127 + 0.013 mm (0.005 * 0.0005 in.) thick, made of stainless steel (type
321 and type 316 were both tested). The flaws could be either longitudinal

oY transverse.

TEST DESIGN

ANALYTICAL DESIGN STUDY

Although a full-scale analytical design study, starting with

1 for both wall

Maxwell’'s equations and using our computer design programs
thickness variations and flaws, would have probably given better results,
there was not enough time due to project schedules. Instead, we estimated
the optimum coil size and operating frequency from earlier work.? The
general coil and conductor system used is a reflection-type probe, as shown
in Fig. 1. This coil system has been well analyzed, and we have
successfully used it on a large number of inspection problems in the past.
We also had a number of coils with associated instrumentation on hand.

An eddy-current test can easily detect and measure near-side flaws, so
most of our design study is concentrated on the detection and sizing of far
side flaws (i.e., inner surface flaws with an external coil). From the
previously derived curves shown in Fig. 2, we can determine first the
optimum coil size to get the maximum phase shift from a far-side flaw. A
ratio of thickness-to-coil mean radius of 0.6 gives the best sensitivity
for flaws about 12% of the wall thickness. The coill mean radius is
calculated to be 0.20 mm (0.008 in.) for the nominal wall thickness. The
product of frequency, permeability, conductivity, and mean coil radius
squared for maximum sensitivity i1s 7, read from the curve in Fig. 2, which
gives a value of 16 MHz for the operating frequency. However, it has been
impractical to construct a reflection coil smaller than 0.51 mm
(0.020 in.), and this size coil would be very sensitive to lift-off. A
0.51 mm (0.020 in.) mean radius reflection coil has a thickness-to-mean
radius ratio of 0.25, and the sensitivity to flaws is about half that of

the optimum size coil. The product of frequency, permeability,
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conductivity, and mean coil radius squared for maximum sensitivity is 25
[for the 0.51 mm (0.020 in.) coil], which gives a values of 9 MHz for the
frequency. The optimum frequency for detecting near-side flaws would be
much higher, as would the optimum frequency for measuring the lift-off
effects. The optimum frequency for maximum sensitivity to thickness
changes is 5.5 MHz, as determined from an earlier report.? Using these
approzimate values as guidelines and a starting point, we then moved to the

experimental tests.

IMPEDANCE ANALYZER EXPERIMENTAL MEASUREMENTS

An experimental design study was performed, using the Hewlett-Packard
4192A Low Frequency Impedance Analyzer. A report® has been written
describing the use of this instrument for multiple-property tests. The
Impedance Analyzer and a mechanical scanner system are both controlled by
the IBM System 9000 Computer over the IEEE-488 bus., For the initial design
study, measurements were made on a single tube with three inner surface and
three outer surface flaws with depths of 0.025, 0.051, and 0.076 mm (0.001,
0.002, and 0.003 in.). The frequencies used were 3.25, 6.5, and 13.0 MH=z.
The readings were made using the program RDGANA, and least-zquares fits of
the readings to the flaw sizes were made using the program FITANA. (All
programs mentioned in this report are listed in the appendix.) The best
results were obtained using the magnitude and phase of only the 13.0 MHz
frequency. The best fit was obtained using a constant, linear term, and
square term in both the magnitude and phase and a cross term between the
magnitude and phase. The rms fit error was 0.008 mm, (0.0003 in.) and the
drift error was 0.0004 mm (0.000015 in.) for a change in magnitude of 0.001
dB and a change in phase of 0.01°.

Two programs were written to take these magnitude and phase readings
on the tubing and compute the flaw size. The program SSTTUB plots a
three-dimensional view of the tube with flaws on the CRT of the IBM System
9000, and the program SSTGRA plots a similar view on the printer for the
IBM System 9000 Computer. In Fig. 3, we show the output of a plot of
SSTTUB from a scan of the standard tube, containing the 0.025, 0.051, and
0.076 mm (0.001, 0.002, and 0.003 in.) flaws on both the inner surface and
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outer surface of the tube. Because of the indexing of the flaw locations,
the outer surface flaws show up more clearly on the thirteenth scan line,
and the inner surface flaws show up better on the fourteenth scan line. It
is more important that the computer-calculated flaw sizes are very nearly
the same for a given size of flaw, regardless of whether the flaw is
located on the inner or outer surface, and are also directly proportional
to the actual depth of the flaw. The system demonstrated the ability to
reliably detect both inner surface and outer surface, longitudinal and

transverse, flaws as small as 0.015 mm (0.0006 in.) in relatively clean
tubing. This sensitivity was judged to be adequate for tubes with no wall

thickness variations, but the scan time for even this single frequency
measurement was excessive. The time for a low resolution hard-copy scan
was about 41.3 s/mm (17.5 min/in.) with the main delay time caused by

the slow speed of the Impedance Analyzer. A new instrument, the Hewlett
Packard 4194A Impedance/Gain-Phase Analyzer, was tested as a possible
replacement. The new instrument could perform the readings at a rate of
60 readings per second, compared to a rate of 1 reading per second for the
old instrument. However, the noise was excessive at this high speed.

The noise could be reduced by averaging, but when enough readings were
taken to reduce the noise level to that of the old instrument, the speed
was then less than that of the old instrument. Because of the high volume
of tubing to be inspected it was decided to proceed with the development
of a high-speed system that would be capable of multiple-property measure-
ments. These are measurements where several different test properties
such as lift-off, wall thickness, and flow size can vary at the same time.
This type of measurement requires that the interrogating signal contain
enough information that the effects of the different property variatioms
on the instrument readings can be separated. The pulsed system described
in this report scans the tubes at about 3.5 cm (1.5 in.) per minute, 26

times faster that the Impedance Analyzer fixed-frequency system,

PULSED INSTRUMENT REQUIREMENTS

The traditional multiple-frequency instruments that had been developed

at ORNL® were unable to operate reliably above 2 MHz, and instruments that



multiplex the frequencies, such as the Impedance Analyzer, tend to be slow
and noisy. Therefore we decided to develop a pulsed instrument, with an
effective bandwidth of 20 MH=z.

A block diagram of the first type of pulsed instrument considered and
a simulated pulse are shown in Fig. 4. This instrument transmits a pulse
to the driver coil; the resulting electromagnetic field interacts with the
tube specimen and then is detected by the receiver coil. The detected
pulse is amplified and fed to sample-and-hold (or track-and-hold) modules.
A timer, synchronized to the transmitted pulse, "holds" the voltage
amplitude at given times so that the slower analog to digital converters
can measure the voltage and send this digital value to the computer. hese
values of the voltage at given times can be used to compute the different
specimen properties of a multiple-property eddy-current test just as the
magnitudes and phases of sinusoidal eddy currents can be used in multiple-
frequency instruments. This type of instrument was developed for
low-frequency pulsed-saturation measurements®; and, in the particular
sampling mode used, the frequency response was limited by the slew rate of
the sample-and-hold modules. An alternative to this type of pulsed
instrument is one that measures the times taken for the pulse to reach
given voltage levels, as shown in Fig. 5. This instrument also transmits a
pulse to the driver coil, and the pulse, modified by the sample, is
detected by the receiver coil. The pulse is amplified and then fed to
voltage height detectors that put out a pulse when the voltage passes
through their preset voltage level. Each detector can be set to give the
pulse when the voltage is increasing or when it is decreasing through the
preset level. The time between the transmitted pulse and the time that the
voltage passes through the set level is measured. This value is then
converted to a digital value and can be used in the multiple-property
calculations in the same manner as the readings from the other types of
instruments. Since the process to measure these time intervals accurately
at these frequencies had already been successfully proven with phase-
sensitive instruments, it was decided to develop an instrument of this
type. One drawback of this type of eddy-current instrument is that, for

large values of 1lift-off, the preset voltage level is never reached and the
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measured time interval becomes very large. The amplitude measuring pulse
instrument will only lose resolution and fail in a more graceful manner as

the lift-off becomes large.

INSTRUMENTATION DEVELOPMENT

A simplified block diagram of the pulsed eddy-current inspection
system is shown in Fig. 6. The IBM System 9000 computer is used to control
the mechanical scanner, control the pulsed eddy-current instcument, collect
the data, compute the properties from the data, plot the results on paper,
and store the data for later reference. The clock operates at a frequency
of 3.2 MHz, and the pulser feeds square waves at that repetition frequency
to a reflection probe through an RLC network. The reflected signal,
modified by the tube, is amplified by a wideband amplifier, buffered, and
fed to eight voltage height detectors. The voltage height detector
produces a signal when the pulse passes a preset level. A signal from the
pulser turns on a flip-flop circuit, which is then turned off by the
signal from the voltage height detector. This flip-flop circuit drives a
higher voltage circuit that swings between two reference voltages as the
flip-flop turns on and off, The average voltage from this circuit is
proportional to the time between the pulser voltage turning on and the
amplified reflected pulse passing a certain voltage level. This voltage is
averaged by a low-pass filter, balanced against an offset voltage, and
amplified. It is then counverted to a digital signal by the
analog-to-digital converter (ADC) board, which consists of eight
integrating ADCs. The NDT-COMP9B’ Computer reads each of the ADCs when
they have completed a measurement and sends the data to the IBM System 9000
Computer over the IEEE-488 bus. Two versions of the pulsed instrument were
constructed, one with manual adjustments and one with adjustments made by
the IBM System 9000. We shall first discuss the individual circuits of the
manually adjusted instrument. Drawings for both instruments ave included

in the appendix.

MANUALLY ADJUSTED PULSED INSTRUMENT CLOCK

The clock is constructed using two sectlons of a 74F04 Hex Invertor,
with a 3.2 MHz crystal to control the frequency. Ancther stage is used to

buffer the output, and another used to buffer a test point.
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PULSE DRIVER

The pulse output driver consists of two integrated circuits, the first
a dual TTL-to-MOS driver, the Fairchild 9643. This integrated circuit
takes the low-level TTL signal, inverts it, and translates it into a signal
slightly less than the power supply veoltage, with about 9 ns delay. This
signal is ideal for driving the next stage, a Signetics VQ7254. The VQ7254
is an integrated circuit consisting of two N-Channel and two P-Channel
power field-effect transistors. One P-channel transistor is used as a
low-resistance switch to a very stable 10 V supply and is turned on when
the output from the 9643 is low. One N-Channel transistor is used as a
low-resistance switch to ground and is turned on when the output from the
9643 is high. This circuit can furnish up to an ampere of drive current,
switching between two stable voltage levels, with rise times on the order
of 30 ns. There is very little change in either voltage levels or delay
times for this circuit as the temperature is varied. The outputs of the
two N- and P-Channel switches are tied together through two small
resistors. This helps reduce the current consumption when switching is
occurring and both switches are conducting. A resistor divider metwork is

also included to drive the reference timing circuit.

COIL AND ATTENUATOR CIRCUITS

The pulse driver has to drive an eddy-current reflection-type coil
through a shielded cable. This represents a RLC circuit, and it must be
properly terminated to decrease the ringing on the pulse. The effective
driving impedance is 50 ohms, to match the cable. A 50 ohm resistance is
also placed in parallel with the driver coil and 50 ohm resistors are both
in parallel and in series with the pickup coil. The impedance matching of
this network allows several feet of cable to be driven without too much
signal deterioration, but in the actual test we only needed 0.6 mm (2 ft)

to go from the instrument to the probe.
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WIDEBAND AMPLIFIER

The reflected signal from the pickup coil is amplified about 200 times
by a wideband amplifier. The amplifier gain can be adjusted from 11 to
1250 by turning two potentiometers.

A plot of the magnitude and phase of the gain versus frequency is
shown in Fig. 7. The gain is down by 6 dB at 13 MHz, which helps to
compensate somewhat for the increase in mutual coupling between the driver
and pickup coils with frequency. The increase in mutual coupling with
frequency would cause more high frequency components of the pulse to be
passed if the amplifier bandwidth and circuit capacitance did not combine
to attenuate it. Drifts in the phase shifts of the wideband amplifier
cause changes in the measured time intervals, but In general the entire
pulse tends to drift together, and these drifts cause only an offset in the
base line of the data. This effect can be greatly diminished by the method
of data processing, to be described later. This is necessary because this
module, as we shall see in the table of temperature drifts, is by far the

major contributor to these drifts.

VOLTAGE LEVEL COMPARATOR

This circult produces a change in dc level on the output when the
input voltage passes through a preset level, and consists of an LT1016
integrated circuit. The circuit has a low-temperature drift of both the
input offset voltage and the delay time. The circuit output switches from
ground to a positive voltage as the input goes from less than the preset
voltage to greater than the preset voltage. It also has an inverted output
so that either the positive or negative going portion of the reflected
pulse can be used as the trigger. A small amount of positive feedback is
used to give the circuit some hysteresis. This eliminates multiple
triggers that can occur due to noise on the input and also increases the
circuit switching speed. There are eight separate comparators that are
driven by the wideband amplifier, with a small isolating resistor on the
input of each comparator. A switch is provided so that either
positive-going or negative-going triggering can be chosen for each

comparator, and the voltage trigger level for each can be set using a
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potentiometer. There is a ninth comparator circuit, identical to these,

triggered from the pulse transmitted to the driver coil.

FLIP-FLOP CIRCUIT

This circuit is used to produce a voltage proportional to the time
between the switching of the transmitted-signal comparator and the
switching of each of the eight received-signal comparators. The first
integrated circuit is a 74F74 dual D-tyvpe positive-edge-triggered
flip-flop. It is connected in a manner such that the output swiitches to
the high state when the transmitted signal comparator goes positive and
switches to the low state when the received signal comparator goes
positive. The transitions to the low state by either comparator have no
effect on the output of the flip-flop. The flip-flop drives the same type
of TTIL-to-MOS driver integiated circuit, the 9643, that is used in the
pulse driver circuit. This circuit in turn drives the same type of
integrated circuit used in the pulse driver, the VQ7254, which has a pair
ot complementary N-Channel and P-Channel power field-effect transistors.
One P-Channel transistor is used as a low-resistance switch to a very
stable 10 V supply and is turned on when the output from the 9643 is low.
One N-Channel transistor is used as a low-resistance switch to ground, and
is turned on when the output from the 9643 is high. The output voltage
from this circuit switches between these two stable voltages at the start
of the transmitted pulse and when the reflected signal passes through a
given level. The time that it is on is proportional to the time between
the two events. This signal can be averaged to furnish a voltage
proportional to the time it takes the reflected signal to reach the set

voltage level.

LOW-PASS FILTER AND BALANCE CIRCUIT

The low-pass filter and balance circuit consists of one integrated
circuit that contains four operational amplifiers. The first three are
connected to form a state-variable type of filter. It has a Butterworth
response (maximum amplitude attenuation with no ripple), with a break

frequency at 1 KHz. A plot of the magnitude and phase of this filter
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versus frequency is shown in Fig. 8. The filter circuit has a gain of 5,
and a fourth operational amplifier is used to set the dc level. This level

can be adjusted using the balance poteuntiometer.

COMPUTER-ADJUSTED PULSED INSTRUMENT

An advanced model of the pulsed instrument that included computer
adjustment of most of the controls was designed, constructed, and tested.
Since earlier work with the impedance analyzer had demonstrated the
usefulness of an instrument that could be adjusted and set up by a computer
program without operator intervention, we constructed an instrument to
perform these functions. A block diagram of this instrument is shown in
Fig. 9. The individual circuits will be discussed here only where they
differ from the manually adjusted instrument. The basic components added
were two programmable counters and two different types of digital-to-analog
converters (DAC). The programmable counters were 74F525, and one counter
controls the on-time of the pulse and the other controlg the off-time of
the pulse. The clock rate has been increased to 10 MHz, to allow greater
resolution. The counters can count to 65,535 so that base frequencies from
about 70 Hz to 2.5 MHz can be obtained. The on-time and the off-time of
the pulse can be varied independently. The DACs are of two different
types, the bipolar AD39%4 and the unipolar AD395. The height of the output
pulse can be set from 0 to 10 V, and the voltage level at which any of the
nine comparators triggers can be set anywhere between -5 and 5 V. The
balance control can be set anywhere between 0 and 10 V, and the setup
computer program will automatically determine the voltage to set the
balance voltage so that the output of the filter eircuits is in the middle
of the input range for the DACs. Both the AD394 and AD395 have four
independent 12-bit ADCs in each integrated circuit, so only seven more
integrated circuits are needed to replace the manually adjusted
potentiometers, and the overall board size is the same. The rest of the
instrument ig common to both the manually adjusted and computer-adjusted

instruments.
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ANALOG-TO-DIGITAL CONVERTER BOARD

This board consists of eight 12-bit integrating analog-to-digital
converters (ADCs) that digitize the voltage from each of the eight pulse
data channels. They are driven by the outputs of each of the filter
circuits and work over a O to 5 V range. The conversion speed of each of
the ADCs is set by an external resistor to approximately 10 ms. The busy
lines of the ADCs are all tied together in an eight-input OR gate. The
computer can start a conversion for all the ADCs, then sense when they have
all completed their conversions. The decoding circuitry is on the board to
allow the computer to address and read each individual ADC. This board was
designed and constructed for the three-frequency eddy-current instruwment,

and more details are included in the report® of that instrument.

NDT COMP9B MICROCOMPUTER

The instrument is controlled by the COMPY9B microcomputer. This
microcomputer was designed to go in different types of eddy-current
instruments and is also described more fully in another report.’ The
COMF9B is the same as the COMPY, except that an IEEE-488 bus has been added
to the COMPI9B. This allows it to transmit to and receive data from a large

number of different types of computers and other peripheral devices.

DRIFYT STUDIES FOR EACH MODULE

In order to insure that the instrument would give reliable readings
under a variety of different temperature conditions and to pinpoint which
components were more susceptible to drift, a series of temperature drift
tests was performed. The temperature was varied on each of the integrated
circuits in the instrument on an individual basis, and the resultant drift
was recorded. The components were cooled by spraying them with Freon-12
until they were completely frosted and showed no more drift. It is
estimated that the components were cooled from approximately 25°C to -45°C,
or about a 70°C drop. It is recognized that this test is only approximate,
but it gives a quick indication of the temperature stability of the
circuits and helps pinpoint problem areas. Some of the components tended

to run hotter than 25°C and probably experienced a greater temperature
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drop. Also, the moisture condensing on the circuit during the test
probably caused additional drift in some instances; and sometimes the
spraycooling doused the nearby cirecuits, causing their drift to add to the
drift of the circuit we intended to measure. The drifts of the various
circuits are recorded in Table 1 in units of change of each of the ADCs.
The final column is the change in the calculated flaw size in millimeters
that would be encountered for this drastic temperature change. The major
contributor to the drift, as we can see from the table, is the wideband
amplifier; its drift is about an order of magnitude greater than the other
drifts. The drift in the filter circuits is due to the large input pulse
that is being averaged, and a new integrated circuit filter has reduced
this drift. The drift in the 9643TC pulse drivers is small, but the
drivers used were selected for low drift. The reference-voltage integrated
circuits all gave very low drifts. For the most part their dvift was due
to an adjacent component with lower stability being cooled. BEoth the ADCs
and the DACs used in the computer-controlled instrument gave very little
contribution to the drift. The information on the drifts is helpful in
circuit development and in evaluating the susceptibility of wvarious
possible computer algorithms used for calculating the tube properties to
errors caused by instyumental drifts.

The flaw detection ability of the system is based on the changes
between the computed flaw size at one point and the computed flaw size at
nearby locations, rather than the absolute wvalue of the computed flaw size.
The computer program POSPUL was used to measure the stability of the data
channels undex various conditions and print the results in the table. It
will plot the computer flaw amplitude on the CRT so that the effects of
cooling on the different components can be observed. 1t also can be used
to test the accuracy of the mechanical positioner. A copy of this utility

program is included in the appendix.



Table 1. Temperature drift tests of data channels and calculated flaw size change for various
components of the pulsed eddy-current instrument

Component Channel Channel Channel Channel Channel Channel Channel, Channel Flaw size

tested 1 2 3 & 5 6 7 g (mm})
Pulse generator 92 92 76 67 80 76 23 57 0.04
board
Wideband amp, 811 791 385 352 384 857 213 261 0.49
first stage
Wideband amp, 1213 i214 991 914 2735 3509 354 435 G.13
second stage
Wideband amp, 762 747 504 471 673 633 150 179 0.36
third stage
Voltage 208 2:5 364 179 172 261 $5 159 G.20
compareators
Type D flip 92 112 120 106 101 15% 66 100 0.05
flops (74¥74)
Pulse driver 68 79 52 46 45 46 18 26 0.03
9643TC
Hi-Level flip- 34 20 61 49 27 33 ] 56 0.C2
flop VQ7254
Filters 297 172 239 204 161 227 101 554 0.09
LF347BN
Voltaga 33 23 31 23 23 24 8 8G 0.02

references

x4
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SCANNER AND MECHANICATL HANDLING SYSTEM

The system used to scan the tublog was based on an earlier design
used to develop eddy-current inspections for steam generatoir tubing. A
Modulynx controller, driven by the IBM System 9000 Computer over the
IEEE-488 bus, is used to control the position of a two-axis Velmex

scammer, as shown in TFig. 10, The scanmner has a linear motion of a slide,

{L-PHOTO 4148-87

Fig. 10. Medulynx controller and tweo-axis Velwmex scanmer.

which is designated the X-axis, which cen be as much as 1.086 m

(42.75 in.) long. The slide movesz 0.006 mm (0.00025 in.) for each step of
the X-axis. A second motor is wmounted on the slide, and this wmotor gives
the rotational or Theta-axis. The motor makes 200 steps per revolution,

giving an angular resolution of 1.8%. Both

of the scanner have
encoders that use a separate board in the Modulynx controller to keep

track of the position of the tube, independent of the IBM System 9000.
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The IBM can issue z command to the Modulynx to correct for any difference
between the number of counts that have been sent to the contreller and the
number of counis recerded by the encoders. In actual scanning this
feature is seldom used because of the time it takes and the fact that, if
the correction comnand is issued too soon after the move command, it
causés an erroneocus correction to be issusd. A mandrel is inserted into
the tube to be examined, and the tube is clamped in a collet mounted on
the motor. This gives a firm grip on the tube without marking it. Other
types of mounting tended to work loose due to the stop-and-go rotation of
the motor. The tube passes through a teflon probe holder with teflon
inserts to keep the tube from getting scratched. An aluminum bushing is
fitted around the probe tip and around the tube to provide uniform cooling
to the probe. The probe is 0.05 mm (0.002 in.) above the tube, with only
air between the probe and the tube. In Fig. 11, we show the location of
the points that are read as the probe is rotated. There are 20 readings
made around the tube for each axial translation of the tube. The
circumferential spacing between readings is 0.57 mm (0.023 in.), which is
adequate to iuasure that no flaw is missed, or even has a lower value than
would be read if the probe were more favorably positioned. However, the
position of a flaw can be more precisely located if we increase the number
of readings around the circumference of the tube to 40. The readings are
made every 0.60 mm (0.024 in.) in the X direction, with one X-axis
translaticn of the tube made for every complete rotation of the tube. The
scanning speed is dependent on the vest of the control program, including
the data transfer over the bus, the plotting, and data storage. The base
speed, the top speed, and ithe acceleration of each motor can be set by the
System 9000 over the bus., A series of scans was run o determine the
best settings for sach axis, with the computer varying the motor
parameters and determining the cptimum values for maximum speed and
minimum number of positioning errors. These values, which may change with
changes in the coutrolling programs, are transmitted to the Modulynx

controller at the start of sach scan.
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DATA PROCESSING

The methods of analysis and handling the data are quite important to
the success of any inspection; this is particularly true in this case.

These include the generation and utilization of standards, the selection

of the bandwidth of and the voltags levels on the pulse, the processing of

g
the data, plotting and storage of data, programs to ald the operator in
more detailed analysis of the data, and programs to automatically analyze

the data.

STANDARDS

Several sets of standards were used to develop and test the equations
used to calculate th: tube properties from tihe instrument readings. The
first type of standard used consisted of a set of six electrodischarge
machined (EDM) notches (three inner surface and three outer surface) with
nominal depths of $.025, 0.051, 0.076 wm (0.001l, 0.002, and 0.003 in.).
This type of standard was used for the majority of the calibration
("training the cowmputer”; and most of the verification testing. The next

fication standards that had both

s

heds

reneral type of siai of ver

longitudinal snd t© £5M notches on both the inner surface and

outer surfaces thav vanged as small as 0.0L mm (0.0004 in.). The problem
with these standards is the difficulty of certifyving the accuracy of the
inner surface notohes. The inner surface notches are first replicated
with a low shrirkage RTV silicone rubber mixture, and the replica of the
notch is then measured with a microscope. This method has given good
results in the past, but is alwavs susceptible to the rubber remaining
inside the notch or not filling the notch completely. Because of these
problems this type of inner suriace notch could not be certified.
Therefore, it was decided te split the tube, machine and certify the
notches, then reassemble the tube on & nonconducting mandrel. Although
the material was -rery fragile and several early attempts resulted in
damaged standards, several standards were successfully constructed. In

addition to varying the flaw size, we 2lso varied the wall thickness of

the reassembled standards so that tuls variation could be sliminated from
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the flaw size cowputation, and the evaluation of flaw size would be
simplified. The reassembled standards had training flaws with depths of
0.025 and 0.051 wm (0.001 and 0.002 in.) and demonstration flaws with
depths of 0.008, 0.013, and 0.018 mm (0.0003, 0.0005, and 0.0007 in.).

The reassembled standard did not work well in our initial tests because of
the high probe power and the diffevence in thermal conductivity and heat
capacity of the normal tubing and standards. The reassembled standard
cooled the probe much more than the ordinary standards and tubing, so it
did not work well as a training standard. After this preblem was
discovered, modifications were made in the test, such as reduced power to
the probe, heat sinking of the probe tip, and removal of the teflon tape,
which is normally placed between the probe and the tube as a wear surface.
The probe-cooling problem also showed up in the early scans as a change in
the calculated flaw value after each time the measurements were stopped to
allow the printer to print. This caused a series of waves on the first
two scan lines, which was corrected when we started to collect all of the
data before doing any printing. The reassembled standards were still more
difficult to use than the regular standards because the splits and joints
produced very large signals that the plotting and data analysis programs
had to ignore. This required special programs to ignore the sections of
tube with these joints and to process the rest of the tubing. Because of
these problems and the lack of time, the reassembled standdrds were used
for demonstration only and not for training. 7This is unfortunate, because
they had the potential to reduce the thickness effects and make the other

data processing easier.

PULSE SHAPE AND PRESET VOLTAGE LEVELS

Since this type of eddy-current measurement had never been performed
before, we had to de a certain amount of experimentation to get the best
combination of pulse shape, voltage preset levels, and attenuator values
to give the most accurate flaw-size calculations with the least amount of
drift. The attenuator values were chosen to match the charactevistic
cable impedance, and this seemed to produce a stable signal that was not

particularly sensitive to cable flexing or cable length., In Fig. 12 we
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show the amplified signal from the receiver coil with the preset voltage
trigger levels for the different data channels marked. The standard was
read using the program PULRDG2, and the fits of the readings to the flaw
properties are done by the program PULFIT3. These programs are listed in
the appendix. The readings and fitting runs showed that we needed only
four data channels to give the desired results, so we triggered two sets
of channels together and then took their average. We also determined that
by using the 0.076 mm (0.003 in.) flaws we were losing sensitivity and
accuracy to the smaller flaws, so we dropped the larger flaws from the
fits. They are readily detected but not as accurately sized, which is not
important since they are much greater than the rejection limit. Only a
few fitting combinations were run due to time limitations, and a more
thorough fitting study using our automatic searching routines may give
better results. However, the results obtained in this quick study were
quite good, and much better than the impedance analyzer results. The
optimum combinations gave 3.33 microns (0.131 mils) for the fit and 0.20
microns (0,0078 mils) for each digit of drift. These values were
considered to be quite good, with the fit approaching the accuracy of the

flaw-size measurements, particularly for inner surface flaws.

DATA DISPLAY AND STORAGE

The entire tube 1s scanned at a rate of about 3.8 e¢m (1.5 in.) per
minute, with the data being transmitted over the IEEE-488 bus at a rate of
20 KHz. The channels are read by the microcomputer, the data converted to
ASCII, and then all eight channels are transmitted to the IBM System 9000
Computer. The tube is moved to a new location and the next point is
measured. After the entire tube is scanned, the flaw sizes are computed
and plotted. The raw data are then stored on the disk as unformatted
binary data. The program SSTPUF3 is used to perform this operation, and a
copy 1is included in the appendix. 1In Fig. 13 we show a plot of a standard
tube made by SSTPUF3. The plots may be made at either a high or a low
resolution, with the high resolution taking about 4 times as long as the

low resolution. The high-resolution graphics are at 200 dots per inch and
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give approximately a cne-to-one correspondence to the tube length. The
plotting time for the high-resolution graphics is 25 min for a 1.086 m
(42.75 in,) .tube, compared to 5.6 min for a low-resolution plot of the

same length tube.

DATA EVALUATION AID PROGRAMS

Several programs were written to aid the operator in the evaluation
of the data. The most helpful program i=s FLAWLOC3, which allows the
operator to look at an individual recoustructed scan line along the tube,
move a cursor along that scan line to any flaw or indication, with a
display of the cursor location and the value of the flaw size computed at
that location. This program is a great aid in evaluating the flaw size
and location, and it uses the stored binary data files. In particular, it
is needed to pinpeint the location of the flaws in a standard so that the
reading program can locate and measure them. Another program, DEFTST,
will analyze the data file without operator intervention. This progran
performs a scan along each axial reading location of the tube, and when
the slope of the calculated flaw signal changes in either direction by a
preset value, a flaw is recorded. All the flaw indications with the same
axial location, and those with adjacent axial locations, are gathered into
a single flaw, with both the locatiocn and value of the maximum flaw signal
stored. This program works quite well for relatively clean tubing, but
not so well for tubing with a large number of flaws. However, the tubing
with many flaws will be rejected anyway. Both of these programs are
included in the appendiz. It would save a considerable amount of
inspection time if DEFTST had been incorporated into SSTPUF3 with the

graphic output eliminated, but this was not done.

SUMMARY

A high speed pulsed eddy-current inspection system has been designed,
developed, and tested on a number of tubing samples. The sensitivity
levels to flaws 0.015 mm (0.0006 in.) deep were obtained, along with the
data analysis and storage programs. This system and technology will be

very useful for future inspections of gimilar natures.
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Appendix

The appendix contains a listing of the various programs used for
this system, a listing of the port assignments for the COMP9B
microcomputer when used to drive this instrument, the circuit diagrams for
both the manually adjusted and the computer adjusted instruments, and the

data on the R20F reflection probe that was used with the instruments.

PROGRAM LISTINGS

The first seven programs are Fortran programs, run on the IBM System
9000 under the 2.0 CSOS operating system. The fiwval program, PULG, is an
assembly language program, written inm Intel 8080 Assembly language, loaded
into a PROM in the COMP9B and on that computer.

PULRDG2

This program is used to take readings at given locations on a
standard tube. The reading locations along with the tube properties are
stored in a data file, INPUL3.DAT, that is read by the program. Also
included in the data file is information on the coil, instrument settings,
and attenuator circuit. A description of the data is given in the program
PULRDG2, and the use of similar programs is given in eavlier references.
The readings taken by PULRDG2 are stored in anothex data file, OTDATA.DAT,
for use by the fitting programs. A listing of the program PULRDG2 and the

input data file follow.

PROGRAM PULRDG2
25 APRIL 1986 PULRDG2 MODIFIED FOR 2.0 SOFTWARE

THIS PROGRAM READS MAGNITUDE OF THE VOLTAGE AT DIFFERENT TIMES
USING THE PULSED EDDY CURRENT INSTRUMENT AND MECHANICAT SCANNER.
THE PROGRAM READS THE POSITION DATA FROM A FILE,ALONG WITH THE
PROPERTIES.THE AMPLITUDE DATA ARE STORED AFTER EACH SET OF
PROPERTIES. THE PROPERTY AND POSITIONING DATA ARE READ FROM
DEVICE LID, DISK FILE.

ICMD=INTEGER COMMAND,DETERMINES TYPE OF PROGRAM THE COMPUTER RUNS
LI=LOGICAL INPUT TERMINAL(FROM OPERATOR)
LID=LOG.INPUT DEV.(ASSIGNED TO DISK FILE,POSITION,PROPERTY DATA)

oNeNsNONeReoNesNeNsNOoNONS!
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LOD=QUTPUT DEVICE TO STORE PULSE DATA
1OT=LOGICAL OUTPUT TERMINAL(TO OPERATOR)
LPT-LINE PRINTER(OUTPUT)TERMINAL

MAG=INDEX

TO TURN ON THE SATURATING MAGNET(=C IF NONE USED)

MSET=NO OF SETS OF READINGS THAT WILI. BE TAKEN
NCH=NUMBER OF CHANNELS

NC1=COIL DATA FILE

NAXIS-NUMBER OF AXES THAT ARE POSITIONED
NP=PROPERTY INDEX

NPROPM=MAX NUMBER OF PROPERTIES THAT MAY VARY

NPT=TOTAL

NUMBER OF SETS OF PROPERTY VALUES FOR A COMPLETE

SET OF READINGS=NO SAMPLES+NOC DEFECTS+NO LIFT-OFFS
NT=TIME INDEX
NTCAL=NUMBER OF TIME CALIBRATIONS

NCH~=TQTAL
CHARACTER

NUMBER OF TIME INTERVALS
INDAT*8,0TDAT*8 , FNAME*12 ,NPROBE*6 ,NCABLE*6 , INSTNO*6

CHARACTER*4 PRONAM(6) ,AXISNM(3)

CHARACTER
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSTION
DIMENSTON
DIMENSTION
DIMENSTON
DIMENSION

DATA LI/C/.LID/9/,10D/37/,1.0T/0/,LPT/6/ NCH/8/ ,NCL/28/ MSET/3/
DATA NRDG,/100/,NTCAL/4/, INDAT/' INPUL3' / OTDAT/'OTPUL'/

DATA NAXIS/2/,NOLD/3%0/,X10M/3%0./ NPROPM/3/ MPEC/45/ MBUS/46/

ADUM#83, FF*1,COTL*6

PROP (NPT ,NPROPM) , TIM(NCIH)

SUMMAG (WPT, NCH) , SSMAG (NPT, NCH) , SDVMAG (NPT, NCH)
SUMCAL(NGH,NCAL) , SSCAL(NGCH,NCAL) , SDVCAL(NCH,NCAL)
TVOL(NCH} , IN(NCH) ,RDGC(NCH,NCAL) , OLRDGC (NCH, NCAL)
PRONAM (WPROPM) , POST (NPT, NAXLS) , DIFMAG (NPT, NCH)

PROP(72,6),TIM(8)

SUMMAG (77, 8) ,SSMAG(72,8) ,SDUMAG( /2,8) ,DIFMAG(72,8)
SUMCAL(8,4) ,SSCAL(8,4) ,SDVCAL(8 .4}

IVOL(8) ,VOLSTD(8) ,RDGC(8,4) .OLRDGC(3,4)
POST(72,3),NOLD(3) ,XNEW(3) .XHOM(3)

DATA NPT/36/ ,NLT/3/
NPTL=NPT/NLT

FEF-=CHAR (12

) )

OPEWN(LPT, FLLE="#PR")

OPEN(NCL  FILE="REF.DAT')

MULYT PULSE EDDY CURRENT IRSTRUMENT ADDR=5 ON GPIB BUSS
ADDR=E? ON IBM BUSS DRIVER, FORTRAN LOGICAL UNIT = 45

OPEN(MPEC

, FILE='#BUSE?")

SET FOR DMA WITH MORE THAN 4 CHARACTERS READ OR WRITE
CALL SETDMA(MPEC,2)

CALL _STIMEOUT(MPEC,800)

JRITE(O,*)’ FILE OPENED FOR PULSED I/0 OVER IEEE-488 BUS’
CALL SETUP(MPEC,NCH,NRDG, TER)

IF(IER.NE.
IF(TER.NE.

0)READ(0,913)ADUM
0)GO TO 25

SET THE TIMEOUT ON PULSE RDGS FOR 300 MILLISECONDS

MODULYNX AXIS POSITION CONTROLLER ADDR=& ON GPIB BUSS,ADDR=F? ON

IB8M BUSS DRIVER,FORTRAN LOGICAL UNIT = 46

OPEN(MBUS,

FILE="#BUS¥?')

CALL _STIMEOUT (MBUS, 800)
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CALL SETEOS(MBUS,$00,$0A)

CALL _SETOPTIONS(MBUS,0,0,0,0,0,1,0)
WRITE(MBUS,*) ' XA6000B340H2600°
WRITE(MBUS,*) ' YA4O0000R600H3600"
WRITE(MBUS,*) XD YD ZE'

WRITE (MBUS %) ' <CAH>

PRINT TITLE AND DATE
CALL GETTIME(IYR,IMO,IDA,IHR,IMN,ISE,IFR)
1 WRITE(LPT,?2,ERR~1990)IHR,IMN, ISE, IMO, IDA, IYR
2 FORMAT(' PULRDG?2 TIME *,12,':',12,':*,12," DATE /,12,
*'/',12,'/',12)
30 FORMAT(1X)

C
¢ OPEN FILE FOR INSTRUMENT AND PROPERTY DATA - ASSUMED LOCATION ON DEFAULT
DISK
FNAME=TNDAT//' .DAT’
OPEN(LID, FILE=FNAME, STATUS ='OLD’)
C
C OPEN FILE FOR OUTPUT TO STORE DATA TAKEN - LOCATE ON DEFAULT DISK
C
FNAME~OTDAT//' . DAT '
OPEN(LOD, FILE=FNAME , STATUS ='NEW')
C
C INPUT DESCRIPTION OF EXPERIMENTAL APPARATUS
C

WRITE(LOT, 60)

60 FORMAT(’ PROBE #: ')
READ(LID, 70)NPRORE

70 FORMAT (A6)
WRITE(LOT, 80)

80 FORMAT (’ SERIAL #: ')
READ(LID,*)NSER, RDVR
WRITE(LOT,90)

90 FORMAT (' DRIVER SERIES RESTSTANCE: ')
READ(LID,*)RO
WRITE (LOT, 100)

100  FORMAT(' DRIVER SHUNT CAP: ')
READ(LID,*)CAPDR
WRITE(LOT,110)

110  FORMAT(' PICK-UP SHUNT RESISTANCE: ')
READ(LID, *)RY,RSER
WRITE(LOT,120)

120  FORMAT(’ PICK-UP SHUNT CAP: ')
READ(LID, *)CAPPU
WRITE(LOT, 130)

130  FORMAT(’ CABLE I.D. #: ')
READ(LID, 70)NCABLE
WRITE(LOT, 140)

140  FORMAT(’ LENGTH OF CABLE: ')
READ(LID, *)CABLEL
WRITE(LOT, 150)
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150 FORMAT(' CAPACITANCE OF CABLE: ')
READ (L.ID,*) CCABLE
WRITE(LOT, 160)
160  FORMAT(' EDDY CURRENT INSTRUMENT #: ')
READ(LID,70) INSTNO

C
¢ INPUT TIME VALUES
C
WRITE(LOT, 190)
190 FORMAT(' NO. OF TIME VALUES,PROP SETS,PULSE TIME,RDG TIM,PULSE ',
*'VOLTS: ')
READ(LID,*)NCH, NPT, ICMD, PVOLT
C WRITE(LOT, 200)
200  FORMAT(' INPUT EACH VALUE OF TIME SEPARATED BY A SPACE:’,/)
o READ(LID,*) (TIM(NT) ,NT=1,NCH)
C

READ(LID, 210) (PRONAM(NPR) ,NPR=1,NPROPM) , (AXISNM(NAX) ,NAX=1 NAXIS)
210  FORMAT(10(A&,1X))
C
C READ PROPERTY VALUES AND LOCATION DATA FOR THE POSITIONERS FROM LID
C
DO 300 Np=1,NPT
READ(LID,*) (PROP(NP,NPR) ,NPR-1,NPROPM) , (POST (NP,NAX) ,NAX=1,NAXIS)
WRITE(LOT, 270) (PROP(NP,NPR) ,NPR=1 ,NPROPM) , (POST (NP, NAX) ,NAX=1,
*NAXIS)
270  FORMAT(10(F7.3))
300  CONTINUE
C
C
C STORE INITIAL INFORMATION IN DISK FILE
C
WRITE(LOD,1270)IHR, IMN,ISE, IMO, IDA, IYR
1270 FORMAT(6(1X,14))
WRITE(LOD,1275) NPROBE,NSER,RO,CAPDR,R9,CAPPU,NCABLE,
* CABLEL, CCABLE, INSTNO
1275 FORMAT(A6,1X,15,4(E13.4),1X,A6,2(E13.4),1X,A6)
WRITE(LOD,1277) NCH,NPT,NPROPM,NTCAL ,ICMD,PVOUT
1277 FORMAT(5(1X,I5),1F6.0)
C WRITE(LOD,1279) (TIM(NT) ,NT=1,NCH)
1279 FORMAT(8(1PE10.3))
WRITE(LOD,1280) (PRONAM(NPR) ,NPR~1, NPROPM)
THIS SECTION TAKES THE CALIBRATION READINGS.

END OF SECTION WHICH TAKES CALIBRATION READINGS

TAKE READINGS ON NOMINAI STANDARD FOR VOLSTD(I) READINGS

oo aaan

SET ITIM1 TO CORRECT VALUE BEFORE STARTING TAKING READINGS
ZERO ARRAYS THAT WILL CONTAIN SUMS OF THE VOLTAGE MAG READINGS,
SUMS OF CALIBRATION READINGS, AND SUMS OF SQUARES OF EACH

aOan
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CONTINUE
DO 800 NT=1,NCH
DO 800 NP=1,NPT
SUMMAG (NP, NT)=0.
SSMAG (NP ,NT)=0.
CONTINUE
DO 810 NT-1,NCH
DO 810 NC=1,NTCAL
SUMCAL(NT,NC)=RDGC(NT,NC)
SSCAL(NT, NC)=RDGC (NT,NC)*RDGC (NT, NC)
CONTINUE

C THIS SECTION TAKES THE ACTUAL MAGNITUDE DATA READINGS

C

900
C
C
C

905

914

915

910

913

950

Q000

980
1150

oRoNeNeNeNe!
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DO 1150 MSE=1,MSET
DO 980 NpP=1,NPT
WRITE(LOT, 900)NP, (PROP(NP,NPR) ,NPR=1,NPROFPM) , (POST (NP,NAX) ,NAX=1,

*NAXIS)

FORMAT (14 ,10(F8.4))
POSITION SAMPLES BEFORE TAKING READINGS

DO 905 NAX-1,NAXIS

XNEW (NAX)=POST (NP, NAX)

CONTINUE

CALL POSIT(XNEW,NOLD,NAXIS,MBUS)
IF(MOD((NP-1),NPTL).NE.0)GO TO 910
WRITE(O,*)'INSERT LIFT-OFF SHIM MANUALLY-HIT ANY KEY WHEN READY’
CALL _GETKEY(IKY,IS,KBF1,KBF2,IRR)
IF(IRR.NE.0)GO TO 915

CALL PRDAVG (IVOL,MPEG,NCH, ICMD,NRDG, IER)
IF(IER.NE.O)READ(O,913)ADUM

FORMAT (A2)

IF(IER.NE.0)GO TO 910

WRITE(LOT,950) (IVOL(NGC) ,NC-1,NCH)

FORMAT (815)

TEMPORARY TRANSFER AROUND TO USE WITHOUT AUTO POSITIONER
IRR=0

CALL GETKEY(IKY,IS,KBFl,KBF2,IRR)
IF(IRR.NE.0)CO TO 910

DO 980 NT=1,NCH

SUMMAG (NP, NT)=SUMMAG (NP, NT)+IVOL(NT)

SSMAG (NP, NT)=SSMAG (NP, NT)+IVOL(NT)*IVOL(NT)
CONTINUE

CONTINUE

RETURN POSITIONER TO XNEW(II)=0.0 SO THAT POSITIONS CAN BE CHECKED
TURN OFF MOTOR CURRENT
WRITE(MBUS, %) '<CAH>'

CALL POSIT(XHOM,NOLD,NAXTS,MBUS)
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WRITE(MBUS,*)'XE YE'
BEFORE STOPPING CALCULATE AVERAGES & STANDARD DEVIATIONS

DO 1250 NT-1,NCH
DO 1250 NC=1,NTCAL
SUMCAL(NT ,NC)=SUMCAL(NT,NC) / (FLOAT (MSET+1))
SDVCAL(NT,NCJ=SQRT (ABS ( (SSCAL(NT,NC) - SUMCAL(NT, NC) *SUMCAL(NT, NGC)
* *FLOAT (MSET+1) ) /FLOAT (MSET)))
1250 CONTINUE
C
C CALCULATE AVFERACES OF THE READINGS
C

[oNo NN NORONONNS!

DO 1260 NT-1,NCH
DO 1260 NP-1,NPT
SUMMAG (NP, NT)=SUMMAG (NP ,NT) /FLOAT (MSET)
SDVMAG (NP, NT)=SQRT (ABS ( ( SSMAG (NP ,NT) - SUMMAG (NP, NT) *SUMMAG (NP ,NT)
* *FLOAT (MSET) ) /FLOAT (MSET-1)))
1F(NP.GT.1) DIFMAG(NP-1,NT)-SUMMAG (NP ,NT)-SUMMAG(NP-1,NT)
1260 CONTINUE
C
C STORE ALL DATA TAKEN IN DISK FILE
C
1280 FORMAT (7 (1X,A4))
C DO 1295 NC=1,NTCAL
C WRITE(LOD,1290) (SUMCAL(NT,NC) ,NT=1,NCH)
1290 FORMAT(8(F7.4))
1295 CONTINUE
DO 1300 NP-1,NPT
WRITE(LOD, 1297) (SUMMAG (N¥,NT) ,NT=1,NCH) , (PROP(NP,NPR) ,NPR=1
*NPROPM)
1297 FORMAT(8(F7.1),3(F5.2),F5.0)
€1297 FORMAT(5(F7.3),3(F5.3),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,' SERIAL NO.:',I5,' D.C. RES',F8.3 )
WRITE(LPT,1360) RO,CAPDR
1360 FORMAT(’ DRIVER SERIES RESISTANCE:',F10.3,5X,'DRIVER SHUNT CAP.:',

* El2.4)
WRITE(LPT,1370) RY,RSER,CAPPU

1370 TFORMAT(' PICK-UP RES: SHUNT',F9.1,’'SERIES’,F9.1,' SHUNT CAP,:',
*E12.4)

WRITE(LPT,1380) NCABLE,CABLEL, CCABLE

1380 FORMAT(’ CABLE I.D. NO.:',A6,5X,'LENGTH:',F10.1,5X, CAP.:",
% E12.4)
WRITE(LPT,1390) INSTNO,NRDG

1390 FORMAT(’ EDDY CURRENT INSTRUMENT NO.:’,A6,’ NRDG ’,I5)
PWR=PVOLT*PVOLT/ (2. 0%R0)
WRITE(LPT,1395) PVOLT, PWR, ICMD
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FORMAT (' PULSE: ONTIME= OFFTIME= VOLTS= ' ,F7.3,

*! POWER(KW)',F6.1,' COMMAND=',T12)

G

C

c

1600

CG
1650

WRITE(LPT, 30)
PRINT CALIBRATION READINGS

CONTINUE

WRITE(LPT,1650) NTCAL

FORMAT (' AVERAGES & STANDARD DEVIATIONS OF CALIBRATION RDGS:',I3,

%' MAGS')

C

9}

1660

CC
1680
CC
1690
1700
CcG

o0

1750
C1750

C

1760
1765
1766
1800

1810
C
C
C

C
c

<

C
C
1900
C

1990

WRITE(LPT,1660) (TIM(NT) ,NT=1,NCH)

FORMAT (' TIMES’ ,8(1PE9.2))

DO 1700 NC=1,NTCAL
WRITE(LPT,1680) ( (SUMCAL(NT,NC)) ,NT=1,NCH)
FORMAT (5X,8(F9.4))

WRITE(LPT, 1690 ( (SDVCAL(NT,NC) ) ,NT=1,NCH)
FORMAT(’ S.D.’',8(F9.4))

CONTINUE

WRITE(LPT, 30)

READINGS FROM NOMINAL SAMPLE

WRITE(LPT,1745)

FORMAT (' READINGS FROM NOMINAL TUBE SAMPLE')
WRITE(LPT,1680) (VOLSTD(NT) ,NT=1,NGCH)

PRINT OUT READINGS AND PROPERTIES

WRITE(LPT,1750) (NT,NT=1,NCH) , (PRONAM(NPR) ,NPR=1, NPROPM)
FORMAT (' PSET' ,8(' MAG',I1,1X),6(1X,A4))
FORMAT (' PSET' ,5(' MAG',I1,1X),6(1X,A4))
DO 1800 NP=1,NPT
WRITE(LPT,1760)NP, (SUMMAG (NP,NT) ,NT=1,NCH) , (PROP (NP, NPR) ,NPR~1,

*NPROPM)

WRITE(LPT,1765) (SDVMAG(NP,NT) ,NT=1,NCH)
IF(NP.LT.NPT) WRITE(LPT,1766) (DIFMAG(NP,NT) ,NT=1,NCH)
WRITE(LPT,30)

FORMAT(I3,8(F7.1),3(F5.2),F5.0)

FORMAT(’ SD’,8(F7.1))

FORMAT('DIF’,8(F7.1))

CONTINUE

WRITE(LPT,1810)FF

FORMAT (1)

GO TO 2000

RETURN POSITIONER TO XNEW(II)=0.0 SO THAT POSITIONS CAN BE CHECKED
TURN OFF MOTOR CURRENT

WRITE(MBUS,*) ' <CAH>'

CALL POSIT(XHOM,NOLD,NAXIS,MBUS)

WRITE(MBUS,*)'XE YE ZE'

GO TO 2000

WRITE(LOT,+)'ERROR -CHECK FOR PRINTER OFF-LINE HIT CR TO CONTINUE'
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20

30

35
70

400

500

600

40

READ(0,913)ADUM
GO TO 1

STOP

END

SUBROUTINE POSIT(XNEW,NOILD,NAXIS MBUS)

VERSION 6 JULY 1984

DETERMINES THE NEW LOCATION FOR 3 DIFFERENT POSITIONERS AND FROM
THE OLD LOCATION,THE NUMBER OF STEPS NEEDED TO REACH THE NEW
LOCATION.THEN SENDS THE PULSES OVER THE IEEE-488 BUSS TO THE
CONTROLLER. AFTER THE NEW POSITION IS REACHED THE PULSE COUNT IS
COMPARED TO THE ENCODER COUNT AND CORRECTED IF DIFFERENT.THE EDDY
CURRENT READINGS WILL NOT BE MADE UNTTIL THE POSITION IS CORRECT.

DIMENSION NOLD(3),XNEW(3),NSTEPS(3)

CHARACTER*2 AXC(3),GC

DATA AXC/'XM’','YM’,'ZM'/,GC/'G '/ STEPSZ/0.00025/

DO 20 TAXIS=1,NAXIS

NSTP=(XNEW(TAXIS)+0.000125)/STEPSZ

NSTEPS (IAXTS)=NSTP-NOLD (IAXIS)

NOLD (TAXIS)=NSTP

CONTINUE

WRITE(MBUS, 30) (AXC(IAXIS) ,NSTEPS (IAXIS),GC, IAXIS=1,NAXIS)

WRITE (MBUS, *) ' ; <CFA>'

WRITE (MBUS,*) ' ;

FORMAT (4 (A2,17,A2))

RETURN

END

SUBROUTINE PRDG(IN,MPEC,NCH, ICMD,IER)

PROGRAM TO READ PULSE DATA OVER THE GPIB BUSS NO AVERAGING

CMDO  SET INSTRUMENT UP

CMD1  FAST READING, MADE ON PULSE TURN ON,RDG THEN TRANSMIT.
CMD2  SAME AS CMD1 EXCEPT TRANSMITS OLD DATA WHILE NEW RDGS MADE
CMD3  USED FOR CALIBRATIONS

CMD4  SLOWER READINGS,USES THE SUBROUTINES THAT SUPPORT AVERAGING
CHARACTER*1 CR

DIMENSION IN(8)

CR=CHAR (13)

IER=0

WRITE(MPEG, 35, ERR-400)ICMD, CR

READ (MPEC, 70, ERR=500) (IN(I), I=1,NGH)

FORMAT(I1,A1)

FORMAT (814)

GO TO 600

IER=1

WRITE(O,*)'BUSS WRITE ERROR TO PULSER;HIT RESET,CR AND CONTINUE’
GO TO 600

IER=2

WRITE(O,*)'BUSS WRITE ERROR TO PULSER;HIT RESET,CR AND CONTINUE’
RETURN

END

SUBROUTINE PRDAVG (IN,MPEC,NCH, ICMD,NRDG, IER)
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C SUBROUTINE AVERAGES NRDG PULSE READINGS
DIMENSION IN(8),INSUM(8)
CALL PRDG(INSUM,MPEG,NCH,ICMD,IER)
DO 50 NR=2,NRDG
CALL PRDG({IN,MPEC,NCH,ICMD,IER)
DO 40 NC=1,NCH
INSUM(NG)=INSUM(NC)+IN(NC)
40 CONTINUE
50 GCONTINUE
DO 100 NC=1,NCH
IN(NGC)=INSUM(NG) /NRDG
100 CONTINUE
RETURN
END
SUBROUTINE SETUP(MPEC,NCH,NRDG,IER)
C PROGRAM TO SET UP PULSE INSTRUMENT OVER THE GPIB BUSS
CHARACTER*1 CR,C,0,P,D,R,A,L,B,G
DATA ICMD/O/,C/'C'/,0/'0'/,P/'P'/,D/'D'/ R/'R'/,A/'A'/,L/'L"/,
*B/IBI/,G/IGI/
CR=CHAR(13)
IER=0
NRH=NRDG /256
NRM=(NRDG-NRH*256) /16
NRL~NRDG-NRH#*256 - 1 6%NRM
WRITE(O, 35, ERR=400)ICMD, C,NCH, CR
WRITE(MPEG, 35, ERR=400) ICMD, C, NCH, CR
C WRITE(MPEC, 40, ERR=400)ICMD, A, NRH, NRM, NRL, CR
C WRITE(O,40, ERR=400) ICMD, A, NRH, NRM, NRL, CR
35 FORMAT(I1,Al,I1,Al)
40 FORMAT(I1,Al,Z1,71,7Z1,Al)
GO TO 600
400 IER-1
WRITE(O,*)’BUSS WRITE ERROR,COMMAND TO MPEG,HIT RESET & TRY AGAIN’
600 RETURN
END

LISTING OF INPUL3.DAT

R20F
54717 0.6159
20.0

0.

50. 50,
0.0

CAB3

36.
120.E-12
PULG1
8,36,1,10.



THIK DEF LOFF XAXS THAS

5.00 0.00 0.000 4.631 .020
5.00 0.90 0.000 4,631 .0344
5.00 1.90 0.000 5.106 .0344
5.00 0.00 0.000 5.106 .020
5.00 3.10 0.000 5.581 .0344
5.00 0.00 0.000 5.581 .020
5.00 3.20 0.000 6:080 .0363
5.00 0.00 0.000 6.080 .020
5.00 2.10 0.000 6.570 .0363
5.00 0.00 0.000 6.570 .020
5.00 1.10 0.000 7.077 .0363
5.00 0.00 0.000 7.077 .020
5.00 0.00 0.002 4.631 .020
5.00 0.90 0.002 4.631 .0344
5.00 1.90 0.002 5.106 .0344
5.00 0.00 0.002 5.106 .020
5.00 3.10 0.002 5.581 .0344
5.00 0.00 0.002 5.581 .020
5.00 3.20 0.002 6.080 .0363
5.00 0.00 0.002 6.080 .020
5.00 2.10 0.002 6.570 .0363
5.00 0.00 0.002 6.570 .020
5.00 1.10 0.002 7.077 .0363
5.00 0.00 0.002 7.077 .020
5.00 0.00 0.004 4.631 .020
5.00 0.90 0.004 4.631 .0344
5.00 1.90 0.004 5.106 .0344
5.00 0.00 0.004 5.106 .020
5.00 3.10 0.004 5.581 .0344
5.00 0.00 0.004 5.581 .020
5.00 3.20 0.004 6.080 .0363
5.00 0.00 0.004 6.080 .020
5.00 2.10 0.004 6.570 .0363
5.00 0.00 0.004 6.570 .020
5.00 1.10 0.004 7.077 .0363
5.00 0.00 0.004 7.077 .020

PULFIT3

This program is used to fit the readings taken with PULRDG2 to the
properties of the standard that produced the properties. Both of these are
included in the data file, OTDATA.DAT, produced by PULRDG2 and now read by
PULFIT3. The arrays in PULFIT3 must match the data in the data file, as
noted in the earlier references on rurming this type of program. The

operator can assume different combinations of the readings and determine
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how well these combinations of readings will fit the test properties

(mostly flaw size in our particular case). The coefficients to convert the

readings into the properties are saved on another data file, PULCOE.DAT.

When the best fit has been determined, the coefficients can be incorporvated

into the programs that do the property calculation from the actual test

data.

[+NeNeNoNeNeNoNeoNesNoNoNsNoRs NN RO NN NONe RG]

c
]
C
C
C
C
c
c
C
c
c
c
c

A listing of the program PULFIT3 follows.

PROGRAM PULFIT3

VERSION 17 MARCH 1986 PULFITZ.FCR MODIFIED FOR 2.0 SOFTWARE
PROGRAM TO PERFORM A LEAST SQUARES FIT TO DATA READ INTO A DISK
FILE BY PULRDG2 AND THEN PERFORM CONTINUOUS BACK CALCULATIONS
USING INSTRUMENT READINGS MADE BETWEEN EACH DISPLAYED SET.

IRDPRM~MAXIMUM NUMBER OF COEFFICIENTS IN EXPANSION
LITEK=LOGICAL INPUT UNILIT

LOTEK=LSI OUTPUT UNIT FOR PROMPTING AND DISPLAY
LOU=LOGICAL OUTPUT UNIT FOR PERMANENT RECORD (PRINTER)
NCHS=NUMBER OF DATA CHANNELS (TIME INTERVALS)

NT=TIME INDEX

NTT=NUMBER OF TIMES

NP==PROPERTY INDEX

NPROPM=MAXIMUM NUMBER OF PROPERTIES CALCULATED(=6 NOW)
NPT=TOTAL NUMBER OF SETS OF PROPERTY VALUES THAT WILL BE
CONSIDERED. EACH SET OF PROPERTY VALUES IS ON ONE LINE

IN THE DATA FILE

NPTIT=NUMBER OF DATA LINES IN THE INPUT DATA FILE
NTCAL=NUMBER OF TIME CALIBRATIONS

NFRINT=PRINT AND TRANSFER INDEX.

MAG=INDEX TO TURN ON THE SATURATING MAGNET (=0 IF NONE USED)

REAL L2,14,1.3,1L5,L6

CHARACTER*6 NPROBE,NCABLE, INSTNO,COIL

CHARACTER COEDAT*8, FNAME*12 6 BLANKS*4 , PRONAM(7) %4 , AXTSNM(3)*4
CHARACTER PROPTY(7)*4,STOP*4, INDAT*8 , PHASW(3)*4 , POLARY (16,5)%4
CHARACTER ADUM*82,CR%*1

DIMENSIONS THAT ARE CHANGED:

w

DIMENSION READNG(NPT+1, IRDPRM+1) , PRO(NPT)

DIMENSION PROP(1,NPROFM),TMDFT(NTT),VLDFT(NTT),JPOL(2,NTT, NPROPM)
DIMENSION COE(IRDPRM),COEF(IRDPRM,NPROPM), TIM(NTT)

DIMENSION RDG1(1,IRDPRM),NPOL(2,NTT)

DIMENSION JOFSET(NPROPM),JRDPR(NPROPM)

DIMENSION PROPTY (NPROPM) , PRONAM(NPROPM)

DIMENSION TMAG1(1,NTT)

DIMENSION SUMCAL(NTT,NCAL),SDVCAL(NTT,NCAL)

DIMENSION RDGC(NTT,NCAL),RDGO(NTT,NCAL),COFSET(NTT) , CGATN (NTT)
DIMENSION VOLTS(NTT),VOLSTD(NTT),STDV(NTT) ,NCONV(NTT)
DIMENSION TOFSET(NTT), TSLOPE(NTT)
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E APPROPRIATE NUMBERS SHOULD RE INSERTED IN THE FOLLOWING

MENSION STATEMENTS; COMMENTED STATEMENTS MARKED *%* MANDATORY

DIMENSTON TMDFI(8),VLDFT(8),JPOL(2,8,7),COE(15),COEF(15,7),TIM(8)

DIMENSION RDG1(1,15),NPOL(2,8),JOFSET(7),JRDPR(7)
DIMENSION TMAG1(1,8),IN(8)

DIMENSION RDGC(8,4),RDGO(8,4),COFSET(8),CGAIN(8)
DIMENSION VOLTS(8),VOLSTD(8),STDV(8),NCONV(8)
DTMENSION READNG(37,16),PRO(72),PROP(1,7)

DATA THAT MAY NEED TO BE CHANGED:

PRI

1
2

30

40

41

25

DATA NPT/36/,NPRINT/0/,1.0U/6/,LITEK/0/,LOTEK/0/

DATA NCL/28/,LID/37/,LOD/38/ MPEC/45/ MBUS/46/ MAG/0/
DATA IRDPRM/15/,IR/1/,NCH/8/ ,NRDG/32/,NPROPM/7/,NPROPT/1/
DATA STOP/’STOP‘/,BLANKS/’ '/ NUNIT/1/,1CMD/1/
DATA NLINES/4/,INDAT/'OTPUL’/,COEDAT/' PULCOE '/
DATA COFSET/8%0.0/,CGAIN/8%1./

NT TITLE AND DATE

OPEN(LOU, FILE='#PR’ , ERR=1990)

CALL GETTIME(IYR,IMO,IDA,IHR,IMN,6ISE,IFR)
WRITE(LOU, 2 ,ERR=1990) IHR, IMN,ISE,IMO, IDA, IYR, INDAT

FORMAT (' PULFIT2 TIME ',I2,':',I2,':',12,' DATE ',12,'/',12,'/"

%12 ,4X,A8)

FORMAT (1X)

OPEN FILE FOR INPUT DATA FROM PULRDG, ASSUMED ON DEFAULT DISK

FORMAT (A8)

FNAME=INDAT//’ .DAT’

FORMAT (A12)

OPEN(LID,FILE=FNAME,6 STATUS ='OLD’,ERR=991)

MULTI PULSED EDDY GURRENT INSTRUMENT ADDR-=5 ON GPIB BUSS
ADDR=E? ON IBM BUSS DRIVER, FORTRAN LOGICAL UNIT = 45
OPEN (MPEC, FILE~'#RBUSE?‘ , ERR=993)

SET FOR DMA WITH MORE THAN 4 CHARACTERS RFAD OR WRITE
CALL _SETDMA(MPEC,?2)

CALL _STIMEOUT(MPEC,10)

WRITE(O,*)'FILE OPENED FOR PULSED I1,/0 OVER IEEE-488 BUS’
CALL SETUP(MPEC,NCH,NRDG, IER)
IF(IER.NE.O)READ(O,1991)ADUM

TF(IER.NE.0)GO TO 25

READ INITIAIL INFORMATION IN DIRECT ACCESS FILE LID ON DISK

55

60

READ(LID,55)IHR, IMN, ISE, IMO, IDA, IYR
FORMAT (6 (1X, I4))
WRITE(LOTEK,55) IHR, IMN, ISE, IMO, IDA, IYR
READ(LID,60) NPROBE,NSER,RO,CAPDR,R9,CAPPU,NCABLE,

% CABLEL, CCABLE, INSTNO
FORMAT (A6,1X,15,4(E13.4) ,1X,46,2(E13.4),1X,A6)
WRITE(LOTEK,60) NPROBE,NSER,RO,CAPDR,R9,CAPPU,NCABLE,
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% CABLEL, CCABLE , INSTNO
READ(LID, 65) NTT,NPTT,NPROPM,NTCAL, ICMD, PVOLT
65 FORMAT(5(1X,I5),1F6.0)
IF(NTT.NE.NCH)WRITE(O, *)'ERROR IN CHANNEL(NCH) AND TIME INTERVALS’
*, " (NTT)")
WRITE(LOTEK,65) NCH,NPT,NPROPM,NTCAL, ICMD, PVOLT
READ(LID,70) (TIM(NT),NT=1,NTT)
WRITE(LOTEK,70) (TIM(NT) ,NT=1,NTT)
70 FORMAT(8(1PE10.3))
READ(LID, 80) (PRONAM(NPR) ,NPR=1,NPROPM)
WRITE(LOTEX, 80) (PRONAM(NPR) ,NPR=1, NPROPM)
80 FORMAT(7(1X,A4))
DO 100 NC=1,NTCAL
READ(LID, 85) (RDCO(NT,NC) ,NT=1,NTT)
85 FORMAT(8(F7.4))
100 CONTINUE
READ NOMINAL STANDARD VOLTACES

READ(LID,85) (VOLSTD(NT) ,NT=1,NTT)
WRITE(LOTEK, 85) (VOLSTD(NT) ,NT=1,NTT)

END OF SECTION WHICH READS INITIAL DIRECT ACCESS FILE
THE DATE AND TIME THE DATA WERE TAKEN ARE PRINTED

WRITE(LOU, 140)THR, IMN, ISE, IMO, IDA, IYR
140 FORMAT(' CALIBRATION DATA TAKEN ' ,I2,':',I2,':',1I2,' DATE *',12,
*v/r,12,v/r,12)
WRITE(LOU,*) 'DATA FILE ’,INDAT,’ COIL ' ,NPROBE,® SERIAL NO ' NSER
160 FORMAT (1X)

COIL DATA ARE READ FROM REF.DAT OR CIR.DAT FILE

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

THE INPUT DATA FOR THE REFLECTION COIL ARE READ FROM FILE 28
SEE FIG.2,P.7 AND FIG.4, P.7, ORNL-TM-4107, FOR DEFINITIONS.

OPEN(28,FILE~'REF.DAT’,STATUS ='OLD’, ERR=994)
10 READ(28,11,ERR=996)COIL,RBAR,R1,R2,L3,R3 R4, L4, 15,16
% RDCDR ,RDCPU, TNDR , TNPU
11 FORMAT(A6,9F8.4 ,F10.4,F11.4,2F8.1)
IF(COIL.EQ.'END  ')WRITE(O,*)'REF COIL NOT FOUND'
IF(COIL.EQ.'END  ')GO TO 15
IF(COIL.NE.NPROBE)GO TO 10
GO TO 630

THE INPUT DATA FOR CIRCULAR COILS ARE READ FROM FILE 29
SEE TABLE 3,PAGE 10 OF ORNL/NUREG/TM-335 FOR DEFINITIONS

15 OPEN(29,FILE='CIR.DAT’,6STATUS -’OLD’,ERR=995)
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READ(29,20,ERR=997)COIL,RBAR,R1,R2, XL 71 RLIM,RDCDR
* RDCPU, TNDR, INPU, ZLDR, ZLPU, X
20 FORMAT(A6,6¥8.4 2F10.4,2F8.1,2E11.3,F8.1)
READ(29,20,ERR=996)COIL,RBAR,R1,R2 L3 B3, &4
IF(COTL.EQ. "END  ")WRITE(O,*)’' CIR COTL NOT FOUND’
IF(COTL.EQ.'END  ')GO TO 300
TF(COIL.NE.NPROBE)CO TO 15
GO TO 630

LEAST SQUARES DESIGN SECTION.
SELECT PROPERTY TO BE FITTED AND SET UP PROPERTY ARRAY.

300 MSET-NPT
MSET1=-MSET+1
TF(NPROPT.GT .NPROPM) GO TO 860
310 WRITE(LOTEK,320) (NPR, PRONAM(NPR) ,NPR=1  NPROPM)
320 FORMAT(' SELECT NUMBER OF THE PROPERTY TO BE FITTED: ',
%/ 7(T3,1%,86)," 7 %)
READ(LITEK, *)NPROP
IF(NPROP . GT . NPROPM) NPROP=NPROPM
350 WRITE(LOTEK,360)
360 FORMAT(' TYPE 1 TF THERE IS OFFSET; 0 IF NO OFFSET:', /)
READ(LITEK,*) JOFSET(NPROPT)
TOFSET=JOFSET (NPROPT)
TRDPR-IOFSET
370 WRITE(LOTEK,380)
380 FORMAI(' SELECT THE NUMBER OF THE FUNCIION TYPE & POLYNOMIAL’,
%' DEGREE, FOR EACH TIME VALUE’)
WRITE(LOTEK, 390)
390 FORMAT(’ FUNCTION TYPE:1=LINEAR 2-~LOG 3=EXP 4=INV ')
400 WRITE(LOTEK,160)
WRITE (LOTEK,410)
410 FORMAT(25X,'FCIN POL '/,25X'TYPE DEG ')
DO 450 NT=1,NTT
WRITE(LOTEK, 420) NT
420 FORMAT(! TIM - *,712,° SEC ',\)
READ(LITEK,*)JPOL(1,NT ,NPROPT),JPOL(2,NT,NPROFI)
IRDBPR-IRDPR+JPOL(2,NT , NPROPT)
JRDPR (NPROPT ) =TRDPR
NPOL.(1,NT)=JPOL(1,NT,NPROPT)
NPOL(2,NT)=JPOL(2,NT, NPROPT)
450 CONTINUE
TRDPR1-TRDPR+1
IF(IRDPRM.TT. JRDPR (NPROPT) )WRITE(LOTEK, 460)
IF (IRDPRM.LT.JRDPR(NPROPT))GO TO 630
460 FORMAT(' ERROR: # OF TERMS IN POLARY EXCEEDS DIMENSTION')
JROW=IRDPRM+1
CALL POLPUL(POLARY,JROW, [RDPR,NPOL,NTT, IOFSET, LOTEK)

EXPAND THE RAW READINGS INTO IRDPR READINGS.
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470 DO 480 NT=1,NTT
C SET THE TIME AND VOLTAGE DRIFTS TO ZERO INITIALLY

TMDFT (NT)=0.

480 CONTINUE
REWIND(LID)
DO 481 IREC=1,NLINES
READ(LID,483)ADUM

483 FORMAT(A2)

481 CONTINUE
NR=1
DO 490 NP=1,NPTT
READ(LID,482) (TMAGL(1,NT) ,NT=1,NTT), (PROP(1,NPR) ,NPR=1,NPROPM)
TMAGL (1, 1)=TMAG1 (1, 1)+TMAG1(1,2)
TMAGL(1,3)=TMACL(],3)+IMAGL(1,4)
TMAG1(L,5)=TMAG1(1,5)+TMAG1(1,6)
TMAGL(1,7)=TMAG1(1,7)+TMAGL(1,8)

482 FORMAT(8(¥7.1),3(F5.2),F5.0)

C482 TFORMAT (14(1X,F9.5))

C

C THE PROPERTIES CAN BE SET AND MODIFIED IN THIS SECTION
c

C

C IF THIS PROPERTY IS NOT TO BE USED TRANSFER TO 490

C

o IF(PROP(1,1).NE.5.1)G0 TO 490

c IF(PROP(1,2).GT.2.200)G0O TO 490

PRO(NR)=PROP(1,NPROP)
CALL RDGPUL(RDG1,TMAG1,NPOL,IOFSET,TMDFT,1,IRDPRL,1,NTT,1,1,1,1)
DO 485 TRD=1,IRDPRM
READNG (NR, IRD)=RDG1 (1, IRD)
485 CONTINUE
NR=NR+1
490 CONTINUE

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

CALIL ALSQS(READNG,PRO,COE,RS0S,MSET, IRDPR,MSET1)
C
C CALCULATE THE DIFFERENCES IN THE FIT AND THE MAXIMUM DRIFTS.
C

500 SSDRIF=0.
SSDIFF-O0.
IF(NPRINT.EQ.2)WRITE (LOTEK, 510) PRONAM(NPROP)
IF(NPRINT.EQ.2)WRITE(LOU, 510) PRONAM(NPROP)
510 FORMAT(' PSET',8X,A4,9X,’'CAL’,8X,'DIFF’,7X, 'DRIFT")
REWIND (LID)
DO 515 IREC=1,NLINES
READ(LID, 483)ADUM
515 CONTINUE
NR=1
DO 570 NP=1,NPTT
DRIFT=0.
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READ(LID,482) (TMAGL1(1,NT) ,NT=1,NTT), (PROP(1,NPR) ,NPR~1, NPROPM)
TMAGL(1,1)=TMAGL(1,1)+TMAGL(1,2)
TMAGL(1,3)~TMAGL(1,3)+TMAGL(1,4)
TMAGL (1, 5)~TMAGL(1,5)+TMAGL(1,6)
TMAGL (1, 7)=TMAGL(1,7)+TMAG1(1,8)

THE PROPERTIES CAN BE SET AND MODIFIED IN THIS SECTION

TRANSFER TO 570 IF PROPERTY IS NOT THE ONE WE WANT

IF(PROP(1,1) .NE.5.1)GO TO 570
IF(PROP(1,3).GT.0.001)G0 TC 570
TF(PROP(1,2).GT.2.200)C0 TO 570
DO 540 NT=1,NTT

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

TMDFT(NT)=1.0
CALL RDGPUL(RDGL,TMAGY ,NPOL., IOFSET,TMDFT,1, IRDPRY,1 NTT,1,1,1,1)

THE POLYNOMIAL IS CALCULATED

SUM==0.
DO 520 IR=1, IRDPR
SUM=SUM+-COE (IR)*RDG1(1,1R)

520 CONTINUE
DRIFT=DRIFT+ABS (READNG(NR, IRDPR1) -SUM)
TMDEFL(NT)=0.

30 CONTINUE

540 CONTINUE
PIFF=PRO(NR) -READNG (NE, IRDPR1)
SSDIFF=SSDIFF+DIFEF*DIFF
SSDRIF=5SDRIF+DRIFT#DRIFT
IF(NPRINT.NE.Z)GO TO 565

THE ENTIRE FIT IS PRINTED OUT

WRITE(LOU,560)NP,PRO(NR) ,READNG (NR, IRDPR1) ,DIFF,DRIFT
WRITE(TOTEK,560)NP,PRO(NR) ,READNG(NR, IRDPR1) ,DIFF,DRIFT
560 FORMAT(1X,14,4F12.5)
565 NR=NR+1
570 CONTINUE
SDRIF=SQRT(SSDRIF/FLOAT (MSET))
SDIFF=SQRT (SSDLFF/FLOAT(MSET))
WRITE(LOU, 580) PRONAM(NPROP) ,SDIFF,SDRIF, (NPOL(1,NT) ,NT=1,NTT)
WRITFK (LOU,585)I0FSET, (NPOL(2,NT) ,NT-=1,NTT)
WRITHE(LOU,30)
WRITE(LOTEK, 580) PRONAM(NPROP) ,SDIFF,SDRIF
580 FORMAT{(' RMS DIF IN ', A4, '=' F10.5,2X, 'DRIFT=",F10.5,3X
*'FCIN'1012)
585 FORMAT(12,’ CONSTANT'’,637X,’POL ',1012)

2
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590 IF (NPRINT.NE.3)CGO TO 630
IF(NPROPT.NE.1)GO TO 597
OPEN FILE FOR OUTPUT COEFFICIENT DATA STORAGE,ASSUMED ON DEFAULT DISK
FNAME—~COEDAT//' . DAT'
OPEN (LOD, FILE=FNAME, STATUS ='NEW' ,ERR = 992)
DO 595 N{=1,NTCAL
WRITE (LOD,*) (RDGO(JJ,NC) ,JJ=1,NTT)
595 CONTINUE
WRITE(LOD,*) (VOLSTD (NT) ,NT=1,NTT)
596 CONTINUE
597 WRITE(LOU,160)
WRITE(LOTEK, 160)
NCOEDL=NCOED+4*IRDPRM+1
WRITE(LOD,*)IRDPR
DO 610 I=1,IRDPR
WRITE(LOU,600)I,COE(L), (POLARY(I,J),J=~1,5)
WRITE(LOTEK,600)T,COE(L), (POLARY(I,J),J=1,5)
600 FORMAT (' COEF(’,I2,’)=',1PEL5.7,4X,5A%)
COEF(1,NPROPT)=COE(I)
DO 610 NCO=1,4
WRITE(LOD,*)NCONV(NGO)
610 CONTINUE
NCOED=NCGED1

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

WRITE(LOD, 615)PRONAM(NPROP) , IRDPR , JOFSET (NPROPT)
615 FORMAT(1X,A4,214)
WRITE(LOD,*) (COEF(IR,NPROPT),IR=1, IRDPR)
WRITE(LOD,616) (COEF(IR,NPROPT), IR=1, IRDFR)
616 FORMAT (' DATA C /',1PE13.6,14('/,C /',1PE13.6))
DO 620 NT=1,NTT
WRITE(LOD,*) (NPOL(I,NT),I~1,2)
620 GONTINUE
PROPTY (NPROPT )=PRONAM (NPROP)
NPROPT=NPROPT+1

630 WRITE(LOTEK,640)
640 FORMAT(’ 1 FIT PROP 2 PRT ENTIRE FIT 3 PRT/SV COEF 4 CHG FCTN/POL'
%, 'TYP 5 RUN TEST’,/)
READ(LITEK,*)NPRINT
GO TO(300,500,590,350,650) , NPRINT
650 NPROPT=NPROPT-1
WRITE(LOU,160)
GO TO 880
CALCULATES PROPERTIES FROM MAGNITUDES AND PHASES AND CONTINUOQUSLY
DISPLAYS THE VALUES ON THE CRT TERMINAL.

700 CONTINUE
IF(NPRINT. £Q.2)WRITE(LOTEK, 710) (PROPTY (NPRO) , NPRO=1,NPROFT)
710 FORMAT(1X,6(8X,A4,1X))
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715

720

780

721

790

800

825

830

840

845

820

850

IF(NPRINT.EQ.3)WRITE(LOTEK, 715) (IT,II=1,NTT)
FORMAT(8(' MAG(',I1,’)"))
WRITE(LOTEK, 160)

EXPANSION OF TMAGL1(1,NT) INTO READNG(1,IRDPRM)

DO 800 NPRO=1,NPROPT
DO 790 NT=1,NTT
DO 780 T1=1,2
NPOL(I,NT)-JPOL(I,NT,NPRO)
CONTINUE
WRITE(0,721) (NPOL(T,NT),I=1,6)
FORMAT (613)
TMDFT (NT)=0.
CONTINUE
IOFSET-JOFSET (NPRO)
IRDPR=JRDPR (NPRO)
TRDPR1=IRDPR+1
CALL RDGPUL(RDG1,TMAG1,NPOL,IOFSET, TMDFT,1,IRDPRL,1,NTT,1,1,1,1)
PRO(NPRO)=0.
DO 800 IR~1,IRDPR
PRO (NPRO)=PRO (NPRO)+COEF (IR, NPRO)*RDG1 (1, IR)
CONTTNUE
IF(NPRINT.EQ.2)WRITE (LOTEK, 805) (PRO(NPRO) ,NPRO=1, NPROPT)
FORMAT (1X,7(F13.5))

NEW READINGS ARE MADE FROM THE EDDY CURRENT INSTRUMENT.

CALL PRDG(IN,MPEC,NCH,ICMD, IER)

DO 830 NC=1,NCH

VOLTS (NC)=VOLTS (NC) +TOFSET (NC)+TSLOPE (NC)*VOLTS (8)
CONTINUE
IF(NPRINT.EQ.3)WRITE(LOTEK, 820) (IN(NT) ,NT=1,NTT)
CALL CORRDG (VOLTS ,COFSET, CGAIN,NTT)

DO 845 NT=1,NTT

TMAGL (1,NT)=IN(NT)

CONTINUE

TMAGL(1,1)=TMAGL(1,1)+TMAG](1,2)
TMAGL(1,3)=TMAGL (1,3)+TMAG] (1,4)
TMAG1(1,5)=TMAG1(1,5) +TMAG1(1,6)
TMACL(1,7)=TMAGL(1,7)+IMAG1(1,8)

FORMAT(8(15))

CALL GETKEY(IKY,IS,KBFL,6KBF2,IRR)
IF(IRR.NE.0)GO TO 720

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

IF(NLABL+NPRINT.EQ.3)WRITE(LOU, 710) (NPRO,NPRO~1,NPROPT)
NLABL=NPRINT
IF(NPRINT.EQ.?2)WRITE (LOU, 850) ( PRO(NPRO) ,NPRO=1,NPROPT)
FORMAT (8(F9.5))
IF(NPRINT.EQ.3)WRITE(LOU,850) (VOLTS (NT) ,NT=1,NTT)
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GO TO 880

860 WRITE(LOTEK, 870)

870 FORMAT(' PROP ARRAY IS FILLED.')

880 WRITE(LOTEK,890)

890 FORMAT(' PRINT :1.MEAS VOLT & PROPERTIES 2.CAL&DISPLAY PROPS’

%, '3 . RAW RDGS.4.RE-CALIB 5.STOP’',/)

READ(LITEK,*)NPRINT
GO TO (1300,700,700,895,900) , NPRINT

895 CONTINUE
CALL RESET(RDGC,RDGO,COFSET,CGAIN, STDV,NTT)
GO TO 880

C PRINT SUMMARY OF DATA FROM DISK FILE
C
1300 WRITE{LOU,1350) NPROBE,NSER
1350 FORMAT(’ PROBE NO.:',A6,5X,’ SERIAL NO.:’,I5)
WRITE(LOU,1360) RO,CAPDR
1360 FORMAT(' DRIVER SERIES RESISTANCE:’,F10.1,5X,’DRIVER SHUNT GAP . :‘,
* E12.4)
WRITE(LOU,1370) R9,CAPPU
1370 FORMAT(’ PILCK-UP SHUNT RESISTANCE:',F10.1,5X,'PICK-UP SHUNT CAP.:'
* JE12.4)
WRITE(LOU,1380) NCABLE,CABLEL,CCABLE
1380 FORMAT(’ CABLE I.D. NO.:',A6,5X, LENGTH:',F10.1,5X, CAP.: "',
* E12.4)
WRITE(LOU,1390) INSTNO
1390 FORMAT(' EDDY CURRENT INSTRUMENT NO.:',A6)
WRITE(LOU,1410) (TIM(NT),NT=1,6NTT)
1410 FORMAT('TIME:’,8(1PE10.3))

C PRINT CALIBRATION READINGS
C
1600 CONTINUE

WRITE(LOU,1650) NTCAL
1650 FORMAT(’ AVERAGES & STD.DEVIATIONS OF CALIBRATION READINGS: 13,

%' MAGS')

WRITE(LOU, 160)

WRITE(LOU,1660) (TIM(NT),NT=1,NTT)
1660 FORMAT(8(1PE10.3))

DO 1700 NC=1,NTCAL

WRITE(LOU,1680) ((RDGO(NT,NC)) ,NT=1,NTT)
1680 FORMAT(8(F5.1))
1700 CONTINUE

«

PRINT OUT READINGS AND PROPERTIES

o}

WRITE(LOU, 160)

WRITE (LOU, 1750) (NT,NT=1,NTT) , (PRONAM(NPR) , NPR=1, NPROPM)
1750 FORMAT(1X,'PSET’,8(' MAG',I1),4(2X A4, 1X))

REWIND (LID)

DO 1755 IREC=1,NLINES

READ(LID,483)ADUM
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1755 CONTINUE
DO 1800 NP=1,NPTT
READ(LID,482) (TMAGL (1,NT) ,NT=1,NTT), (PROP(1,NPR),NPR=1,NPROPM)
TMAG1 (1,1)=TMAG1 (1,1)+TMAG1(1,?2)
TMAG1 (1,3)=TMAG] (1,3)+TMACL (1,4)
TMAG1(1,5)-TMAGL(1,5)+TMAGL(1,6)
TMAG1 (1, 7)=TMAGL (1,7)+TMAG1 (1,8)
WRITE(LOU,1760)NP, (TMAGL(1,NT) ,NT-1,NTT), (PROP(1,NPR) ,NPR=1,
*NPROPM)
1760 FORMAT(1X, I4,8(F6.0),4F7.4)
1800 CONTINUE
C
GO TO 880
1990 WRITE(LOTEK,*)'ERROR-CHECK I[F PRINTER OFF-LINE,HIT CR TO CONTINUE'
READ(0,1991)ADUM
1991 FORMAT(A2)

GO TO 1

991 WRITE(IOTEK,*)'ERROR IN OPENING INPUT DATA FILE’
GO TO 900

992 WRITE(LOTEK,*)'ERROR IN OPENING OUTPUT COEF DATA FILE'
GO TO 900

993 WRITE(LOTEK,*)'ERROR IN OPENING INSTRUMENT DATA FILE'
GO TO 900

994 WRITE(LOTEK,*)'ERROR IN OPENING REF DATA FILE’
GO TO 9200

995 WRITE(LOTEK,*)'ERROR IN OPENING CIR DATA FILE’
GO TO 900

996 WRITE(LOTEK,*)'ERROR IN READING COIL;’,COIL
WRITE(IOTEK,11,FERR=996)COIL,RBAR,R]1,R2,1.3,R3 R4, L4, 15,16
* ,RDCDR,RDCPU, TNDR, TNPU

c GO TO 10
997 WRITE(LOTEK,*)'ERROR IN READING COIL;',COIL
c GO TO 15
900 STOP
END
SUBROUTINE ALSQS(A,Y,B,R2,NN,MM,NA)
C
C ALSQS IS A FORTRAN IV SUBROUTINE TO SOLVE THE LINEAR LEAST
G SQUARES PROBLEM NORM(AR - Y) = MIN. CALLING SEQUENCE IS
C CALL ALSQS(A,Y,B,R2,N,M NA)
C WHERE
C A IS AN ARKAY CONTAINING THE LEAST SQUARES MATRIX.
C UPON RETURN THE (M+1)-TH COLUMN CONTAINS THE
C APPROXIMATING VECTOR AB.
C Y IS THE VECTOR 10 BE FIT
c B CONTAINS UPON RETURN THE COEFFICIENTS OF THE FIT.
c R? CONTAINS UPON RETURN THE RESIDUAL SUM OF SQUARES.
c IS THE NUMBER OF ROWS IN THE LEAST SGQUARES MATRIX.

==

IS THE NUMBER OF COLUMNS IN THE LEAST SQUARES
MATRIX.
IS THE FIRST DIMENSION OF THE ARRAY A.

O
2
w
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DIMENSION A(NA,1),Y(1),B(1)
N = NN

N1 = N+1

M = MM

M1 = M+1

MM1 = M-1

REDUCE THE LEAST SQUARES MATRIX TO UPPER TRIANGULAR FORM

DO 60 1L=1,M
SS = 0.
DO 10 I=L,N
SS = SS + A(I,L)*%*2
S2 = §§
S =SQRT(S2)
IF (A(L,L).LT.0.) S=-S
D = S§2 + S*¥A(L,L)
A(L,L) = A(L,L) + 8
IF (L.EQ.M) GO TO 50
L1 = L+l
DO 30 J=L1,M
PP = 0,
DO 20 I-L,N
PP = PP + A(I,L)Y*A(T,J)
A(N1,J) = PP/D
DO 40 J=L1,M
DO 40 [=L,N
A(I,J) = A(I,J) - A(I,L)*A(N1,J)
A(NL1,L) = -8
CONTINUE

REDUCE THE VECTOR Y

DO 80 I=1,N
A(T,M1) = Y(I)

DO 100 L=1,M
PP = 0.
DO 90 I=L,N

PP = PP + A(I,L)%A(I,M1)
D = PP/(-A(L,L)*A(NL,L))
DO 100 I-L,N

A(I,M1) = A(I,M1) - D*A(I,L)

CALCULATE THE COEFFICIENT VECTOR B

B(M) = A(M,M1)/A(NL1,M)
IF (M.EQ.1) GO TO 130
DO 120 LI~1,MML

L = M-LL

L1 = 1+1

PP = A(L,M1)

DO 110 I=L1,M
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PP = PP - A(L,I)*B(I)
B(L) = PP/A(NL,L)

CALCULATE R2

SS = 0.

MP1 = M+1

DO 140 I=MP1,N

SS = SS + A(I ,M1l)*=*2
A(I,M1) = O.

R2 = SS

PERFORM THE BACK CALCULATIONS

DO 170 LI~=1,M
L = M-LL+1
PP = 0.
DO 150 1=L,N
PP = PP + A(I,L)*A(I,M1)
D = PP/(-A(L,L)*A(NL,L))
DO 160 I=L,N
A(T,M1) = A(I,M1l) - D*A(L,L)
CONTINUE
RETURN
END

SUBROUTINE RESET(RDGC,RDGO,COFSET,GAIN,STDV,NCH)

SUBROUTINE DOES NCH LEAST SQUARES FITS OF RDGO=COFSET+GAIN¥RDGC
LEAST SQUARES SUBROUTINE IS STANDARD FOR Y(J)=COFSET+GAIN*X(J)

DIMENSION RDGC(NCH,4),RDGO(NCH,4),COFSET (NCH) ,GAIN(NCH) , STDV (NCH)
DATA NRD/4/

DO 100 NGC=1,NCH

SUMX=0.0

SUMY=~0.0

SUMXY-0.0

SUMXX=0.0

SUMYY=0.0

PERFORM LEAST SQUARES FIT OVER NRD READINGS

DO 50 NR~1,NRD

SUMX=SUMX+RDGC (NC,NR)

SUMY~SUMY+RDGO (NC, NR)
SUMXY=SUMXY+RDGC (NC, NR) *RDGO (NG, NR)
SUMXX=SUMXX+RDGC (NG, NR) *RDGC (NC, NR)
SUMYY=SUMYY+RDGO (NC, NR) *RDGO (NC, NR)

CONTINUE

XBAR=SUMX /NRD

YBAR=SUMY/NRD ‘
GAIN(NC)=(SUMXY- SUMX*YBAR) / ( SUMXX - SUMX#XBAR)
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COFSET (NC)=YBAR - GAIN(NC) *XBAR
STDV (NC)=SQRT (ABS ( (SUMYY - SUMY*YBAR - GAIN (NC) % ( SUMXY - SUMX*YBAR) ) /
*FLOAT (NRD-2)))

CONTINUE

WRITE(O,210) (I, I=1,NCH)
WRITE(O,220) (COFSET(NC) ,NC=1,NCH)
WRITE(O,230) (GAIN(NC) ,NC=1,NCH)
WRITE(O,240) (STDV(NC) ,NC=1,NCH)

FORMAT (5X,8(' VLT(',I1,’)"))
FORMAT (' OFSET' , 8 (F8.4))
FORMAT( 'GAIN ', 8(F8.4))
FORMAT (‘' STDV ',8(F8.4))
RETURN

END

SUBROUTINE CORRDG(VOLTS,COFSET,GAIN,NCH)
DIMENSION VOLTS (NCH) ,COFSET(NCH) ,GAIN(NCH)
DO 100 NC-=1,NCH

VOLTS (NC)=COFSET (NC)+GAIN(NC)*VOLTS (NC)
CONTINUE

RETURN

END

SUBROUTINE POLPUL(POLARY,JROW, IRDPR,NPOL,NTIM, TOFSET,1.0U)
S SUBROUTINE CONSTRUCTS AN ARRAY FOR PRINTING

CHARACTER=*2 RDGTYP(2),IDEG(12),INUM(9)

CHARACTER*4 FUNTYP(4),BLANKS, CONSTA(2) , POLARY (JROW,5) ,ROLD (4)

DIMENSION NPOL(2,NTIM)

DATA RDGTYP/' M',’ T'/,CONSTA/'CONS’,'TANT'/

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

DATA IDEG/'1 ','2 ', '3 ' 14 ' !5 4 16 ¢+ t7 ¢ 1g ¢ 1g ¢ r]Qr 1117,
*']_QI/

DATA INUM/'l)','2)’,'3)','4)','5)','6)','7)','8)','9)'/

DATA BLANKS/' iy

BLANK OUT POLARY ARRAY

Do 71 J=1,5
DO 71 I=1,JROW
POLARY (I ,J)=BLANKS

NROW=1

IF(IOFSET.NE.1) GO TO 70
POLARY (NROW,1)~CONSTA(1)
POLARY (NROW, 2)=CONSTA(2)
FORMAT (1X, 3A4)

DO 200 NT=1,NTIM
NDEG=NPOL(2,NT)
IF(NDEG.EQ.0) GO TO 300



400
21
300
200
C

DO 400 I=1,NDEG

NROW=NROW+1

POLARY (NROW, 1)=FUNTYP (NPOL(1,NT))
POLARY (NROW, 2)="'VLT ('

POLARY (NROW, 3)=INUM(NT) //IDEG (L)

CONTINUE

FORMAT (/(1X, A4, '"VLT(',12,')" ,A4))
CONTINUE

CONTINUE

C PRINT RESULTS

C

1000

QOO OO0

[N @]

oMo

DO 1000 NR=1,NROW
WRITE(LOU,20) (POLARY (NR,I1),11=1,3)
CONTINUE

RETURN
END

SUBROUTINE RDGPUL(READNG,SUMT,NPOL, TOFSET, TMDFT,MSET1
1,IRDPR1,M,NTIM,NL, NLT,NP,NPTT)

REAL#8 READNG,RDG

DIMENSION READNG(MSET1,IRDPR1),NPOL(2,NTIM), TMDFT (NTIM)
DIMENSION SUMT(NLT,NPTT,NTIM)

NPOL CONTAINS A NUMBER FOR THE FUNCTION TYPE & THE POLYNOMIAL
DEGREE. IF IOFSET=(C,NO OFFSET IS INCLUDED,=1 OFFSET IS INCLUDED
NPOL(2,NT) =0,THAT PARTICULAR TIME VALUE WILL NOT BE INCLUDED
IN THE PROPERTY CALCULATIONS.

READNG(M,1)=1.

N=1

IF(IOFSET.EQ.1)N=2

DO 210 NT-1,NTIM
IF(NPOL(2,NT).EQ.0) GO TO 200
RDG=SUMT(NL, NP, NT)+TMDFT (NT)

THE TYPE OF FUNCTION IS SELECTED

IF(NPOL(1,NT).EQ.1)RDG=RDG
IF(NPOL(1,NT) .EQ.2)RDG~ALOG (RDG)
IF(NPOL(1,NT) .EQ.3)RDG=EXP (RDG)
IF(NPOL(1,NT).FQ.4)RDG=1. /RDG

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

READNG (M,N)=RDG

N=N+1

NDEG=NPOL{2,NT)-1
IF(NDEG.TT.1) GO TO 15

DO 10 I=1,NDEG

READNG (M, N)=RDG*READNG(M,N-1)
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N--N+1
10 GONTINUE
15 CONTINUE
200 CONTINUE
210 CONTINUE
RETURN
END
SUBROUTINE PRDG(IN,MPEC,NCH,ICMD,IER)
PROGRAM TO READ PULSE DATA OVER THE GPIB BUSS NO AVERAGING
CMDO  SET INSTRUMENT UP
CMDL  FAST READING, MADE ON PULSE TURN ON,RDG THEN TRANSMIT.
CMD2  SAME AS CMD1 EXCEPT TRANSMITS OLD DATA WHILE NEW RDGS MADE
CMD3  USED FOR CALIBRATIONS
CMD4  SLOWER READINGS,USES SUBROUTINES THAT SUPPORT AVERAGING
CHARACTER*1 CR
DIMENSTON IN(8)
CR~CHAR (13)
TER=~0
WRITE(MPEC, 35, ERR=400) ICMD, CR
READ(MPEG, 70, ERR=500) (IN(T), I=1,NCH)
35 FORMAT(I1,Al)
70 FORMAT(8I4)
GO TO 600
400 IFR-1
WRITE(O,*)’BUSS WRITE ERROR TO PULSER;HIT RESET,CR AND CONTINUE'
GO TO 600
500 IER=2
WRITE(O,*)'BUSS WRITE ERROR TO PULSER;HIT RESET,CR AND CONTINUE’
600 RETURN
END
SUBROUTINE SETUP(MPEC,NCH,NRDG,IER)
c PROGRAM TO SET UP PULSE INSTRUMENT OVER THE GPIB BUSS
CHARACTER*1 CR,C,0,P,D,R,A,L,B,G
DATA ICMD/0/,C/'G'/,0/'0'/,B/'P'/,D/'D'/ R/'R'/ A/ A/, L)L/,
:“‘B/IBI/,G/IG!/
CR=CHAR(13)
IFR=0
NRH=NRDG /256
NRM=(NRDG-NRH*256) /16
NRL=NRDG- NRH*256 - 1 6+NRM
WRITE(O, 35, ERR=400) ICMD, C,NCH, CR
WRITE(MPEC, 35, ERR=400) ICMD, G, NCH, CR
WRITE (MPEC, 40, ERR-400) ICMD, A, NRH , NRM, NRL., CR
C WRITE(O, 40, ERR=400) ICMD, A, NRH, NRM, NRL, CR
35 FORMAT(I1,Al,I1,Al)
40 FORMAT(I1,Al,21,21,2Z1,A1)
GO TO 600

SR NeNe!

[ !

(@
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400 IER=1

WRITE(O,*)'BUSS WRITE ERROR,COMMAND TO MPEC,HIT RESET & TRY AGAIN'
600 RETURN

END

SSTPUF3

This program drives the scanner to position the tube at different
locations under the probe, takes the readings, computes the flaw size,
plots the readings on the printer, and then stores the raw data. The
entire tube is scanned before the computations and plotting are started.
The present version is for a high-resolution plot that gives a one-to-one

representation of the tube length. A listing of SSTPUF3 follows.

PROGRAM SSTPUF3

c VERSION MAY 9 1986

c SCANS THE TUBE BY ROTATING THEN TRANSLATING THE AVERAGE

c VOLTAGE LEVEL IS READ OVER THE BUS FROM THE PULSE TNSTRUMENT.

c THE PROPERTY IS CALCULATED FROM THE VOLTAGE LEVEL AND

c PLOTTED ON THE PRINTER. THE RAW READINGS ARE STORED ON THE DISK.
c MODIFIED FOR 2.0 CSOS OPERATING SYSTEM & FORTRAN

c TAXM=NUMBER OF STEPS ALONG THE X AXIS

c IATHM-NUMBER OF STEPS IN THE THETA AXIS

c

INTEGER*2 IVOL(40,1801,8)

DIMENSTION IV(8),10Y(40),IYA(40),IY(40),NSTEPS(3)

CHARACTER*2 AXC(3)#2,GC*2,CR*1,FF+1, TUBE*10, TFILE#14

DATA IXX/0/

DATA AXC/'XM', 'YM','ZM'/,GC/'G '/, SCAN/42 .75/ TIATHM/20/

DATA NCH/8/ ,NRDG/1/,1CMD/2/

DATA MPEC/45/ MBUS/46/ NAXIS/2/,1.0U/6/,NDAT/9/, PA/Q./

DATA CO / 1.255409E+02/,C11/ 2.387605E-02/,C12/-2.864017E-06/,
*C21/-2.718268E-02/,C22/ 1.552432E-06/,C31/ 1.120601E-03/,
*C41/-1.671774E-02/,C42/ 2.906185E-07/

c MULTI PULSED EDDY CURRENT INSTRUMENT ADDR~5 ON GPIB BUSS

c ADDR=E? ON IBM BUSS DRIVER, FORTRAN LOGICAL UNIT = 45
OPEN (MPEC, FILE='#BUSE?")

c SET FOR DMA WITH MORE THAN 4 CHARACTERS READ OR WRITE

CALL _SETDMA(MPEC,?2)

CALL _STIMEOUT(MPEG,10)

c MODULYNX AXIS POSITION CONTROLLFR ADDR=6 ON GPIB BUSS,ADDR=F? ON

c IBM BUSS DRIVER,FORTRAN LOGICAL UNIT = 46
OPEN(MBUS , FILE=’ #BUSF?")
CALL _STIMOUT(MBUS,400)
CALL _SETEOS(MBUS,$00,$04)
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CALL SETOPTIONS(MBUS,0,0,0,0,0,1,0)
WRITE(MBUS,*) ' XA15000B410H2400"
WRITE(MBUS, *) ' YASOCOOB90OOH3600

PRINTER GRAPHIGS FILE OPENED,LOU=6

OPEN(LOU, FILE='#PR')

NSTEPS(1)=95

NSTEPS (2)=200/TATHM

NAOF=1000/IATHM

NADX~160/IATHM

WRITE(O,*)'WHAT IS LENGTH IN INCHES OF SCAN TO BE MADE ON TUBE ?'
READ(0Q,*)SCX

IF (SCX.EQ.0.0)SCX=SCAN

SCAN-SCX
TAXM=(SCAN+0.00001)/(0.00025*FLOAT(NSTEPS (1)) )+1
CALL SETUP(MPEC,NCH,NRDG,IER)

IF(IER.NE.0)GO TO 25

NCH2-NCH/2

IDENTIFY TUBE AND GENERATE FILE NAME FOR TUBE DATA DISKETTE
NSTOR=(NCH2%2+1)*IAXM*TATHM+53

WRITE(O,*)NSTOR,’ BYTES OF DATA STORAGE WILL BE NEEDED’
WRITE(QO,#*)’ INSERT NEW DISKETTE IN DRIVE IF NEEDED. ENTER TUBE

1 NUMBER(8 ALPHA NUMERICS)'

READ(0,20) TUBE

20 FORMAT(A10)

TFILE-TUBE//' .DAT’

OPEN (NDAT , FILE~TFILE, STATUS='NEW' , FORM="'UNFORMATTED" )

CALL _GETTIME(IYR,IMO,IDA,THR,IMN,ISE,IFR)

TIM1=(FLOAT (IHR)#*60 . +FLOAT (IMN) )*60 . +FLOAT (ISE)+FLOAT (IFR)/32768.

15 WRITE(LOU,10)TFILE, IHR, IMN, ISE,IMO, IDA,IYR,SCAN

WRITE(O,10)TFILE, IHR, IMN, ISE, IMO, IDA, TYR, SCAN

2 TFORMAT(A8,’ TIME ',12,’':',12,’:',12,' DATE ',12,'/',12,'/',12)
10 FORMAT(6X,Al4, ' TIME *,12,':',12,"':',12," DATE *
©,12,'/',12,'/' ,I12,'  SCAN LENGTH ',F7.3)

WRITE(NDAT)TUBE, IHR, IMN, ISE,IMO, IDA,IYR

27 CONTINUE

WRITE (NDAT) TAXM, TATHM , NCH2 , IOMD
WRITE(MBUS,*)'XD YD’
WRITE(MBUS,*) ' <CAH>'

FF=CHAR (12)

CR~CHAR(13)

SCANNING LOOPS FOR ENTIRE TUBE SCAN
DO 99 IAX=1,IAXM

DO 90 IATH-1,IATHM

WRITE(MBUS,30) AXC(2),NSTEPS(2),GC
CALL PRDG(IV,MPEC,NCH,ICMD,IER)

DO 65 NT=1,NCH,?2

NT2-NT+1

NT3=NT2/2

IVOL(IATH, TAX,NT3)=(IV(NT)+IV(NT2))

65 CONTINUE
90 CONTINUE
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WRITE(MBUS,30) AXC(1l),NSTEPS(1),GC
WRITE(MBUS,*) ' <CFA>'

99 CONTINUE

95

100

C

30

195

190

200

400

END OF SCANNING,START OF PLOTTING

CALL GETTIME(IYR,IMO,TDA,IHR,IMN,TSE,1FR)
TIM2=(FLOAT ( THR)%*60 . +FLOAT (IMN) ) *60 . +FLOAT (ISE)+FLOAT (IFR) /32768
TIMT=(TIM2-TIM1)

WRITE(LOU,#*)’'TOTAL SCANNING TIME =',TIMT,'SEC’
DO 100 IATH-1,TATHM

DO 95 NT=1,NCH2

TV(NT)=TVOL(IATH,1,NT)

CONTINUE

YD=CO+IV(1)*(CL1+IV(1)*C12)

4TV (2)%(C21+IV(2)*C22)
4TV (3)*C3L4IV (L) * (CLL+IV(4)*C42)

TOY (IATH)=YD*75+250-+NAOF*IATH

CONTINUE

AXTAL LOOP-START OF PLOTTING AFTER TUBE HAS BEEN SCANNED
FORMAT (82,17,A2)

IXPLT=IAXM+NADX*IATHM

DO 200 IAX=2,IXPLT

ROTATIONAL MOTION LOOP

DO 190 IATH-1,TATHM

IX1=1*IAX-NADX*IATH

TY(IATH)~-1000

IYA(IATH)=-1000
IF(IX1.LE.0.OR.IX1.GT.IAXM)GO TO 190

DO 195 NT-1,NCH2

TV(NT)=IVOL(TATH, IX1,NT)

CONTINUE

YD=CO+IV(1)*(CL1+IV(1)*C12)
*4+IV(2)*(C21+IV(2)*C22)
*+IV(3)*C3 14TV (&) *(CLL+TV(4)*C42)
TY(TATH)=YD*75+250+NAOF* I ATH
IYA(IATH)=(1Y(IATH)+IOY(TATH)) /2
TOY(IATH) =Y (IATH)

CONTINUE

CALL GRAPRT(IYA,IXX,IATHM,1OU)

CALL GRAPRT(IY,IXX,IATHM,LOU)

CONTINUE

CALL _SETPRMODE(LOU,0)

CALL GETTIME(IYR,IMO,IDA,IHR,IMN,ISE,IFR)
TIM3=FLOAT (THR) %3600 .+FLOAT (IMN)*60 . +FLOAT (ISE)+FLOAT(IFR) /32768 .
TIMT=(TIM3-TIM?)

WRITE(LOU, *) ' TOTAL PLOTTING TIME',TIMT,'SEC'
WRITE(LOU, 2)TUBE, IHR, IMN, ISE, IMO, IDA, IYR
FORMAT (A1)

IZSTP=- (IAXM-1)*NSTEPS (1)

WRITE(MBUS,30) AXC(1),IZSTP,GC

DO 500 IAX=1,TIAXM

DO 490 IATH=1, [ATHM

WRITE(NDAT) (IVOL(IATH, IAX,NT) ,NT=1,NCH2)
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490 CONTINUE
500 CONTINUE
CALIL WGETTIME(IYR,IMO,IDA,IHR,IMN,ISE,IFR)
TIMéx(FLOAT(IHR)*GO.+FL0AT(IMN))*UO.+FLDAT(ISE)+FLOAT(IFR)/32768.
TIMT=(TIM3-TIM4)
WRITE(LOU,*) ' TOTAL DATA STORAGE TIME =' TIMT ,'SKEC'
WRITE(LOU,400)FF
PRINTER FILE CLOSED,LOU=6
CLOSE(LOU)
WRITE(MBUS,*) '<CAS>'
WRITE(MBUS,*)'XE YE’
STOP
END
SUBROUTINE GRAPRT(IY, I[XX,NCUE,LOU)
PLOT A GRAPH ON PRINTER,EACH CALL WILL ADVANCE 1/84 OF INCI
IXX IS A COUNT OF THE NUMBER OF TIMES THAT SUBROUTINE IS GCALLED
PRINTING IS DONE EVERY 7TH TIME SUBROUTINE 1S CALLED.
¥ VALUES OF THE CURVES MUST BE 3CALED FROM 1 TO 1600
INTECER*1 GRAPH(1600),CRDL(1600),GRDZ(1600)
INTEGER*2 BIT(7)
DIMENSION IBRUF(10),IY(NCUR),I0Y(40)
DATA I0Y/40%-1000/
DATA GRD1/1600%0/,GRD2/1600%1/
DATA RIT/1,2,4,8,16,32,64/,IMAX/1600/,IMIN/1600/,1X/0/, IBUF/10%0/,
*NA/8/
IF(IXX.GT.0)GO TO 20
CALL _SETPRMODE(LOU,2)
SET COLOR GALL;O=RED,1wGREEN,2mBLUE,BxBLACK(DEFAULT)
CALL _SETCOLOR(LOU,2)
SET UP GRID
GRD1(1)=127
GRD2(1)=85
DO 10 T=1,IMAX
GRAPH(1)=CGRD2(1)
10 CONTINUE
20 CONTINUE
IX=1IX+1
DO 30 NC=1,NCUR
IF(IY(NC).EQ.-1000)YGO TO 30
IF(I0Y(NC) .EQ.-1000) I0Y(NC)=IY(NC)
TF(IY(NC).GT.1599) IV (NC)=1599
IF(IY(NGC) .LT.1)IY(NC)=1
IF(IOY(NC).GT.1599) T0Y(NC)=1599
IF(1OY(NC) .LT.1)TOY(NC)=1
I=IY(NC)
J=TI0Y(NC)
IF(J.GT.I)GO TO 22
I=10Y(NGC)
J=IY(NC)
22 DO 25 K=I1,J
GRAPH(K)=GRAPH(K)+BIT (IX)
25 CONTINUE
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TOY (NC)=TY(NC)

CONTINUE
IF(IX.LT.7)G0 TO 200
DO 4G 11-1,10
LBUF(I1)=0

I0FS=

CALL SWRITE(LOU,GRAPH(1) ,TOFS, IMAY IMIN, IMAX O,IRR)

IF(IRR NE.OYWRITE(G, %} ' ERROR= ', IRR

T1X=0

DO 70 1I=1,1MAX

GRAPLH(L)=GRD1L(1)

CONTINUE

ITXH=IXX+1

RETURN

END

SUBROUTINE PRDG(IN,MPEC,NCH,ICMD,IER)

PROGRAM TO READ PULSE DATA OVER THE GPIR BUSS KO AVERAGING

CMDO Spl INSTRUMENT UP

CiD1 FAST READING, MADE ON PULSE TURN ON RDG THEN TRANSMIT.

CMD?2 SAME AS CMDL EXCEPT TRANSMITS OLD DATA WHILE WNEW RDGS MADE

CMD3 USED FCR CALLBRATIONS

CMDA SLOWEE READINGS,USES THE SUBROUTINES THAT SUPPORT AVERAGING

CHARACTER*] CR

DIMESSLION TH(G)

CR=CUIAR(L1Z)
TER=0
RITE(MPRC, 3¢

w
e
s
’1:

ERP~400) TCMD, CR
FAD{MPRC, }u,h'?R:)l)O) (IN(I),I=1,NCH)
FORMAT(11,A1)
hORMAT(th
GO TO 600
IER=)
WRITE(Q,*) 'BUSS WRITE ERROR,HIT RESET AND CONTINUE®
GO T 600
IER=2
WRITRE(D,~) ' BUSS READ ERROR,HIT RESET AND CONTINUE’
RETURN
END
SUBROUTINF SETUP(MPEC,NCH,NRDG,IER)
PROGRAM TO SET UP PULSE INSTRUMENT OVER THE GPIB RUSS
CHARACTER*1 CR, b ,O0,P,D,R,A 1..B,G
DATA 1CMD/0/,C/" G’ /,0/ 0'/,P/'P'/,D/'D'/,R/'R"/,A/A /L)L,
*B/'B/, G"G’/
CR=~=CHAR /J_J)
TER=0
NRH=-NRDG /256
NRM= (NRDG -NRI*256) /16
NRL-NRDG-NRI*256 -1 5*NRM
WRITE(O 3%, ERR=400)TCMD, €, NCH, CR
WRITE Mohb,35 ERR-=40G1CMD, C,NCH, CR
UKl;hthnb 40 ERR=400) [CMD A, NRH NRM,NRL,CR
WRITE(Q, 40 ERR—« 00)ICHD,A,NRH,NRM, NRL, CR
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35 FORMAT(I1,Al,I1,Al)
40 FORMAT(11,Al,2Z1,Z1,%1,A1)
GO TO 600
400 TER=1
WRITE(O,*)'BUSS WRITE ERROR,COMMAND TO MPEC,HIT KRESET & TRY AGAIN'
600 RETURN
END

PCSPUL

This program is a utility used for instrument design and check-out.
It is also useful in testing the scanmner and in making hand scans oun tubes
without a scanner. The first mode of operation by the program is the
scanner check-out mode where it asks for new positions. If a valid number
is put in here, it will position the axis, but if a T (or any other
character) is typed in, it goes to the iunstrument test loop. It then asks
for a D for numerical data, P for plotted data, or Q for quit. The D and P
options are both helpful in checking the instrument drifts. Both will keep
track of the maximum amount of change, and the D function will print out a
summary of this change for each data channel. In addition, it asks for a
heading and types this out to aid in keeping track of what components are

being tested. A listing of POSPUL fullows.

PROGRAM POSPUL

C

C DETERMINES THE NEW LOCATICN FOR 3 DIFFERENT POSITIONERS AND FROM
C THE OLD LOCATION,THE NUMBER OF STEPS NEEDED TO REACH THE NEW

C LOCATION,THEN CALLS POST TO MOVE THE MOTORS TO THE NEW LOCATION
C READS NCH CHARNELS OF PULSE INFORMATION AT NEW LOCATION

c MODIFIED AND TESTED FOR 2.0 SOFTWARE

DIMENSION NOLD(3),XNEW(3) 6 NSTEPS(3),IN(8),IV(8),IVOL(1,1,4)

DIMENSION IMAX(8),IMIN(8),IDIF(8)

CHARACTER®2 AXC(3),GC,MBA, ADUM

CHARACTER CMD#1,HEADING*80

DATA AXC/'XM','YM','7M'/,GC/'G '/ ,NCH/3/, 1CMD/1/

DATA MPEC/45/ ,MBUS/46/ ,NOLD/3*0/ ,NAXIS/2/ NGR/33/,1.0U/6/

DATA CO / 1.046583E+02/,C11/-1.396685E-02/,C12/-1.2485355-06/,
*(¢21/-1.918212E-02/,C22/ 6.718219E-06/,C31/ 1.4014808-02/,
%C32/-4.730374E-06/,C41/-5.574330E-02/,C42/ 1.065772K-05/

DATA CO / 2.709547E+01/,C11/-3.839086E-03/,C12/ 2.322576E-06/,
%C21/-1.493036E-02/,C22/-1.189059E-06/,G31/ 1.921997E-03/,
*C32/ 2.665246E-06/,C41/-4.514905%-03/,C42/-1.646022E-07/

MULTI PULSE EDDY CURRENT INSTRUMENT ADDR~S ON GPIB BUSS

ADDR=E? ON IBM BUSS DRIVER, FOKTRAN LOGLCAL UNIT =~ 45

[*>NeReNoNe]
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OPEN(MPEC,FILE='#BUSE?")

SET FOR DMA WITH MORFE THAN 4 CHARACTERS READ OR WRITE
CALL SETDMA(MPEC,2)

CALL STIMEOUT(MPEG, 800)

WRITE(O,*) 'FILE OPENED FOR PULSED I/0 GVER ITEEE-488 RUS'
CALL SETUP(MPREG,NCH NRDG, TFER)
TF(IER.NE.O)READ(O,*)ADUM

IF(IER.NE.0)GO TO 25

SET UP GRAPHICS FILE

DPEN(NGR, FTLE="#GR")

PRINTER FILE OPENED,LOU=6

OPEN(LOU,FILE-'#PR")

MODUT,YNX AXIS POSITION CONTROLLER ADDR=6 ON GPIR RIISS,ADDR=F? ON
IBM RUSS DRIVER,FORTRAN LOGICAL UNIT - 46
OPEN(MBUS,FILE="#BUSF?")

MBA='F?'

CALL STIMEOUT (MBUS,400)

CALL SETEOS(MBUS,$00,804)

CALL SETCPTIONS(MBUS,0,0,0,0,0,1,0)

CALL _SPOLL{MBUS,MBA, ISTAT)

WRITE(MBUS,*)’'XD YD ZE'

WRITE(MBUS, %) ’'<CAH>' .

NCH2-NCH/2

WRITE(O,*)NAXIS,' NEW POSTTIONS '

READ (0, %, ERR=500) (XNEW(1AXTS) , TAXIS=1 NAXIS)
IF(XNEW(1).GT.100.)GO TO 999

CALL POST(XNEW,NOLD,NAXTS,K MBUS)

CALL PRDG(IN,MPEC,NCH,TCMD, IER)

DO 165 RT=1,NCH,?

NT2=NT+1

NT3=NT2/2

TVOL(1,1 ,NT3)=(IN(NT)+IN(NT2))/2

CONT LNUFE.

DO 195 NT=1, NCH2

IV(NT)~ IVOL(I,],NT)

CONTINUE
YD=CO+IV(L)*(CLlI+IV(1)*C12)+TV(2)*(C21+TIV(2)*C22)

F TV )% (C35+1V(Y*CI2)+TV (L) # (CA1+TV(4)*C42)

IY=YD*30+250

WRITE(D,60) (IN(NT) ,NT=1,8), (IV(NT) ,NT=1,NCH2),1Y,YD

CALL GETKEY(IKY TS, KBF1,KBF2,6IRR)

IF(iRK NE.O0O)GO TO 100
ORMAT(8I5,1X 415,116 ,1F8.2)

CO T™O 1

GO TO Y99

CONTINUE

7 71 50

I71=250

CALL FRDG(IMAX MPEC,NCH,ICMD TER)

CALL PRDG(IMIN, MPEC,NCH,ICMD,IER)

DMAX~=YD

DMIN=YD



205 CONTINUE
210 CALL PRDG(IN,MPEGC,NC
DO 220 NC-1,NCH

&5

1, 1CMD, IER)

IF(IN(NG) .GT . IMAY.(NC) ) TMAX (NC) =T (1}

TF(IN(NC) . LT. IMIN(NC) YIMIN{NG =1

JDIF(NG)~IMAX (NC) - IMIN(NG)

220 CONTINUE
DO 265 NT=1,MNCH,?2
NT2=NT+1
NT3=NT2/2

H{NC)

IVOL(1,1,NT3)=(IN(NT)+IN(NT2)) /2

265 CONTINUE
DO 295 NT=1,NCH2
IV (NT)=TVOL(1,1,NT)
295 CONTINUE

(F(IX1.EQ.750)IX1=50

IF(IX1.EQ.50)CALL CLRWIN{NGR)

TF(IX1.EGQ.50)CALL GRID(NCR)

IX1I=IX1+1
IX2-=IX1+1

YD=CO+TV(1)* (CLI+TV(1)*C12)+IV(2) 4 (C21+IV(2)*C22)
*4TV(3)% (G3LHTV(3)#G32)+IV (L) *(C&I+IV(L)FCA2)

IYZ-YDA*50-+250
CALL

IF(YD.GT.DMAX)DHMAK=YD
IF(YD.LT.DMIN)DMIN~YD

PLEF=DMAX -DMIN
CALL GOTOXY(0,0)

WRITE(O,260) (IDLF(NT) ,NT-

260 FORMAT(81S
IY1=TY2
CALL
TF(IKY.
IF(IKY.
IF(IKY.
IF(IKY.
TF(IRR,

270 FORMAT(A80)

500 CONTINUE

,2X,2F8.2)

EQ.87
EQ.87.AND.

WRITE(O,*)’ TYPE D FOR NUMERICAL DATA,P FOR

READ(0,510)CMD
510 FORMAT (A1)

ﬂQ

IF(CHD . EQ.'D")YGO TO 8D
IF(CMD . EQ.'FP*)GO TO 200
IF{CHMD.EQ."Q")GO TG 999
GO TO 999

999 WRITE(MBUS,*)'XE YE ZE¢
53TOP
END

EG.
EQ.

0)
0)
0)
3.0

GRAPH(IX1,IY1,1X2,1Y2, NGR)

3) DD:E‘ YD

GETKEY(IKY,IS,KBF1L,KBF2, IER)
IQ.87.AND . IRR.
EQ.87.AND.IRR.
AND.IRR.
IRE.
NE.0)GO TO 210

YRITE(D %) ' TYPE HEADING
READ{Q, 270)HBADING
WRITE(LOU, 270)HEADING

VRITE(LOU,260) (TDIF(NT) ,NT=1,

SUBROUTINE POST(XNEW,NCLD,NAXLS MBIUIS)

DETERMINES THE

NEW LOCATION FOR

3 DIFFERENT POSTTICNEE

RS

pel

o

7

&

S
I

St
el

,DDEF YD

LOT,Q FOR QUIT’

[+ FROM
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THE OLD LOCATION,THE NUMBER OF STEPS NEEDED TO REACH THE NEW
LOCATICK.THEN SENDS THE PULSES OVER THE IEEE-488 BUSS TO THE
CONTROLLER. AFTER THE NEW POSITION IS REACHED THE PULSE COUNT
IS COMPARED TO THE ENCODER COUNT AND CORRECTED IF DIFFERENT.

DIMENSTION NOLD(3) ,XNEW(3),NSTEPS(3)
CHARACTER*2 AXC(3),GC
DATA AXC/'XM’.'YM','7ZM'/,GC/'G '/, STEPSZ/0.00025/
DO 20 TAXIS=1,NAXIS
NSTP-{XNEW(IAXIS)+0.000125) /STEPSZ
NSTEPS (IAXTS)=NSTP-NOLD(IAXIS)
NOLD(TAXIS)~NSTP
20 CONTINUE
WRITE(MBUS, 30) (AXC (IAXIS) ,NSTEPS (IAXIS),GC, IAXIS=1,NAXIS)
WRITE(O, 30) (AXC(IAXIS) ,NSTEPS (IAXIS),GC, IAXIS=1,6NAXIS)
WRITE(MBUS, %) ' : <CFA>’
WRITE(MBUS,*) ' ;"
30 FORMAT (4(A2,17,A2))
RETURN
END
SUBROUTINE SETUP(MFEC,NGH,NRDG, TER)
PROGRAM TO SET UP PULSE INSTRUMENT OVER THE GPIB BUSS
CHARACTER*1 CR,<,0,P,D,R,A,L,B,G
DATA ICMD/0O/,C/’'C'/,0/'0'/,P/'P'/,D/'D'/ ,R/'R'/,A/'A"/,L/'L"/,
*B/'B'/,G/ "G/
CR-CHAR(13)
IER-0
NRH-NRDG/256
NRM={NRDG -NRH*256) /16
NRL=NRDG - NRH#256 - 1 6%NRM
WRITE(MFEC, 35, FRR=400)ICMD, C,NCH, CR
WRITE(MFEC, A0, ERR=400)ICMD, A, NRH, NRM, NRL, CR
WRITE(Q, .0, ERR-400)ICMD, A, NRI, NRM, NRL, CR
35 FORMAT(I1,Al,T11,A1)
40 FORMAT(I11,A1,Z1.21,271,A1)
GO TO 600
400 IER=1
WRITE(O,*)’BUSS WRITE ERROR,HIT RESET AND CONTINUE'
600 RETURN
END
SUBROUTINE PRDG(IN,MFEC,NCH, ICMD, [KR)
PROGRAM TO READ PULS¥ DATA OVER THE GPIB BUSS NO AVERAGING
CHARACTER*1 CR
DIMENSION IN(8)
CR~CHAR(13)
LER~0
WRITE(MFEC, 35, ERR-400) ICMD, CR
READ(MFEC, 70, ERR=500) (IN(I), I~1,NCH)
35 FORMAT(I1,Al)
70 FORMAT(814)
GO TO 600
400 IER=1
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WRITE(O,#)'BUSS WRITE ERROR,HIT RESET AND CONTINUE'
GO TO 600

500 IER~?
WRITE(O,*)’'BUSS READ ERROR,HIT @ESET AND CONTINUE’

600 RETURN
END
SUBROUTINE GRAPH(IX1,IV1,IX2,1Y2,NGR)

C PROGRAM TO DRAW A LINE IN FORTRAN

CALL SETCOP(NGR,IX1,IY1)
CALL. VECTOR(NGR,IX2,IY2)
RETURN
END
SUBROUTINE GRID(NGR)
CALL GRAPH{50,50,750,50,NGR)
CALL SETCOP(NGR,S,50)
CALL CHARSTR(NGR,'-4.')
CALL GRAPH(50,100,750,100,NGR)
CALL GRAPH(50,150,750,150,NGR)
CALL GRAPH(50,200,750,200 NGR)
CALL GRAPH(50,250,750,250 NGR)
CALL SETCOP(NGR,5,250)
CALL. CHARSTR(NGR,' 0.')
CALL GRAPH(50,300,750,300,NGR)
CALL GRAPH(50,350,750,350,NGR)
CALL GRAPH(50,400,750,400 NCR)
CALL GRAPH(50,449,750,449 NGR)
CALL SETCOP(NGR,S,449)
CALL CHARSTR(NGR,' 4.')
CALL GRAPH(50,50, 50,449 NGR)
CALL GRAPH(750,50,750,449 NGR)
RETURN
END

FLAWLOC3

This program is used to aid the oparator in the location and
evaluation of flaws. The data from a scan are read into the program from
the disk. The operator can lock at the computed and plotted flaw size for
each of the different =scan linez (civeoumferential locations) and can move a
cross-hair across the screen by use of the function kevs. The azial

location of the cross and th

el

computed value of the flaw size at that

location are displayed on the screen as the cross-halr is moved. The

Fo)

difference in the computed flaw value when the cross-halr is in a good part
of the tube and the computed valus when the crosg-halr is on the peak of

the flaw signal part is equal to the flaw zize. This takes into account



the changes in computed flaw value due to wall, thickness, and conductivity
changes. The tube is usually too long for a single screen on the IBM 9000
so the data plot is broken into segments with each segment fitting on a

screenn. A listing of FLAWLOC3 follows.

PROGRAM FLAWILOC3

C VERSTON JUNE 4 1986

c PLOTS DATA TAKEN BY SSTPUL ON THE CRT,MODIFIED FOR 2.0,BINARY
C DATA FILE

C IAXM=NUMBER OF STEPS ALONG THE X AXIS

C IATHM-NUMBER OF STEPS IN THE THETA AXIS

C GRAPHIC COMMANDS

C C CLEAR PLOT

G ¥ FRAME INCREMENT +1

C SHFT-F FRAME INCREMENT -1

C 1 INVERT AXIS

C N NEXT TUBE

9 0 CHANGE OFFSET,GAIN AND CHANNEL NO

C P OPEN OR CILOSE HARD PRINTER FILE ’‘#PR'

C R 1 ROTATIONAL STEP

C SHET-R -1 ROTATIONAL STEP

C S STOP (ALSO STOPS FOR NEGATIVE INPUT OF THETA MIN)
C T CHANGE ROTATIONAL LIMITS

C W WRITE TVOL(IATH,IAX ,NF) FOR T.AST TATH,IAX
C F1,¥2 MOVE CURSOR

C F3,F4 MOVE CURSOR-FASTER

C ¥5,F6 MOVE CURSOR-FASTEST

C F7,¥9 MOVE H-BARS UP-DOWN

C F8,F10 MOVE H-BARS UP-DOWN FASTER

C

integer*2 IVOL(1:9,1:50,1:1801),IV(8),IDIFF(i:3),HOR _BAR DIFF,
*HOR BAR MIN HOR BAR LEN

INTEGER*4 CXMIN,CYMIN,CXMAX,CYMAX,IKY, IS, KBF1,KBF2 IRR,TX,IY,
*ICURSE, 10Y, I0X

CHARACTER TUBE*10, TFILE*14  TNAME*10

LOGICAL CURSCR,PRINT ON

DATA CURSOR/.FALSFE. /

DATA NCH/8/,NGR/39/,1.0U/6/,INV/1/ NOFF/0/ NCEN/9/,GAIN/.2/,
*IFRAME/0/, TCURSE/50/,GAGE OFFSET/1.00/ HCR BAR DIFF/40/,
*HOR_BAR MIN /10/,HOR_BAR LEN/15/

C  eeeeene- COFFFICIENTS OF LINEARIZING EQUATION----------=--
DATA DO /-3.176336E+02/,D11/-2.255382E-02/,D21/-2.219561E-03/,
*D31/ 4.673161E-03/,D32/ 6.612573E-07/,033/0.0/,

*D4al/ 2.304575E-01/,D42/-4.317338E-05/,D43/ 2.623878E-09/
PRINTFR FILE OPENED,LOU=5§

OPEN(T.OU, FILE='#PR’ )

PRINT ON-.TRUE.

[N e

C GRAPHTICS FILE OPENED,NGR=29



C
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20
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C

C

95

90
100

210

218

69

OPEN(NGR,FILE='#GR"') !screen graphics

IDENTIFY TUBE AND GENERATE FILE NAME FOR INPUT DATA
PRINT *,’ ENTER TUBE NUMBER (8 ALPHA NUMERICS) -INSERT DISK IF ',
%' NEEDED'

READ(0,20) TUBE

NDAT=9

FORMAT (A10)

TFILE=TUBE//' .DAT"'

OPEN (NDAT, FILE=TFILE, STATUS='OLD’ , FORM='UNFORMATTED , ERR=10)
FORMAT(A10,' TIME ’,12,':',12,':',12,' DATE ',12,'/',12,'/',12)
READ (NDAT) TNAME , THR , IMN, ISE, IMO, IDA, IYR
INQUIRE(FILE='#PR’ , EXIST=PRINT ON)

IF(.NOT.PRINT ON)OPEN(LOU,FILE='#PR’)
WRITE(LOU,2)TNAME, THR, IMN, ISE, IMO, IDA, IYR
WRITE(*,2)TNAME, THR, IMN, ISE, TMO, 1DA, IYR

READ (NDAT) IAXM, TATHM, NCH, ICMD

PRINT *,’'POINTS;AXIAL ',TIAXM,’ ;CIRCUMFERENTIAL ', IATHM,' :NCH ',
*NCH,’ ICMD ',ICMD

DELX=95%0.00025

DELTH=0.00025% (200 /IATHM)

NAOF=200/IATHM

NADX=80/TATHM

AXTAL MOTION LOOP- START OF DATA INPUT
YDMIN=-1ES§
DO 100 IAX=1,TAXM

ROTATIONAL MOTION LOOP
DO 90 TATH-1,TATHM
READ(NDAT) (IVOL(NT, TATH, IAX) ,NT=1,NCH)
DO 95 NT=1,NCH
IV(NT)=IVOL(NT, IATH, IAX)

CONTINUE
YD=DO+IV(1)*D11+IV(2)*D21

*+IV(3)*(D31+IV(3)*(D32+IV(3)*D33))

IV (4)% (DL1+IV(4)*(D42+IV(4)*D43))
IF(YD.LT.YDMIN)YDMIN=YD
IVOL(9, IATH, IAX)~YD*100
CONTINUE
CONTINUE
NOFF=100*YDMIN-50
CALL _GETWIN(NGR,CXMIN,CYMIN, CXMAX, CYMAX)
CONTINUE
PRINT +,'WHAT ARE THETA MIN-MAX?’

READ (O, %) ITHMIN, ITHMAX

IF (ITHMIN.NE.ITHMAX) CURSORe,FALSE.
IF (ITHMIN.EQ.ITHMAX) CURSOR=.TRUE.
CONTINUE

AXIAL MOTION LOCP- START OF PLOTTING
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219 FORMAT('FRAME->',12)
IF (CURSOR) IFT=0
IF (.NOT.CURSOR) IFT=l
225 call spixmod(ugr,l)
CALL CLRWIN(NGR)
CALL “FRAME(NGR)
230 continue
IF(CURSOR) THEN

THLOC-=1ITHMAX*NAQOF+*1.8

XLOC=DELX* (ICURSE/2+300*IFRAME)+CAGE OFFSET

CALL GOTOXY(0,0)

WRITE(*,405)'FRAME->' , IFRAME+1, ' SCAN->' ITHMAX,THLOC,
*'POS-->',TCURSE/2+300*IFRAME ,XLOC, " IVOL-->', IVOL(NCHN, ITHMAX,
*1+ICURSE/2+300*%IFRAME)

ENDIF
CALL _GOTOXY(O0,0)
WRITE(*,219)1FRAME+]1
call spixmod(ngr,l)
ROTATIONAL MOTION LOOP
DO 300 TATH=ITHMIN, ITHMAX
I0X=NAQOF* (TATH-1)*IFT*.5
T10Y=(IVOL(NCHN, TATH, 1+300*%IFRAME) -NOFF) *GAIN+NAOF* (TATH-1)*IFT*1.5
I0Y=(IVOL(NCHN, TATH, 1+300*IFRAME) -NOFF) *GAIN+NAOF* ([ATH-1)*1.7
CALL SETCOP(NGR,TIOX,T0Y)
PLOT ENTIRE AXTAL SCAN PRIOR TO INDEXING THETA
DO 290 IAX=2+300*IFRAME, 383+300*IFRAME
IF (IAX.GT.IAXM) GOTO 300
IX=2%(IAX-1-300%IFRAME)+NAOF* (TATH-1)*IFT*.5
IY=(IVOL(NCHN, TATH, IAX) -NOFF)*GAIN+NAOF* (TATH-1)*IFT*1.5
IY=(IVOL(NCHN, TATH, IAX) -NOFF)*GAIN+NAOF* (IATH-1)*1.7
CALL VECTOR(NGR, IX, 1Y)
290 CONTINUE
300 CONTINUE
PROGRAM WILL WAIT HERE UNTIL A KEY IS HIT. PRINT SCREEN CAN
NOW BE DONE WITHOUT ANY EXTRA CHARACTERS ON THE SCREEN.
IF (CURSOR) THEN

CALL _SETCOP(NGR,ICURSE-HOR BAR LEN,HOR BAR MIN+CYMIN)

CALL VECTOR(NGR,ICURSE+HOR BAR LEN,HOR BAR MIN+CYMIN)

CALL SETCOP(NGR, ICURSE-HOR BAR LEN,HOR BAR MIN+CYMIN+NINT

* (HOR_BAR DIFF*GAIN))
CALL VECTOR(NGR, ICURSE+HOR BAR LEN,HOR BAR MIN+CYMIN+NINT
* (HOR_BAR_DIFF*GAIN))
CALL _SETCOP(NGR,ICURSE,CYMIN)
CALL _VECTOR(NGR, TCURSE , CYMAX) IWRTTES FIRST CURSOR
CALL _SPIXMOD(NGR,2) ISET PIXELS TO XOR
ENDIF

400 CALL GETKEY(IKY,IS,KBF1l,KBFZ,IRR)
IF (IRR.EQ.0) THEN
IF (CURSOR) THEN
if (is.ge.59.and.is.le.68) then
CALL _SETCOP(NGR,ICURSE-HOR_BAR LEN,HOR BAR MIN+CYMIN)
CALL VECTOR(NGR,ICURSE+HOR BAR LEN,HOR BAR MIN+CYMIN)

o NI o AN SR
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CALL _SETCOP(NGR,ICURSE-HOR_BAR LEN,HOR_BAR MIN+CYMIN+NINT
(HOR_BAR_DIFF*GAIN))

CALL VECTOR(NGR,1CURSE+HOR BAR TEN,HOR BAR MIN+CYMIN+NINT
(HOR_BAR DIFF*GAIN))

CALL _SETCOP(NGR, ICURSE,CYMIN)

CALL _VECTOR(NGR, ICURSE, CYMAX) IERASES CURSOR

B

IF¥
1F
IF
IF
IF
IF
IF
IF
IF
IF
if
if
IF

(ISs.
(IS.

(IS
(1S
(IS
(18

(IS.
(IS.

(IS

(IS.

EQ.
EQ.
LEQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.

59)
60)
61)
62)
63)
64)
65)
67)
66)
68)

(ICURSE.1t.

(ICURSE.gt.

ICURSE=ICURSE-2
ICURSE=ICURSE+2
ICURSE=ICURSE-10
ICURSE=ICURSE+10
ICURSE~ICURSE-50
ICURSE=ICURSE+50

HOR _BAR MIN=HOR BAR MIN+1
HOR_BAR MIN=HOR BAR MIN-1
HOR_BAR MIN=HOR BAR MIN+10
HOR_BAR_MIN=HOR_BAR MIN-10
0) TCURSE=0

766) ICURSE=766

(ICURSE/2+300%TFRAME , GT . TAXM) TCURSE=2% (TAXM- 300% T FRAME)
CALL _SETCOP(NGR,ICURSE-HOR BAR LEN,HOR BAR MIN+CYMIN)
CALL _VECTOR(NGR, ICURSE+HOR BAR LEN,HOR BAR MIN+CYMIN)
CALL _SETCOP(NGR,TCURSE-HOR_BAR LEN,HOR BAR MIN+CYMIN+NINT
(HOR_BAR_DIFF*GAIN))

CALL VECTOR(NGR,ICURSE+HOR_BAR LEN,HOR BAR MIN+CYMIN+NINT
(HOR_BAR_DIFF*CAIN))

CALL

ENDIF

_SETCOP(NGR, ICURSE,CYMIN)
CALL VECTOR(NGR,ICURSE,CYMAX) IWRITES CURSOR AFTER MOVING
XLOC=DELX* (ICURSE/2+300*%IFRAME)+GAGE OFFSET
CALL _GOTOXY(0,0)
WRITE(*,405)'FRAME->' ,IFRAME+1, ' SCAN->' K ITHMAX, THLOC,
*' POS-->' , ICURSE/24300%*IFRAME ,XLOGC, * IVOL-->', IVOL(NCHN, ITHMAX,
*#1+ICURSE/2+300%IFRAME)
endif

405 FORMAT (A7,12,A7,13,F6.0,2X,A6,14,F7.3,A8,15)

410

IF(IKY.EQ.67) THEN

call spixmod(ngr,1l)

! 67 is "C" key

CALL CIRWIN(NGR)

ENDIF

IF(IKY.EQ.87)THEN

! 87 is "W" key

INQUIRE(FILE='#PR’ , EXIST=PRINT ON)
IF(.NOT.PRINT ON)OPEN(LOU,FILE='#PR’)
WRITE(LOU,410) ITHMAX , ICURSE/2+300%IFRAME , XLOC , THLOC
%, (IVOL(NT, ITHMAX , 1+ ICURSE/2+300%IFRAME) ,NT=1, 9)

ENDIF

FORMAT(214,1X,2F8.4,1X,9(I4,1X))
TF(IKY.EQ.82.AND. (KBF1.EQ.97.0R.KBF1.EQ.98))THEN
KEY; 97 IS SHIFT KEY

ITHMIN=ITHMIN-1
TTHMAX=TTHMAX - 1
------------------ ADJUSTMENT FOR "R" AROUND SCAN 1 TO SCAN IATHM
IF (ITHMAX.LT.1) THEN !

82 I8

I|Rll
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ITHMAX=IATHM !
ITHMIN=IATHM !
ENDIF !

GO TO 230
ENDIF
IF(IKY.EQ.82 .AND.KBF1.EQ.96) THEN 182 is "R" key;%26 IS NOT-SHIFT
ITHMIN=ITHMIN+1
ITHMAX=ITHMAX+1
------------------- ADJUSTMENT FOR "R" AROUND SCAN IATHM TO SCAN 1
IF (ITHMAX.GT.IATHM) THEN !
ITHMAX~1 !
ITHMIN=1 !
ENDIF !

GO TO 230

ENDIF

TF(IKY.EQ.80) THEN ! 80 IS "P" KEY
INQUIRE (FILE='#PR' , EXIST=PRINT ON)
IF(PRINT ON)CLOSE(LOU)

ENDIF
IF(IKY.EQ.83) GO TO 1000 ! 83 is "S" key
if(iky.eq.84) go to 210 ! 84 is "T" key
IF(IKY.EQ.79) then 1 79 is "O" key
411 format (I1I8,F5.1,12,A35)
write(*,411) noff,gain,nchn,’'ENTER NEW OFFSET,GAIN & CH NO’
413 READ(O,* ,ERR=412)NOFF,GAIN,NCHN
GO TO 218
412 PRINT *,’'U DUMMY!!! ENTER IT RIGHT’
GOTO 413
ENDIF
IF(IKY.EQ.70)THEN 170 IS F KEY
IF(KBF1.EQ.96) IFRAME=1IFRAME+1 196 IS NOT SHIFT

IF(KBF1.EQ.97.0R.KBRF1.EQ.98)IFRAME=IFRAME-1 !197,98=SHIFT KEY
IF (IFRAME.LT.O)IFRAME=0
IF(IFRAME.GT.5) IFRAME=5
GOTO 218

ENDIF

IF(IKY.EQ.78)THEN 178 IS N KEY
CLOSE(NDAT)
GOTO 10

ENDIF

ENDIF

GO TO 400

1000 CLOSE(LOU)

call spixmed{(ngr,1l)

CALL _CLRWIN(NGR)

STOP

end
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DEFTST

This program processes the data in a manner similar to the previous
program, except that it is completely automatic. The raw data are read
into the program, and the flaw size is computed for each scan line along
the axis. The computed size is plotted, and if the positive or negative
slope is exceeded, the program records a flaw. The plot is alse underlined
on the screen at the flaw locations, and a summary of the flaw sizes,
locations and lengths is printed on the screen at the end of each scan
line. The tube is then "rotated" and the process repeated for the next
scan line. Then the flaws with axial dimensions that overlap are merged
together into a common flaw, and all the flaws for a given tube are
collected together in a table. This summary table is then printed for

flaws larger than a given amount. A listing of DEFTST follows.

PROGRAM DEFTST

VERSION JUNE 23 1986

SUMMARIZES DEFEGT SIZE AND LOCATION FROM DATA TAKEN BY SSTPUL OR
SSTPUF MODIFIED FOR 2.0 SOFTWARE AND BINARY DATA FILES

WILL ALARM ON POSITIVE OR NEGATIVE DEFECTS

NSIZ=SLOPE ALARM SETTING

IAXM=NUMBER OF STEPS ALONG THE X AXIS

IATHM-NUMBER OF STEPS IN THE THETA AXIS

STEF SIZE = 0.02375 FOR TUBES SCANNED AFTER 11/13/85

= 0.025 FOR TUBES SCANNED BEFORE

INTEGER*2 IVOL(50,1801,8)

DIMENSION IV(8),IYP(50,1801,1),DFSIZ(200),NDFS(200,7) ,NDFS5(200,7)
DIMENSION DFLOG(200),IDFOR(200),DFLEN(200),NI(50),TAXPD(50,99)
DIMENSION IYA(50),NDFSIZ(50,99),IAXSD(50,99),IAXED(50,99)
CHARACTER ADUM*82, TUBE*10, TFILE*14 , TNAME*10

DATA NFT/1/,NS81Z/10/,DFL/0.3/,NDD/0/

DATA NGR/39/,PA/0./,STPSIZ/0.02375/

DATA LOU/6/,NDAT/9/,INV/1/ :

DATA CO /-3.176336E+02/,C11/-2.255382E-02/,C21/-2.219561E-03/,
*C31/ 4.673161E-03/,C32/ 6.612573E-07/,C33/0.0/,
*C41l/ 2.304575E-01/,C42/-4.317338E-05/,C43/ 2.623878E-09/
C PRINTER FILE OPENED,LOU=6

oo oo

Qa0

OPEN(LOU, FILE='#PR")
C GRAPHICS FILE OPENED,NGR=39
OPEN (NGR, FILE='#GR')
IDENTIFY TUBE AND GENERATE FILE NAME FOR INPUT DATA
10 WRITE(O,*)’' ENTER TUBE NUMBER (10 ALPHA NUMERICS) -INSERT DISK IF’
%, ' NEEDED’
READ(0,20) TUBE

O



T4

20 FORMAT (A10)
TFILE=TUBE//' .DAT’
OPEN(NDAT, FILE~TFILE, STATUS—='OLD’ , FORM='UNFORMATTED’ , ERR=10)
CALL GETTIME(IYR,IMO,IDA,THR,IMN,ISE,IFR)
1 CONTINUE
2 FORMAT(A10,' TIME ',I2,':',I2,':',12,’ DATE ',12,'/',12,'/",12)
READ(NDAT)TNAME , THR , IMN, ISE, IMO, IDA, IYR
WRITE(LOU, 2)TNAME, THR, IMN, ISE, IMO, IDA, IYR
READ (NDAT) TAXM, TATHM ,NCH, TCMD
WRITE(O,*)’POINTS:AXIAL ‘,IAXM,’ :CIRCUMFERENTIAL ' ,IATHM,' ;NCH '
% NCH,’' ICMD ’,ICMD
READ IN ALL DATA LOOP OVER AXIAL DATA,THEN ROTATIONAL DATA
DO 100 IAX-1,IAXM
DO 90 TATH=1,IATHM
READ (NDAT, ERR=105) (IVOL(JATH, IAX,NT) ,NT=1,NCH)
90 CONTINUE
100 CONTINUE
GO TO 108
105 WRITE(O,*)'READ ERROR AT IAX = ', IAX
TAXM~TAX-1
108 MAKIAX=IAXM-8
SET INITIAL IY VALUES FOR DIFFERENT ARRAYS
DO 120 IATH=1,IATHM
TYA(TATH)=0
DO 110 IAX=1,TAXM
DO 115 NT=1,NCH
IV(NT)=IVOL(TIATH, IAX,NT)
115 CONTINUE
YD=CO+IV(1)*C11+IV(2)*C21
*4TV(3)*(C3L+IV(3)*(C324IV(3)*C33))
4TV (4)*(C4LIV (L) *(CL2+IV(L)*CL3))
IYP(IATH, TAX, 1)=YD*50
IYA(TATH)=IYA(IATH)+IYP(IATH, IAX, 1)
110 CONTINUE
IYA(TATH)=IYA(IATH) /IAXM
120 CONTINUE
NSTIZN=NSIZ/4
WRITE(LOU,*)’'POINTS ;AXIAL ', IAXM,' ;CIR ‘,IATHM,' ;NCH ', NCH
%,' ICMD ’,TCMD,’' SLOPE TRIG: START ’,NSIZ,' STOP ' ,NSIZN
DO 150 IATH=1,IATHM
DO 140 TAX=1,TAXM
IYP(IATH, IAX,1)=IYP(IATH, IAX,1)+125- IYA(IATH)
140 CONTTNUE
150 CONTINUE
DO 200 I-1,7
DO 190 N=1,99
NDFS (N, 1)=0
NDFSS(N,I)=0
190 CONTINUE
200 CONTINUE
TATH=1
220 CALL CLRWIN(NGR)
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L=-TATH

I0FF=0

NS P=0

NSN=0

NDFP=0

NDFN=0

NDD=0

ND=1

DO 225 N=1,99

NDFSIZ(IATH,N)=0

CONTINUE

AXIAL LOOP- START OF DEFECT SCANNING

DO 300 IAX=8,MAXIAX

IX1=IAX+IOFF

RESET X VALUE FOR LONGER SCANS TO GET PLOT ON SCREEN
IF(IX1.EQ.780)CALL CIRWIN(NGR)

IF(IX1.EQ.780) IOFF=IOFF-750

IX2~TX1

IY2=TYP(IATH, IAX, 1)

IY1=IYP(IATH,TAX-1,1)

NSIZ2=IY2-IY1

IF(NDFN.EQ.1)GO TO 260

CHECK FOR POS SLOPE;IF SLOPE.GT.NSIZ MAKE NSP(SLOPE POSITIVE)=1,
NSN=0

IF{NSTZ2.GE.NSIZ.OR . NDFP.EQ.1)GO TO 230

CHECK FOR NEG SLOPE;IF SLOPE.LT.-NSIZ MAKE NSN(SLOPE NEGATIVE)=1,
N5P=0

IF(NSIZ2.1LE.-NSTZ.OR.NDFN.EQ.1)GO TO 260

GO TO 290

POSITIVE SLOPE DEFECT MEASUREMENT SECTION

230 CONTINUE

240

IF(NSIZ2.GE.NSIZ)NSP=1

NDFN=0

CHECK FOR NEG SLOPE;IF SLOPE.LT.NSIZN AND WE ARE IN A DEFECT REGION
IF NOT,WE ARE ON THE DOWNSIDE- MAKE NSN=1,AND TURN OFF POS SLOPE
IF(NSIZ2.LT.-NSIZN.AND.NDFP.EQ.1)NSN=1

IF(NSIZ2.LT. -NSIZN)NSP=0

IF(NDD.NE.0)GO TO 240

TAXSD (IATH,ND)~IAX

TAXPD (IATH,ND)=IAX

NDFSTZ(IATH,ND)=IY2

I=IAXSD(IATH, ND) -3
IDA=(IYP(L,I-4,1)+IYP(L,1-3,1)+IYP(L,I-2,1)+IYP(L,I-1,1)+IYP(L,
*1,1))/5

TAXED(IATH,ND)=IAX

IF(IY2.GT .NDFSIZ(IATH,ND))TAXPD(IATH,ND)=1AX
IF(IYZ.GT.NDFSIZ(IATH,ND))NDFSIZ(IATH,ND)=1Y2

TURN NEG SLOPE BACK ON IF SIGNAL HAS NOT GONE BACK UP PER DEFECT
*LENGTHS

NDFSL=NSIZ*(2+(IAX- IAXSD(IATH,ND))/3)

IF(IYP(IATH, TAX,1)-IDA.GT.NDFSL.AND.NSP.EQ.0)NSN=1

NDFP=NSP+NSN
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DRAW A LINE UNDER DEFECT REGION, DETERMINE DEFECT START({IAXSD),
DEFECT END(IAXED),THE PEAK VALUE(NDFSIZ) AND PEAK LOCATION(IAXPD)
CALL GRAPH(IX1,100,1IX2,100,NGR)

CALL GRAPH(IX1,99,IX2,99,6NGR)

CALL GRAPH(IX1,98,1X2,98,NGR)

NSN=0

NDD--1

INCREMENT THE DEFECT COUNT AS WE LEAVE THE DEFECT REGION
IF(NDD.EQ.1.AND.NDFP.EQ.O0)ND=ND+1
IF(NDD.EQ.1.AND.NDFP.EQ.0)NDD=0

GO TO 290

CONTINUE

NEGATIVE SLOPE DEFECT MEASUREMENT SECTION
IF(NSIZ2.1E.-NSIZ)NSN=1

NDFP=0
CHECK FOR POS SLOPE;IF SLOPE.GT.NSIZN AND WE ARE IN A DEFECT REGION
IF NOT,WE ARE ON THE UPSIDE- MAKE NSP=1,AND TURN OFF NEG SLOPE
TF(NSIZ2.GT.NSIZN.AND.NDFN.EQ.1)NSP~=1

IF(NSIZ2.GT.NSIZN)NSN=0

IF(NDD.NE.0)GO TO 270

TAXSD (TATH,ND)=TAX

IAXPO (IATH,ND)=TAX

NDFSIZ(IATH,ND)=1Y2

T=TAXSD(IATH,ND)-3

IDA=(IYP(L,1-4,1)+IYP(L,T-3, 1)+IYP(L,1-2,1)+I¥P(L,I-1,1)+IYP(L,T,
*1))/5

IAXED ( LATH,ND)=IAX

IF(IY2.1.0.NDFSIZ(IATH,ND))IAXPD(TATH,ND)=TAX
IF(IY2.LT.NDFSIZ(IATH,ND) )NDFS(Z(IATH,ND)=IY?2

TURN POS SLOPE BACK ON IF SIGNAL HAS NOT GONE BACK UP PER DEFECT
LENGTH

NDFSL=NS 7% (2+(IAX- TAXSD(TATH,ND))/3)
IF(IDA-TYP(IATH,IAX,1).GT.NDFSL.AND.NSN.EQ.O)NSP=1

NDFN=NSP+NSN

TERMINATE NEGATIVE DEFECT REGION IF WE HAVE A LARGE POSITIVE RDG
AND SLOPE

IF(IY2-1DA.GT. (4*NSIZ).AND.NSIZZ.GT.NSIZ)NDFN=0

DRAW LINE UNDER DEFECT REGION,DETERMINE DEFECT START(IAXSD),DEFECT
END(TAXED) , THE PEAK VALUE(NDFSIZ) AND THE PEAK LOCATION(TIAXPD)
CALL GRAPH(IX1,100,IX2,100,NGR)

CALL GRAPH(IX1,98,1X2,98,NGR)

CALL GRAPH(IX1,96,IX2,96,NGR)

NSP-~0

NDD=1

INCREMENT THE DEFECT COUNT AS WE LEAVE THE DEFECT REGION
IF(NDD.EQ.1.AND.NDFN.EQ.0)ND=ND+1
IF(NDD.EQ.1.AND.NDFN.EQ.OQ)NDD=0

CALL GRAPH(IX1,IY1l,IX2,IY¥2,NGR)

CONTINUE

IF(NDD.EQ.0)ND=ND-1

NI(IATH)=ND

IF(ND.EQ.0)GO TO 500
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DO 310 N-1,ND

I=TAXSD(TIATH,N) -2

J=IAXED(IATH,N)+1
IDA=IYP(L,I-4&,1)+IYP(L,I-3,1)+IYP(L,1-2,1)+IYP(L,T-1,1)+IYP(L,1,1)
IDA=TYP (L, J+4, 1)+TIYP(L,J+3,1)+IYP(L,J+2, 1)+IYP(L,J+1,1)+IYP(L,J,
%*1)+IDA

NDFSIZ(IATH,N)=NDFS1Z(IATH,N)- (IDA/10)
DFSTZ(N)=(NDFSIZ(IATH,N))/71.

DFLOC(N)=0.955+STPSIZ* (TAXPD(IATH,N)-1)

DFLEN (N)=STPSTZ* (IAXED (TATH,N) - IAXSD (IATH,N))

310 CONTINUE
CALL _GOTOXY(0,0)

WRITE(O,315)TATH, (NDFSTZ(IATH,N) ,N=1,ND)

WRITE(O,320)ND, (DFLOC(N) ,N=1,ND)

WRITE(O,330) (DFLEN(N) ,N=1,ND)

c WRITE(O,340) (TAXPD(IATH,N) ,N=1,ND)
c WRITE (O, 340) (IAXED(IATH,N) ,N=1,ND)
c WRITE(O, 340) (IAXSD({TATH,N) ,N=1,ND)

315 FORMAT(I2,16(I5))
320 FORMAT(I2,16(F5.2))
330 FORMAT(2X,16(F5.2))
340 FORMAT(2X,16(15))
c PROGRAM WILL WAIT HERE UNTIL A KEY IS HIT. PRINT SCREEN CAN
NOW BE DONE WITHOUT ANY EXTRA CHARACTERS ON THE SCREEN.
400 CALL GETKEY(IKY,IS,KBF1,KBF2,IRR)
C IF(IKY.EQ.80.AND.IRR.EQ.0)CLOSE(LOU)
IF(IRR.NE.0)GO TO 400
500 IATH=TATH+1
IF(IATH.LE.TATHM)GO TO 220
C  CONSOLIDATE THE DEFECTS FOR EACH IATH INTO SUMMARY ARRAY,NDFS(NDG,7)
600 NDC=0
DO 700 TATH=1,IATHM
ND=NTI ( TATH)
IF(ND.EQ.0)GO TO 700
IF(NDC.GE.1)GO TO 620
C FIRST DEFECTS ARE PLACED INTO THE ARRAY
DO 610 N-1,ND
NDFS (N, 1)~IAXSD (IATH, N)
NDFS (N, 2)=TAXED(IATH,N)
NDFS (N, 3)=T1AXPD(IATH,N)
NDFS (N, 4)=NDFSIZ(IATH,N)
NDFS (N, 5)=IATH
NDFS (N, 6)~TATH
NDFS (N, 7)~IATH
610 CONTINUE
NDC=NT ( TATH)

@]

GO TO 700
c NEXT DEFECTS ARE EITHER ADDED TO THE ARRAY OR MERGED WITH THE
C PRIOR DEFECTS
620 DO 680 N1, ND
NC=1

630 TF(NDFS(NC,1).LE.IAXED(IATH,N).AND.NDFS(NC,2).GE. IAXSD(TATH,N))
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*GO TO 640
NC=NC+1
IF(NC.LE.NDC)GG TO 630
NDC=NDG+1
NDFS (NDC, 1)=TAXSD(IATH,N)
NDFS (NDC, 2)=IAXED (TATH,N)
NDFS(NDC, 3)=1AXPD(TATH,N)
NDFS (NDC, 4)=NDFS1Z(IATH,N)
NDFS (NDGC, 5)=T1ATH
NDFS(NDC, 6)=TATH
NDFS (NDC, 7)=TATH
GO TO 680
MERGE DEFECT WITH OLD DEFECT-THE DEFECTS OVFRLAPYED ALONG THE AXTS
DETERMINE VALUE AND LOCATION OF LARCEST PART OF DEFECT STCNAL
640 TF(ABS(NDFSTZ(IATH,N)).LT.ABS(NDFS(NC,4)))C0 TG 650
NDFS (NC,4)=NDFSIZ(IATH,N)
NDFS(NC, 3)=IAXPD (TATH, N)
NDFS(NC, 7 )~ IATH
650 NDFS(NC,6)=IATH
SET THE LENGTH OF THE DEFECT TO INCLUDE THE MAXIMUM VALUES
[F(LAXSD(TATH,N) . LT NOFS(NC, 1) )NDFS (NC,1)~IAXSD(TATH,N)
TF(TAXED(TATH,N) .GT.NDFS(NC,2) )NDFS(NC, 2)=IAXED (TATH, N)
680 CONTINUE
700 CONTINUE
SORT THE DEFECT ARRAY ACCORDING TO AXTAL LOCATION OF THE DEFECTS
NS=1
DO 730 IAX~8,MAXIAX
DO 720 NC=1,NDC
TF(LAX.NE.NDFS(NG,3))GO TO 720
DO 710 J=1,7
NDFSS (NS, J)=NDFS (NC,J)
710 CONTINUE
NS=NS+1
CONTINUE
730 CONTINUE
DO 900 N=1,6NDC
DFSIZ(N)=(NDFSS(N,4))/71.
IF(DFSIZ(N).GT.5.0)DFSIZ(N)=5.0
LF(DFSIZ(N).1LT.-5.0)DFSIZ(N)=-5.0
DFLOC(N)=1.00+STPSIZ* (NDFSS (N, 3)-1)
DFLEN(N)=STPSTZ* (NDFSS (N, 2) -NDFSS(N, 1))
IDFOR(N)=NDFSS(N, 7)*360/IATHM
LF(IDFOR(N) .EQ.360) IDFOR(N)=0
900 CONTINUE
WRITE(LOU,*) 'DF NO SIZE XLOC OREN LEN’
DG 220 N-1,NDC
TF(ABS(DFSIZ(N)).GT.DFL)WRITE(LOU, 910)N,DFSIZ(N) , DFLOC(N) , IDFOR(N)
* DFLEN(N)
920 CONTINUE
910 FORMAT(16,F6.2,F6.2,16,F6.2,16)
WRITE(LOU, 950)
950 FORMAT(/,/,/./)

i
N
[



79

GO TO 1000
1990 WRITE(LOTEK,*)’ERROR-CHECK IF PRINTER OFF-LINE HIT CR TO CONTINUE’
READ(0,1991)ADUM
1991 FORMAT(A2)
GO TO 1
1000 CALL _CLRWIN(NGR)
STOP
END
SUBROUTINE GRAPH(IX1,IY1l,IX2,1IY2,NCR)
C TEST PROGRAM TO DO GRAPHICS IN FORTRAN
CALL _SETCOP(NGR,IX1,IY1)
CALL VECTOR(NGR,IX2,IY2)
RETURN
END

PULG2

This program is used to set up and test the new computer-adjusted
instrument. It allows the selection of pulse on- and off-times, the pulse
amplitude, the trigger levels of the voltage compavators, and the balance

voltages of the filter amplifiers. A listing of PULGZ follows.

PROGRAM PULGZ
(28 MAY 1986)

THIS PROGRAM READS THE VOLTAGE LEVEL USING THE PULSED EDDY CURRENT
INSTRUMENT.THE INSTRUMENT IS SET UP USING A CALL TO COMMAND O.
CMDO  SET INSTRUMENT UP
CMD1  FAST READING, MADE ON PULSE TURN ON,RDG THEN TRANSMIT.
CMD2  SAME AS CMDL EXCEPT TRANSMITS OLD DATA WHILE NEW RDGS MADE
CMD3  USED FOR CALIBRATIONS
CMD4  SLOWER READINGS,USES THE SUBROUTINES THAT SUPPORT AVERAGING
PROGRAM PUTS OUT 4 DATA BYTES FOR EACH OUTPUT NUMBER IN SETUP
ROUTINE HAS AN AUTO-BALANCE LOOP THAT SETS BALANCE VOLTAGE TO THE
INPUTTED VALUE
CHARACTER*1 CR
DIMENSION IN(8),RDGC(8,4)
DATA MFEC/45/,NCH/8/ ,NRDG/1000/, ICHMD/1/
DATA LOU/6/
WRITE(O,*)’'PULG2  AUTO BALANCE PROGRAM,4 BYTE SET-UP DATA'
OPEN (LOU, FILE='#PR’)
OPEN (MFEC, FILE='#BUSE? )
c SET FOR DMA WITH MORE THAN 4 CHARACTERS READ OR WRITE
CALL _SETDMA(MFEC,2)
CALL _STIMEOUT (MFEC,10)
CR=CHAR(13)
2 FORMAT('PULG TIME *,12,’:',12,':',12," DATE ’,12,'/',i2,'/',12,
%' RDGS’,I7)
CALL SETUP(MFEC,NCH,NRDG, IER)

sEeoNeNoNeRoONe NN NN Re]



20

100

90

200

99%

&0

WRITE(O,*)"HIT ANY KEY TO EXIT FROM 1.OOP’
WRITE(O,%)" 1.SINGLE RDGS 7.AVG RDG 3.STOP NUMBER QF DATA ',

* " CHANNELS ,NO RDGS?'

READ(0,*)NEXT, NCH, NRDG

CALL GETTIME(IYR,IMO,IDA, [HR, IMN,T
IF(NEXT.EQ.2)WRITE(LOU, 2) TR, TMN, TS
GO TO (100,200,999) NEXT

CALL GETTIME(TYR,IMO,IDA,THR, IMN, ISE, !FK)

DO 90 ¥=1,NRDG

TIM1--FLOAT (IHR) %3600, + FLOAT (1IMN) %60, +FLOAT (TSE) +FLOAT(IFR) /32768.
CALL PRDG(IN,MFEG,NCH,ICMD,TER)

TF(TER NE.0)GO TO 20

SEt, IFR)
£, 1MO,IDA, IYR,NRDG

CONTLNUE

CALL GETTIME(IYR, MO, DA, IHR IMH,IQF D )

TIM?=FLOAT (THR) %3600 +FLOAT( MiNlhéO FLOAT(TSE)+FILOAT(IFR) /32768,
TIMU=={ {TI®2-TIML) /FLOAT (NRDG) ) * 1.0E3

WRITE(D,60) (IN(NT) ,NT=1,8), TIMT

FORMAT(B1S F7. ]\

WRITE(O,240)11

FORMAT (' TOTAT. TIME (MILLI SECY' Fr2.72)

CALL  GEITLEY(IKY,I5,KBF1,KBF2,IRR)

IF(lRR.NL.J;FO TO 100

GO TO 20

CALL AVGR(IN,MIFC,NCH,ICMD NRDG,LOU, {ER)

CALL GETKEY(IKY,IS,KBF1,KR¥FZ TIRR)

Ir(IRR NE.OYGC TO 200

GO TO 20

STOP

END

SUBROUTINE SETUP(MFEC,NCH,NEDG,IER)

PROGRAM TO SET UP PULSE INSTRUMENT OVER THE GPIB BUSS
CHARACTER*] CR,C,0,P,D,R.A,L,B,G,CM

DIMENSION IN(R),IBR(8&)

DIMENSTON V(10),1IV(10), NRT(lO) NRH(10) ,NRM(10) ,NRL(10)
DATA ICMD/O/,C/'C'/,0/'0 )/, /7P /,R/'R" /,A/'A /L)L / B/ B/,
*G/'G'/

DATA IVRFEF/3000/,1CMD1/1/.VCON/819.2/

CR=CHAR(13)

TER=0

WRITKE(O,*)'WHAT IS COMMAND 2 COPRALBGS '
READ(0,5) CM

FORMAT{AL)}

NRDA=NCH

IF(CM.EQ.’'07 .OR.CM.EQ. 'R’ )NRDA=1

IF(CM.EQ. 'O’ )WRITE(Q,*)"OUTPUT VOLTAGE LEVEL,0 TO 10 VOLTS'
IF(CM.EQ. 'R’ )WRITE(O,*) 'REFERENCE VOLTAGE LEVEL,-5 TO +5 VOLTS'
IF(CM.EQ. 'O’ YREAD(O,*)V (1)

IF(CM.EQ. 'R")READ(O,*)V (1)

IF(CM.EQ. "0 YTV(1)==204 8%V (1)+2048

IF(CM.EQ. 'R/ )YIV(1)=409 .6%(5.+V(1))

IF(CM.EQ. ' P’ )NRDA=NCH+-2

IF(CM.EQ.'"P")WRITE(O, %) ' INPUT PULSE ONTIME,OFFTIME ', NCH,
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' READING TIMES(MICROSECONDS)'!

IF(CM.EQ. P’ )READ(O, ) (V(N) ,N=1,NRDA}
IF(CM. EQ. "B/ YURITE(Q,*) " INPUT ' ,NCH,’ VOLTAGES BETWREN 0 AND 5

*'VOLTS'

IF(CM.EQ.'L/)WRITE(O,*} 'INPUT ' ,NCH,’ VOLTAGES BETWEEN -5 AND 7,

*'4+5 VOLTS'

20

50

60

35
30
40
45

100

110
115

IF(CM.EQ. 'T.' .OR.CH.EQ. "B’ YREAD(O, %) (V(N) ,N~1,NCH)
IF(CM.EQ.' G’ YWRITE(O,*) INPUT *,NCH,' GAIN VALUES'

IF(CM.EQ. "G’ YREAD(D, %) (V(N) ,N~1,NCH)

IF(CM.EQ.'S')GO TO 600

DO 20 NC=1,NRDA

IF(CM.EQ. L' )YIV(NC)=(409.6%{5. +V(¥C)))

IF(CM. EQ. ' G' ) IV(NC)=(4095 . %V (NG))

IF(IV(NGC) .GT.4095) TV (NG)Y=4095

IF(CM.EQ. P/ )Y IV(NC)-V(NC) /.1 -1

IF(IV(NC) .GT.65535) IV(NC)~65535

TF(IV(NG) .LT.0) IV(NC)~0

CONVERT INTEGER NUMBER TO & HEX (BASE 16) NUMPERS
NRT(NC)=IV(NC) /4096

NRH(NC)~(IV(NC) -NRT (NC) #4096) /256
NRM(NG)=(IV(NC) -NRT (NC)*4096-NRH(NC)*256) /16

NRL(NC)=IV(NC) -NRH(NCG)*256 - 16*NRM (NC)

CONTINUE

SET THE CHANNEL NO = NCH

WRITE(MFEC, 35, ERR=400) ICMD, G, NCH , OR

IF(CM.EQ.’P')GO TO 50

TF(CM.EQ. 0’ .OR.CM.FQ. 'R’ .OR.CM.EQ."A')GO TO 60
IF(CM.EQ.'B')GO TO 100

WRITE(MFEC, 40, ERR=400) LCMD, CM, (NRT(N) ,NRH(N) , NEM(M) , NRL(N) ,N=1,
*NRDA) , CR

WRITE(O,40, ERR=400) TCMD, OM, (NET(N) , NRH(N) , NRM(N) , NRL(N) ,N=1,NRDA) ,
*CR

GO TO 10

WRITE(MFEC, 45, ERR=400) TCMD, CM, (NRT(N) , NRH(N) ,NRM(N) ,NRL(N) ,N=1,
*NRDA) , CR

WRITE(O,45, ERR=400) TCMD, CM, (NRT (i), NRH(N) ,NRM(N) , NRL(N) ,N~1,NRDA) ,
#CR

GO TO 10

WRITE(MFEC, 30, ERR=400) TCHMD, OM, NRT (1) ,NRH(1) ,NRM(1) ,NRL(1),CR
WRITE (O, 30, ERR=400)TCMD, €M, NRT (1) ,KRH (1) ,NRM(1) ,FRL(1),CR
FORMAT(I1,A1,11,A1)

FORMAT (11,ALl,4(Z1),A1)

FORMAT (11,A1,32(Z1),Al)

FORMAT (T1,A1,40(Z1),A1)

GO TO 10

CONTINUE

NSTEP=1000

DO 110 NG-1,NRDA

IB(NG)=(819.2*V(NC))

IV(NG)=~4095

CONTINUE

DO 120 NC=1,NRDA
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NRT (NC)=IV(NC) /4096
NRH(NC)=(IV(NC) -NRT (NC)*4096) /256
NRM(NC)=( IV (NC) -NRT(NC)*4096 -NRI{(NC)*256) /16
NRL(NC) =TV (NC) -NRH(NC)*256 - L6*NRM (NC)
120 CONTINUE
WRITE (MFEC, 40, ERR=400) ICMD, CM, (NRT(N) ,NRH(N) ,NRM(N) ,NRL(N) ,N=1,
*NRDA) , CR
CALL PRDG(IN,MFEC,NCH, ICMDL, IER)
NSTOP=0
DO 130 NC-1,NRDA
TF(IN(NG).GT.IB(NC) AND.IV(NC).GT.0)IV(NC)~=IV(NC)-NSTEP
IF(IN(NC).GT.IB(NC) .AND.IV(NC).GT.0)NSTOP=1
130 CONTINUE
IF(NSTOP.NE.0)GO TO 115
DO 140 NC-1,NRDA
TV (NC)=IV(NC)+NSTEP
140 CONTINUE
WRITE (0,40, ERR=400)ICMD, CM, (NRT (N) ,NRH(N) ,NRM(N) ,NRL(N) ,N~1,NRDA) ,
*CR
NSTEP=NSTEP/10
TF(NSTEP.NE.0)GO TO 115
GO TO 10
400 TER=1
WRITE(O,*)'BUSS WRITE ERROR,HIT RESET AND CONTINUE’
600 RETURN
END
SUBROUTINE PRDG(IN,MFEC,NCH, ICMD, IER)
PROGRAM TO READ PULSE DATA OVER THE GPIB BUSS NO AVERAGING
CHARACTER*1 CR
DIMENSION IN(8)
CR—CHAR (13)
IER-D
WRITE(MFEG, 35, ERR=400) ICMD, CR
READ (MFEC, 70, ERR=500) (IN(I), I~1,NCH)
35 FORMAT(IL,Al)
70 FORMAT (814)
GO TO 600
400 TER=1
WRITE(O,*)’BUSS WRITE ERROR,HIT RESET AND GONTINUE’
GO TO 600
500 TER=2
WRITE(O,*)BUSS READ ERROR,HIT RESET AND CONTINUE’
500 RETURN
© END
SUBROUTINE AVGR(IN,MFEC,NCH, ICMD,NRDG,T.0U, IER)
PROGRAM TO AVERAGE NRDG READINGS AND PRINT AVG RDG,STD DEV & MAX
VARTATION
CHARACTER*1 CR
DIMENSTON IN(NCH),IVAR(8),IMAX(8),IMIN(8),SDV(8)
REAL#8 VOLSQR(8),VOLSUM(8)
CR=CHAR(13)
CALL. PRDG(IMAX 6MFEG,NCH,1,IER)
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CALL PRDG{INMAX,MFEC,NCH,1,1ER)
DO 50 NC=1,NCH
VOLSUM(NG)=0.
VOLSQR(NC)=0.
IMIN(NC)=IMAX(NC)
50 CONTINUE
DO 100 NR=1,NRDG
WRITE(MFEC, 35, ERR=400) ICMD, CR
READ (MFEC, 70, ERR=500) (IN(I), I=1,NCH)
35 FORMAT(IL,Al)
70 FORMAT (8T4)
TF(IER.NE.0)GO TO 999
DO 65 NG=1,NCH
VOLSUM (NC)=VOLSUM(NG)+IH {NC)
VOLSQR (NC)=VOLSQR(MGC)+IN(NC) *IN(NC)
IF(IN(NG) .GT. IMAX(NC) ) IMAX (NC)=TN(NC)
IF(IN(NG) .LT. IMIN(NG) ) IMIN(NC)=IN(NC)
65 CONTINUE

100 CONTINUE
DO 150 NC=1,NCH
TVAR(NC)=IMAX (NC) - IMIN(NC)
VOLSUM(NC)=VOLSUM(NC) /FLOAT (NRDG)
SDV(NC)=SQRT ( (VOLSGR (NC) - VOLSUM(}NC) *VOLSUM (NC) *FLOAT (NRDG) ) /FLOAT

*(NRDG-1))

150 CONTINUE
WRITE(O,60) (IN(NG) ,NC=1,HCH)
WRITE(Q,75) (IVAR(NC) ,NC=1,NCH)
WRITE(Q,80) (SDV(NC),NC=1 ,NCH)

WRITE (LOU, 60) (IN(NC) ,NC=1,NCH)
WRITE(LOU,75) (IVAR(NC) ,NC=1, NCH)
WRITE(LOU, 80) (SDV(NC) ,NC=1,NCH)

60 FORMAT(’AVG ’,8I8)

75 TFORMAT('VAR *,818)

80 FORMAT('SDV ',8F8.3)

GO TO 999

400 IER~1
WRITE(O,*)'BUSS WRITE ERROR,HIT RESET AND CONTTNUE’
GO TO 999

500 IER=2
WRITE(OQ,*)’BUSS READ ERROR,HIT RESET AND CONTINUE’

999 RETURN
END

PULG

This program is written in Intel 8080 Assembly language and is uszed to
run the NDT-COMP9B microcomputer., This program will work with either the
manual set-up instrument or the cowmputer set-up Instrument. There are
comments listed in the program that describe some of the different

functions that are performed. This program 1s linked to twe other
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assembly language programs, MATHY and COMP9, described in an earlier

reference. A listing of PULG follows.

TITLE 'PULG PROGRAM VERSION JUNE 5 1986’
NAME PULG

LIST B,G,0,T

NLIST I,M,S,T

PROGRAM TO CONFIGURE THE COMP9E MICROCOMPUTER

AS A TALKER/LISTENER ON THE JEEE488/GPIB BUSS

USING AN 8291A& 2 8293'S.

TRANSMIT SET UP DATA TO COMPSB,THEN RUN DESIRED PROG

ORG 0800H START PROGRAM IN SECOND PROM.
; SYMBOL DEFINITIONS
DEFINE PORT ADDRESSES

’

PORT1 EQU OCFH PORT 1 CONTROL WORD ADDRESS

PORT1A EQU 0ccH PORT1A ADDRESS
PORT1B EQU OCDH PORT1B ADDRESS

PORT1C EQU OCEH PORT1C ADDRESS

PORT? EQU OD7H PORT 2 CONTROL WORD ADDRESS
PORT2A EQU OD4H PORT?A ADDRESS

PORT2B EQU ODSH PORT2B ADDRESS

PORT2C EQU OD6M PORT2C ADDRESS

APDATA EQU OEEH ARITHMETIC PROCESSOR DATA PORT
: GPIB ADDRESS AND MASK DEFINITIONS

BUSPRT EQU OD8H BASE ADDR OF GPIB RBUSS

BUSIN EQU OD8H DATA IN FROM BUSS ADDR

BUSOUT EQU BUSIN DATA OUT TO BUSS ADDR

s1 EQU OD9H INTERRUPT STATUS REGISTER 1 ADDR
INTE1L EQU ODYH INTERRUPT ENABLE REGISTER 1 ADDR
BOM EQU 02 BYTE OUT INTR MASK, BYTE

: SHOULD BE WRITTEN IN BUSOUT
BIM EQU 01 BYTE IN INTR MASK,BYTE SHOULD
; BE READ FROM BUSIN REGISTER
ENDMK EQU 10H END INTERRUPT MASK

CPT EQU 080H COMMAND PASS THROUGH MASK

: REG #2 INTERRUPTS

INTE? EQU ODAH INTERRUPT REGISTER 2 ADDR

; REG #% ADDRESS MODE CONSTANTS

ADRMD EQU ODCH ADDRESS MODE REGISTER ADDR
TON EQU 080H TALK ONLY,NOT LISTEN MODE
LON EQU 040H LISTEN ONLY,NOT TALK MODE
TLON EQU OCOH TALK AND LISTEN ONLY MODE
MODEL EQU O1H MODE 1 ADDRESSING

: REG #4 (READ) ADDRESS STATUS REGISTER

ADRST EQU ADRMD ADDRESS STATUS REGISTER ADDR
EOIST EQU 20H END OR IDENTIFY MASK

TA EQU 02H TALKER ADDR OR ACT;SER POLL-TADS TACS SPAS



LA
MIMN

AUXMD
CLKRT
FNHSK
SDEOT
AXRA

HOHSK
HOEND
CAHCY
EDEOS
EOIS

EOSBC
VSCMD
NVCMD
A¥RB

CPTEN

CPTRG

ADRO1
DTDL1
DTDL2
ADRTL

EOSR

PUBLIC

EQU
EQU
REC
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
REG
EQU
REG
EQU
EQU
EQU
EQU
REG
EQU

04H LISTENER ADDRESSED OR ACTIVE-TADS OR LACS
014 MAJOR OR MINOR TALKER/LISTENER,1-MINOR
#5(WRITE) AUXILIARY MODE REGISTER

ODDH " AUXILIARY MODE REG ADDR

022H CLOCK SET FOR 2MHZ

034 FINISH HANDSHAKE AUX COMMAND

06H SEND END OR IDENTIFY WITH NEXT BYTE
080H WRITE DDDDD INTO AUX REGISTER A

01H HOLD OFF HANDSHAKE ON ALL BYTES

024 HOLD OFF HANDSHAKE ON END BYTE

034 CONTINUOUS AGCEPTOR HANDSHAKE CYCLING
04H END ON EOS RECEIVED DAT REG MATCHES EOS REG
08H OUTPUT EOI ON EOS SENT

40H EOS FUNCTIONS AS FULL 8-BIT REG

OFH VALID COMMAND PASS THROUGH

074 INVALID COMMAND PASS THROUGH

0A0H AUXILIARY REG B PATTERN

01H COMMAND PASS THROUGH ENABLE

#5 (READ)

ODDH ADDR TO READ COMMAND PASS THROUGH

#6 (WRITE) ADDRESS 0/1 REG CONSTANTS

ODEH COMP 9 GPIB ADDRESSES

060H DISABLE MAJOR TALKER/LISTENER

OEOH DISABLE MINOR TALKER/LISTENER

05H TALKER LISTENER ADDRESS SET TO 5

#7 EOS-END OF SEQUENCE CHARACTER REG

ODFH FLAGS END OF BLOCK BY CHAR IN REG

GPIB MESSAGES (COMMANDS)

PRTSU

; MATH SUBROUTINES FOR THE COMP 9 ARE STORED AS FUBLIC.ANY ROUTINE
;  CAN BE CALLED USING AN 'EXTRN’ STATEMENT.

EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN

ACOS,ASIN,ATAN,ATANA, BIDEC,BIDECF

CHSD, CHSDA, CHSF, CHSFA, CHSS, CHSSA, COS, COSA

DADD, DADDA , DADDB , DDIV,DDIVA, DDIVB, DECNO

DMUL, DMULA, DMULB , DMUU , DMUUA , DMUUB , DSUB, DSUBA, DSUBB
EXP,EXPA,EXP10,FADD, FADDA, FADDB, FDIV, FDIVA, FDIVE
FIXD,FIXDA, FIXS,FIXSA, FLID, FLTDA, FLTS , FLTSA

FMUL, FMULA , FMULB , FSUB, FSUBA, FSUBR, LN, LNA, LOG, LOGA
MDAD, POPD, POPS, PTOD, PTOS , PUPI , PWR, PWRA , PWRB

SADD, SADDA, SADDB, SDIV, SDIVA, SDIVB, SIN, $INA

SMUL, SMULA, SMULB , SMUU, SMUUA , SMUUB , SQRT, SQRTA
SSUB, SSUBA, SSUBB, TAN, TANA, TOS2, TOS4
WRT2,WRT4 , XCHD , XCHS

CROUT, COPDT, GETCM, PRINT , PRINTF, EPRNT, FPRNT , ZERO
GETC,GETNM, CO, NMOUT, ECHO, GETHX , SGNON , HILO



; CONSTANTS ARE SET

NCHM
PRT10
PRT1I

’

’

RAWDA
OLDSW
ASCDAT
DIAD
DIAO
NCH
CNTSH
SHDAT
NCHAA
NCH4A
NCH8A
ASC4NA
NRDG
DACSEL
DATIN
RAMADR
INTRP

BOUT

BIN

EQU 08H
EQU 088H
EQU 099H

EQU 03C10H
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NCHM-MAX NUMBER OF CHANNELS TO BE READ
PRT10-QUTPUT MODE,A,B,C0-3 OUTPUT,C4-7 IN
PRT1I~-INPUT MODE,A&C INPUT;B OUTPUT

RAM ADDRESS DEFINITIONS

RAW RDGS,4 BYTES/CHNL,TIM1,TIM2,...HI-10

EQU RAWDA+4*NCHM CALIBRATION SWITCH POSITION FROM CONTROLIER

EQU OLDSW+1

ASCTI DATA, 8*NCHM+1 BYTES

EQU ASCDAT+8*NCHM+1 ;ADDRESS FOR INPUT DATA

EQU DIAD+2
EQU DIAO+2
EQU NCH+1

EQU CNTSH+1
EQU SHDAT+1
EQU NCHAA+1
EQU NCH4A+1
EQU NCH8A+1
EQU ASC4NA+2

EQU NRDG+2

EQU DACSEL+1

EQU 3800H
EQU 1000H

POP PSW
IN S1

CPI BOM
JZ BOUT
CPT BIM
JZ BIN

CPT ENDMK
JZ BEND
CPI OOH
J7 INTRP
CALL NMOUT
JMP GETCM
MOV A M
OUT BUSPRT
INX H

DCR C

JZ WREND
EI

HLT

IN BUSPRT
LHLD DIAD
MOV M, A
INX H

SHLD DIAD
ET

HLT

ADDRESS FOR DATA USED IN PULSER SETUP
CHANNEL NUMBER COUNT FOR ADC RDGS

SAMPLE AND HOLD COUNT NUMBER

SAMPLE AND HOLD DATA BYTE

ADDRESS WHWRE NO OF CHANNELS STORED
ADDRESS WHERE 4*NCHA STORED

ADDRESS WHERE 8*NCHA STORED

ADDRESS WHERE ASCDAT+4*NCHA IS STORED,2 BYTES
ADDR OF NUMBER OF RDGS AVERAGED

ADDRESS OF DAC SELECT DATA,1 BYTE

START OF DATA READ IN FROM GPIB, 256 BYTES
ADDRESS OF RAM PROGRAM,CALLED BY CMD6
ADDRESS OF FRONT PANEL INTERRUPTS

ENTRY POINT FOR INTERRUPTS

POP STACK SO WE WON'T HAVE OLD ADDR
READ INPUT STATUS

CHECK FOR BYTE OUT REQUEST

JUMF TO OUTPUT DATA

CHECK FOR BYTE IN REQUEST

JUMP TO BYTE IN ROUTINE

CHECK FOR END OF TRANSMISSION
JUMP TO END OF TRANSMISSION ROUTINE
COMPARE TO ZERO

INTERRUPT WAS NOT FROM 8291.

PRINT A REGISTER

RETURN TO MONITOR

LOAD ASCIT BYTE ADDR BY ML INTO A
WRITE ONTO GPIB BUSS

ADDRESS NEXT BYTE

DECREMENT COUNTER

FINISHED TRANSMISSTION

ENABLE INTERRUPT

HALT COMPUTER UNTIL NEXT INTERRUPT
READ A BYTE IN FROM THE BUSS

LOAD ADDRESS FOR DATA-IN TO HL
STORE DATA READ IN INTO RAM
INCREMENT FOR NEXT BYTE

STORE NEXT ADDRESS

ENABLE INTERRUPT

WAIT FOR NEXT INTERRUPT



BEND

WREND

LDA
ANT
ADD
MOV
MVL
LXT
DAD
MOV
INX
MoV
MOV

DATIN
OFH

A

C,A
B,00

H, CADDR
B

AM

H

H,M
L,A

PCHL

MVI
ouT
EI

HLT

A,06H
AUXMD

GPLIB PORT SET-UP

PRTSU

MVI
ouT
MVI
oUT
MVI
OuT
MVI
ouT
ouT
MVI
ouT
MVI
OUT
MVI
ouUT
ouT
MVI
ouT
MVI
ouUT
MVT
ouT
MVI
ouT
I1X1

A,PRT1I
PORT1
A,080H
PORT?2
A,02
AUXMD
A,00
INTEL
INTE2
A,MODE1
ADRMD
A, CLKRT
AUXMD
A,ADRTL
AUXMD
ADRO1
A,ODH
EOSR
A,084H
AUXMD
A,013H
INTEL
A,00
AUXMD
H,DATIN

SHLD DIAD

XPA
ouT
MVI
ouT
MVI
out
MVI
oUT

A
PORT2A
A,0BH
PORT2B
A,O6FH
PORT2C
A,O07FH
PORT2C
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LOAD FIRST BYTE WRITTEN OVER GPIB
DUMP HI BITS,CONVERT TO ADDRESS
DOUBLE VALUE,ADDRESSES ARE 2 BYTES
LOAD INTO C

ZERC B,BC CONTAIN ADDR INCREMENT
COMMAND ADDRESS LISTS IN HL

OFFSET TO STARTING ADDRESS OF PROGRAMS
PUT LOW ORDER CMD ADDR IN A
ADDRESS HI BYTE OF CMD ADDR

SEND TO H

PUT LOW ORDER IN L

TRANSFER COMMAND TO ADDR IN HL
SEND EOI WITH NEXT BYTE OUT

SEND TO AUX MODE REGISTER

ENABLE INTERRUPT

HALT COMPUTER UNTIL NEXT INTERRUPT

LOAD PROGRAM WORD FOR A&C INPUT,B OUTPUT
SEND TO PORT 1

LOAD PRG WRD,A=OUTPUT,B&C=0UTPUT
SEND TO PORTZ2

RESET THE 8291A

SEND TO THE AUXILIARY MODE REG

ZERO A REGISTER

DISABLE INTERRUPTS TEMFPORARILY
DISABLE SECONDARY INTERRUPTS

ENABLE MODE 1 ADDRESSING

SEND TO THE ADDRESS MODE REG

SET THE CILOCK RATE FOR 2 MHZ

SEND TO THE AUX MODE REG

LOAD TALKER/LISTENER ADDRESS

SEND TO AUXILIARY COMMAND REG

SEND TO COMP 9 GPIB ADDRESSES

LOAD A CARRIAGE RETURN AS END OF MESS
SEND TO END OF SEQUENCE REGISTER
LOAD END ON EOS5 RECEIVED DAT

SEND TO AUXILIARY MODE REGISTER
ENABLE END BYTE,BYTE IN,BYTE OUT INTRPS
ENABLE INTERRUPTS

LOAD ZERC INTG A

PUT 8291A INTO IDLE MODE

STORE ADDRESS FOR INPUT DATA INTO HL
STORE IN RAM

ZERO ACC,SET OUTPUT VOLTAGE TO O
BYTE SENT TO DACS

1LOAD 08 INTO ACC

HI ORDER NIB IS SENT TO DAC

1.0AD 0110/1111 INTO ACC

STROBE PULSE HEIGHT DAC LOW

LOAD 0111/1111 INTO ACC

LOCK PULSE HEIGHT VALUE INTO DAC
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LX1 H,SGNON LOAD SIGNON MESSAGE ADDRESS
RET

; TABIE OF ADDRESSES FOR COMMANDS FOR MICROCOMPUTER

; THE COMMAND TRANSFER ADDRESSES ARE PICKED UP FROM

; THIS TABLE.FIRST BYTE XMITTED BY CONTROLLER IS CMD NUMBER

; THE SECOND BYTE DETERMINES THE DELAY TIME BETWEEN S/H PULSES
CADDR DW CMDO PULSER SET UP SUBROUTINE

DW CMD1 FAST READINGS AND CONVERSION,ASCII XMIT
DW CMD2 FAST RDG,SEND OLD RDG WHILE PROCSNG NXT
DW CMD3 FAST CALIBRATOR READINGS
DW CMD4 NORMAL PULSE READING,IONG CONVERSION

; BASK CONVERTS BINARY RBYTE ADDR BY HIL

; TO ASCII NO ADDR BY DE FOR C BYTES

BASK MOV A M 1LOAD BYTE ADDRESSED BY HLU

RAR CONVERT 4 HI RITS FIRST
RAR ROTATE 4 HI BITS TO LOW POS
RAR
RAR
ANTI OFH LOOK AT ONLY 4 LOW BITS
DAA DEC ADJUST ACC
ADT OF6H SET CARRY FOR BYTE GT 9
ACI 03AH ADD REST OF VALUE WITH CARRY
STAX D STORE IN RaM ADDR BY DE
INX D ADDRESS NEXT ASCII MEM 1.OC
MOV A M READ HEX BYTE BACK IN
ANT OFH LOOK AT 4 1OW BITS
DAA DEC ADJUST ACC
ADI OF6H SET CARRY FOR BYTE GT 9
ACT 03AR ADD REST OF NUMBER WITH CARRY
STAX D STORE IN RAM ADDR BY DE
INX D ADDRESS NEXT ASCII MEM 1OC
INX H ADDRESS NEXT HEX BYTE
DCR C DECREMENT COUNTER
JNZ BASK GO BACK FOR NEXT BYTE IF NOT DONE
MVI A,ODH ADD A CARRIAGE RETURN AS THE LAST CHAR
STAX D STORE IT IN RAM AFTER THE DATA
RET RETURN TO CALLER TIF DONE
; CMDO SUBROUTINE TO TAKE DATA WRITTEN BY

; THE BUSS CONTROLLER AND SET UP THE
; PULSER.DATA STORED AT RAM ADR DATIN

; CHARACTER DATA FOR FORMAT

; C NO OF CHANNELS 1 CHR,1 BYTE
; 0 OUTFUT VOLTAGE 1 CHR,#% BYTES
; P PULSE ON/OFFTIME 1 CHR,8 BYTES

READING INTERVALS 4%*NCHS BYTES

REF COMP VOLT LEVEL 1 CHR,4 BYTES
READINGS AVERAGED 1 CHR,4 BYTES
LEVEL SETTINGS 1 CHR,4#NCHS BYTES

onlite g &



s

CMDO

CMDOL

CMDOL

CHNOS

1

=3

B
G

MVI A,PRTI1O
OUT PORTL
1XI H,DATIN+1
MOV A M

INX H

SHLD DIAO
CPI A'CY

JZ CHNOST
CPI A'O!

JZ OFTLEV
CPI A'P’

JZ PTSET
CPL A'R/’

JZ REFLEV
CPI A°L!

JZ DISLVi,
GPI A'B’

JZ BALVOL
CPI A’G’

JZ GAINST
CPI A'A!

JZ AVGRD
MVI A,PRTII
OUT PORT1
IXI H,DATIN
SHLD DIAD
MVI A,013H
OUT INTE1
ET

HLT

CHNOST

MOV A M
INX H
SHLD DIAO
SUI O30H
STA NCHAA
ADD A

ADD A

STA NCH4A
ADD A

STA NCHS8A

BALANCE VOLTAGE
GAIN SETTINGS

1 CHR,4%NCHA BYTES
1 CHR,4*NCHA BYTES

SET PORTL1 FOR OUTPUT

SEND TO CONTROL WORD

LOAD ADDRESS OF 2ND DATA IN BYTE

1.0AD CHARACTER BYTE FROM MEMORY
INCREMENT DATA IN SET COUNTER

STORE 2 BYTE DATA COUNTER IN DAIO
COMPARE TO CHR C,SET CHANNEL NO

JUMP TO CHANNEL SETTING ROUTINE
COMPARE TC CHR O,SET OUTPUT LEVEL
JUMP TO OUTPUT LEVEL SET ROUTINE
COMPARE TO CHR P,SET PULSE TIMES

JUMP TO PULSE TIME SET ROUTINE
COMPARE TO CHR R,SET REF DISC LEVEL
JUMP TO SET REFERENCE COMPARATOR VOLT LEVEL
COMPARE TO CHR L,SET DISCRIMINATOR LEVEL
JUMP TG SET DISCRIMINATOR LEVEL
COMPARE TO CHR B,SET BALANCE VOLTAGE
JUMP TO SET BALANCE VOLTAGE LEVEL
COMPARE TO CHR G,SET VOLTAGE GAINS
JUMP TO SET THE GAIN CF THE CHANNELS
COMPARE TO CHR A,SET NO RDGS AVERAGED
JUMP TO SET AVG RDG NO ROUTINE

SET PCRT1 FOR INPUT

STORE ADDRESS FOR INPUT DATA INTO HL
STORE IN RaM

ENABLE READ,WRITE OR EOI

SEND TO 8291 INT ENA

ENABLE INTERRUPT ON 8080A

WAIT FOR TMTERRUPT COVER GPIB

PROGRAM SETS THE CHANNEL NUMBER,NCHA A 4*NCHA
8*NCHA AND ASCDAT+4*NCHA

MOVE CHANNEL NO BYTE INTO ACC
INCREMENT COUNTER

STORE FOR NEXT TIME

CONVERT TO NUMBER

STORE NUMBER OF CHANNELS
DOURLE NUMBER OF CHANNELS

4X NUMBER OF CHANNELS

STORE 4X NUMBER OF CHANNELS
8X NUMBER OF CHANNELS

STORE 8X NUMBER OF CHANNELS
SHIFT RIGHT,DOWN TO 4X NO CHANNELS
LOAD START OF ASCDAT INTO HL
4%NCHA TN E

DE CONTAINS 4%NCHA

HL CONTAINS ASCDAT+4XNCHA
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SHLD ASC4NA ASC4NA IN RAM CONTAINS ASCDAT+4*NCHA
JMP CMDOL1 CONSTANTS THAT USE NCHA SET,GO BACK
; PTSET SETS THE PULSE ONTIME, PULSE OFF TIME

; AND THE DELAY TIME FROM THE PULSE
START TO THE SAMPLE FOR SAMPLE & HOLD IC'’S
; DATA MUST BE IN THE ORDER GIVEN ABOVE

PTSET MVI D,0 ZERO D COUNTER

I.DA NCHAA LOAD THE NUMBER OF CHANNELS 1INTO A
ADI 2 INCREASE THE CHANNELS BY TWO
MOV E,A STORE NO CHANS+2 1IN E
JNZ TIMLP LOOP BACK IF NOT DONE
MVI A,03FH STROBE MR LOW,THEN BACK HI
OUT PORT2C SEND 0011/1111 OUT
MVI A,07FH SEND 2C6 BACK HI
OUT PORTZC SEND 0111/1111 oOUT
TIMLEP CALL CONV4 CONVERT 4 NOS ADDR BY HL TO BINARY
MOV A,C LOAD LOW BYTE FROM C TO A
OUT PORT2A SEND OUT
MOV A,B LOAD HI BYTE INTO A
OUT PORT2B SEND 16 BITS TO TIMERS
MVI A,070H LOAD 0111/0000 INTO A
ADD D ADD CHN NO FROM REG D
OUT PORTZ2C SEND TO PORT 2C
ORI OFH OR ACC WITH 0000/1111
OUT PORTZ2C LOAD RDG INTO ADC
INR D INCREMENT CHA COUNT
DCR E DECREMENT E COUNTER
JNZ TIMLP LOOP BACK IF NOT DONE
MVT A,OFFH STROBE XTR HI TO START
OUT PORTZ2C SEND TO PORT
MVI A,07FH SEND 2C7 BACK LOW
OUT PORTZ2C SEND 0111/1111 OUT
SHLD DIAO RESTORE COUNTER IN DIAO
JMP CMDOL1 DATA SET,GO BACK TO CMD LOOP
; GAINST SET THE GAIN LEVEL FOR

; EACH CHANNEL

GAINST MVI A,080H LOAD 1000,/0000 ,SELECT GAIN DAC
STA DACSEL STORE IN DACSEL IN RAM (1B7 BIT)
JMP DACWRT JUMP TO DAC WRITE SUBROUTINE

; DISLVL SET THE DISCRIMINATOR VOLTAGE LEVEL

; FOR EACH CHANNEL

DISLVL MVI A,040H LOAD 0100/0000 ,SELECT DISCRIMINATOR DAC
STA DACSEL STORE IN RAM (1B6 BIT)
JMP DACWRT JUMP TO DAC WRITE SUBROUTINE

BALVOL SET THE BALANCE VOLTAGE LEVEL



.
H

BALVOL

q

3

DACWRT

DACLP

OFTLEV

REFLEV

MVI A,010H
STA DACSEL
JMP DACWRT

DACWRT

MVI D,0
LDA NCHAA
MOV E,A
CALL CONV4
MOV A,C
OUT PORT1A
MOV A,B
OUT PORTLC
LDA DACSEL
ADD D

OUT PORT1B
ANI OFH
OUT PORT1B
INR D

DCR E

JNZ DACLP
SHLD DIAO
JMP CMDOLL

OTPLEV

CALL CONV4
MOV A,C
OUT PORT2A
MOV A,B
OUT PORTZ2B
MVI A,O06FH
OUT PORT2C
MVI A,07FH
OUT PORT2C
SHLD DIAC
JMP CMDOL1

REFLEV

CALL CONV4
MOV A,C
OUT PORT2A
MOV A,B
OUT PORT2B
MVI .A,O05FH
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FOR FEACH CHANNEL

LOAD 000170000 ,SELECT BALANCE ADC
STORE IN RAM (1B4 BIT)
JUMP TO DAGC WRITE SUBROUTINE

WRITES TO THE DAC ADDRESSED IN DACSEL

ZERO D COUNTER

LOAD THE NUMBER OF CHANNELS INTO A
STORE NO CHANS IN E

CONVERT 4 NOS ADDR BY HL TO BINARY
LOAD 1LOW BYTE FROM C TO A

SEND OUT

LOAD HI BYTE INTO A

SEND 12 BITS TO ADC

LOAD DAC SELECT FROM RAM

ADD CHN NO FROM REG D

SEND TO PORT 1B

AND WITH 0000/1111,ZERO HI NIB
LOCK RDG INTO ADC

INCREMENT CHA COUNT

DECREMENT E COUNTER

1.OOP BACK IF NOT DONE

RESTORE COUNTER IN DIAO

DATA SET,GO BACK TO CMD LOOP

SUBROUTINE SETS THE OUTPUT VOLTAGE
LEVEL OF THE PULSE  FORMAT O, IH,IM,IL

CONVERT NEXT 4 NUMBERS

MOVE LOW BYTE INTO ACC

BYTE SENT TO DACS

MOVE HI NIB FROM REG BC

HI ORDER NIB IS SENT TO DAC
LOAD 0110/1111 INTO ACC
STROBE PULSE HEIGHT DAC LOW
LOAD 011171111 INTO AGC
LOCK PULSE HEIGHT VALUE INTO DAC
RESTORE COUNTER IN DIAO
DATA SET GO BACK

VOLTAGE LEVEL FOR REFERENCE

COMPARATOR R HINIB,HIDNIB LONIB

CONVERT NEXT 4 NUMBERS

MOVE LOW BYTE INTO ACC

BYTE SENT TO DACS

MOVE HI NIB FROM REG BC

HI ORDER NIB IS SENT TO DAC
LOAD 0101/1111 INTO ACC



AVGRD

CONVLO

CONVL

CONVL1L

CONV4

OUT PORT2C
MVI A,O07FH
OUT PORT2C

SHLD DIAOQ

JMP CMDOL1

AVGRD

CALL CONV&4

MOV A,C
STA NRDG
SHLD DIAQ

JMP CMDOL1
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STROBE REFERENCE LEVEL DAC LOW

LOoAD 0111/1111 INTO ACC

L.OCK REFERENCE VOLTAGE LEVEL VALUE INTO DAC
RESTORE COUNTER IN DIAO

DATA SET GO BACK

SET THE NUMBER OF RDGS TO BE
AVERAGED IN NRDG FORMAT A,IH,IL

CONVERT &4 NIBS TO 16 BINARY BITS
MOVE LOW ORDER RESULT INTO A
STORE IN RAM AT NRDG ADDR

STORE COUNTER FOR NEXT CHARACTER
DATA SET,GO BACK

TAKES 4 ASCIT CHARACTERS ADDRESSED BY HL
IN RAM AS TOPNIB,HINIB,MIDNIB,LONIR AND CONVERTS
THEM TO A 16 BIT BINARY NUMBER IN BC

XRA A
MOV A M
SUI 030H
CPI 10
JM CONVLO
SUT 7
RLC

RLC

RLC

RLC

MOV B,A
INX H
MOV A M
SUI 030H
CPI 10
JM CONVL
SUT 7
ADD B
MOV B,A
INX H
MOV A,M
SUT 030H
CPI 10
JM CONVL1
SUI 7
RLC

RLC

RLC

RLC

MOV C,A
INX H
MOV A,M
SUT 030H

ZERO ACCUMULATOR, CLEAR FLAGS
MOVE TOP NIB INTO A

CONVERT ASCII BYTE TO NUMBER
COMPARE TO 10 DECIMAL

JUMP AROUND 1¥ .LT.10
SUBTRACT 7 IF A,B,C,D,E,OR T
ROTATE LEFT 4 TIMES

MOVE TOP NIB INTO HI ORDER

STORE IN REG B

ADDRESS NEXT NIB

MOVE HI NIB INTO ACC

CONVERT ASCII BYTE TO NUMBER
COMPARE TO 10 DECIMAL

JUMP AROUND 1¥ .LT.10
SUBTRACT 7 IF A,B,C,D,E,OR F
ADD TOP NIB TO HI NIB

STORE IN REGISTER B

ADDRESS NEXT NIB

MOVE MID NIB INTO ACC
CONVERT ASCII BYTE TO NUMBER
COMPARE TO 10 DECIMAL

JUMP AROUND IF .LT.10
SUBTRACT 7 IF A,B,C,D,E,OR F
ROTATE ACC LEFT 4 TIMES

MOVE NIBRBLE INTO HI ORDER

TEMP STORE IN C

GO TO LOW ORDED NIB
LOAD IN ACC

CONVERT TO NUMBER



CONVL2

CMD1
CMD?2

DAT

CMD3

CPI 10
JM CONVL2
SUT 7
ADD C
MOV C,A
INX H
RET

CMD1

CMD2

NOP
CALL ADBUS

MVI A,020H
OUT PORT1B
XRA A

OUT PORT1R

LHLD ASC4NA

MVI M,ODH

DCX H

SHLD DIAD
LDA DATIN
CPI 031H
CZ ADBUS
JMP RDGOUT

CHMD3

MVI A,Q0
OUT PORTZA
CALL ADBUS

LDA NCHAA
STA CNTSH
LDA CNTSH
DCR A

STA CNTSH
MVI A,PRT1I
OUT PORTL
LXI B,0AOH
CALL DELAY

THIS CAN PROBABLY

MVI A,020H
OUT PORT1B
XRA A

OUT PORT1B

COMPARE TO 10 DECIMATL
IF .LT.10
SUBTRACT 7 IF A,B,C,D,E,OR F
ADD MID NIB TO 1O NIiB

JUMP AROUND

STORE IN REG

La

SET Up NEXT COMMAND CHARACTER
RETURN TO CALLER

LOOP FOR FAST READINGS WITH NO

STORAGE IN THE COMPSB MICROCOMPUTER
SAME AS CMD1 EXCEPT CMD2 TAKES NEXT
READING WHILE
BEING PROCESSED.

THE

PREVIOUS

ONE

is

BOTH PROGS ARE SAME EXCEPT FOR ADBUSY
DON'T START PULSE IF WE ARE STILI. READING

STROBE ADC 0010/0000,BTT B5 HI

THEN STROBE 0000/0000,B3IT B> 1O

A START COMMAND HAS BEEN SENT TO ADC’S

1.OAD HL. FOR DATA COUNTER VALUE
LOAD CARRTIAGE RETURN INTO MEMORY AT END OF

DECREMENT FOR NEXT
STORE DATA COUNT ADDRESS

DATA BYTE

EST FOR CMD1 OR CMD2
SEE IF CMD1 WAS TRANSMITTED

WAIT FOR RDG TO END BEFORE

IN RAM

DATA IS5 READ

READ ADC'S,SET UP DATA FOR TRANSMIT,HALT

LOOF FOR FAST CALIBRATION READINGS WITH NO

STORAGE IN THE COMPYE MICROCOMPUTER

SET FOR CALIBRATE
SET RELAY FOR CALIBRATE

DON'T START PULSE IF WE ARE

STILL

READING

SET THE NUMBER OF S5&H CHANNELS IN RAM

STORE

TOOK AT COUNTER VALUE
DECREMENT COUNTER
RESTORE COUNTER

SET PORT1 FOR INPUT

LOAD 4 M5 DELAY IN BC FOR NOW
TEMPORARY DELAY TO ALLGW DATA TO SETTLE
BE REMOVED AND REPLACED WITH COMPUTATIONS

STROBE ADC 0010/0000,BIT B5 HI

THEN STROBE 0000/0000,BIT B5 LO
A START COMMAND HAS BEEN

SENT TO ADC'S

LT

IT



DAT

CMD4

’

RDEZOUT

ADRDLP

LHLD ASCANA
MVI M,0DH

bCX H

SHLD DIAD
CALL ADBUS
JMP RDGOUT

CMD4

MVI A, 0201
OUT PORTLE
XRA A

GUT PORTIB
CALL ADRUS
1.DA NRDG
MOV B, A

1LDA NCHAA
MOV C,A
CALL SMDAT
MVI A,PRT1O
OUT PORT1
CALL HEXDEC
LXT I,RAWDA
LXT D,ASCDAT
LDA NCH4A
MOV C,A
CALIL BASK
ILXI H,DATIN
SHLD DIAD
MVI A,OFFH
OUT PORT2B
STA SHDAT
TX{ H,ASCDAT
DA NCISA
MOV C,A

MVI A,013H
OUT INTEL
W

BLT
RDGOUT

1.DA NCHAA
STA NCH
ADT UOJH
OUT PORT1B
IN PORTI1C
ANT OFH

g

IN PORTLIA

T.OAD HL FOR DATA COUNTER VALUE
LoAD CARRIAGE RETURN INTO MEMORY AT END OF

DECREMENT FOR NEXT DATA BYTE

STORE DATA COUNT ADDRESS IN RAM

WAIT FOR RDG TO END BEFORE DATA 1S READ
KEAD ADC'S,SET UP DATA FOR TRANSMIT, HALT

LOOP TO TAKE READINGS AND SEND THEM OUT
STROBE ADC 0010/0000,BIT B5 HI

THEN STROBE 0000/0000,BIT B5 LO

A START COMMAND HAS BEEN SENT TO ADC’S
HANG IN LOOY UNTIL ADC READY

LOAD THI NUMBER OF RDGS AVERAGED
STORED INTO B

L.OAD THE NUMBER OF CHANNELS INTO A
MOVE NUMBER INTO C REG

SUM THE READINGS

SET PORT1 FOR OUTPUT

CONVERT HEX TO DECIMAL

10AD STARTING ADDRESS OF RAW DAT

LOAD START ADDR OF ASCII DAT

16 BYTES OF DATA TO BE CONVERTED

STORE IN C COUNTER

HEX DAT TO ASCII DAT

LOAD ADDRESS OF FIRST BYTE OF INPUT DATA
STORE IN RAM,RESET COUNTER FOR NEXT READ
SET ACCUMULATOR TO 1111/1111

TURN ALL SAMPLE & HOLD CHIPS TO SAMPLE
RESET SAMFLE AND HOLD DATA

1.0AD ADDRESS OF DATA TO BE SENT

NUMBER OF CHARACTERS TO BE SENT

NUMBER OfF CHARACTERS IN C REG

ENABILE READ,WRITE OR EOI

SEND TO 8291 INT ENA

ENABLE INTERRUPTS ON 8080

WAIT FOR INTERRUPT FROM 8291 OVER GPIB

READ EACH ADC AND CONVERT TO ASCII REP OF BCD

SET THE SYSTEM FOR OUTPUT OVER THE BUSS
LOAD CHANNEL COUNT

STORE IN RAM,CH NO GOES FROM O TO 7
CHANNEL SEL ON BO,Bl,BZ;ENABLE ON B3

SET CH. SWITCH TO CH. NO.

HIGH ORDER BYTE IS BROUGHT IN.

4 HIGHEST ORDER BITS ARE DUMPED

ROTATE LEFT,DOUBLE VALUE,ADDR ARE 2 BYTES
STORE IN E TEMPORARILY

J.OW ORDER BYTE IS BROUGHT IN AND



MOV

OFOH

A
0
,NIB2B

T ®E O

C,E

IN FORTIA

ANT
DAA
ADD
DAA
MOV
INX
MVI
ADC
MOV
LXIX
DAD
MOV
ADD
DAA
MOV
INX
MOV
ADC
DAA
MOV

OFH

k =
>

o

]
=
{0
w

RPwInIXR> I
= =z >

>

ey =il e
o

D,A

THLD DIAD

MOV
ANT
ADI
MOV
DCX
MOV
ANT

ALE
OFH
30H
M,A
H
ALE
OFOH

30H
M,A

A,D
OFH
30H
M, A

A,D

[ - OFOH
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DUMP LOW NIBBLE

ROTATE RIGHT 3 TIMES

RESULT IS 2ND NIBBLE DOUBLED

ADDRESSES OF VALUES ARE 2 BYTES WIDE
STORE IN C

BC CONTAIN OFFSET ADDR FOR ZND NIBRLE
LOAD BASE ADDRESS FOR 2ND NIBBLE

ADD OFFSET TO HL ADDRESS

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

DUMP 2ND NIBBLE,HI 4 BITS

DECIMAL ADJUST ACCUMULATOR

ADD 2ND NIBBLE DECIMAL VALUE FROM MEMORY
BDECIMAL ADJUST ACCUMULATOR

STORE SUM IN DE

HI BYTE OF 2ND NIBBLE

ZERO A

ADD HI BYTE OF DEC VAL OF 2ND NIB

DE CONTAINS SUM

BASE ADDRESS FOR 3RD NIBBLE

ADD OFFSET POINTER FOR DEC VAL OF 3RD NIB
BRING SUM OF 1ST 2 NIBS BACK IN

ADD LO BYTE OF 3RD

DECIMAL ADJUST

STORE BACK IN DE

INCREMENT TO HI BYTE OF DEC VAL OF 3RD NIB
BRING IN 2ND BYTE OF SUM OF 1ST 2 NIBS
ADD HI BYTE OF 3RD NIB

DECIMAL ADJUST

STORE SUM IN DE

LOAD ADDRESS FOR ASCIT DATA IN HL
LOAD LOW ORDER BYTE FROM DE

DUMP 4 HI BYTES OF 1OW ORDER BYTE
CONVERT TO ASCII

STORE IN RAM

ADDRESS NEXT MEMORY BYTE

BRING LO BYTE BACK

DUMP LOW 4 BITS

ROTATE TO LOW 4 BIT POSITION

CONVERT TO ASCII

STORE IN RAM

ADDRESS NEXT MEMORY BYTE

I.OAD HI ORDER BYTE FROM DE

DUMP 4 HI BITS OF HI ORDER BYTE
CONVERT TO ASCII

STORE IN RAM

ADDRESS NEXT MEMORY BYTE

BRING HI BYTE BACK

DUMP LOW 4 BITS
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; SMDAT

SMDAT

SML.OP

CHLOP

; ADRDG

RAR
RAR
RAR
RAR
ADT 30H
MOV M, A
DCX H

SULD DIAD
LDA NCU
DCR A

STA NCH
JNZ ADRDLP
ILXT H,DATIN
SHLD DIAD
LXi H,ASGDAT
DA NCHLA
MOV C,A
MVI A 0L3H
oUT INTEL

EI

'ITT
111

- DATA SUMMA
; CHANNELS
1255).SUM OF

7‘111

13l

TXI #,RAWDA
PUSH B

MOV A&, C
ADD A

ADD A

MOV €A
XRA A
CALL
POT B
IXT D,0004H

LXT H,RAWDA+O3H
PUSH B

LDA NCHAA
SUB C

CALL ADRDG
CALL DADDA
CALL TOS4
DAD D

DCR C

JNZ CHLOP
POP B

DCR B

JNZ SMLOP
RET
SELECTS THE
12 BITS FROM

ZERO

TITON ROUTINE,
IN C,WITH NG UF READINGS PER CUANNEL IN B (UP TO
DATA WIiillL AR
;EAW DATA IS STORED A

ROTATE TO LOW 4 BIT POSITION

CONVERT TO ASCIT

STORE 1IN RAM

DECREMENT ASCIT MEMORY COUNTFER

STORE BACK FOR N“ T 1LOOP

LOAD CHANNEIL. COUNT FROM RAM

DECREMENT CHANNFE), COUNT

STORE 1T BACK 1IN RAM

GO BACK TO ADC READINGS TF NOT DONE
RESET INPUT DATA ADDRESS FOR NEXT WRITE
STORE ADDRESS I RAM
LOAD ADDRESS OF DATA T
NUMBER Ci CHARACTERS T
NUMBER OF CHARACTERS
ENABLE READ WRITF OX EOI

SEND TC 8291 INT ENA

ENABLE INTERRUYTS ON 8080

WAIT FOR INTERKUPT FRCM 3291 OVER GPIB

. SENT
BE SENT
TO C REG

ARTING WITH CHANNEL 1,READS NO OF

lu RAWDA -4 + (4%CH. NO.)

AS MAGL,PUHL MAGZ , PHZ2 ,MAG3,PiH3 ;4 BYTES EACH
HIL. LOADED ‘JT iH i ST HAW DATA ADDRESS

COIY OF PEGS L,C STORED ON STACK

NUMBER OF CHANNELS J1.0ADED INTO A

A4*NO OF CHANNELS IN A
4%NO OF CHANNFELS IN REG €
A REGISTER ZEROED

ZERO RAM FROM HL TO HL+
NO OF CHANNELS (REG C)
LOAD +4 INTO DE

HL LOADED WITH FIRST RAW DATA ADDRESS

AND COPY STORED ON STACK AGAIN

TOTAL NUMBER OF CHANNELS 1IN A

NCH = TOTAL NO CHA COUNT I[N REG C

MAKE AD CON qu,ANSUFR ON AP TOP OF STACK
32 BIT FIXED ADD TO DATA AT HL,HL-HL-3

AP TOP OF STACK STORED IN RAM AT HL

DE (+4) ADDED TO HL,POINTS TO NEXT ADDR
CHANNET. COUNT DECREMENTED
JUMP BACK TO CHANNEL LOOP
RESTORE BC FROM STACK
DECREMENT THE NUMBER OF RDGS/CHANNEL

GO BACK TO THE SUM LOOP I¥ NOT FINISHED

c
& TIMES/CH (B) RES

IF NOT FINISHED

ADCONVERTER NUMBER THAT IS IN A,READS THE
THE CONVERTER,ADDS 2

20 ZEROS AND RETURNS WITH



ADRDG

ADBUS

:DELAY

b

DELAY

LOPSH

BITS

HEXDEC

CONLOP

APSTACK

Ko}
~J

A POSITIVE 32 BIT FIXED NUMRFR ON THE TOP OF THE APSTACK.
FOR DATEL ADC-ET1Z23 ANALOG TG DIGITAL CONVERTER.

ADT O8H ADD 00001000 SELECT ADC'S,DESELECT DACS
QUT PORTI1B SET CH. SWITCH TO CH, NO.

IN PORTIA 1OV ORDER BYTE IS BROUGHT 1IN AND

OUT APDATA STORE ON ARITHMETIC PROCESSOR STACK.

IN PORTIC HIGH ORDER BYTE 15 BROUGHT 1IN.

ANT 0FH 4 HIGHEST CRDER BITS ARE DUMPED

OUT AFPDATA STORE ON ARITEMETIC PROCESSOR STACK,

XRA A ZERO AUCUMULATOR

OUT APDATA STCRE ON ARITHMETIC PREOCESSOR STACK.

OUT APDATA STORE ON ARITHMETIC PROCESSOR STACK.

XRA A LEAVE START LO,DESELECT ADCONVERTERS

OUT PORT1B SEND TO PORTILB

RET RETURNS WITH FOS. ANSWER ON AT STACK.
ADBUS HANG BERE UNTIL ALL BISY LINES OF THE DATEL

ADC-ET12B ANALCG 10 DIGITAL CONVERTERS GO 10W
DATA FROM THE LAST CONVERSIOW CAN BE READ FOR
THE WNEXT ¢ MILLISECONDS,

IN PORTI1C CHECK PORTLIC,BIT4 FOB BUSY (HI)

ANT OLOH DUMP ALL BITS EXCEPT 1C4, /0001 ,/0000/
JNZ ADRUS STAY IN LOOP UNTIL BUSY LIHE LOW

RET START BIT WILL GO LO WHEN DATA CH READ

- GENERATES A TIME DELAY ,DEPERDING ON THE CONSTANT LOADED
INTO BC, # CYCLES = Z204FFFF/(BGC) ABOUT 10 USEC/LOOP
WITH 18.432 MHZ CLOCK, TIME-.640/8C SEC OR BC=.640/TIME(ZEC)

MOV A,C MOVE CONTENTS OF © REG TO A

ADD B CHECK REG BC FOR ZERL

RZ RETURN 1IF BC ZERO

PUSH H SAVE THE CONTENTS OF HL AND

IXT H,0H ZERO HL

DAD B ADD BC 10 THE CONTENTS OF HL

JNC LOPSH STAY IN LOOP UNTIL HIL OVERFLOWS

POP H THEIR ORIGINAL VALUES

RET AND RETURN,

HEXDEC PROGRAM CONVERTS FIXED HEX TO DECIMAL,12

THIS IS NOT NEEDED IF THE HOST COMPUTER CAN READ BINARY
THE OLD HEX DATA ARE OVER WRITTEN WITH BOCD DATA

TXI H,RAWDA+3 START WITH LO BYTE OF 1ST RAW DATA WRD

LDA NCHAA LOAD THE WUMBER OF CHANNELS TG BE CONVERTED
MOV C,A MOVE NUMREEL OF CHANNELS TO BE CONVERTED TO ¢
FUSH B SAVE A COFY OF THE CHANNEL COUNTER

PUSH H SAVE A COPY OF HL

CALL WRT4 WRITE THE NUMBER TOD BE CONVERTED ON THE

MVIL D,04 LOAD NIMBER OF BYTES TG BE CORVERTED



SHLD

NIBZB

NIB3B

98

CALL BIDEC CONVERT THE BINARY NO TO DECIMAL
POP H GET THE ADDRESS OF THE CONVERTED NO BACK
1XI b,3C0AH ADDRESS OF THE DECIMAIL NUMBER
LDAX D LOAD LO BYTE OF DECIMAL NUMBER
MOV M, A STORE IT OVER THE HEX NUMBER
DCX H NEXT BYTE OF HEX NO
INX D NEXT BYTE OF DEC NO
I.DAX D LOAD NEXT BYTE OF DEC NO INTO A
MOV M, A SEND IT TO MEMORY
REPEAT TWICE MORE FOR LARGER NUMBERS
1XT D,05 LOAD OFFSET ADDRESS FOR HI. INTO DE
DAD D HL ADDRESSES 1.0 ORDER BYTE FOR NEXT CHANNEL
POP B GET COUNTER BACK FROM STACK
DCR C DECREMENT THE COUNTER
JNZ CONLOP 1.OOP BACK IF NOT DONE
RET RETURN IF FINISHED
SHLD PROGRAM TO RUN THE SAMPLE
AND HOLD CIRCUITS (28.5 USECS)
LDA SHDAT LOAD SAMPLE AND HOLD DATA WORD
ANTI O7FH SET HIGHEST BIT TO ZERO,KEEP OTHERS SAME
RLC ROTATE ACCUMULATOR LEFT
STA SHDAT STORE FOR NEXT TIME
OUT PORT2B TURN NEXT S&I1 1L.OW,SWITCH TO HOLD
RET GO BACK TO CALLER
ps 0,0,16H,0,32H,0,48H,0,64H,0,080H,0,096H,0,12H,1

DB
DB
DB
DB
END

284,1,44H,1,60H,1,76H,1,092H,1,8,2,24H,2 40H, 2
0,0,56H,2,12H,5,68H,7,24H,10H,080H, 121
36H,15H,092H, 174, 048H, 20H, 4, 23H, 60H, 254
16H,28H,72H,30H, 284, 33H,084H, 35H, 40H , 38H



Port
ID.

1C7
1C6
1C5
1C4
1C3
1C2
1C1
1C0

1A7
1A6
1A5
la4
1A3
142
1A1
1A0

187
1B6
1B5
184
1B3
182
1B1
1RO

PORT 1 INTERFACE OF NDT COWMP

Function

ADC Busy,

Input to Port

95

1/0
Assignment

Input
Input
Input
Input:

MSB Dats Line from ADC;Bal.,Level,Gain Bi-direchtionsal

Data Line
PData Line
Data Line

Data Line
Data Line
Data Line
Data Line
Data Line
Data Line
Data Line

from
from
from

from
from
from
from
from
from
from

LSB Data Line

Gain Enable

Level Enable (74F138-E3)

ADC Start

Bal. Enable (74F138-E3)
ADC Enable (E3)
ADGC A2, Bal.,Level,f Gain,Chip
ADC Al, Bal.,Level,Gain,Chip
ADC A0, Bal.,Level,f Gain,Chip

ADC
ADC
ADC

ADC
ADC
ADC
ADGC
ADC
ADC
ADC

Bi-directional
Bi-directional
Bi-directional

Bi-directional
Bi-directional
Bi-dirsctional
Bi-directional
Bi-directiconal
Bi-directicnal
Bi-directional
Bi-directional

Cutput
Cutput
Gutput
Guiput
Cutput
Output
Qutput
Cutplt



Port
ID.
2C7
2C6
2C5
2C4
2C3
2C2
2C1
2C0
2B7
2B6
2B3
2B4
2R3
2B2
2B1
2B0
2A7
206
2A5
204
243
282
2A1
2A0

100

PORT 2 INTERFACE OF NDT COMP 9B

Function
Divider XTR
Divider MR

Reference Level (Chip Select AD394)
Pulse Height (Chip Select AD394)

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

LSB Dati Line,Divider,Pulse Ht.

MSB Data Line,Divider
Data Line,Divider

Data I.ine,Divider

Data I.ine,Divider

Line ,Pivider ,MSB,Pulse Ht
Line,Divider,Pulse Height
Line,Divider,Pulse Height
Line,Divider,Pulse Height
Line,Divider,Pulse Height
Line,Divider,Pulse Height
Line ,Divider,Pulse Height
Line,Divider,Pulse Height
I.ine,Divider,Pulse Height
Line,Divider,Pulse Hesight
Line,Divider,Pulse Height

.,Ref.level DACs

DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref.
DAC,Ref,
DAC Ref.

Tevel
Level
Level
Level
Level
Level
Level
Level
Level
Tevel
Level

DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC

R20F Reflection Coil Specifications

1/0
Assignment
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output

(A1l lengtns in inches; one inch=25.4 wm)

Each

Each

Cop

per

Quantity Driver Coil Pickup Coil Focusing Ring

1.D. 0.030
0.D. 0.050
Length 0.012
Min.Liftoff 0.002
Turns 20
Size Wire #44 AWUG
Turns/Layer 5
No.Layers 4
Inductance 0.392 uH

D.C.Resistance 0.56 Oluns

0.014

0.028

0.004

0.000

28

#52 AWG

4

7

0.43 uH
4.6

3
5 Ohms

0.06
0.10
0.01

2
0
6



INSTRUMENT WIRING DIAGRAMS






4 i‘ 3 l’ 2 i:_t‘u 20ary.: b s ey

_ -
; DI5K ’
BTV Y — ‘
i STORAGE |
GRAPHICS

COMPUTER _—;/—J\
JuTPLT

9000

8 CHANNEL
ANALOG TO

- NDT-COMP 98
MICROCOMPUT ER
DIGITAL CONVERTER

8 CHANNEL TIME FILTIR,
PULSE HEIGHT INTEAvV AL T M AMP AND

Py

1
i
CLOCK PULSER |
| DETECTOR l MEASUREMENT BALANCE
i
Wi0i BAND
AMPLIFIER
L4
-
-~
MO TOR PROBE
? TUBE SUPPORT
AV Tusg
MODUL YNX C THEUA AT %
. PROBE HOLDER
POSITION n
COMTROLLER m TUBE SUIDE T
. MO TOR =3
SCANNER

SIMPLIFIED BLOCK DIAGRAM MANUAL SeT-UP

R,
o
i Eé

I

I

ii
H
SNE

lggﬁ
L

b
s:

i
&
il

élz i

]
Hi

BLOCK DIAGRAM
MANUAL SET-UP

§

i
;

;

il il Bl el il

= e = T €ECL-iB39RI

i

1
l
]
1
i
i
{

' ! B 3 ’ T 2 ¢ * 3 §

T
€01

| SR S

fmor s e e ey



RANT SN
s i

|
DisSK H
el T8M SYSTEM : o STORAGE — b
—
GRAPHICS
5000 SR
H QUTPUT
COMPUTER oo 8 CHANNEL
o |
NDT-COMP 9B = ANALOG TO
MICROCOMPUTER !
TS CROC : DIGITAL CONVERTER
i N I
- A R A}_A
VOLTAGE LEVEL OALANCE :
ADJUSTMENT VOLTAGE !
| "'—_r,-'—‘ "—"—T“_’
i N v
| | !
i [ L " __ s
A4 | ) :
c 8 CHANNEL TIME FILTER, c
CLOCK ™ COUNTERS PULSER PULSE HEIGHT INTERVAL "> AMPAND |
DETECTOR ‘ MEASURE MENT BALANCE ‘
WIDEBAND !
- AMPLIFIER ‘ e
—_E‘ £
|
i
!
MOT TUBE SUPPORT ; ‘
B £ e e P
i
MODUL YhX (A EEVIM 9 ; — i
PROBE HOLDER ! )
POSITION A § 3 Ld
CONTROLLZR (:Em TUBL GUIDE ‘ , !
MOTOR Ll | ‘
SCANNER ﬁ ]
- SIMPLIFIED BLOCK DIAGRAM COMPUTER ST o
i
N DIANOR [l
- - ecras
T iy Sy wany s 37
e s POLX SOORIALE 2 [ ad .
s=saas T mcn x| BLOCK DIAGRAM
Al BRI = COMPUTER SET-UP A
W s
Pt
e
R o
e i
[ iy
psmnts
P ey
WS
i
BEButs 5o AR MoNSEs  § MW Son—ren CRCECIC At
= ;
e arad

%01



s ara 4 l . 3 ; 2 Iumm: 1 oAl Ay
NDT-COMP 2B

R

| : 14 [ 110
{ J3 - Ji i : ;a N : 19
ln‘ lbfcira[&x{ ﬂ!lfls ;
25 PIN ITT CONNECTOR a9 182 tG: 12 ? UZI RESET o (3
— It bes 5
ERe: : j - pJ
P2 ; } . ;
v ——0 l
43 |
T M3
j { 3 [ ~15v
—— ‘ i 15V AC
! 15V @
! 7 AC -y
’ e
! | : o
! < E +15v
| ) ::_{t—fﬁ
I : TP
I B E—
24 PIN 1E65-483
CONNECTOR |
REF.
#10Veenr
3 —20-4] - 10V erar
O~ ]+ 5 Vivaew
g TP
- —
i
H wHOO21 Com
REG
b—25—2¢~ +10V
.. .
RHEEE - s - { ! ] [ i
e : - 23 i A s o
L RN oA e 7 3 i i : § /
b f ! | \, l ; a]6;a ; 4 24 22 10124 5 18
T L3opns fg;ﬁ';‘}' ) A i 4 4 < WIRE NUMBERS
5= J2 >>3%03 { $Ui % J2 1 2345678 000D 5 ‘0,05%0( 1N
¥y 3 QT T T WIEBAND 1} PULSE HEIEHT —CH— “Is¢ 4idv COM voo-Sv =Y
ol I pucser ame DETEC TOR
« @ WECI6324A : £CI-BI7R2 AND COTot
oy T ECTI6328]qECI-w0 [} ECT-163C A/DC  ECI-i582
; N

l. T
FRONT PAN
{L O T AL FAONT PANEL TEST POINTS
TO\FROM o o © o
PROGE PAGBE
- +3VREF +10V RLF, ~tOV REF,  +10V REG, e
CGHME X

i

P ok - [= . T T e T
ey : 2 == 500 287 50 00 s 3.5 VIO oo PALALNETND
Eaos o, = T

SmTEeE 2z s ¢ ) - - :
o remr gy et B S 3 ALY CHASSIS WIRING DIAGRAM 3
m;:—,-u_E LOwW POWER PULSED EC. IMST 3
ey COMPUTER SET-UP TYFE ™
gl SRE NN R ] LN T s v % §
:5‘{-’:-—'—-—: .y st su e av_| oom | wnct | weet Joavs -—hﬂ-! L] [aFoh ¥ i
B33 semrreareen AAREN PECSTI AFRDNL PATE ]. tf}"‘:xanA.a
emme s v TR RINGIR

4 { 3 ‘, 2 13 - r 1

S0t

T
b o e e



a4 E’ 3 .L' 2 E’-‘llv 'y i Fima. am'y

’

re

Rl

i

DD
74E0% PC I0-1

OD Y—D?’L"D

12oP h 4 A
] 4 4 ;
“ra H = . T
I ) = t5v H
oo I E

ix

5 4990 e

499

rSYM

INA44E

1

Py TO WIDE BAND

C=)

I S0PF

i
h

FRONT
! 62 _'/___\g PANEL
f

— Emi

25T COAK .

_ . pomhc *""—I——i [_,:: ,J

L2 T o4

]

k]

-

[ 2eT, “coax

» ~sVIX

b

3724 A N N Nsawzie AN}

R20F

) b REFLEC TION PROBE

£ V.DAVIS 1L

T
90T

PR ST |

—
LS

yalafije

& RNt

mSiTEss - PULSER

= S ol Ml Kl il

SIUTE RS | -y T we (o [00CT [ 00T [BATE it e } L ECT-1631 -

ke e b A b 2

i !



1
!-rv k. ' S AN
oz

+10V _LiME

T

e
S U |

2oV 70 SWITCHES 3—8;DRIVERS 2-8;
aTuF AND BALANCE POTS 2-8,
0 I
+5v L‘ = l3<c~1 = )
T eoaror ¥ £ 10VOLT = sy
= | "t |REFERENCE BUFFER
{ BUFFER . 40v; 1 REC) vRee
- L UREC) 7o fF 4 74
— l/f P i -8 F -
‘ I —5v
; 4 14 H___L =
B g - [
3 I REF. VOLTAGE o) 74F 74 T 1 St
}_I COMPARATOR > FFA P o6a3 L SP NS AT PR
L L (1REC) 2l mIcs 5 2l anl P ==
¢ = = paTA 2 WK Veur — 9.5 —’Di—ﬂ T Ry 19s =
CLEAR Lae U~ A e Sicr FROM DARIVER 2
. 2 RE341%3 -
- 120 HNE L ICS wer iy BLeIr .,;—l UE{iﬁ_\,'Q'" TG FILTER 2
H L N TP e ¥
r = Sel r‘z;. N T
L orver £ } Lo, 4
(8 REC) - (4 REC) -
— s
FLIP FLOP
TN {8 REC) -’
— (REF) + 5ve—s
B LEVEL pi 2y
4 0P
RER) ~svem TPy - "
T b
B - —5v
DATA VOLTAGE 4
COMPI-:F?ATOR LOW PASS FILTER
{8 REC {8 REC)
—
R T -
=...'L."'.".=":.::.'§ soie L gosy 2/86
Sl e s pocosss ¢ . =
et boxs mmcmaLs 3 ey
o Bl N ndnid N - BUYY § DLNT . Py
A Bt | eeiaind PULSE HEIGHT DETECTOR
e
| s N
I EE=EE o Ml Halll el
MY G T DI -y L i [T » ()
! - AEVON Sy 209580 25,5 oAty l C ECI“|62?!’\E T
' ] 3 1\ 2 ¢ » I3 t

L0



- 4 } 2 i 1
HENTY AMYY D FIMAL ADEY.
D
+15v
JMH
FRONT PANEL . . __ __ ____ ,?22 Ol
INPUT - 1t 1} ot
PP iy !
@ v c
196 _ ..
P~V TO FRONT PANEL TEST POINT
| - - TOPULSE HEIGHT
P —— A CH R
¢
g —
3 -
v [
)
: -i5v =% |
1
[
it
[
FOR USE WITH ECI-¥641 WIRING 1 4
LJd
8
S 2 = IAATIN MARETTA ENENSY SYSTEIR, BNC.
m——t . LDC_f2-87 o
- e w¢ Tvm e WA SOVERENNT cxsts 06 AL S-SRI
e e AT O RCHEAS L el m%n—m&m
_::' oy e 000 SUCHIALS % ey - - = L
n..—mn_m o
ST ‘ PULSED E.C INST. k a
oy o e v o o LOW POWER [NST) 5
poggiteding Ll o
ST i
o RN Y B - R w o e vy §
e i i f i i -
DR, STREE Rteaa. e 2. A
:w-..-:-—o- v SOCAPTION L ery E:3 T gf 1_640 w51
SRETOadTEa A VON BRATENS AFFROVALE mATR EL t;;‘i\xj‘l 9
emrriee (1858 160l -
[ % a2 L b 4 i

801



4 l 3 WEAT ARE'Y. FImAL 589V,
.47 s0usp CmECK REVISIONS
-—1\ l ca cr t”© [ 4] Em 113 uA L1} re nEy. | 2OME DESCHNIPTION DATE oY [arplp
o 45V - - v
ME-iC —C =
<
5 ICI-ICB=ADG-ETH2BC
I 7 [ ' i .
n ¢ 2 - I L3
1 L4 23 x 25« S s €2 x4 X3 . ¥ L0
£33 ! £z w3 62 mg <3 o™ < ~.§ <3 m3
=g 73 =3 = =3 =y %3 < REAES: = ¥ =3 s
~5v 3 : 4 n b H ¢ _sv
2ERC420% 7<RG§ 208 IR0 20K ZERC20K ZEROZOK ZERCHA0R ZEROJ20M
5y I——v\.,v\»— vy P»v'vx_ I—J\X«V‘—‘ .—«\XN\—1 AN — :
A . o I
ING 346 INGASh Taa45 ING40 :ch’A&% .144446[
ic- H 1C- 1C-5 ic-4 | - C-1 :
. 1 S ML e PRt I MRS . 10K
- Jats j9- C iess i -4 ) B ;
MSBICs } 17416 116 116 Lo 3 5 5 Ho 5 :
Cefetia+iatia \—E - £ . i
Copisi2 iz 42—y 3 £ £ -
Cotrati0bi104 10 35 S HE= N - = .
Avf3rie s 8t S =17 e = i o
Ai38te By o i EhH e {‘E‘ o g P e
Agi36ta 144t a it Q ¥ = =SS
21510 P e - s 0
Actati e g 21 2y g s S &
:, e = o= o e - . a—
24 23¥ 242313 - = e 3 — g vy
Ad34545495 - Jri B - =
] ! I
Acr 4l 7y 17 e { TEK
: RPN % i S 1K
- [N Li: [
X X z z 7
2z z z P e
s L& ¢d g =% Jorr —
Ka 3 2 o -% ae T
la sl - w o B —y
3 i' @ gaerl ==, 2P
8 e 14
3 < N NT
&) = = (.:OK
< 1NO2TA -62V
& B \,‘\ l'
Me-sa—g—f—v—ﬁ | 7 R
606 | _L =

e 8
MB-12
REF
Mo7—TLLT ,
e H
N 8- — {
7912 TESAARCAS T (5] =79
2 bonLEYD OTHESSINE  BRLET NG M::: T 50
_‘L FaacTows L sx
= o sEcwad 1 coacmd — " -
xaX wcmas t :::M ;’%; INTEGRATING A/D CONVERTER
fe o 4 ) = ~
412V —izv [ PP PR W rovryoss Wil FOR COMP 9
NCOTE~ MCUNT THE 143K AND 487K RESISTCRS 50 THEY CAN BE CHANGED £ASWLY e
CHERATOR Ty
0 T HI/
3 P EVETA TN $3 BAMAMATT. T1F ST 51 CORICE, M 2abY Ddat M WLY B SHRCLOWEE 3¢ sy IAFEYY A
TR, MPANA UL S2TWS 62 POETN ML M B VOl THANES: Gat M i Rues FRVATE ] l SEALE: ]"l“ L 4
SoGeTh 68 B WITE B A (B ITY 15 arTiindd ATH JEIPTCT TO T2 Y 90 64 Y0 Suma 34t 1224 v Ll YR re) g ]l
.l 0wt Yoem, AP s vk L NG 03 PEICELL WITLOMD O TRUM MASME TRE PRAR . 9. e sarEVY ~ Ty
byl fytimioalilegbyboos ol yrposgopitibarorsdish g e } 1 £ =E£CI-1589
BN ad ATE PO G A TEEAID UPUR BIGNILT 0 T FOEVLIASM CEN TRAL T 8 R Bo PR i L FIvY Ll [N L. .J
i

4

601



5

MEXT AST'Y J FimalL A38'y
; ouso ontcx 7 “Cvinions
§ T T T T T H Y
H €a | tr ) gc i EE | Ew [ 1€ WA | w0 re | nev | zowe DEACHIrTION toate! ey [amrD
! } - , ; v
g T ! RI uundo  RFC
NOTES: »5v Rl v D
: i - JELLY SR — e, e
I. FPRON 1§ TNTEL 2716 OR 71 [ ] } > _‘; . i > :
Tme 20 | ceno : ‘ o RO
[ EPROM/ | graorm/ | Y ogpwor/
DIFIED i t = ;
2. %am 15 TI TMs 4016 oR MoDI LT RAM RAM 1 RAM |
MOSTER 4116 ;- ! - |
1 : —0iTs {
R i i [PEa !
i
'
-
c
-
it
= - . Pt
in ool s
R Ay EPROM/ 3350 ‘ i
i

SUAP RAM [T i b
Y
A TG i
e B i
= E
TOLRANCES OLEIeN -
fraaero e FE )
e
o seomacs 1 v ‘
RS t orT ;\,DT_ COMDQt
BIAR BHARF EROES. . MAX{ oy - —
Cere= s MEMORY SCHEMATIC
) -
S DRAWN 7-AUC-78 BY R.E COWAN |
ROER_ 0. ::“v'nm l I , at: { m—egr - o
= v e o] c sinm' 34 gl
LT e e ety et . Ty w pot b me | G TNDV-340
[0s(y.y 4 3 ? 2 J- : v

P

i §

| S

0tlt



11T

RESET NTTW LIOW e T ITATET e Tiol izl val sl el 2oizz. 24]2n 3
oS gnmgql\ iR | gy 3 P35 0759 [0is]isiiz]e] 2:1231&,‘ &
T T AN
+Sve rs—w.‘ + l FTPAUSE ‘ 3]: T T ¥ T
aliPIN3e. 6-E, A22 (g - s Al 3 {10 € 20 22
— 5 {, 5205 Cri—12 - — 204R7D el oy e}
‘g‘ 8 -4GND O.HJ + 19 —{WR APy o w
i suscr
———— | A 1 _
] I by Q, |4 L5233 o5
‘r“‘"*" ‘3 A LoCuhcon S0
] ) La PSR I S G A4
‘ it 10;:5 2% = 23 110 PCRT 3
i ¢ & axa
+i2v y | T mian e | 4 ol
— -5y SROG g ; 2 N EA O S
g 18— iNT V20 - 284V i3 i v
e 5080 V26— + oZ L,
— 3g—ai, C(F Voabmt 1— 3% M
33-A14 HCLTH13 22—|gusEn e
api} g 33— A3 (;ND‘F’;'—}_H 14 HGND \J]—
A8:2 37412 @ 623 .
B 40—1An RESp— 12 ——t SYSTEM &5
ABIO 1-4a10 wRi-18 F— 3—] CCNTRCLLER ‘
35—-1a9 HLDAl— 21 2- 1R} 25- 4+ - s*%
LX:":] 34 {ag 0BIN| 17 4— iCw—27 L 36— 7 A3
33—|a7 84 vast? : 27-1087
AB6 1 s2AB 2 085L— 20+ : r 2:;33‘(:
SH—AS ] 285} 16—+ 3 9
A3 304aa AE & A9 SR . ; : # -
29—AL i 08>r9 + —3 D83
Ag2 27-A2 o W= OBe " 32082
ABI- 26~—Al Do b— 17 86 ; Py
25440 = o 5 Eokio 15 26613 1 + T4 08¢
5 — 457578 ! : 8255
‘ : TIGRCRT
s—lres
T !
i . 6 lseizelsoldeisaln
| 3G 32
2c'? 2 oy BICIGIETRIDIE
- TRTE ) oL
- - T ~ 3 Dr—1 5407 o x 2626 — L P
‘5 3V L—; T T lebar e ** feta 716 @S s 4 T RREs Il Ry
RESLTE 1 DSi—3 s {05 GND} 4 —v——7 —{GND
"‘ o Lcw a7 s rpadm Al ala s {pa 7 A2 82%% 1/G PCRT |
i " 226 ——— L 2403 §
S Srorg—7 p t—02 A b s n o am e maca m T .
%u —lRESIN ‘(;Ng-ﬁ—?—————x‘—’wf) {)sz7 €401 A2 b7 $idddEdddaFPaBLHICI3S3IG
; ,< * 4 < A0 7. 625t f CLGAaG003AG0GLAGAALAGAGG
g A3 8224 & 208 ZfOOUSAGY 1 T !.VITrI l‘,i"
! '\In 25 3F 2 41740158 8i20/22i24]145.65 3] 017
: e s Ry 23 o—at s 1}39137{@[2»'245255ub|-71nzl‘c:T\S'
i V| —————— g {oke i—ar_c S S St S 'l Sk Sl AR el S
: [ —GATED  ourahbiz 25—r.c @ 5—» 71302 6 23italisloziicl i aies] gy
1 104U TO 1 is :1‘|6i2'¢‘7120:24"31' 130 91 }
P o e 5 . 11912 Ci2a) 263! 9 i i
L2y 144GATE | tever— ?‘ V‘l
- 134007 | 2 E i
H2V 45V [ tx;r,\ v
, P GHDFa—— 4-|GRD
Cit 22 ; ) TS A5
it ., : toy Ly . TN-A
leo o CB 2] C1 2248 i arn L e T
[ t FAAAA— ¢ 12V 6 3 .
Vs 100 A Iy |
{ -igv 4
o | ORNL
* l
r =
i 23218 ZDT-COMP 98
v [+] [=1
3 e ~
G858 3 PROCESSCR SCHEMATIC
o

ECI-159i R3 {LoC i2-83







73.

74.

75.

76.

7718,

113

ORNL- 64908
Distribution
Categories UC-23,

-25, -38
INTERNAL DISTRIBUTION
Central Research Library 54-58. C. A. Pickett
Document Reference Section 59. P. L. Rittenhouse
Laboratory Records Department 60 G. M. Slaughter
Laboratory Records, ORNIL RC 61. J. H. Swith
ORNL Patent Section 62—64. P. T. Thornton
W. E. Deeds 65. J. R. Weir
C. V. Dodd 66. F. W, Wiffen
C. R. Kennedy 67. G. Y. Chin (Consultant)
K. A. Xitzke 68. H. E. Cook (Consultant)
D. W. Koerner 69. F. F. Lange (Consultant)
F. M. Haggag 70. T. E. Mitchell (Censultant)
0. F. Kimball 71. W. D. Nix (Consultant)
R. K. Nanstad 72. J. C. Williams (Consultant)
R. W. McClung

EXTERNAT. DISTRIBUTICN

ARGONNE NATIONAT. LABORATORY, 2700 S. Cass Avenue,
Argonne, IL 60439

0. X, Chopra
BABCOCK AND WILCOX COMPANY, Fossil Power Generation Division,
20 South Van Buren Avenue, Barberton, OH 44203
M. Gold

BURNS AND ROE, INC., 700 Kinderkamack Road, Oradell, NJ 07469
C. §. Ebrman
COMBUSTION ENGINEERING, INC., 911 W. Main Street, Chattanooga,
TN 37402
D. A. Canonico
COMBUSTION ENGINEERING, INC., 1000 ¥Yrospect Hill Road,
Windsor, CT 06095

P, E. C. Bryant
A. L. Gaines



114

79. ELECTRIC POWER RESEARCH INSTITUTE, 3412 Hillview Avenue,
P.0. Box 10412, Palo Alto, CA 94303

R. I. Jaffee
80. ELECTRIC POWER RESEARCH INSTITUTE-CONSOLIDATED MANAGEMENT
ORGANIZATION, Suite 220, One Energy Center, Naperville, IL 60566
D. R. Riley
81. FOSTER WHEELER DEVELOPMENT CORPORATION, 12 Peach Tree Hill Road,
Livingston, NJ 07039
W. R. Apblett

82. GA TECHNOLOGIES, INC., P.0O. Box 86508, San Diego, CA 92138

83--84. GENERAL ELECTRIC COMPANY, Nuclear Systems Technology Operations,
310 DeGuigne Drive, P.0O. Box 3508, Sunnyvale, CA 94088
P. J. Ring
P. Roy
85. HANFORD ENGINEERING DEVELOPMENT LABORATORY, P.O. Box 1970,
Richland, WA 99352
L. D. Blackburn
86. MARTIN MARIETTA AEROSPACE, Department 3773, Michoud Division,
P.0. Box 29304, New Orleans, LA 70189
G. W. Scott
87-88. KOCKWELL INTERNATIONAL, Rocketdyne Division, 6633 Canoga Avenue,
Canoga Park, CA 91304
T. L. Anderson
W. T. Lee
85. WESTINGHOUSE ELECTRIC COKPORATION, Advanced Energy Systems
Division, P.0. Box 10864, Pittsburgh, PA 15236
R. ¥W. Buckman

90-93. DOE, Washington, DC 20545

Office of Fusion Energy
T. C. Reuther

Office of Reactor Systems Development and Technology
C. C. Bigelow
R. J. Neunhold
B. J. Rock



115

94, DOE, OAK RIDGE OPERATIONS OFFICE, P.0O. Box E, Oak Ridge, TN 37831
O0ffice of Assistant Manager for Energy Resesarch and Development
95— 328. DOE, TECHNICAL INFORMATION CENTER, Office of Information Services
P.0. Box 62, Oak Ridge, TN 37831

For distribution as shown in DOE/TIC-4500, Distribution
Categories UC-23 (Radioisotope and Radiation Applications),
UC-25 (Materials), and UC-38 (Engineering and Equipment).

1 U8, GOVERNMENT PRINTING OFFICE: 1987-748-168/60087





