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MULTIPLE PROPERTY VARIATIONS IN COAXJAL CYLINDRICAL CONDUCTORS
DETERMINED WITH MULTIPLE-FREQUENCY EDDY CURRENTS

W.E.Deeds C.V.Dodd

ABSTRACT

Since many factors can intluence eddy-current readings, one must penerally make readings on a
given sample at several different frequencies to determine a particular factor unambiguously. To
expedite and automate the taking of readings, we have written and tested computer programs that
take stmultaneous measurements of the rmagnitude and phase of the output voltage from an eddy-
current- pickup at several ditferent frequencies on:standards with known properties. Empirical for-
mulas are then constructed from powers of various possible functions of the magnitude and phase
readings, and the formulas are fitted to the desired properties of the material by a least-squares
process. Finally, the empirical tormulas are used with readings on unknown samples to determine their
properties.

Our computer programs, written in FORTRAN 1V, are especially designed to be used with coils
coaxial with multiple layers of cylindrical conductors, possibly containing defects. However, the
instrument calibrating, data taking, and formula fitting parts ot the programs are actually applicable to
any configuration of coils and' conductors.

The programs for the calibration, acquisition, and reduction of data have been used to take
measurements at three different frequencies on tubular samples. Up to six different properties have
been obtained simultaneously and accurately for each sample.

INTRODUCTION

Since many parameters influence eddy-current measurements, the unique determination of a given
sample property when other properties may also be varying may be difficult or impossible unless sufficient
data are obtained to eliminate the effects of unwanted variables. In general, at least as many independent
eddy-current readings must be made on a given specimen as there are properties whose variations may affect
the readings. By using sinusoidal eddy currents, one can determine no more than two quantities, such as the
magnitude and phase, at the fixed frequency. Therefore, if more than two properties are to be determined,
multiple-frequency, pulsed, or swept-frequency eddy currents must be used.

The use of multiple-frequency eddy currents to determine multiple properties in parallel strata has been
discussed extensively in a previous report.! If N different frequencies are used, no more than 2N independ-
ent pieces of data or readings can be obtained in a single set of measurements. These data are then used to
obtain the values of no more than 2A independent properties. Sampling pulsed or swept-frequency eddy
currents at 2/V different times or in 2/ different trequency channels can also provide similar information.
We shall consider only the use of multiple sinusoidal frequencies, though the programs and procedures can
easily be adapted to equivalent data obtained in other ways.

The complete procedure for optimizing eddy-current tests of coaxial conductors consists of the fol-
lowing steps:

1. The eddy-current readings (of magnitude and phase) are theoretically calculated for a number of dif-
ferent frequencies and all of the anticipated combinations of pertinent sample properties. This step uses
the ENCIRM program, which will be described in another report.? The calculated magnitudes, phases,
and corresponding properties are: written on a random access data (RAD) file.
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. The data in the RAD file are read by a second program, LSQENC.? It makes a linear least-squares fitting
of user-selected polynomials constructed from the magnitude and phase readings to obtain the various
desired properties. This program also enables the user to determine what combinations of frequencies
and coil designs can best fit those desired properties.

. Coils of the optimum design are selected or constructed, and the eddy-current instrument is set up to
operate at the proper frequencies. The instrument, interfaced with a minicomputer, is then used with a
third program, TUBRDG, to make readings of magnitudes and phases on standard tubing samples whose
properties are “known’ (i.e., determined by some other method). These readings are then written on
another RAD file.

. The data in the latter RAD file are read by a fourth program, TUBFIT, which allows the user to make a
linear least-squares fitting® of the known standard properties by using various polynomials constructed
from the actual experimental readings (of magnitudes and phases at the various frequencies).

. The polynomial coefficients determined by TUBFIT can be used to calculate the properties of unknown
samples. This is done by using the TUBFIT program in the minicomputer or by programming an
on-board microcomputer in the eddy-current instrument to use the same least-squares polynomial coeffi-
cients with measured magnitudes and phases.

The five steps described above will be discussed in greater detail in later sections of this report, and the
TUBRDG and TUBFIT programs will be listed and analyzed in Appendixes A and B respectively.

The instrumentation is shown in the block diagram in Fig. 1 and is described in earlier reports.’>* It

consisis of a multiple-frequency phase-sensitive eddy-current instrument connected to a test coil and a
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digital computer capable of raeasuring and recording the magnitude and phase (for example) of the currents
in the test coil at several frequencies.

The programs are to be used with coils that either encircle or are inside coaxial conductors, as shown in
Fig. 2. However, the actual configuration is used only for recording the experimental conditions, and data
recording and processing are really independent of the particular arrangement of coils and conductors.
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Fig. 2. Multiple cylindrical conductors encircling and encircled by two disjoint coils.

MEASUREMENT OF MULTIPLE PROPERTIES

No more than two pieces of information can be obtained from a given sample with an eddy-current
instrument operating at a single frequency - for example, the magnitude and phase of the cutput voltage.
However, many sample properties can affect the readings, and their effects are so interrelated that various
combinations of the properties could produce the same pair of instrument readings. Therefore, to distin-
guish the actual properties from other possible combinations, one must make at least as many independent
readings as there are parameters that can both vary and affect the readings. This can be done by using (1)
magnitude and phase readings at & different fixed frequencies to obtain 2V pieces of information, (2) the



magnitudes of pulsed currents read at 2N different times, or (3) the magnitudes and phases of swept-
frequency currents read through N different frequency channels or at V different times (or the magnitude
read in 2N channels or at 2/ times). Though we shall consider only the first procedure, information
obtained by the other methods could also be used.

It is important that the pieces of information be really independent. For example, at very high fre-
quencies the conductor will appear essentially perfect, and the readings will depend mostly upon the
lift-off, or coil-to-conductor spacing, and hardly at all upon the other properties. Similarly, at very low
frequencies, defects will produce no changes, and even resistivity and thickness are relatively unimportant.
Therefore, the range of useful frequencies is generally limited to those with the skin depth of the eddy
currents in the material roughly comparable to the thickness of the material.

Assume that there are NV parameters that may affect the readings, such as conductivity, permeability,
Jift-off or fill factor, wall thickness, and defects. Let (Pij) be an array of the parameters in whichj=1,2, ...,
N gives the particular parameter or property, and i = 1, 2, ..., M is the index giving the particular sample. We
can write the array as

Py Py o Py
Py Py o Payy

ep-1 - W

Pyy Pary — Pyy

Let us also suppose that the set of properties £ (G =1,2, .. N)for the ith sample produces a set of N'
independent readings Ry (k =1, 2, ..., N'), where N' > N. We want to obtain a set of formulas such that,
for the ith set of properties,

Pll i[rl (Rll ’Ri2’ ""RI.N’)
Pl'z iﬁwz (Rfl ’Ri2’ ""RiN;)
)

Py =Fn (R Ry, o Rint)

where i = 1,2, .., M, and the symbol = indicates that the functions &, >, ..., F)y give only approximations
to the corresponding properties. To obtain good approximations we may wish to expand the readings into
polynomials, such as

Nl Ng NN Hart
~F. = % . N1, N
PyeF= 2 mz;O nﬁ:o Ginina.onpy Ry RS Ry (3)

where Ny, Ny, .., Ny are the highest powers of the readings Rn s Ry, Rypye in the polynomial. To

determine all of the coefficients C;

ining - My’ (see above) for the jth property, one must have at least as



many sets of readings (i = 1, 2, ..., M) as there are coefficients to be determined. If M is greater than the
number of coefficients to be determined, then a linear least-squares fitting program® can be used to
determine the set of coefficients to minimize the sum of squares

M . )
5 = 55 1 &~ F) (4)

for the jth property. This is done by a subroutine called ALSQS in the TUBFIT program, which numbers
the coefficients used consecutively. The first term in the polynomial expansion F} is the constant (g, o,
which is called the “offset.”” Of course, it may be zero.

Ounce the polynomial coefficients have been determined to calculate a given property with the desired
accuracy, they can be used to calculate that property for an unknown sample if the properties of the
unknown sample fall within the range of validity of the polynomial expansion. This is assured by fitting the
polynomial to a wider range of variations than is expected for the unknown samples.

Thus, dropping the index ¢ from Eq. (3), we can calculate the property P; of an unknown sample from
the readings Ry, R4, ..., Ry by the formula

Nl NQ NNI Moare
P=l= 2 2 % C N,RTR’;Z...RN",’. (5)

- P _a Tiniaz..n
n1=0 n2=0  ny=0

At first glance it seems obvious that any desired precision can be obtained by making the polynomial
large enough. This is indeed true. If the number of sets of measured properties, M, is equal to the number of
sets of linearly independent readings, V', then a unique and exact fit can be obtained for the M values of
each property by using only linear terms. However, the function F; may fluctuate drastically between the
fitted points so that intermediate values of the property would not be fitted well.

Furthermore, it cach reading R/» is subject to a certain amount of random error, AR!,-, so that the
polynomial becomes

} ]Y1 N2 NN’ . ) A
Fp= 2 2 0 Z Gy po, RUEAR YU (R £ AR Y2 L Ry £ ARy, (6)
n1=0n2=0 np=0 N

then we see that the random errors, particularly in the terms involving high powers, may lead to consider-
able error. The worst possible combination of errors, in which all the errors in the value of the property are
in the same direction, will be called the “DRIPT.” In the curve-fitting program TUBFIT, the worst possible
combination of errors produced by changes of 0.01% in each magnitude and 0.01° in each phase are
calculated and printed as the DRIFT, since errors of this amount are characteristic of present eddy-current
equipment,

Since most material properties will not oscillate rapidly in a limited range of any given parameter, it is
rarely necessary or even useful to include cubic or higher powers of the readings to fit a given properiy.

Details on the linear least-squares curve-fitting procedure are given in refs. 1 and 3 and will be discussed
briefly in a later section. The coefficients G, | 2.y, 0 Eq. (3) are determined by the subroutine called

ALSQS in the TUBFIT program to minimize the sum of squares in Eq. (4).



EXPERIMENT DESIGN

The computer program ENCIRM? calculates the values of the magnitude and phase of the output
voltage at various frequencies and for various combinations of the pertinent properties, including possible
defects. The ranges of the various properties should cover all of the expected variations in those propeities.
The coil and circuit parameters can be varied as the operator chooses. The “readings” — the calculated
values of the magnitudes and phases of the output signal for a given coil system at the various frequencies -
are written in a RAD file. These data are then read by another program, LSQENC, which allows the
operator to try various polynomials (using magnitudes and phases at various combinations of frequencies)
to fit the desired properties. In this way the operator can determine the optimum coil design, circuit values,
and test frequency combination to measure the desired properties most accurately and to reject the effects
of unwanted variables.

This computer-assisted experiment design step will be extensively treated in another report® and can be
very helpful for optimizing the experimental conditions or for conducting feasibility studies. However, it is
not absolutely essential. As a result of previous experience, design data from other similar problems, or
lirnitations of available equipment, one can choose the coil and instrument parameters without using the
ENCIRM and LSQENC programs. Our TUBRDG and TUBFIT programs use actual experimental instrument
readings, and the coil, circuit, and instrument values are used only for identification purposes.

Although the use of ENCIRM and LSQENC is not essential, we should emphasize that they can help
predetermine the accuracy for measuring any particular property and the allowable tolerances in the
instrumental parameters.

INSTRUMENTATION

The required equipment is essentially the same as we have described in othec reports.”* It includes a
coil system capable of fitting the tubing samples, a multiple-frequency eddy-current instrurment to operate
this system, and a digital computer with a parallel data acquisition system (called a MODAC for the
ModComp IV computer) and a FORTRAN IV compiler compatible with the FR4 compiler of the
ModComp MAX IV system processor.” The computer programs assume that the tubing will be inspected
from one side, either by inner or by encircling coils. However, only the recording of the test conditions
would need to be changed for through-transmission inspections. The data processing parts of the programs
would need no changes. A block diagram of the eddy-current instrument is shown in {ig. 1. The instrument
must also contain a calibration module that will switch in phase-shifting networks on command from the
computer to introduce known phase shifts at the various frequencies. Modifications of the programs to
allow manual switching of the calibration networks are desciibed in Appendixes A and B.

Ideally, the coil design and the operating frequencies should be optimized by running the ENCIRM and
LSQENC programs first.> From the resulis of running those programs or from other considerations, a
suitable coil and circuit design is chosen or constructed, and the instrument is set up to operate at the
frequencies expected to give the best results.

The actual coil and circuit parameters are then measured so that they can be entered in the data file for
the experiment. The values of the coil and circuit parameters are used only for records and not for running
TUBRDG and TUBFIT. These two programs use only the actual measured eddy-current readings and the
stated material properties (assumed to have been determined previously for the calibration standards).

The computer should have storage and core capacity of about 7K for the operating program itself, disk
storage capacity for the random access data files (up to perhaps 50K), and a parallel data acquisition system
(such as the MODAC for the ModComp V).



ACQUISITION OF DATA FROM STANDARDS WITH TUBRDG

Tubing standards are obtained with properties that span the expecied ranges of the various properties to
be encountered in the unknown samples, and the optimum coil is selected or constructed. The readings (of
the magnitudes and phases of the eddy currents at the selected frequencies) are then made with the actual
coil and circuit components and the actnal eddy-current instrument by running the TUBRD(G program,
which will write both the readings measured on the standards and the calibration readings on a RAD file.

The TUBRDG program is written in FORTRAN IV.” It agks the operator to type in data concerning
the test apparatus, test conditions, and tubing samples. It then takes readings of the magnitude and phase of
the output voltage at the various frequencies for the various samples and finally stores the readings in RAD
file 37.

To use the program the operator should first call up the TUBRDG program, catalog it under a different
name, such as NEWRDG, then exit. The new program (e.g., NEWRDG) can then be edited and run without
endangering the original program. Table 1 lists the editorial changes that must be made in the renamed
version of TUBRDG before it is tun. Table 2 lists the promptings (and suitable responses) displayed as the
program is run. Table 3 lists the quantities contained in the COMMON block B3. A detailed description and
explanation of the TUBRDG program is given in Appendix A.

The dimensions of the various arrays and RAD files need to be carefully checked. Actually, the
dimensions can be larger than needed, as long as the capacity of the computer is not exceeded. However,
ihey must not be smaller than indicated by the guides in lines 37--47 and lines 62--68. RAD file 29 should
contain data for various coils, but if a coil with different parameters is to be used, the operator can type in
the new values when the program is run.

FITTING OF PROPERTIES WITH DATA FROM STANDARDS BY USING TUBFIT

The TUBFIT program not only determines least-squares coefficients of polynomials to fit the properties
of standard samples, but also stores the coelfficients, takes readings (of magnitudes and phases) of unknown
samples, and uses the stored coefficients to calculate the properties of the unknown samples. It is an
interactive program written in FORTRAN IV and requires about 7K of memory, four RAD files for
storing up to 50K of data, and a parallel data acquisition sysiem {(called MODAC on the ModComp IV

gystern).

Table 1. Summary of editorial changes preparatory fo running TU BRINH

Lines Action

4959 Adjust array dimensions; follow key in lines 37-47.

70--71 Make sure F{LES 29 and 37 have been allocated with correct specifications; follow guide in lines

62-68.

73 Select operator input terminal (LI), disk input terminal (L1D), operator output terminal (LOT), line
printer (LPT), number of data channels (NCHS), and RAD file limit (NFILIM), which should be the
same as the first dimension of FILE 37. The LID may be the same as L1

75 Set MAG = 1 if there is a saturating magnet used with ferromagnetic tubing, otherwise MAG = 0.

Line 158 The seal number 819.2 in the definition of CONFAC is the number of A/D converter counts equal to
of the 1.0 V for the instrument used to make the readings. As long as the same value is used in READAT
READAT when called by the TUBFIT program, there will be no difficulty. However, the values of magnitude
subroutine and phase printed out will be incorrect unless CONFAC is the cotrect conversion factor.

2The “PROTECT™ switch for the computer must be in the OFF position to allow data to be read by the MODAC,




105
106

115
116
118
119
121
122
124
125
127
128
130
131
133
134
136
137
139
140
142
143
148
149
151
152

154
155
157
158

161
162

164

Table 2. Interactive program queries and operator responses during execution of the TUBRDG program

Query and response

TYPE IN THE FOLLOWING DATA AS REQUESTED
PROBE #:

* Enter six-character alphanumeric; may contain leading or trailing blanks (spaces). If response is *“OLD,”
data from previous running of TUBRDG will be used, and the next response required will be at line
271. If response is a zero (or blank space), the user will be asked to type in coil name and data. This
will also occur if the user types a coil name not found in FILE 29, If the coil name is found in the
file, no other response wili be needed for this query.

SERIAL #:

* Enter free format integer.
DRIVER SERIES RESISTANCE:

* Enter free format real number of ohms.
DRIVER SHUNT CAP:

* Enter free format real number of farads.
PICK-UP SHUNT RESISTANCE:

* Enter free format real number of ohms.
PICK-UP SHUNT CAP:

* Enter free format real number of farads.
CABLE LD.#:

* Enter six-character alphanumeric; may contain spaces.
LENGTH OF CABLE:

* Enter free format length (real number).
CAPACITANCE OF CABLE:

* Enter free format real number of farads.
EDDY CURRENT INSTRUMENT #:

* Enter six-character alphanumeric; may contain spaces.
POWER OSCLD.:

* Enter six-character alphanumeric; may contain spaces.
NO. OF FREQUENCIES:

* Enter freec format integer.
INPUT THE VALUE OF EACH FREQ SEPARATED BY A SPACEL:

* Enter a free format real number for each of the frequencies, with a space or comma between the
numbers.

INPUT THE FOLLOWING DATA, 6 CHAR WITH A SPACE BETWEEN
FREQUENCY: (first freq) (second freq) ...
PICK-UP AMP L.D.:

* Enter a six-character alphanumeric for each frequency in order, with a space or comma between the
1.D. numbers.

PHASE DETECTOR 1.D.:

* Enter a six-character alphanumeric for each frequency in order, with a space or comma between the
1.D. numbers.

180-DEG SW(OFT/ON):



Table 2 continued.

Line

Query and response

165

171
172
174
175
180
181

183
184

186
187

201

203
204

210
211
212

230270

271

285--286

312
313

342

345

Enter a three-character alphanumeric [either OFF ot ON(space)| for each frequency in order, with a
space or comma between the words.

NUMBER OF TUBING SAMPLES:

Enter a free format integer.

NUMBER OF COAXIAL REGIONS:

Enter a free format integer.

TYPE (No.) PERMEABILITIES FOR REGIONS OF SAMPLE (No.):

Enter free format real numbers for the relative permeabilitics of the various regions ot the designated
sample, starting with the region farthest from the coil and putting a space or comma between the
numbers.

TYPE (No.) RESISTIVITIES FOR REGIONS OF SAMPLE (No.):

Enter free format real numbers for the tesistivities in microhm-cm for each of the regions of the desig-
nated sample, putting a space or comma between the values and starting with the region farthest from
the coil.

TYPE (No.) VALUES OF REGION RADII FOR SAMPLE (No.):

Enter free format real nurabers for the radii in inches tor the interfaces between the regions of the
designated sample, starting with the boundary between the two regions farthest from the coil and
leaving a space or comma between the numbers.

ERROR: COIL WILL NOT FIT.
This message will appear if the limiting radius of the coil will not accommodate the tubing sample. It

this occurs the program will stop, and the user should start over after checking coil and tubing dimen-
sions.

NO. OF DEFECTS IN EACH OF (No.) REGIONS OF SAMPLE (No.):

Enter an integer for the number of defects in each region of the designated sample, starting with the
region farthest from the coil and nof including the coil region. Leave a space or comma between the
integers.

TYPE SIZE, AXIAL DIST & RADIAL LOCATION OF DEFECT # (No.)

FOR SAMPLE # (No.) IN REGION (No.)

Enter three free format real numbers for the properties of the designated defect in the designated
region. The dimensions should be in cubic inches for the size and inches for the axial displacement
from the center of the coil and the radial distance from the region surface nedrer the coil, Leave a
space or comma between the numbers.

If the user typed “OLD” in response to the query PROBE #: in line 105, previous data in FILE 37
will be read and displayed on the LOT terminal, ending with the data for the 180 PHASE SWITCH.

The display on the LOT terminal will pause for inspection until the operator types any character (or a
space) followed by a carriage return.

SAMP PROP DIAM THICK RHO PERM DEFSIZE RADLOC AXILOC
No response is necessary; sample and defect properties will be displayed.
CALIBRATION READINGS:

The calibration readings will be taken automatically and will be continually updated until the foot
pedal is pressed to stop the calibration.

SWITCH TO OPERATE AND ANSWER Y IF YOU ARE READY TO TAKE THE FIRST SET OF
READINGS, N OTHERWISE:

Type Y or N. If N is typed go to statement 1140 (line 441).:
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Table 2 continued.

Line Query and response

367-368 SAMP PROP DIAM THICK RHO PERM DEFSIZ RADLOC AXILOC
Place the probe at the indicated position on the indicated sample and press the foot switch to take the
readings.
412 (No.) SETS OF READINGS HAVE BEEN MADE.
413-414 DO YOU WANT TO DELETE THE PREVIOUS SET OF READINGS? TYPE Y OR N:
416 Type Y or N. If N is typed the calibration and sample readings will be added to previous sets. Other-
wise the latest readings will be jgnored, and control will jump to statement 1140 (line 441).
443 DO YOU WANT TO (1) RE-DO THE CALIBRATIONS, (2) MAKE
444 ANOTHER SET OF READINGS, OR (3) STOP? TYPE 1,2, OR 3:
445 Type 1, 2, or 3. If 3 is typed the rest of the procedure will be automatic.

*Responses preceded by an asterisk will not be necessary if the LID terminal is a disk partition containing prerecorded
responses.

Table 3. Quantities in COMMON bilock B3

COIL = coil name (containing up to six characters)

RBAR = mean coil radius (in inches)

R1 = normalized inner coil radius

R2 = normalized outer coil radius

XL = normalized length of pickup and driver coil

7L = normalized distance between pickup and dciver coils
RLIM = normalized limiting radius of tube to fit the coil assembly
R6 = RDCDR = diiver coil resistance (ohms)

R7 = RDCPU = pickup coil resistance (ohns)

TNDR = number of tumns on driver coil

TNPU = number of turns on pickup coil

ZLDR = air inductance of driver coil (henries)

Z1PU = air inductance of pickup coil (henries)

X = unused parameter in the RAD file

The operator should first call up the TUBFIT program in the edit mode, rename it (e.g., NEWFIT), and
exit. Then the newly named program (e.g., NEWFIT) can be called up, edited, and run without endangering
the original program.

The editorial changes that must be made in the renamed version of TUBFIT before it is run are
summarized in Table 4. When the input data and dimensions have all been checked, the program can be run.
Table 5 shows both the queries that are used to prompt the operator as the program is run and the types of
responses needed.

As TUBFIT is ruun it will read data stored in FILE 37 during the execcution of the TUBRDG program. If
the coil named NPROBE in the latter program is not found in the coil data file, FILE 29, then the operator
will be asked to type in the coil data, as defined in Table 3.
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Table 4. Summary of editorial changes preparatory to running TUBFIT?

Line Action
65--79 Adjust array dimensions; follow key in lines 44 60
87-97 Make sure files 29 and 37 are provided with the necessary data; {ile 37 is written when the TUBRDG
program is run and must have the same specifications in both programs. Make sure files 21 and 31 have
been sllocated with correct specifications.
107 The NPT value should agree with the first dimension of the TMAGM array, for example. The line
printer output device is LOU; LITEK is the operator input terminal; LOTEK is the operator outpui
terminal. The NFILIM value should agree with the first dimension of FILE 37.
108 Sei NUNIT=1 for output of lengths in inches; NUNIT=2 for output lengths in millimeters.
118--119 Insert NRT*NPT initial values of RHO, U, TH, RDCL, DSIZ, RLOC, and ZLOC. Diffesent values for
certain regions will be read from FILE 37 when necessary.
120 Insert NI'T values of GAIN; this is used only for information printout.
@The “PROTECT” switch for the computer should be in the OFF position to allow data to be read by the MODAC.
Table 5. Interactive program queries and operator responses during execution of T’UBFIT
Line Query and response
166 If the number of lines read from FILE 37 exceeds the limit, NFILIM, an etror message will be printed,
and the program will be terminated. The operator should check the dimensions and data in the file.
172 If the coil named NPROBE in FILE 37 is not found in FILE 29, the terminal will display
COIL (Name) NOT FOUND. TYPE FOLLOWING COIL PARAMETERS: RBAR,RI,R2,XL,ZL,RLIM,
RDCDR,RDCPU,TNDR, ITNPU,ZLDR,ZLPU,X
Type in the data requested (see definitions in Table 3).
228 if the number of properties (NP) read from FILE 37 does not agree with the number (NPT) used in the
array dimensions of TUBFIT, the following error message will be printed:
227 THERETS AN ERROR IN THE NUMBER OF PROPERTIES.
228 NP=(No.) NPT=(No.} NPTT=(No.}
Execution will be halted. Check the input data and dimension statements.
307 SELECT NUMBER OF PROPERTY TO BE FITTED.
308 1=RHO  2=MU 3=THICKNESS 4=RADCLR 5=DEFECT RAD 6=DEFECT SIZE
309 SELECT REGION TO BE FITTED. LOWEST IS NUMBER 1.
310 Enter two integers with a comma or space between them: from 1 to 6 for the property and from 1 to
NRT for the region where the property is to be fitted, with region 1 farthesi from the coil.
322 TYPE 1 IF THERE IS OFFSET: 0 IF NO OFFSET:
323 Enter 0 or 1, usually 1.
327--328 SELECT THE NUMBER OF THE FUNCTION TYPE, POLYNOMIAL DEGREE &# OF
329 CROSS TERMS FOR EACH MAGNITUDE AND PHASE
331 FUNCTION TYPE: 1=LINEAR  2=LOG  3=EXP 4=INV
334 FCTN POL #CROSS
TYPE DEG TERMS
342 MAG AT (Freq) HZ

Enter three integers with commas or spaces between them. The first should be 1, 2, 3, or 4; the second at
least 1) but probably not greater than 3; the third integer should be zero.
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Table 5 continued.

Line Query and response

343 PHA AT (Freq.) HZ
Enter three more integers: 1, 3, or 4; 0 up; 0 up (not necessarily zero).

Repeat responses to lines 342 and 343 for each of the frequencies. If the sum of the offset number and
the second and third integers in these responses exceeds 15, the following error message will be displayed:

357 ERROR: # OF TERMS IN POLARY EXCEEDS DIMENSION
462463 1 FIT PROP 2 PRT ENTIRE FIT 3 PRT/SV COEF 4 CHG FCTN/POL TYP 5 RUN TEST
Enter 4 and include fewer terms in the polynomial.
423--424 RMS DIFF IN (Property) IN REG (No.) = (No.}(Units) DRIFT= (No.)(Units)
Information on quality of fit; no response needed.
462-463 1 FIT PROP 2 PRT ENTIRE FIT 3 PRT/SV COEF 4 CHG FCTN/POL TYPE 5 RUN TEST

Enter integer from 1 through 5; 1 returns control to statement 300, permitting selection of another prop-
erty to be fitted; 2 returns control to statement 500 for a printout of the actual and calculated property
for each sample, with the difference and *‘drift”; 3 retuins control to statement 590 and saves the coeffi-
cients of the fit by writing them on FILES 31 and 21;and 4 returns control to statement 350 and allows
a change in the polynomial used to fit the same property just fitted. If 5 is typed the following message
will be displayed:

538-539 PRINT: 1. PARAMETERS 2. MEAS VOLT 3. CAL & DISPLAY PROPS 4. RAW RDG 5. RE<CALIB
6. STOP
Enter integer from 1 through 6; 1 produces a complete printout of input data; 2 lists the measured volt-
ages and phases; 3 is the choice for making measurements and calculating properties from the readings;
4 displays the magnitudes and phases; 5 causes a recalibration; and 6 terminates execution. If 3 is chosen
the foot pedal is pressed to take a set of readings on the selected sample, and the program will then return
to the above set of choices.

The operator will then be asked to select a property to be fitted and the region where the property is
located. Next the type of polynomial for approximating the property is specified: if there is to be a
constant term (called “offset”), the type of functions of the various magnitudes and phases, the powers,
and the cross-terms (if any) that will be included. Each magnitude and phase can be converted to a variable
that is the same as the original reading (LIN function), the logarithm of the reading (LOG function), the
exponential of the reading (EXP function), or the reciprocal of the reading (INV function). The operator
can then choose the highest power to which that variable is to be raised as well as the number of cross
products between the variables at a given frequency.

When the type of polynomial has been chosen, the computer will do a linear least-squares fitting® of the
polynomial to the actual properties, as written in FILE 37 by TUBRDG. The differences between the
actual properties and those calculated by using the least-squares polynomial are called DIFF and can be
printed out as an option. In any case, the root mean square (rms) value of the differences will be printed for
a given polynomial fitting a given property. In addition, the worst possible error in the property caused by
the worst possible combination of errors of 0.01% in the magnitudes or 0.01° in the phases is called
DRIFT. It can be printed out, and the rms value of the drifts is always printed. If the differences and drifts
are larger than desired, different polynomials can be tried. If the fits are satisfactory, a complete printout of
the actual and calculated property values, differences, and drifts can be obtained, and the coefficients of
the fits can be saved and written on FILE 31 (and in hexadecimal binary form in FILE 21). Then another
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property and/or region can be fitted in a similar fashion. This can be continued until all desired properties
and regions have been covered if the capacities of FILES 21 and 31 are not exceeded.

Appendix B contains a detailed analysis and explanation of the TUBFIT program and also a printout of
a sample run.

FITTING PROPERTIES OF UNKNOWN SAMPLES WITH TUBFIT

The TUBFIT program not only determines least-squares coefficients of polynomials to fit the properties
of standard samples but also stores the coefficients, takes readings (of magnitudes and phases) of unknown
samples, and uses the stored coefficients to calculate the properties of the unknown samples.

The least-squares coefficients can be stored in the memory of a microcomputer built into a multi-
frequency eddy-current instrument so that the properties of the unknown samples can be calculated and
displayed directly hy the instrument.

The TUBFIT program is written in FORTRAN 1V® and requires a computer with a parallel data
acquisition system (called MODAC for the ModComp IV). The TUBRDG program must be run first, to
write data from known standards on RAD file 37.

If the third option in lines 538539 of TUBFIT is chosen (CAL & DISPLAY PROPS) by typing 3 when
prompted, the LOTEK terminal will display the name of the properties being measured and the calculated
values of the properties for whatever sample the coil is on at the time. These values will also be printed on
the LOU output device when the foot pedal is pressed to record the values and to keep a hard copy of the
measured sample properties.

If the fourth option is selected (RAW RDGS) by typing 4 when prompted, the instrument readings of
magnitudes and phases at the various frequencies will be displayed on the LOTEK terminal and the LOU
output device. Although this option will seldom be chosen, it can be used to keep a record of the
instrument readings as a check on the operation of the equipment.
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Appendix A
THE TUBRDG PROGRAM

The TUBRDG program is written in FORTRAN 1V, which is compatible with the FR4 compiler in a
ModComp MAX IV system processor.” [t prompts the user to type in data on the experimental conditions
and equipment, takes calibration and data readings from an eddy-current instrument through a parallel data
acquisition system, and then writes all the data on a random access data file (FILE 37).

Some special variables are declared in lines 8 and 9, and some dimensions that do not need to be

changed are stated in line 10.

I FROGRAM TUBRDG

2 (9 AFRIL 1979

3

4 € THIS FROGERAM READS MAGNITUDE AND FHASE DATA AT DIFFERENT
50 FREQUENC] FOR ENCTRCUING TYPE COILSy USING THE FHASE
é C SENSITIVE INSTHUMENT,

J C

g REALXE TITLECZ)

b4 REALXS NFROBEyNCARLE » INSTNOvFOWOSC s FIOKAMy FHADET y COLL
10 DIMENSTON ITDAYC(ID o TYIMOX) o TOY(3) » TTMCE)

Various integer variables are defined in lines 12-35.

i1 C

12 C LI=LOGICAL INPUT TERMINAL (FROM OFERATOR)D

13 L : INFUT TERMINAL (MAY BE ARSTIGMED TO A DISK FILED
14 C QUTPUT TERMINALCTO OFERSTOR)

15 C JINE PRINTEROUTFUT ) TERMINAL

14 C SHE=NUMBER OF CHANNELS

17 C UMEER OF FREQUENCIES

8 C 2%NFT

12 C TREQUENCY INLEX

20 © S=SAMFLE INDEX

21 ¢ NST=NUMRER OF TURING SAMFLES

22 ¢ NGTOF=INDEX TO STOF THE INSTRUMENT READINGS

23 C = INDEX TO TURN ON TH ATURATING MAG (=0 IF NONE USED)
24 C GION INDEX (1=FARTH CFROM COTLANRT=COTL REGIOND

28 ¢ UMERER OF COAXTAL REGIONS

26 C “NRC

27 €

28 C

a9 C NOF=NUMBER OF DEFECTS IN A& GIVEN SAMPLE

30 C NFILIM=FILE LIMIT ON LINES IN FILE 37y THE LATA FILE

31 G “=RROFPERTY  INIEX

32 C T=NUMBER OF PROFERTIES=TOTAL NUMEBER OF SAMPLESHLEFECTS
33 C NFHCAL=NUMRER OF FHASE CALIBRATIONS

34 C NMGCAL=NUNBER OF MAGNITUDE CALIRRATIONS )

35 ° NCAL=NFHCALKNMGDAL=TOTAL NUMBER OF CALIERATION READINGS

In lines 37--47 the dimensions of arrays are stated symbolically in terms of the variables defined above.

36 C

17 ¢ DIMENSION FREQINFT)sFICKAMINFT) s FHATET(NFT) s FHASW(NF T

38 C DIMENSTON PERM(NSTsNRTL)Y yRHO(NSTyNRT 1) s RAD(NSToNRTL) s NOF (NST)

39 C NIMENSTION NDEF (NSTyNRTLY y DFGIZE (NST« NRTL e MNIEF ) » RADCLR (NGT)

40 € DIMENSTON KADLOCONST yNRTL»MNOEF ) » AXTLOCINSTy NRT 1L s MNIEFE )

41 C DIMENSION THAGINFTYyNET) yFHASE (NPT v NFT ) s THONST s NRT 1)

42 € DIMENSION SUMMAG (NFTsNFTY ySUMFHA(NFT NFT) s II{NSTsNRTL)

43 ¢ DIMENSION SSMAGINFTsNFT) s SSFHANFTYNFT)

44 C DIMENSION SDUMAG(NFTsNFT) y SIVFHA(NF Ty NFT )

45 C LIMENSTON SUMCAL (2ANFTyNCAL Yy SSCAL (2RNFT s NCAL) s SIVCAL ( 2XNF Ty NCAL )
46 C DIMENSION VOLTS(R2+2%NFT) s ROGCC242XNF T o NCAL ) s OLRDGC (24 2XNE Ty NCALD
47 C DIMENSTON TOFSET(24+2ENFT Y s TSLOFEC24H2XNFT

I5
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The actual dimensions of the various arrays must be inserted in lines 49—59 by using the guides given
above. The dimensions may be larger than actually necessary if the storage capacity of the computer is not

exceeded.
48 C
49 DIMENSION FREQC(A) yFICKAM{4) yFHARET (4) s FHABW(4)
S50 DIMENSION FPERM(G4: 71y RHO(S62 7)Y yRATI(ES: 73y NIIF (54
51 NIMENSION NOEF(S54s7) s IFSIZE(S6s 794 s RADCLR(S6)
52 DIMENSTION RALOC(S6H5 7942 v AXTLOC(SGG: 79 4)
53 OIMENSION THAG(L1ABe4) s FHASE (148940 » TH(GG 7))
54 DIMENSION SUMMAG(LAB»4) v SUMPHA(LEBy4) s TI(54 D)
55 DIMENSION SS8MAGCLE8y4) « SSFHALATGy A
o6 DIMENSTION SIVMAG(148v4) «SDHIVFHA(168:4)
57 DIMENSION SUMCAL (694 v SBCAL LSy 4) v SIVEAL (S 4)
58 DIMENSTON VOLTS(S) yROGC(Bs4) yOLRUGC (B 4)
59 DIMENSION TOFSET(8) s TSLOFE(S)

The COMMON block B3 in line 60 is shared with the subroutine CIRCOL and serves to return coil data
to the main program when the subroutine reads it from RAD file 29. The quantities in COMMON block B3
are defined in Table 3.

60 COMMON/B3/COILyREARRL P R2 XLy ZL s RLIMs ROy R7 s TNDRy TNFU» ZL0ORy ZLFUy X

The RAD files are defined in lines 70 and 71. File 29 contains the data for various encircling coils; file
37 will contain the data written on it when the TUBRDG program is run. The comments in lines 62—68
describe the minimum acceptable dimensions for RAD file 37.

61 C

62 DXRXCAUTITONKOKBE SURE ENOUGH SFACE HAS BEEN ALLOCATED ON RAD FILE 37
63 € FOR WRITING AlLL THE RECORDS OUTFUT RY THIS PROGRAM. NUMBER OF
44 C RECORDS IN THIS DEFINE STATEMENT(NFILIM=FIRST # IN FARENTHESES)
65 C SHOULTY EQUAL AT LEAST 4+NPTH2ANFTHNSTX(NRT+1) .

66 € THE SECOND SHOULD RE AT LEAST 2 MORE THAN THE GREATEST OF THE
&7 C FOLLOWING? 26y 8XNFTs 4%NCALs SXMNIDEFy OR 4XNRT-2,

48 C FOR EXAMFLE! DEFINE FILE Z7(NFILIMs8XNFTH2 U IREC),

69 C

70 NEFINE FILE 37(400:405Uy IRELD)

71 DEFINE FILE 29(80s32yUsNCOTL)

The data designating the logical input and output units are inserted in line 73. The input terminal at
which the operator types input data is LI; LID is the logical input for data (it may be the same as LI or
assigned to a disk partition containing prerecorded data); LOT is the CSI terminal where the operator is
prompted; LPT is the hard-copy line printer. The data in line 74 will not need to be changed. In line 75,
ITIMS is the number of times the data acquisition system is read and will not need to be changed unless the
system is altered. To turn on the saturating magnet for ferromagnetic tubing, MAG is used; it should be 1
for inspecting ferromagnetic tubing and 0 otherwise. The number of phase and magnitude calibrations at
each frequency is NPHCAL and NMGCAL respectively; they will normally be changed only if the calibrator
module and subroutines are changed.

72 €
73 BATA 1LI/L/sLID/9/ v LOT/S/ 9 LFT/6/ s NCHS/8/yNFILIMN/400/
74 0ATA TITLE/Z TURING CALIBRATION DATA 7/ »BLANKS/ s

75 DATA ITIMS/1024/7:MAG/1/yNFHCALZ2/ v NMGCAL/ 2/
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The screen of the operating terminal is cleared by jumping to statement 1800 in line 593 and then back

to statement 10 in line 87 because line 604 returns control to ISTATE, which was set equal to 10 in line
81.

74 DATA TOFBET/2,2032y-1.49925 99074, 1. 3361y (4793 L e~ 720125 2%0./
77 BATA TSLOFES -« 13667 09065 -, 0597+ L 0BOI7 v L O26&y » QAT 7E 2K0 . 2
78 C
79 GO CLEAR TERMINAL SCREEN & RETURMN MHERE
a0 o
21 AGSIGN 10 TO ISTATE
g2 GO TG 1800
S590 C THIS SECTION OF ASSEMELER CODE IS NECESSARY IN ORDER TO CLEAR
5910 THE SCREEN OF THE TERMINAL.
592 C
G993 1800 CONTINUE
394 INLINE
G595 LIIs4 #001A LOAD SURIERASE SCREEN) IN REG 4
G596 LIOIs1 $4002 LOAD 4000 + CHANNEL OFFSET INTO REG 1.
597 OCEs1.8 SELECT CH 102
598 LIOT3 #801n LOAD REG 3 WITH NO FARITY8DATA BITSH 1 STOP
599 COCEr3,9 OUTPUT REG 3
400  READLY ISE«2:9 INFUT STATUS IN REG 2
401 TBRE,2y8 REALY TEST BIT 8 IN REG 2.8TAY IN LOOF UNTIL RDY
402 DDE:4¢? OUTEUT BITS 818 OF REG 4 TO CH AO0Z
603 FINI
604 GO TO ISTATE

Since ISTATE = 10, control returns to statement 10, which writes the name of the program on the LOT

terminal.
8%

84 C FORM FEED ON LPT FOR SUMMARY REFORT.
85 0 FRINT TITLE AND DATE
86 C©

87 10 WRITE (LOT»20) TITLE
88 20 FORMAT C1Xy 308
89 30 FORMAT C1H D

The date and time are obtained and written on the LOT terminal.

?0 CALL DATECIDAY)

91 CALL TIMECITIM

g2 IT=I0AY (1)--1900

93 Inay C1)y=I0aY 2)

P4 ThaY (2 DAY (3D

k4] INAY (3)=1T

Pé WRITECLOT40) IDAY,ITIM

@7 40 FORMAT (Y DATE o 2CI2v1H/D v 1297 TIME 7 #2CT2y1HE) 212D

The operator is prompted to type in data for the experimental apparatus and conditions. The data are
read from the LID terminal, which might be the same as the LI terminal, or it might have been assigned to a
disk partition containing prerecorded data.

Y8 WRITECLOT 30

?9 G0 FORMAT(/ TYFE IN THE FOLLOWING DATA AS REQUESTED. ")
100 ANSWER=RLANKS

101 €

102 C INPUT DESCRIFTION OF EXFERIMENTAL AFPARATUS



103 ©

104 WRITE(LOT»S0)

105 &0 FORMAT (7 FRORE &: ‘)
106 READCLIN 70 Y NFRORE
107 70 FORMAT (A6

If the operator typed OLD for the probe name, NPROBE, the program jumps to statement 450.
Experimental data entered previously in FILE 37 will be read and printed. Otherwise, the subroutine
CIRCOL is called, and the properties of the NPRORBE coil are read from FILE 29 and returned to the main
program in COMMON block B3. If NPROBE is not found in FILE 29, the user is prompted to type in the
necessary coil data.

108 IF (NFROBE.EQ. 0L ) GO TO 450

109 €

110 C THE COIL FROFPERTIES ARE CALLED FROM FILE 29.
111

112 CAall CIRCOL(LIs»LOTyNFRORE)

Next the operator is prompted to type in the coil serial number and data on the circuit components
used with the eddy-current instrument. If LID has been assigned to a prerecorded disk partition, the data
will be read from there. The operator does not need to make any response until line 271 has been reached.

113 C
WRITELOT.80)
80 FORMAT(’ SERIAL #: /)
READCLIDs %)NSER
WRITECLOTy90)

YO FORMAT (7 ORIVER SERIES RESISTANCE! )
REATHCL Iy %3RO
WRITELOT100)
10¢ FORMAT C7 TIRT
READ LTIy X0 CaF LR
WETTE(LOTy 1100
110 FORMATL? PLOK-UP SHUNT RESIGSTANCES )
READCLIIN e X IR?
WRITECLOTy 120)
120 FORMAT O PTIOK
READNCLITy X0
ITECLOTy 130
130 FORMAT (7 CARLE 1.0, &3 )
READCLTL 7QONUARILE
WRTTELOTy 140)
140 FORMATO LENGTH OF CARLE: )
READCL YDy x)CARLEL
WRITEOT 1
150 FORMAT (7 0A CITANCE OF CARLES ‘)
READCLIT O CCARLE

SHUNT a2 ")

COSHUNT CaAPe )

The instrument identification and operating conditions are read in.

138 WRITE(LOT»160)

139 160 FORMAT (7 EDDY CURRENT INSTRUMENT #: /)
140 READCLIN,70) INSTNO

141 WRITE(.OTy170)

142 170 FORMAT (7 FOWER 0SC I.D.3 )

143 READCLIL, 70)FPDWOSE

144 C

143 O INPUT FREQUENCY VUALUES

146 €

147 WRITE(LOTs190)

148 190 FORMAT (- NO. 0OF FREQUENCIES!’)
149 READ(CLIOyXINFT



150
151
152
153
154

155

156
157
158
159
160
161
1862
163
164
165
164

220

230

240

X

WRITE(LOT 2000

FORMAT (Y INFUT THE VALUE OF

READCLIT %) CFREQONF )y NF sl o NET)

WRITECLOT 2100 (FREQINF) yNF=1 s NFT)

FORMAT(/ INFUT THE FOLLOWING DATAsS CHAR WITH A SFACE BETWEEN's/»
¢ FREQUENCY S’y 1OXs 10 (1FES.2))

WRITE(LOT»220)

FORMAT (Y FICK-UF AMF I.D. ¢ 8

READCLINS 230) (FTCKAMINE) o NF =1 s NFT)

FORMAT (10 (A6s1X))

WRITE(LOT»240)

FORMAT( PHASE DETECTOR I.0.3 %)

READCLIIN 230) (PHADET (MF) s NF=1 s NFT)

WRITECLOT s 250)

FORMAT (4 180-IEG SW(OFF/ONYT /)

REAICLID 260) (FHASW (NF) y NF=1 NFT)

FORMAT CLO(AZs 1X))

EalH FREQ SEFARATED BY & SFACET /)
T

The tubing properties are read in.

1467
148
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

I e

270
280

290

300

320

INFUT PROFERTY VALUES

WRITECLOT,280)

FORMAT (Y NUMBER OF TURING S$aMPLEST %)

REAICLIDy %) NGT

WRITE(LOT»290)

FORMAT (7 NUMBER OF COAXIAL REGTONS: %)

READCLINy XY NRT

MRTL=NRT-1

MRTI=NRT~3

L 400 NG=1».NST

WRITE.DT,300) NRTLyNS

FORMAT (7 TYFE I3+’ FERMEARILITIES FOR REGIONS OF SAMPLE 2135/
READNCL Ik (FERMONSNR) pNR=1yNRTL)

WRITECOT»310) NRT1LyNS

FORMAT( TYPE/» I3 RESISTIVITIES
REAICLITy¥) (FRHOONSyNRD « NFe= L s NETL)
WRITE(LOT«320) NRTLsNG

FORMAT (Y TYPEZ»I13.7 VALUES DF REGION RADII FOR SaMP # 13/
READCL I %) (RATHIONG o NRD s NR=1 s NRT1)

FOR REGIONS OF SAMPLE 2132/

The tubing radius next to the coil is called X and is compared with the mean coil radius RBAR to see

whether the coil is encircling oc inside the tube; it is then compared with the limiting radius RLIM of the
coil to see whether the coil will fit the tubing (with radial clearance RADCLR). If not, the error message in
FORMAT 360 will be printed.

188
189
120
191
192
193
194
193
196
197
iv8
199
200
201

330

C

Z40
50
2460

00 330 MRE=1sNRTL

DONGy NRD =2, XRADNING « MR

TFANRLNE. LY THONS e MR RATING » NR-1 ) -RADCNG » N
THINS s 1)=99,.99Y

CONT INUE

XmRADING y NRT 1)

IFAXLLT.REARY GO TO 340

COTL INSIDE TURE
RANCLR (NS Y =X~FLIMXRBAR

GO TO 350

COIL ENCIRCLING TURE
RANCLR (NS ) =RLIMARBAR-X
IF(RADCLRONS Y LT 00 WRITELOT Y3407
FORMAT (7 ERRORT COTL WILL NOT FIT.7)

The defect sizes and locations are read from the LID terminal.



202
203
204
208
206
207
208
209
210
211
212
213
214

380

390
400

20

WRITE(LOT»370) NRTLyNS

FORMAT (7 NO.OF DEFCTS IN EACH OF I3y 7 REGIONG OF SAMPLE’ » 13+3X)
READCLIDyX) (NDEF(NSyNRI s NR=1NRT1L)

00 400 NR=1sNRT1

NOSR=NIEF (NSy NR)

IF(NDSR,.EQ.0) GO TO 400

[0 390 ND=1sNISK

WRITEC(LOT»380) NDsNSyNR

FORMAT (/ TYFE SIZE, aXIAL DIST % RARDIAL LOCATION OF DEFECT &7
¥sI2y/9’ FOR SAMFLE # “+13y 7 IN REGION ‘+13,/)

READCLINyX) DFSTZE (NSyNRy NI s AXTLOC NS s NRy NDDY s RATL.OC (NS s NR ¢ NID
CONTINUE

CONTINUE

The total number of properties (including defects) is accumulated as NPT.

215
214
217
218
219
220
20

222
223
224

440

DO 420 NG=1sNST
NX=0

DO 410 NR=1sNRTL
NX=NXHNDEF (NS NRD)
CONTINUE
NOF (NG ) =MX
CONTINUE

NFT=0

[0 440 NH=17N5T
NFT=NFTHLENIF (NS)
CONT INUE

The program now skips to statement 690, omitting the lines from statement 450 to 690, which are used

only if the operator typed OLD for the coil name NPROBE in line 106. In the latter case, data written on
FILE 37 in the previous running of TUBRDG are read and printed on the LOT terminal.

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

440

470

480

470

500

GO TO 490
READ AND FRINT FREVIOUS DATA

IREC=1

READCI7IRECY TITLEyIDYSTITH

READCZ7 " [REC) NFROBEsNSERsROsCAFDRR? s CAFFUNCABLE
K CABLEL yCCARBLEy INSTNUOyFOWOST

READC3I7 IREC) NFTyNSTyNRT»NF Ty NFHCAL » NMGUAL

NRT1=NRT-1

NRT3=MNRT-3

00 440 NS=1sNST

READ(37 IRECY ((FPERM(NSyNRY sRHO(NS s NR? ) s NR=1sNRTL)
READCI7IREDY ((RAU(NSyNR) s NDEF (NS NIy NR=1+NRT1) »RANCLR(NS)
00 460 NR=1>NRT1

NISR=NIEF (NS NR)

IF(NOSR.EQ.0) GO TO 460

READ(37 7 IREC) C(RADLOC(NS y NRy NI s AXILOC (NS yNR 7 NI »
HOFSTIZE(NSyNRy NI ) o NII==1 y NIGRD

CONTINUE

READ (37 IREC) ((FREQINF) sy FICKAMINF ) s FHOUET (NF) » FHASWI(NF ) ) »
X¥NF=1yNFT)

WRITEWL.OT»470) INY»ITH

FORMAT (7 TURRDG: DATE “»2(I2s1H/) 21257y TIME “»2C12v1HI) 12D
WRITE(LOT»480) NFRORE,»NSER

FORMAT(’ FROBE NO?! “yA6sSXs’ SERIAL NO.:‘»I52

WRITE(LOT»420) ROsCAPDR

FORMAT(’ DORIVER SERIES RESISTAMCE: »F10.1s%Xs "DRIVER SHUNT’»
X CAF. L yELZ.4)

WRITE(LOT»S00) RYsCAFFU

FORMAT (7 FICK-UP SHUNT RESISTANCE! " »F10.15Xs "FPICK-UF SHUNT”
X CAPL I/ EL2.4)

WRITE(LOT,»S10) NUARLEsCABLEL »CCARLE



21

259 510 FORMAT (7 CARLE T.0. NOS/ s A&y SX e "LENGTHI s FL04 185Xy "CAP L7y

260 XEL2. 42

261 WRITE(LOT320) INSTNDyFOWOSEC

262 B2 FORMAT(/ EDDY CURRENT INGT.NO. ! vads ¢ POWER OSC. T DT A6
263 WRITECLOT»530) (FREQUINFJI o N =1 «NFT)

264 530 FORMAT (CLHO « LOX s "FREQUENCY I 2 6CIPEL2 . 45X )

269 WRITELDT 5400 (FIUDKAMINF) +NF=1sNFT)

a6 D40 FORMAT (Y FLICK-UF AMF IT.0.37¢7Xs10(A6s92X))

287 WRITECLOT550) (FHADETINF Y vy NF=1 s NFT?

268 G50 FORMAT (7 FHASE DETECTOR T 0.8 94X 10(A629X))
269 WRITECLOT 5600 (FPHASWIMF) s NF=1sNFT)
270 G860 FORMAT (" 180 FHASE SWITCH! »8Xy10(AZ,12X))

To limit the data displayed on the LOT terminal, the READ statement in line 271 has been inserted.
After the foregoing data have been inspected, the execution of the program can be continued by typing any
character and a carriage return. Then the sample properties will be read and displayed.

271 READCLI» %) XYZ

272 00 580 NS=1sNGT

273 NX=0

274 00 570 MNR=1syNRTL

275 NX=NXENDEF (NG« NRD

276 G570 CONTINUE

277 NOF (NS )y =NX

278 480 CONTINUE

279 NF=Q

280 00 680 NS=1sNST

281 NOLF =1 +NIF (NS)

282 00 680 Ki=1sNODF

283 NF=NF+1

284 WRITEOTy590)

289 590 FORMAT (7 SAMF FROF DIAM  THICK RHO FERM’ »
286 x LEFSIZ RADLOC  AXILOC)

287 D0 680 MR=1yNRTI

288 DI{NS s NRO =2 . kRALING y NRD

289 IF(NR.NE . 1) THINSsNR)=RAD(NSy NR~1)-RAD(NG y NRD

290 THINSs1)=99.999

291 IF(RKDL.EG. 1) GO TO 420

292 NOSR=NIEF (NS« NR)

293 IF(NOSR.EQ.Q) GO TO &20

294 [0 610 NI=1sNISK

295 IF(ND.NE. (KL-1))060 TO &10

2946 WRITE(LOT»S00) HEsNFyDINSsNRY y TH(NSG s NRY  RHO(NS s NRDY y PERM (NS s NR D »
297 KOFSTZE (NS s NERy NID s RADL.OC (NS y NRy NI e AXTLOCONS o MR » NI

298 4600 FORMAT(1X s 2CE3»2X) s 2(F 6. 351X s 2(F8, 1) »3(FB.3))

299 610 CONTINUE

300 GO TO 480

301 620 WRITE(LOT 46307 NSsNF+I(NSPNRY s THINS» NR) r RHOCNS s NR ) s PERM NS » NRD
302 4630 FORMAT (IX» 2CT3y 23X v 2(F&. 321X e 2(FB. 1))

303 480 CONTINUE

To ensure that the program control will return to 790 later, NSTATE is assigned the value of 790.
304 490 ASSIGN 790 TO NETATE

The calibration readings are made by calling the CALIB subroutine, which ceturns the readings in the
RDGC array. This array is then transferred to the OLDRDGC array, which stores the old readings for later
use or updating. The term LNF is twice the number of frequencies, and NCAL is the number of phase and
magnitude calibrations at each frequency.

305 C
306 C THIS SECTION TAKES THE CALIBRATION READINGS. CONTROL IS RETURNED



T
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C TO SOME SECTION OF THE FROGRAM ACCORDING TO THE CURRENT
C VALUE OF THE VARIARLE, NSTATE (STATEMENT NO. VaLUE).

C

700 ANSWER=RLANKS

WRITELOT710)
710 FORMAT (7 CALIBRATION READINGS! )
750 CAlLLL. CALTRIRDGCyNCHS « NSTOF)
IF(NSTOF.NE.O) GO TO 750
LNF=2XNFT
NCAL =NFHCALXNMGCAL
00 770 NF=1yLNF
Do 770 NC=1yNCAL
OLROGCENF » NCY=RDGCONF « NG
770 CONTINUE
GO TO NSTATE
C
C END OF SECTION WHICH TAKES CALIBRATION READINGS

Various arrays are initialized.

324 C

325  C ZERO ARRAYS THAT WILL CONTAIN SUMS OF THE FHASE & MAG READINGS,
326 C SUMS OF CALIBRATION READINGSy AND SUME OF SQUARES OF EACH
327 C

328 790 MSET=0

329 [0 800 NF=1sNFT

330 IO 800 NF=1,NFT

331 SUMMAG(NF s NF) =0,

332 SUMFHANF yNF =0,

333 SEMAG (NP« NF Y =0,

334 SSPHA(NF yNF =0,

335 800 CONTINUE

336 0 810 NF=1yLNF

337 00 810 NC=1yNCAL

338 SUMCAL (NF #NC) =0,

337 SSCAL(NF ¥y NCH=0.

340 810 CONTINUE

The operator is asked whether he or she is ready to take readings. If Nis typed, control will switch to

statement 1140, which will set NPRINT = C and then offer various options.

341 HRITE.OTY»B820)

342 820 FORMAT(Y SWITCH TO OFERATE AND ANSWER Y IF YOU ARE READY TO< /v
343 ¥ TARKE THE FIRSYT SET OF REAIINGSyN OTHERWISED )

344 ANSUWER=RLANKS

345 REALI(LTy1020) ANSHWER

3454 IF (ANSWER,EQ. ‘N ) GO TO 1140

If the answer was not N, the program will proceed to statement 830, where the data-taking loops are

started. Then the operator will be prompted to set the coil on the various sanples, and the data will be read

into the computer via the MODAC when the subroutine READAT is called.

347 C

348 C THIS SECTION TAKES THE ACTUAL FHASE & MAGNITUDE DATA READINGS
349 C

350 830 ANSWER=RLANKS

351 NCOUNT=0

352 NRET=0

353 NF=0

354 [0 9280 NS=1yNST
355 NQUF =1 +NIF (NS)
3T6 00 280 KI=1sNODF
357 NF=NF 41

366 TF(NCOUNTNELO) GO TO 850



N
)

35¢ C

340 © GO CLEAR TERMINAL SCREEN & RETURMN HERE

361 €

342 NEDUNT =

3463 ASSIGN 850 TO ISTATE

3464 20 TH 1800

345 C

Jas  BEHO WRITE(CLOT 8600

347 B0 FORMAT (" Gamt FROF DIAM  THICK RHO FERM 4
348 *’ DEFSTZ  RANDLOLC AXTLOC)

3469 00 210 MNR=1NRTI1

370 IF(RDLEQ.L) GO TO 8990

371 NLOSR=NDEF (NS » NR )

72 IF(NDGSR.EQ.0) GO TO 890

373 N0 880 NI=1yNDSR

374 IFOND L NE . (KI-1) 260 TO 480

375 WRITEWOT870) NEsHP»DINSeNRO s THINS A NED yRHO INS NR) f PERMING yNR D »
376 XOFSTZE NG y NRy NI s RADLOC (NS s NR e NID » AXTLOC (NS s NR» NI

377 870 FORMAT(IXy I3 2X s I3y 201Xy F& 3 » IFEL L 3y OPFH. L 3(F8.3))
378 880 CONTINUE :

379 GO TO 910

380 890 WRITE(LOT»200) NBsNFsOINS NRY s THINS s NR) s RHOCNG s HR Y t FERMINS s NR 3
gt 900 FORMAT(IX T3 2X 031X 2(F&.3) s IFELL 3 0FF8. 10

g2 910 CONTINUE

383 MAXDH=2%(NFT~123+1

384 WHITE(LOT 9200 (BLANKS IT1Ty IE=1s+NFT)

385 920 FORMAT(3X y 10CALy "MAGT wT1r 7 )7 +4Xe " FHO 2 T15 727 5%

184 WRITEOT30)

Because of line 390, READAT is called repeatedly, as long as the foot switch is not pressed (ie.,
NSTOP = (). Each time the last index in the call of READAT is zero; therefore, this is the value of MAG in
the subroutine and means that the saturating magnet will be turned off.

387 930 CAll READAT(VOLTS s NEHS» ITIME»NRETyNSTOF s O

3988 WRITELOT, 250 ((VOLTSCI Dy VOLTS (I I+ 0 v Jd=1 v MAXEH» 20
389 950 FORMAT(LH+»10(F9.4,2X)D
390 IF(NSTOP.GT.0) GO TD 930

When the foot switch is pressed, NSTOP is greater than zero, and READAT is again called. If the value
of MAG was set at 1 in the initial DATA statement of the main program, the readings are first made 1024
times, giving a delay of 0.210 sec to allow the readings to settle down. The desired readings are made when
READAT is called again in line 392. The saturating magnet is then turned off by calling the SATMAG
subroutine, with the value of MAG set equal to 0.

391 TF(MAGEQ. 12CALL READAT(VOLTSyNCHSy 1024y NRET « NSTOF » MAG)
392 CALL READAT(VOLTSyNCHSy ITIMS s NRET o NSTOF ¢ MAG)
393 CALL SATMAG(Q)

The array of readings called VOLTS is returned from the READAT subroutine and then separated into
the phase and magnitude arrays called PHASE and TMAG respectively.

374 VOLTS(8) =25, xVOLTS(7)/V0LTS(8)

395 NEH2=NCHS -2

324 [G 240 NC=1sNCHZ

397 VOLTS(NC)=V0LTS (NCIHTOFSET (NC) +TSLOFE(NC)KVOLTS(8)
328 960 CONTINUE

399 WRITECLAOT 950 (WOLTS (I yVOLTS G4 1)) e =1 s MAXCH» 2
400 NRET=0

401 00 98B0 NF=1sNFT

402 TMAG (NF e NF ) =VOLTS (RN -1)

403 FHASE (NF » NF 2=V0L TS (2KNF )

404 980 CONTINUE
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The number of sets of readings, MSET, is incremented, NSTATE is changed to 1000, and control is
shifted back to statement 700 to make another set of calibration readings, after which control will return to
statement 1000.

405
404
407
408
409

MSET=MBET+1
ASSIGN 1000 TO NSTATE
GO T 700
C
C END OF A SET OF READINGS. ASK USER IF HE WANTS 70O DELETE THYIS SET.

After return from the calibration procedure, the set of options in FORMAT 1010 is offered.

410
411
412
413
414

4146
417

C

1000 WRITEC(LOT»1010)MEET

1010 FORMATOIH »I5y7 SET(S) OF READINGS HAVE REEN MALIE. 7/
X700 YOU WANT TO DELETE THE PREVIOUS SET OF READINGST /s
¥TTYFE Y OR NI 7
ANSHER=RIL ANKS
READ(LIy1020)ANSHWER

1020 FORMAT(AL)

If the answer was N (not to delete the new set of readings), the new sets of readings will be added to the
previous ones — OLRDGC, SUMPHA, and SUMMAG for the calibration, phase, and magnitude readings
respectively. If the answer was anything else, the value of MSET will be decremented, and the options in
FORMAT 1150 will be offered.

418
419
420
421
422
423
424
425
424
427
428
429
430
433
432
433
434
435
434
437
438
439
440
441
442
443
444
445

IF CANSWER CEQ. 7N 2y GO YO 1030
MSET=MSET-1
GO TD 1140

AL NEW CURRENT SET OF READINGS TO SUM 0OF FREVIOUS SETS

e ReRe!

1030 ANSWER=RIL.LANKS
1050 [0 1080 NF=1yLNF
[} 1080 NC=1+NCAL
SUMCAL (NF s NCY=SUMDAL (NF 9 NC) +OLRIGEC (NF ¢ NC)
SECAL (NF s NC)=88CALINFyNC)YHOLROGC (NF « NCYXOLRIOGC (NF s NT)
1080 CONTINUE
ANSWER=RLANKS
1100 DO 1130 NF=1sNFT
DO 1130 NF=1yNPFT
SUMMAG (NF ¢ NF ) =SUMMAG (NF » NF )+ TMAG CNF » NF )
SUMFHA NP s NF ) =SUMPHA (NF y NF Y HFHASE (NF v NF )
SSMAG (NF y NF ) =58MAG (NF y NF ) +TMAGCNF o NF ) XTHMAG CNF o NF )
SSFHA (NP s NF ) =GSFHA (NF « NF ) +PHAGE (NF s NF Y RKFHAGE (NF ¢ NF
1130 CONTINUE
C
C FPROMFT USER AROUT WHAT HE WANTS TO IO NEXT
C
1140 ANSUEK=RBLANKS
WRITEC(LOT»1150)
1150 FORMATCY DO YOU WANT TO (1) RE-DO THE CALIEBRATIONSy (2) MARKE s/y
k7 ANOTHER SET OF READINGS, OR (3) STOFP? TYFE 1.2,0R 35 7D
READCLI » XINEXT

The three options return control to statements 700, 830, and 1170 respectively. If any number other

than 1, 2, or 3 was entered, the error message in FORMAT 1160 will be printed, and the options will be

offered again.

444
447

GO TO (700+83051170) yNEXT
WRITE(LOTy1140)
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1160 FORMAT O ERROR ON INFUT. ENTER AGAIN. ')
GO TO 1140

If the third option, STOP, was chosen, the averages and standard deviations of the calibration, phase,

and magnitude readings will be calculated as SUMCAL, SDVCAL, SUMPHA, SDVPHA, SUMMAG, and

SDVMAG respectively.

450 €

451 © BEFORE STOFFINGs ADD FINAL SET OF CALTIRRATION READINGS TO CUMULATIVE
452 ¢ SUM & CALCULATE AVERAGES & STANDARI LEVIATIONS
453 C

ABA 1170 IF(MSET.GE.1) GO TO 1190

455 WRTTE(LOT»1180)

456 1180 FORMAT(’ ND READINGS HAVE BEEN SAVED; THEREFORE, FPROGRAM WILL ¢/
A57 ¥/ STOF WITHOUT SAVING OR PRINTING ANYTHING, )

458 GO TO 2000

459 1190 N0 1210 NF=1ysLNF

460 N0 1210 NO=1sNCAL

461 SUMCAL (NF s NC ) =SUNCAL (NF 5 NG Y HRDGE (NF y NGO

462 SECAL (NF v NC I =SECAL CNF « NG HRTGE (NF » NG Y XRDGT (NF o NG
463 1210 CONTINUE

464 00 1250 NF=1sLNF

445 00 1250 NC=1,NCAL

466 SURCAL (NF » NC) =SUMEAL (NE «NC) / (FLOAT (MSET+1))

447 SOVCAL (NF y NG =SQRT (AES ((SSCAL (NF » NG ) ~SUMCAL (NF » NC ) XKSUMCAL (NF s NC)
448 X XFLOAT (MBETH1) ) ZFLOAT(HEET) )

449 1250 CONTINUE

470 ¢

471 C CALCULATE AVERAGES % STANDARD DEVIATIONS OF READINGS
472 €

473 00 1290 NF=1,NFT

474 00 1290 HE=1sNFT

475 SUMMAG (NFy NF ) =SUMMAG (NFs NE) / (FLLOAT (HSET) )

476 BUMPHA (NF s NF) =GUMFHA (MF s NF Y/ (FLOAT (MSETY)

477 SOVMAG (NF s NF ) =50RK T CARS ¢ CSSMAG (NP y NF ) ~SUMMAG (NF s NF)
478 * KSUMMAG ENF s NF Y XFLOAT (MSET ) ) /FLOAT (MBET-1)))
479 SOUFHA (NF s NF ) =SART (ARS ( (SSFHA (NF s NE ) ~SUMEHA (NF 5 NF )
480 * XSUMFHA (NF» NFOXFLOAT(MSET) ) /FLOAT (MSET~1)))
481 1290 CONTINUE ‘

The data are now written on RAD file 37.

482
483
484
485
484
487
488
489
490
491
492
493
494
495
4946
497
498
499
300
501
502
203
504

505

C
L STORE ALL INFORMATION IN DIRECT ACCESS FILE #37 ON DISK
C
IREC=1
WRITE(I7 IREC) TITLEyIDAY,ITIM
WRITE(37'IREC) NFROBEsNSERsRO»CAFDRyR? s CAFFUsNCARLE
* CARLEL y CCARLE Yy INSTNOyFOWOSE
WRITE(I7/IREC) NFTyNSTsNRTyNFTsNFHCAL s NMGCAL
00 1300 NS=1.NST
WRITE(37 IREC) ((FERM(NSsNR) +RHOINSyNR? ) s NR=1LsNRT1)
WRITE(37/IREC) ((RADINSyNR) s NDEF (NS sNRD ) o NF=1 o NRT 1) y RADCLR (NS)
00 1300 NR=1,NRT1
NOSR=NIEF (NS s NR?
IF(NDSR.EQ.O) GO TO 1300
WRITE(37 IREC) ((RADLOCINS s NRs NI s AXILOCINS » NR»ND) »
KXDFGIZE(NSsNRy NI ) yNO=1 9 NIISR)
1300 CONTINUE
WRITE(ZZ7IREC) ((FREQUINF) s FICKAMNF ) s FHADET (NF Y y FHASWINF ) ) »
ANF=1¢NFT)
DO 1310 NF=1,LNF
WRITE(37 IREC) ((SUMCAL(NF ».J) s SOVCAL (NF s ) ) ¢ J=1 s NCAL)D
1310 CONTINUE
00 1320 NF=1+NFT
WRITE(37? IREC) ((SUMMAG (NF » NF ) » SUMFHA (NF s NF ) s SIUMAG (NF s NF ) »



506
507
508
3209
510
G311

512
513
S14
515
516
S17
218
519
520
521
SRz

523

565
566
567
5498
569
570

1320
1330
C
€ END

C FRI
>

1335
1340
1350

13460
1370
1380

1390
1400
1410
1420
1430

1440

1450

1470
1480

1490

1495
1500

1510

1530
15350

KSOUFHACNFP » NF ) D NF=1sNFT?

CONTINUE

ITFCIREC.GEJNFILIMY WRITELOT1330)
FORMAT (/7 LIMIT OF FILE 37 I8 EXCEEUED. )

OF SECTION WHICH WRITES DIRECT ACCESS FILE

The data are also written on the LPT line printer.

NT SUMMARY OF JOR STATISTICS ON LPT

WRITECLFT»1335)

FORMAT(1H1»20X)

WRITE(LFTy1340) IDAYITIM

FORMATC TURROG: DATE 7 »2(T2¢1H/) ¢ 12 TIME ' »2CI2#1HI)y 12
WRITEC(LFT 1350) NFRORBEyNSER

FORMAT (7 FROBE NO.$/yA&4: 50Xy 7 SERIAL NOCT/»18)
WERITECLFY»1360) ROyCAFDK

FORMAT(’ DRIVER SERIES RESISTANCE: »F10.15Xs "IRIVER SHUNT CAF. 7y
¥ E12.4)

WRITECLFTy1370) R?yCAFFU

FORMATC(/ PICK-UF SHUNT RESISTANCE! »F10.198Xs 'FICK-UF SHUNT CAF. 17
X P E1204)

WRITE(LFTy1380) NCABLEyCARLEL yCCARLE

FORMAT(’ CARLE I.Ite NOI yASySXy TLENGTHI »F10. 125X "CAF Ty
X E12.4)

WRITE(LFTy1390) INSTNO

FORMAT (7 EDDRY CURRENT INSTRUMENT ND.3‘»eA6)

WRITEC(LFT1400) FOWOSC

FORMAT (7 POWER DSC T.011.7sA6)

WRITECLFT»1410) (FREQUNF) yNF=1+NFT?

FORMAT (/s 10Xy "FREQUENCY ! 7y 1OCIFEL2,455X))

WRITECLFT,1420) (FPICKAMONF) s NF=1NFT)

FORMATC FICK=UPF AMP T.0.87¢7Xr100A4+9X))

WRITE(FTs1430) (FHADET(NF) yNF=1sNFT)

FORMATC(’ PHASE DRETECTOR I3’ 94Xr10(A6+9X))
WRITEC(LFT>»1440) (FHASW(NF)sNF=1,NFT)

FORMATC(? 180 PHASE SWITCHD «8Xy100H3,12X))

NF=0

00 1600 NS=1sNST

NODF=1-+NDF (NG)

[0 1550 KD=1+NOLF

NF=NF+1

WRITEC(LFT»1450)

FORMAT(1Xr />’ SAMP FROF REG DIAM THICK RHO FERM’ s
L DEFSIZ  RADLOC  AXILOCY)

[0 1500 NR=1yNRT1

IF(KD.EQ.1) GO TO 1490

NOSR=NUOEF (NS5 NF)

IF(NDSR.EQ.0) GO TO 1490

[0 1480 NIx=1,NDSR

IF(NDWNE.(KD-1))60 TO 1480

WRITE(LFT»1470) NSsNFsNRyD(NSyNR) y THINGyNR) yRHO (NS NR) »
XFPERM(NSyNR) yIFSTZE (NS s NRyNID » RATLOC INS e NR» NID » AXTLOC INS 5 N NI
FORMAT(IXs I35 22Xy I3»2XsI2y20AXsF& . ) v 1FELL.3yOFF8.1»3(FB.3))
CONTINUE

GO TO 1500

WRITE(LFT1495) NS NFsNRyDINSsNR) y THINSyNRD y RHO (NS s NR) #
KFERMING s NR)

FORMATC(IXy I392Xs I3p 22X I291X s 2(F6.3) s 1FEL11.350FF8. 1)
CONTINUE

WRITE(LPTy»1510) ((BLANKS) yNF=1sNFT)

FORMAT( AVLREADINGS vAXr4(Als "MAG s 7Xy 'FPHA’ »6X))
WRITE(LFTy1520) ({(SUMMAG(NFyNF) » SUMPHA NP s NF) ) yNF=1sNFT)
FORMAT(12Xy4(F10.5,F10.5))

WRITE(LFTy1530) ((SODUMAG(NFsNF) s SOVFHA(NF s NF ) ) s NF=1,NFT)
FORMAT (2X» STH.IEV . 92Xy 4(F10.5¢F10.5))

CONT INUE
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571 14600 CONTINUE

G722 WRITECLET»14650) NFHCAL » NMGC AL

G730 14650 FORMAT(L1HO, © AVERAGES & STANDARD DEVIATIONS OF CALIBRATION ‘»
G774 X TREADINGST v 137 MAG =13y FHAY/)

G575 WRITELFT»1660) (FREQ(NF)sNF=1sNFT)

576 16460 FORMAT (310X, 1PELI2.40)

577 WRITEU.FT1870) CIBLANKS) s NF=1 e NFT)

578 1470 FURMAT(8Xs3(ALly 'MAG’ »BXy "FHA »7X) 3

579 [0 1700 NO=1sNCAL

580 WRITEALPT30)

521 WRITE(LFTy £680) C(BLANKS » SUMCAL CNF s NCD ) s HF =1 v LNF)
982 1480 FORMAT(EX»&6CALF10,5))

583 WRITE(LFTy 1620 ( (CBLANKS e SOVCAL (NF ¢ U Y o NF =1 ¢ L NF)
584 1490 FURMAT( S0 »6(ALF10.50

5985 1700 CONTINUE

586 GO TO 2000

587 C

5388 C END OF SECTION WHICH WRITES SUMMARY REFORT ON LPT
S8y C

The section starting with statement 1800 contains the assembler code to clear the screen of the LOT

terminal.

G990 C THIS SECTION OF ASSEMELER CODE IS NECESSARY IN ORDER 10 CLEAR

991 C THE SCREEN OF THE TERMINAL.

92 ° '

593 1800 CONTINUE

594 INLINE

599 LIl 4 0014 LOAD SURERASE SCREENY IN REG 4

5964 LOIs1 F4002 LOAD 4000 + CHANNEL OFFSETY INTO REG 1.

597 OCEs1+8 SELECT CH 02

596 LIT =3 #8014 LOAD REG 3 WITH NO FARITY80ATA RITS 1 STOF
599 QLR399 DUTFUT REG 3

&S00  READY ISE»2:9 INFUT STATUS IN REG 2

401 TERE,2+8 READY TEST BIT 8 IN REG 2.3TAY IN LDOFP UNTIL RDY
402 OLiky 4,9 QUTHFUT RITS 8-15 0OF REG 4 TO CH AQ2

4H03 FINT

504 GO TO ISTATE

The program is terminated.

405 2000 STOF JOR
606 END

A sample printout is given below.

TUBRLOG: DATE S/ 9/79y TIME Lltlsioe
FROBE NO.:12V1695 SERIAL NO.? i U S SN
DRIVER SERIES RESISTANCE! 1000000,0 DRIVER GHUNT CAF.t 0.0000E400

o PICK-UR SHUNT RESISTANCE ! 333332,0. o  PILCK=UP SHUNT CAE 3 QOO0 404

CARLE T.01, NOC2L LENGTHS 720 CAF.!l  0.18B008~-09
ENDY CURRENT INSTRUMENT NO.31503 e e s e
POWER 0OSC I.0,151-85%
FREQUENCY? 1.0000E+4+03 S5.0000E+03 2. 0000E+04
L LPLICK-UR AME T.D. ¢ 18A-83. ... 1Ha-R4 15A-85
FHASE DETECTOR f.0.¢ 156~79 156~727 18A~78
180 FHASE SWITCH: ON e N
SAMF PROF REG  IIIAM  THICK FHO FERM . DEFSIZ RADLOLC _AXTLOC
i 1 1 2,00099.999  1.000E+20 1.0
b2 004626 0,487 1. 000EH20 1.0
1 1 3 0.40% 0,110  J.3500E+01L 10.0
AV, READNINGS MAG EHA MaG. . PHA PMAaG FHA
3,.31137 2.52167 3.0414% Z.484423%3 3.38340 3.14837
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STOLDEV. 0.00274 0.00338 0.,00391 0.,00000 0.00478 0.00000
L. SAMP PROF KEG DIAM THICK RHO FERM _DEFSIZ . RADLOC.__AXTLAC _
1 2 1 2.,00099.999  1.000E4+20 1.0
1 2 20,424 0.687  1.000E+20 1.0
1 2 30,405 0,110 3.G00E+01 10.0 0065 Q.232 0.000
AVLREATINGS MAG FHA MAG FHA 3 FHA

3.304634 2.52827 3,04149 3. 45555 3.39298 3.1625Y9
. BTN DEV. 0.00478 0.00756 0.00873%  _0.,00000 . 0.00627 . 0.0073L .
SAMF FROF REG UIAM  THICK RHD PERM DEFSIZ  RADLOC  axXILol
56 168 i Q0. 72799,999  J.500E+01 200.0

896 148 20,626 ©.0581 1.000E420 1.0 _
56 168 3 0,443 0,091 ZL,500F4+01 540 0,044 0,290 0.000
__AVREADNINGS | MAG FHa. ] MaG . ... FRHA . MAG A

3,323099 2.,27908 2.76510 3.,33882 3,14263 3.18757

STO.OEV. 0.00276 0.00338 0.00338 0.00000 0.,00276 0.,00276

AVERAGES & STANDARD DEVIATIONS OF CALIERATION READINGS: 2 MAD QNPHA

1,0000E+03 5,00006403 2, 0000E+04
MAG FHA MAG FHA MAG FHA
3,90004 3,00526 5,97349 2., 99976 3.92541 3.00801
S.0. 0.00391 0.00338 0.00391 0.,00391 0.00000 0.00338
T 1.98966 3, 00308 2,02621 0.99654  1.99131  3.01149
5.0, 0.00138 0.00338 0.00138 0.00276 0.00138 0.00195
3,88414 1.03392 3,96428 1,02506 3, 93501 1.05350
S.m, 0.00000 0.00098 0.00276 0.00000 0,00391 0.00138
’ 1.98234 1.,03878 2,02274 1.02811  1.99684 :
8.0, 0.00138 0.00138 0.0019% 0.00120 0.0019% 0.00169
Reference

1. Modular Computer Systems, Inc., Ft. Lauderdale, Fla., MAX IV System Processors FORTRAN 1V,
Reference Manual, Publication 210-610500-010BQ0, 1976.



Appendix B
THE TUBFIT PROGRAM

The TUBFIT program is written in FORTRAN IV, which is compatible with the FR4 compiler in a
ModComp MAX IV systern processor.' It reads data from RAD file 37, which was recorded when the
TUBRDG program was run. Before running TUBFIT, three preparatory steps are required: the file should
be allocated, the TUBRDG program should be run, and the program should be called up in the edit mode
and cataloged under another name, such as NEWFIT, so that the newly named program can then be edited
and run without endangering the original TUBFIT program.

It is most important that the dimensions of the arrays be correctly specified in lines 65-79 and that the
arrays shared with TUBRDG should have identical dimensions. The commented dimension statements in
lines 44—60 indicate the necessary dimensions in terms of the quantities defined in lines 7--36. Actually,
the use of dimensions larger than necessary would not cause trouble if the computer capacity is not
exceeded, except for the first dimensions of READNG, TMAGM, and PHASEM; these must be exactly as
specified in lines 48 and 53. The term NPT is equal to the total number of properties (including defects).
The user must also ensure that RAD files 21 and 31 have enough space to store the data to be recorded
when the program is run. RAD file 29 must also be set up. However, if it does not contain the necessary
coil data, the user will be prompted to type in whatever coil properties are needed; these data are used only
for reference purposes and are not used in any of the calculations in this program.

The data in lines 106--110 may need to be changed. The terms LITEK and LOTEK are the logical input
and output units, respectively, for the terminal at which the operator works; 11 is the logical input unit for
typing in responses to the computer questions, and LOU is the hard-copy output line printec. The other
parameter that may need changing is NUNIT, which selects the units to be used for the computer printout.
If NUNIT = 1 the output lengths will be in inches, and the defect volume will be in cubic inches. It NUNIT
= 2 the lengths will be printed out in millimeters and the volumes in cubic millimeters. In either case, the
resistivities will be in microhm-cm, and the permeabilities will be relative. The NFILIM value should be
equal to the first number in the dimension statement of FILE 37.

A listing and step-by-step analysis of the program follows. Various variables are defined in lines 7--36.

1 I f\l‘[)(\i’\ﬁ T”l‘! Ty
20 3
3 C TR A LEABT BAUARES FIT 1O Idva READ INTO A DISK
4 © ROGRAM AND THEN FERFORM CONTINOUS BAUK CALCULATIUONG
L Il‘"\”x“)‘ﬂ?\[ CEATIINGS THAT ARE MaAOE BRETWFEN EACH QISPFLAYED SET.
6 G
7 =RTSTANMCE OF ST OBLONG axXITs
a4 EUOLUME OF D
O MEMAYIMUM MUMBER OF CDEFFICIENTS IN EXFANSTUN
G : AL TNFUT UNIY CL=TTY)D
[ QUTFUT UNTT FOR PROMPTING AND DISFLAY
[ L QUTELUT UNIT FC CRMANENT RECORD
[ M ONUMBER OF TN ANY REGION
C OF TaTe CHANMNELE
[ VAR EARLE FOR MIC-COMP DATA=1ST CALO UATA BYTE HEX OR DEC
[ ] _L‘“HT ON LINES IN FILE 37y THE DATa FILE
« S
f: T ;
[ LN T
[ MF PERTY INDEX
[ B =MAX THUM NUMEE FRTIES Dal.CLLATER (=4 NOW)
[ MET=TO0TAL NUMBER + Nl MRBER OF I i
[ B ALUE OF NPT
C NEPHCAL=NUMRER OF
I NMGOCAL=NUMBER OF f’Yf\(BNITl.JI,lE (.,(-\le\ﬁT TONSG
f: NEAL=NPHCALENMGCAL=TOTAL COF CALTERATION REATINGS
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UNDEX TO TURN ON THE S8ATURAT [H €] *11\(1NE T <
NUMITINDEX OF LERGTH UNITS( [
FADLOC=RADLIAL DISTARCE OF DEF

5)
CEOF CONDUCTOR

27 G AN D
28 PWIE R L= ARTH FROM COTLFNRY=COX AN )
29 C CROOF COdX 1AL C [NCLUINING A I [ TON NEXT TO COIL.
30« T L=NET- L HUMBER OF REGIONS EXCLUDING ALR CGTON NEXT T COIL.
31 € LB MMI E INDFEX
32 NG T =NUM P\I COF TURING SAMFLES
33 C NG l DF = DNDEX 10 STOF THE ITNSTRUMENT READINGS
34 MAL O IF NONE USELD

5L

(

T3

%

The dimensions of various arrays are given in lines 39—41 for arrays of fixed dimensions and symboli-
cally in lines 44--60 for arrays whose dimensions may need to be changed. The actual dimensions for the
latter arrays must be entered in lines 65-79.

37 C

38 STONS THAT ARE N(’l"' CHANGRETH

39 N T IM( 3 (Y {6 s PRONAM{S)

40 JTHME YOI L)’H"vl SETCA) s CEAINCSEY y BTN ()

41 DIMENSTON CONURT (22 yNCOMUCAY sUNTTS (e 2) yUNCS?

42

43 O Dl ‘F.N )] Qns THAT ]

44 CHSTON ROGC(NCHS s NCAL)Y s RGO INCHS s NCALD

: [ 2 NOFDLGRY CTRIFRMS L 5 s FROONPT ) » PROFONFT o NFROFM)

C FTHOFTONFT) o FHDFTONFT) o JPOL CHy NFT o NFROFM)
[y COELCIRDFRMY » COEF CTROFRMy NFROFM)
Lokkk REALNG (NFT-HLy TRI M1 s NFOL CErNFT)
[ AOFSETONFROPAY o JRIPR ONFROFM)
C LML ONFT y NFT 7 s RHOONRT o NFT Y y WONRT o NFT 2 o THORRT o NFT)
[ FLOCONET o NFTY » ZLOCINRT o NFT) s DETZ INRT ¢ NFT )
C ROFCNSTY s FREQONFT) yGATNINFT Y

Hokk TMAGH (NFT s NFTY s FHASEM (NFT s NF T
BUUMAG CNF Ty NET) r SIVFHA CNF Ty NFT)

FICKAMONET) s FHADET (NFT) r FHASW (NET)

RADCNST s NRT1) « RATICLRONS T s NIEF (NST s NRT1)
HOCNST s NRT 1) v FERMONS T s NRT1) ¢ DFS NST e NRT1 s MNDF)

n
oD D

ST RADLOCONS Ty NIRRT L s MNINF ) y AXTLOCONS Ty NRT L » MNIH)

Y G 1 SUMCAL (NCHS > NCAL) » SIVEAL (NCHE y NCAL)

40 C DIMENS ll)N TOFSETINCHE) » TELOFE (NCHS)

41 ©

&2 L THE AFFROPRIATE NUMEBERS SHOULD RE INSERTED IN THE FOLLOWING

&3 0 DIMENSION STATEMENTSS  COMMENTED DIMENSIONS MARKED XXk MANDATORY?
C

DIMENSTON RIGC Sy 4) yRIOGO Sy 4)
I ME N‘al ON POLARY (1480 yPROCLA8) yFROF (16815 6)
[ EME ON THOFT 3 o FHOFT () vy JFOL LS 3y 6y COECLE) y COEF (1546
DIMENSTON READNG(1469y16) s NFOL.CA»3) 2 JOFSETCH) » JRIFR ()
il Ml NSTON ROCL(4,1868) yRHOCA, 1L&B8)Y v ) (42 168) y TH(A168)
: RLOC (4 168) s ZLOC (45168 512421 68)
NIF 168 y FREQOA) »GATNCA)
THAGM{168y3) s FHASEM 168+ 3)
SOVMAG 168y 3) s SIVFHA(L 68 3)
ENSION FTCKAMCA)Y y FHADIET C4) vFHA“N(‘U
GTON KAl(54 7) y RANCLE (546 ) » NDIEF (8
ENGSTON XRHO(S567) v FERM (G569 7) s IIF qllk.. (Gbv7v4)
TIMENSTON RADLAC Sy 724 y AXTLOC(SS 79 42
DIMENSTON SUMCAL (S 4) 2 SIIVCAL. (A 4)
DIMENSLTON TOFSET6) sy TSLOPE(6)

J‘uf(‘N
ENSTON

Various special variables and the common blocks are declared in lines 81—-85.

LN

a1 L2vl 42 L3sl50 6

(234 ALKXS NFROBE > NCABLE y INSTNOQy POWOSC s FLCKAM FHALIET

23 AL¥X8 TITLECZ)

B84 COMMON/ B/ REARyRIsR2 v Xy ZL v RLIMs ROy K7y TNIRy TNFU» ZLURy ZL Uy X

3% COMMONARAZ L29LSs0L6
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The RAD files are defined in lines 87--97.

i
[ 2YOCONTAING THE COIL DATA,
DEFINE FILE 2920(80,32:UsNCOTL)
r
[ 37 CONTATNG THE FEXPERIMENTAL MEASUREMENTS MALE USTNG TURRIDNG
b B7CACGD A0 Uy TRIEL
[
[ S COMNTATN THE COEFFTICTENTS OF THE FITS,
130100 Uy LODET
[
I. PULE 31 Wivl STORE THE COEFFICTENT DATA FOR THE MICROCOMPUTER,
GEFIAME FILE 31(8192v4,UNCOELD

Initial DATA values are entered in lines 100—121. Line 100 contains conversion constants, and lines
101103 contain printout words; these will not ordinarily need to be changed. Lines 106--108 contain
constants used in the computer program and defined in lines 7--36.

€ nATA THAT DO NOT NEED 0 BE CHANGEDS
Dara TWORLZ26,.283185317/ 4R :
DATH FPROPTYZ4HREST » AR ERH ﬂHlH]h 94thll L y4Hﬂ| | ("H?HII}- 51/
LBATA UNITS/4HMOCM s AHBEL « o AMINCHy 4HINCH ¢ AHINCH e AHUUIN s
* GHMOCH r AHFEL « » 4H MM s 4H MM s 4H MM 5 AHCUMMY

4/ NLARLZL/

Coomara THAT MAY NEET TO RE CHAMGED:
NATA IRUPRM/lS/?IR/l/vNEHS/&/;ITIMS/1024/yNPﬂOPM/&/yNPRUPT/i/
DATA NPT/LA8 «NFRINT/Z0/» LOUZE/ s LITER/L /s LOTER/ S/ e NFILIM/ 400/
DATA STOR/STOR /s RLANKS/ CAYNUNET /L /s NEQEDZZONOO/ » TCOEF /LY
Dara T TZ2:275 10499251 G110 B2, , 47035 7
NATA ])l“f’/“o}l;hvoUVUéV‘¢oﬁ439c(U549

Lines 118 and 119 contain NRT*NPT initial material propercties, some of which will be changed when
the program is run. The NFT values of GAIN should be entered in line 120; NCHS initial values of
calibration gains and offsets should be entered in line 121; they will also be modified as the program is run.
The MAG value should be 0 if a saturating magnet is not used; 1 if it is.

M

G 1% MATERLIAL PROPE G ONOW FOLLOWySTARTING WITH THE FIRST

C [#F CRTY SET FOR LOWERMOST REGION. (RHO= SISTIVITY IN
] C M1 OHM-CM 5 UsRELAT IVE MEARILITY § TH=T X G IN INCHES)
s SOME OF TH VALUES ARE CHANGED TO THE S OIN THE DaThA SETy
114 C READ FR :
117
118 UATS 0/

1 OaTa F¥OEP/» TLOCSE7 2RO/
0T H 17

0naTa

R . I“(‘V.‘I \ l )
Illfﬂ(l)~ {0

WRITE <L.0U 1A [N
20 FORMAT (LOX . IGRAM O TURSIT DATE e Blile M)y s
1 COVIME oy 20L291MIY l‘:‘,'
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The coefficient data file index, NCOED, is incremented, and the data from FILE 37 are read. If the
number of lines read exceeds the preset limit, NFILIM, which should be the same as the first diraension of
FILE 37, subsequent calculations will probably contain erroneous data. Therefore, control jumps to state-
ment 855 to print an error message and to produce a choice of options, allowing the operator to stop the
program and check the input data and dimensions.

134 NCUED=NCOED1

133 C

136 C NCOET TNCREMENTED (FROM ADURESSE D AT Ox THEFTIT anliks an 4
137 € READ INFORMATION IN DIRECT aC F47 O ey

138 C

13% It

140 REAUCE? 2 TRECY TITLE, IDAY»ITIM

141 READ{E? 7 TREC) NEFROBE s NSER» RO DAFUR y ROy CAFFPLUy NEARLE ¢

142 X CARLEL yCO . DWOSC

143 FCAL s NMMETAL

144

145

144

147 ERMONS y NI o XRHDOMS e NR D o NR= 1 o MR T

148 READCIZ7 7 TRECY CCRALING o MR » NDEF ONGS o NED Y o NE=1 o NRT LY « RADCLRONGD
149 L0 30 NR=1yNRTI

150 NISR=RNOEF (NS v NRD

151 IF(NDSR.EQ.OY GO TQ 30

152 READ(37? 71 CO L TRATHOC CNS p NR o NID » AX LLOC ING » NFCa NI Y

158 XL UNG y NR e DY ) » NIt 1 vy HINSR D

154 30 CONTINUE

153 EATC37  TREC) (CFREQINE DY o FTCRAMONF ) v FHATIIE T CNF ) » FHASWONF ) ) »
156 yNET)

157 LNF =200 NFT

158 NCAL=NFHCALXNMGEAL

159 0o 40 NE v LNF

160 READCIZ IREC) CORIGOONF v iNC) o SIVEAL ONF o NT Y Y o NU=1 o NOALD

1ol 40  CONTINUE

1462 0N S50 NF=L1syNPTT

163 REALCI77TREC) (CTMAGMONF o NF I s FHABEM ONF « NF Y » STIVIAAG INF s NF ) »
144 KGSOVFHACNF o NF Y )y NF=1oNFT)

165 50 CONTINUE

1646 TFOTRECOGE JNFTLIMY GO 10 853

The CIRCOL subroutine is called to read the data from FILE 29 for the coil named NPROBE or to
prompt the user to type in the coil data (see Appendix C for CIRCOL listing).

167 €

148 C THIEE INFUT DATA FOR THE COLL FaRAMETERS ARE REAL FROM FILE 29
169 C USING THE COIL NAME It M OFITLE 30.8E:L FILG.25F.4

17¢ C AND FIGe4r o7y ORNL-TM-4107y FOR DEFINITIONS.

171 C

172 Cotl CIRCOL(LITERyLOTERK y NFRORED

The total number of defects, NDF(NS), in the NRT1 regions of the NS sample is found.

173 C

174 C RESISTIVITIESy THICKNE SETOFROM THE
1749« DATH READ FROM FTLE 3 T

176 C

177 NG 70 NS=1yNST

178 NX=:0

179 00 40 Ni P NRTL

180 NX=NXANDEF RS e NFO

181 60 CONTINUE

182 NIOF ONG 2 =NX

L3

183 7 CONTINUE
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The conversion factor, CVT, for the units is set, and the property index, NP, is initialized.

184
135

CUT s GV T MU T 0D

The properties in the NR regions of the NP set of properties are set with data read from FILE 37. All
other properties not specifically overwritten at this time will remain as initialized in the DATA statements
in lines 118 and 119.

[ LOOEF QLR AL, Mot VI HG BaMit B

Ui 100 MS=l T
NOLF = LT ONE )
B0 100 K=t NODF
NF=MFoE L

LOOF OV THEE METL

SET OTHE UALUE OF RN

PROTRE REE TN O SRR g MR R

0 @0 N
FHO Oy NEF

P NRETL
KRGO ONS M)

MONG » MR

THONF s MP Y CRATTTREG e NR- L = FRATHO NS e NED D XEVT
S0

RATHCL R (NS

TF (MR NI
TH{L » MF

(U
e SRV T RCCRA T O e M- T ) FRETTIENE e NRC)

1.1 G0 TO 90
NGy NFV)
1 0Y G0 0 S0

TFANDGR K

[ LOOF OVER THE NDGR R

L 80 NI
BHO{MNE
LECNE o NF )
TF (NI

MIOSK
W

ORGSRV
3T
JOUNS e MR NI 2T
PLE v NIy N
J e NI e NTOY SO TN

ROGL CNEy NF
LEONTNE <
FLOE OMNFU e MF
ZLOC {NR y NF

HO CONTINUE
PO CONTINUE

WRTYE (LOTE
110 FORMAT S THEF
TN e DZe 0 N

GO T
1246 10 13
no
130 COMY INLE

TiOTHE MUMBER OF FROPERTIES . " Ay
= [t NMPTTE T

The date and time when the data in FILE 37 were taken are printed on the LOU output terminal.

[ THE DaTE AND TIME aRE FRINTED

WRITE (LOU«LAC) TOAYe LVENM
IRMAT 7 CALT FOM 0ATe TAREN poZOT2y A 0y E2s
TIME 7 2CE2¢dIHE)y 1270
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The total shunt capacitances in the driver and pickup circuits are calculated.

Fibkis NW G e

COLVFaUE CF A@ies)

FPTANCECFARSLSG

M el Ak F Ok Fatit 1L EG
CiRsuLrs.

farft OO

Statement 150 is used as a return point for a later option. If the variable NPRINT = 1, then the
properties in the various regions of each sample are printed on the LOU output terminal.

248 C
150 CONT INUE

[ EACH SEY OF PROFPERYIES FOR

CACH REGLON TS NOW PRINTED (Y

TFOONFRINT SNE L L2 GDTO 240

=1y NOTIF

WRITE L OUy 1500
16O FORMAT (LX)

WRITECLOU L2270 YUNTTE CE o NUNT T UNTTS (L -
RUNTTS Cay MUNTT) v UML TS (O e NUNIT) s UNETS CHyNUNT V2 s UNT TS CH e NUNLT S
170 FURMAT( PRLSET  RE THICK RESTUY FETRM RAL ClLR
KRAD LOC AXIAL LOC  DEF SLZ9y /s lsXeBae8Y e ZX 040Xy 048Xy

XA4y 206X yA4))
: NR=1 s NRTL
FEQLLY GO TO 200
HEF NG v NFO
TFONDSRGEQ.O) GO TO 200
0O 190 ND=1yNDSR
ITFONDGNE . CRT=20) 60 T0 190
WRITECLOUy 1802 NF o MR THOME NFO o RHOONR NF Y s U CMBy N »
HROCL ONR y NF O o RLOC INF o MED) v ZLODCONR s WE DY o IS5 L2 OB v NFY
180 FORMATOLIX»20TE5) y2CLFPELZ A4 s OFF? W3y IFELZ A, 0FF 2, 4y FO A 1PEL2, 40
190 CONTINUE
GO TO 220
200 WRITECLOUy 2003 NFyNRe THONFNF D o RHOCNR ¢ NF D o TN« ME )
KEDCL CHR s NF)
210 FORMATOIXs 2015y 201LVE
O CONTINUE

NUNMIT Y e UNITECD y NUNTT ) o

2eAYOFFY Ay P

280 22
281 230 CONTINUE
282 240 CONTINUE
283 WRITEOUs 160D

If NPRINT = 2 the phase and magnitude of the output voltage at each frequency are printed on the
LOU output terminal.

284 [

285 TFONFRINT « MEE. 202 A
286 WRITECLOU 2500 CORLANES D o NF =L e NF T2
287 200 FORMAT (7 AV RDGE 5

288 o 270 NF=1yNPT
289 WRITE.OUy260) NP COTHOGUGMONF e MF D s FHASEMOME - NE DY ) o N
290 260 FORMAT(9X s I3 2X s ACF 1O Gy F10405))

291 270 CONTINUE

292 280 CONTINUE
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1941

An index used to prevent repetition of certain prntouts, such as property headings, is NLABL. If
NPRINT = 0, control shifts to statement 630, where various printout options are offered; if NPRINT +# 0,
control shifts to statement 880, where options are offered to print out data and measure unknoewn samples.

293 C
254
200

TLNELOIGED TG RO
276 GO TO 430

K

The property-fitting part of the program starts qow.

[
[f? LEAST SGUARES DESTGN SECTION,
¢
L

GELECT FROFERTY TO ER ULVTTED AND SET UF PROPFERTY ARRGY .

The first dimension of the PROP array, MSET1, is set, and the second index, NPROPT, is checked io
see that it does not exceed the maximum allowed value, NPROPM.

30 200
203 MEETHL
304 TFONFROFTDGTNFROFMY GO TO 860

The choices of property and region to be studied are offered and read; the property name, XP, and the
units, UT, are selected. Then the NPROPT column of the PROP array is set up.

30%
304 Wi l .
x07 Z20 } [JF\M(‘H [
308 1
309
210
Al '.)f lYLN{ h(]F )

Jiz UT=UNTTS ONFR OF s-Nle ™
313 0o 340

314 ] O
15
31é
317
313
119 ) -+
320 340 CONTINUE

! I\I'IF E ?-\I (

(O YIIt T f'il‘

The type of polynomial is selected to fit the chosen property. The number of tecms in the polynomial is
IRDPR; the array specifying the terms is JPOL; the first index indicates whether the term is a magnitude or
phase and specifies the type of function, its highest power, and the number of cross products; the second
index specifies the frequency; the third index gives the property. The subset of JPOL for the particular
property being fitted in the current operation is NPOL. The subroutine POLTY?P actually seis up the
polynomial in the array called POLARY.

21 A0 WRITELOTERy 3600

322 JI4HO FORMAT O TYPE L IF THERE I5 OFFBETY O IF NO OQFFSETI ¢/
323 RE AIU LITER %3 JOFSETONFROFT)

324 BETONFROFT)

225 T

324 370 v 3805

327 380 FOR H{H\:; SELECT THE NUMBER OF THE FUNCTION TYPFEy FOLYNOMIAL



FOR EACH Mesd L TOIE & FHASE )

e 390

FUNCTION TYFED D=LINEAR 2=l 06 S=lxR a=1Rg
cr LAHOD

e A0

Xy FCTH AL # CROSS /729X TYFE DEG TERMS )

390 FORMAT
400 WRITE(LO

410

Lo
Lo
NC

NC
4300 (NF)
NF )
)
2y

440 CONTINUE

450 CONTINUE

1 F ) 630

460 FORMATCO" ERROR?! # OF TERMS IN FOLARY EXCEEDS DUUMENSION')
JROW=TRDFRM 41
CALL FOLTYF(POLARY s JROW s TRIFRyNFOL v 6« NF Ty 29 TOFSET » LOTERKD

By using the selected polynomial type, the instrument readings are expanded into the READNG array
by calling the RDGEXP subroutine. The working set of properties is PRO.

360 C

3461 C EXFAND THE RAW READINGS INTO IRUFR READINGS.
362 ¢

363 470 T 480 NF=1»NFT

364 THIFTONF ) =0,

345 FHIOFTONF Y =0,

3466 480 CONTINUE

3467 00 4920 NF=1:NFT

368 CALL RIGEXF (REASING y THAGHM s FHASEM e NFOL » TOFSETy THOF T » FHDFT »
369 AMGETLy TRIFRLIsNFyNF Ty Lo Ly NFeNFT)

370 FROONF ) =FROF (NF NFROFT)

371 490 CONTINUE

The leasti-squares fitting of the READNG polynomial expansions to the PRO properties is donie by the
ALSQS subroutine.

372 C

373 ¢ 00 THE LEAST SQUARES FIT OF THE READINGS T0 THE FROFERTIES.
374 G

375 CALL ALSASIREAINGy FROCOE y RSOSy MBE Ty IRIFRyMSET 1)

The sum of squares of the differences between the actual and calculated values of the property,
SSDIFF, and the sum of squares of the drifts, SSDRIF, are initialized, and printout headings are written if
NPRINT = 2.

376 ©
377 C CALCULATE THE DIFFERENCES IN THE FIT AND THE MAXIMUM DRIFTS.
378 C
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379 500 GGURIF=0.

380 SELT) Qe

381 TFONFRINT EQ.DIWRITECLOUy S1O2XF o NREGy XF«UT v UT o UT e UT

382 TFONFRINT CEQ ZOWRITELOTER y HLOXP s NREGy XF 2 UT» UT s BT 2 LT

383 510 FORMAT(IXy /27 NF “yfdy” IN REG 212x7 CAL " sAdy X "DIFF v BXy
384 X ORIFT » /510Xy A4 3(8Xr04))

The “drift” is initialized for each property value. Loops are started to introduce a 0.01% error in a
magnitude or a 0.01° error in a phase shift, the polynomial expansion with one erroneous reading is set up
by calling the RDGEXP subroutine, and the “‘drifted” property value is accumulated as SUM.

385 Do 570 Nl NPT

384 RIFT=0,

387 0 540 NF=LeNFT

388 O 530 RO=1ly2

38y

390 L ONE MAGNITULE QR FHASE UDRIFT IS SET ON AT A TIME.
391 C

392 TFONCEQ LY THIF T (NF 1=, Q001X TMAGH (NF s NF )

93 TFONCLEQ, 2 FHIFTINF 1=, 01

394 CALL RDGEXP(READNGy TMAGM y FHASEM » NFOL s TOFSET » TMIFT o FHDF T
395 Xy MGETLy TRDFRLIyNFoNF Tl e Ly NFoNFT)

324 C

397 G THE FOLYNOMIAL 15 CALDULATED

398 C

399 SUM=0,

400 ne 520 IR=LsIRIFR

401 SUM=SUM+COE (TR XREADNG INF» TR

402 520 CONTINUE

The value of READNG (NP, IRDPR1} is the value of the NP property obtained by the least-squares
fitting of the polynomial by the subroutine ALSQS. [ts difference from SUM is accumulated without regard
to sign as DRIFT, and its difference from the actual value of the property, PRO (NP), is called DIFF. The
squares of the differences and drifts are accumulated as SSDIFF and SSDRIF.

403 ORIFT=0RIFTHABRS (REAING (NP ¢ TRIFRL I ~SUM)
404 THLF T (NF 3 =0

4015 FHIE T ONF ) =0,

406 G330 CONTINUE

407 G40 CONTIMNUE

408 DIFF=FROCHF Y -REAUHNGONFy TRIFRL)

409 SSLIFF=08UIFF+RIFF*DIFY

410 SELRIF=SSIRIF+URIFTALRIFT

If NPRINT = 2 the actual and calculated values of the property and the corresponding difference and
drift are printed on the LOTEK and L.OU output terminals.

411 IF(NPRINT NEL2)GO TO 570

412 ¢

413 © THE ENTIRE FIT IS FRINTED OU)

414 ¢

415 WRITECLDU»S40)NF e RO CNEY « REATING (NF s [ROFRL) » DEFF s DRIFT
414 WRITE (LOTER s S&60)NF s FRO(NF) y READNG (NP » TRUFKL ) s DIFF » DR TET
417 S60 FORMAT(1IXr I3+ 4F12.5)

418 570 CONTINUE

The rms values of the drifts and differences are calculated as SDRIF and SDIFF; they would be the
standard deviations of the drifts and differences if the distributions were normal. In any case, the name,

region, and rms values of the selected property are printed on both output terminals, with the selected
units, UT.



419
420
421
422

423

280

38

SIRIF=8QRTISBDRIFAFLOATIMGE T

SOIFF=SQRT  SSLTFF FLOATMSET Y

WRITE L QU s T8OIXF e NIREG« SUTFF s e &0 LF N

WRITE U OTER »SBOYXF o NREG e SV FF ol e GUREF 10

FORMAT CLX e 7 ¢ 7 RMG DIFF IN 7ende” L RLG $0 L0 7 FLlOW e IX rAd

If NPRINT = 3 the least-squares coefficients of the fit, COE, are converted to binary hexadecimal by

the subroutine CONVR8 or CONVR9 (depending upon which microcomputer is being used) and then
written on FILE 31. The file index, NCOED, is incremented, and the property name is written on the
PRONAM array.

474
425
424
427
428
429
430
431
432
433
434
435
434
437
439
439
440
441
442
443
444
445
444
447

990

595
597

600

610

¥y TRIFT="3F10.5s1XyA4)
IF (NFRINT.NE.3)G0O TO 430
IF(NFROFT.NE.1260 TO
00 5995 NC=1+NCAL

00 S92% NF=1sLNF

CALL CONVRY (RIGOUNF - NCY » 1 s NCONU

00 595 II=1v+4

WRITE(IL NCOEDDNCONVCT L)

CONTINUE

WRITE(L.OUy160)

WRITECLOTEK 1400

NCOEDLI=NCOEIH-4x T RIFRM+

WRITE (3L NCOET) IrDFR

L0 610 I=1:IRIFK

CALL CONVRY (COETT ) » Ls NCONUWD

WRITEOU SO0 Lo CORECTY o iNCOMVOT T e 1 T=1ed) s CFOLARY CLe 12w gl v )
WRITECLOTER $4Q0) T v SOECIY e (NCONVOL DY v T b=t o) o (POLARY (L » Y v d=1 v D)
FORMAT (7 COEFC 212y 705w IPELS 74X e (70 v 3 X)) s 1IX o TAAD

COEF (T s NFROFT)=COE(I)

DO 410 NCO=1s4

WRITE(IL NCOETDNCONVINCD)

CONTINUE

NCOED=NCOE1

FROMAMONEROF T ) = XF

The unconverted coefficients of the fit are also written on FILE 21. Then the file index ICOEF is set
back so that the last written line of FILE 21 (containing STOP) will be overwritten the next tirue data are
entered in FILE 21. Finally, the property index is incremented to be ready for data for the next property.

448
449
450
451
453
453
454
455
456
457
458
459

Dooo

THE COEFFICIENY»OFFSETyNFOL AND TRDER ARE WRITYEN ON THE RAD DISC
FILE #21.

WRITE(21 ICOEF Y XFy TRIFR JOFSE T INFROT)
WRITE(21 TCOEF ) CCOEF CIRs NFROFT Y v L1 v TROFR
[0 620 NF=1sNFFT

WRITE(21"ICOEF) (NFOLCTeNF) s I=1 482

CONTINUE

WRITEQL ICOEFYSTOR yNFT v RFT

ICOEF=1ICOEF~1
NFROFT=NFROFT

The operation to be performed next is selected.

4460
461

4463
444
465

c

630
640

WRITE(LOTEK 640

FORMATC? 1 FIT FPROF 2 PRT ENTIRE FIT 3 FRT/S5V COEF 4 CHG FCTNAFROL Y
¥ ‘TYF & RUN TEET /)

READCLITEK » %) h INT

GO TO300y 50052053509 850) y NFRINT
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If' the last option was selected, the property number is set back to the previous value, and control jumps
to statement 880, where another choice of options is offered.

4466 S50 NPROFT=NFROFT~1
A67 WRITEALOUs 560D
468 HHQ FORMAT (1X)

459 G0 TQ 880

If the value of NPRINT was typed in as 5, control is transferred to statement 900, which terminates the
program. {f NPRINT is typed in as 3 or 4, control jumps to statement 700 to take new readings from the
eddy-current instrument.

470 C CALCULATES FROPERTIES FROM MAGNITULES AND FHAGES AND CONTINOUSLY
471 C DISPLAYS T ON THE LST TERMINAL.

472 C

473 700 IF (NFRINTEQL3)WRTTE (LOTER » 7100 CPRUNAMUNERD) » HFRO=1 » NFROFT )

474 710 FORMAT(1Xy 68Xy A4s3X))

475 TFONPRINT (EQu ) WRTTE (LOTERK 715) CCUOLTS C2KNF -1 s VOL TS { 2ENF ) )

476 KrNF Ly NFT)

477 15 FORMAT (1Xs 37 MAGC7 s 110 ) FHAC »T1s /)70

478 WRITE (LOTEK 6607

A loop is now started to take magnitude and phase readings (TMAGM and PHASEM) to expand them in
the chosen polynomials (JPOL) by calling the polynomial expansion subroutine (RDGEXP), and to use the
stored coefficients (COEF) with the polynomial lerms of powers of the measurements (READNG) to
calculate the property values (PRO). The instrument readings are updated by calling the READAT sub-
routine. The loop is continued by the test in line 521 until the foot pedal is depressed, which will set
NSTOP to 0 and terminate the loop with the last calculated values of the properties (PRO), magnitudes
(TMAGM), and phases (PHASEM).

479 C

480 © EXFANGION OF TMAGMONFyNF) AND FHASEM(NFNF) INTO REAING(1s IRDFRM)
481 C

482 720 DD 800 NPRO=1sNFROPT

483 ) 790 NF=1,NFT

484 00 780 I=ls+éb

485 NEOL CT o NF )= JPQL (T ¢ NF v NFRO)

486 780 CONTINUE

487 THLFTONF Y =0,

488 FHOFTONF ) =0,

489 770 CONTINUE

490 TOFSET=JOFSETINFRO)

491 TRDE JROFRONFROD

492 TRDFPR RIFR+L

493 CALL RIGEXP (READNGy TMAGM » FHASEMy NFOL» TOFSET » THOFT ¢ FHOFT »
494 AMOETL s IRDPRL 1o NFTrLrls1sNFT)

AP5 FRO(NFROY =0

496 nog 800 IR=1sIRIFR

497 FROCNFRO) =PRONFRO) ACOEF (IR NFROIXREADING (1 v IR)

496 800 CONTINUE

499 NGTART=1

500 TFANFRINTEQ. DIWRITE(LOTERK 805 ) (FRONPRD) » NPRO= 1y NFROFT)
G501 805 FORMATCIHT»6{F 13,500

502 €

503 C NEW REATINGS ARE MANE FROM THE EDDY CURRENT INSTRUMENT.
504 C

505 NCH2=NCHE+2

506 825 IF(MAG.ER. 1) CALL REAIAT(VOLTSyNCH2: 10241« NSTOF Yy MAG)
HO7 CaLL READAT(VOLTS s NCHZy TTIMS y NRET » NSTOF» MAG)

508 IF(MAG.EQ. 1) ChALL SATHAG(O)
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VOL.TS(8)
O 830 NC-
VOL TS (N =VOLT
830 CONTINUE
CALL CORRDGVOLTS y OFSET s COATN NITHG )
840 DO 845 NF=1+NFT
THAGM CLy NF ) =V0LTS (2%NF -1
FHASEM{L yNF ) =VOL TS C2XNF)
845 CONTINUE
TFONFRINTVEQ.AURITE (LOTERy 820 CCVOL TS C2RNF 1) » VOL TS C2ANF )
¥ NF=1yNFT)
820 FORMAT(IH+»6(F13.4))
TFONSTOFLGT OGO TO 720

B RVOL TS CZ) ZV0LTS (i)
Ly NCHEG
SINCYHTOFSET (NCYHTSLOFE (N XVDL TS )

[
[ PROGRAM WILL STAY IN THIS LOOF UNTITL THE FOOT PEDAL IS PFRESSED.

After the foot pedal js depressed and computer control escapes from the loop, the properties calculated
last (PRO) or magnitudes and phases (TMAGM and PHASEM) are printed on the LOU terminal, depending
upon whether NPRINT was chosen as 3 or 4 respectively. Then control jumps to statement 880, where the
various options for the next job are offered.

TFONLABLANPFRINY CEQ«AWRITE CLOUy 710 (FRONAMONFRO) v NFRO=1 o NFFROFT)
NLARL=NFRINT
TEONFRINT JEQ I UWRITECLOU 850 (FROCNFRD) « NFRO=1y NFROFT)
S50 FORMAT(IH #&(F13,5))
TFONFRINT CEQ4YWRITECLOU 850 CIUDL TS C2RNF—1) o VOL TS L ERNF ) )
Ky NF=1 s NFT)
GO TO 880

If the number of lines read from FILE 37 exceeded the limit set by NFILIM in line 107, the error
message in FORMAT statement 857 will be displayed on the LOTEK terminal.

532 855 WRITEU.OTEK,BS7)
533 857 FORMAT (7 LIMIT OF FILE 37 IS EXCEEDED. )
834 GO TO 830

If the number of properties being fit with polynomial expansions exceeds the limit set by NPROPM in
line 304, the error message in FORMAT statement 870 will be displayed on the LOTEK terminal.

535 860 WRITELOTER,B870)
536 870 FORMATCZ FROF ARRAY IS FILLED. )

The choices for the next procedure are offered, and the last option terminates the program.

537 880 WRITE(LOTEK,8%0)

538 820 FORMAT (7 FRINT tl.PARAMETERS 2.MEAS VOLT 3.CALERDISFLAY FROPS-
539 Xy 4, RAW RIGS.G.RE-CALIE 6. .8TDF »/)

540 READCLITERK y ¥)NFRINT

541 GO TO (150,2005700s 700,895+ 200) y NFRINT

542 895 CALL CALIB(RDGE NCHS Yy NSTOR)

543 CaAll. RESET(RIOGCyRIGO»OFSET s GAINsSTIVy NCHE)

544 GO TO 880

545 200 STOF JOR

S48 ENDO

A sample printout is given below.



EML DLFE DM THEII N RIS 4 3s G O OG0 TellH e THRTF T e O0O30 TMNOH

M [N DR EFT
FHUH THCH
1 O 00018 y D0
2 0,00 Q. 0G0
& [ G G00

A N 000030
5 (Ol (0,000
& Qe DGOLG Q. 000
0 004 . Q00
0. 00¢ Q000

0 1 G 00030

0. 00040 000030

(3 QOGS O OQO3G

= O0GEY QL. DGG30

13 =3 UG0SE 0. 00030
14 =L QQ0ET 000030
1% = QL. Q0038 0.0G0030
L4 =G QOOL4 0. 00030
17 O 00099 000030
18 0,00111 0., 00030
1 Q. 00095 0, 00030
20 0. 00069 0, 00030
21 =~ DOOBRA 0. 00030
&R =0.,00003 0. 00030
AR QL0002 0.00030
=, 00002 Q00030

Q.00018 0. 00030

0.000 (G .00030

Q00057 000030

QL. 00067 0.00030

Q. 00103 0. 00030

RMS LEFE DN THTK IN REG & 3= 000055 THCHy TNIRIFT:= 0. 00030 INCH

RME DIFF IN LRSS IN REG # 3= 0,00563 CUINy, DRIFT= 0,00557 CUIN
% ORIFT
CUIN
1 L, 031846
@ D.00345

Reference

1. Modular Computer Systems, Inc., Ft. Lauderdale, Fla., MAX IV System Processors FORTRAN IV,
Reference Manual, Publication 210-610500-010B00, 1976.






Appendix C
THE SUBROUTINES

CIRCOL
The subroutine CIRCOL retrieves data for the coil named COLNAM from FILE 29 and transfers the
data back to the main program in COMMON block B3. If COLNAM = 0 the operator will be asked to type
in a six-character coil name. In any case, a search will be made through FILE 29 for a coil named
COLNAM. If no such coil is found, the message in FORMAT statement 60 will be displayed on the LOTEK
terminal, and the operator’s tesponses will be read at the LITEK teominal.

i
2 SUBROUTINE CIRCOLCLILOUyCOLNAM)
30 okkx SUBROUTIMNE TO DETAIN COIL DATA siok (20 aPRIL 1978
4 REAL k& COTL » COLNAM
5 COMMON /7B3/COLNAMyREBARyRL P2y XL ZL o RLIMs RER7 o TNIN Y TNy Xy ZLIR » Z1FU
é DEFINE FILE 24(80.30yUsNCOL)
7 NCOL=1
8 IF(COLNAMINE,. 0. 2G0 TO 40
? 10 WRITE (L.OUry20)
10 20 FORMAT (7 TYPE COIL NasE (UF TO 6 LETTERSYIY)
i1 READ (LIs30) COLNAM
2 30 FORMAT (A4)
13 A0 READCR6'NCOLICOTL yREBARyRIsR2y XL ZL o RLIMs ROy R7 s TNDR s TN X s ZULDR s ZLPU
14 IF (COTL.EQ.COLNAMY (G0 TO 70
15 IF (COTL . EQ, FEND ) GOTO SO
16 GO TO 40
17 SO WRITE (LOUs&60) CNAM
18 40 FORMAT(" COIL “»A4y NOT FOUND. TYPE FOLLOWING COIL PARAMETERSG: ‘s
19 X/ v’ RBARYRIAR2e XLy ZL o RLIMyROCOR s ROCFU» TNIR » TN Xy ZLIR s ZLFULT )
20 READ(LI %) REARyRLsR2y XL, ZL RLIMsROCDRs ROCFUs TNDR s TN X5 ZLDR » ZLFU
21 70 RETURN
22 END
23 C
TOTAL RECORDS WRITTEN = 24
EXIT
$AVR CI 4
FEND LIST

READAT

The READAT subroutine is not included in the listed program but is stored in the user library (UL) in
binary object code. It controls the acquisition of data from the eddy-current instrument via the parallel
data acquisition system of the computer (called MODAC for the ModComp IV computer). The data are
stored in an array called MARRAY and converted to floating-point volts in line 51. As long as the foot
pedal is held down, the test in line 53 will keep the control looping back to statement 30. When the pedal is
released, the last values calculated for VOLTS are returned to the main program.

For a different computer system this subroutine would probably need to be rewritten, particalarly the
part in assembly language. The objective is o return the NCHS instrument readings of magnitudes and
phases at the various frequencies back to the main program in the array called VOLTS.

1 SUBROUTINE READAT(VOLTS: NCHS» ITIMS s NRET » NSTOF » MAG)

2w

3 C SUBROUTINE TO READ DATA FROM AN EDDY CURRENT TEST USING THE MODAC,
4 C FROGRAM SENDS FROMFT SIGNALS OVER THE AO02 CHANNEL AND DISFLAYS THE
5 © CURRENT READING VALUES OF THE DESTGNATED CHANNELS QVER AD2,

4 € NOTE: SYSTEM FROTECT SWITCH MUST RE OFF FOR FROGRAM T RUN.

7 C AFTER NSTOF HAS GONE LOW(FOOT FEDAL DEFRESSED) AND ROUTINE HAS

8 C RETURNED OMCE TO SIGNAL FROGRAM TO MAKE READING (NRET=1).

43
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C THEN HANG IN MERE (LOOF NRET=0) UNTIL NSTOF GOES HIGH (=1)»
C THPLYING THAT FOOT FEDAL HAS REEN RELEASED.
¥
- 2 ITIMeNCHSTF IMAG
DIMENSTON VOLTS(12) v MARRAY (12
ITIM=1ITINMS
CONFAC=819 .4
I G=MAGKB122
C o
30 NG 10 N=1yNCHS
MARRAY {N) =0
10 CONTINUE
C LOOF THROUGH THE CHANNELSsNCHS ITIMS TIMES AND SUM THE READNINGS.
INL INE
LDOMy & ITIM LOAD THE NO.OF TIMES IN REG.é
LMy 7 IMAG LOADN IMAG INTO KEG.7
ITLF  LOIe«3 1 LO0Aanr 1IN REG.3
LIEy2 QO ZERD REG.2,INDEX REG. FOR MARRAY
CHLF  ABRs 340 AL BIT O TO REG.3sSTART ADC SWITILH

ATIR» 347 Al REG.7 TO R CECIMAG ADDETD

0Ll 3,2 OUTFUYT REG.3 TO FORT 32

SERs 30 SURTRACT START RIT

OLMts 3,2 QUTHFUT REG.3»SEND HI»THEN LO FULSE

SUR 3,7 SUTRACT IMAG RACK OFF

LAS Y3y 1 SHIFT REG.3 LEFT ONE FLACE
35 RUSY  IDDeSe0 INFUT FORT 30 INTO REG.S
34 TERRE» Sy 14 RUSY TRANSFER RBACK TO ‘RUSY’ IF RIT 14 HI
37 OnDy 742 ZERD SENT OUT ON 32(TURN &Ll OFF)
38 RAS7 S92 SHIFT REG.S(HAS ADC #) Td POS.RIGHT
39 ESSs a4y CONVRT ADC F  TO DOUR REG WORD IN 4,35
40 ALMIEs 452 MARRAY MARRAY (REG . 2)ADDED TO REG.4-5
41 STMD 4,2 MARRAY RESULT STORED RACK IN MARRAY(REG.2)
4?2 ARR 2514 REG.2 INCREMENTED BY 2(MARRAY I§ T1x%x32)
43 CRMIy 2 NCH« CHUP CHLE LOGF BACK TO CHLF ITF(REG.2.LE.NCH)
44 SHREB: &9 15 ITLF DECREMENT ® OF TIMES IN REG.4»

45 X TRANGFER RACK IF NOT 0
TOedy 0 READ FORT AGAIN,LOOK AT FOOTSWITCH
ETES FFFFE EXTRACT RIT 15 (& WITH COMPLEMENT)
STMG STk STORE IN STF
FINI

0O 20 N=LsNCHS

VOL TS (RO =FLOAT (MARRAY (N ) ZCONFAC
20 CONTINUE

IFCSTRL LY oL e ANDGN

HEGELOY GOTO 30

54 =G T
55 RET =21
1) RETURN
57 ENT
TOTAL RECORDS WRITTEN = 538

CORRDG

This subroutine takes the values of VOLTS for each channel from the main program, multiplies by the
GAIN for that channel, adds the corresponding OFSET (offset), and returns the corrected value of VOLTS
to the main program.

1 SUBROUTINE CORRIG(VOLTSyOFSET »GAIN NCHE)
2 DIMENSION VOLTS(B)»0FSET(S) vGATIN(SE)
3 DO 100 NCH=1sNCHS
4 VOLTS(NCHY =0F SETINCH)Y +GAIN(NCHY XVOLTS (NCH)
S 100 CONTINUE
é RETURN
7 END
TOTAL RECORDS WRITTEN = g

EXIT
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CALIB

This subroutine automatically takes the calibration readings by calling the READAT subroutine with
appropriate calling parameters to set the relay switches in the calibrator module. Actually, READAT is
called twice for each channel, with a delay after the first switching to allow the readings to settle down
(primarily to allow the low-frequency filters to have sufficient discrimination time). The delay is produced
by taking readings 1024 times in line 391 before calling READAT again in line 392. The values of VOLTS
retumed from READAT are called RDGC (calibration readings) betore being returned to the main program.

For a different computer or a different instrument, this subroutine would probably need to be rewrit-
ten. This version is written for an automatic calibrator module, whiéh switches known phase shift and
attenuator networks into the circnit at the various frequencies by means of relays activated by the program.
{f no automatic calibrator is available, this subroutine can be eliminated, the switching can be done by
hand, and the data can be 1aken by the READAT subroutine when the foot pedal is pressed.

SUBRDUTINE CALIR(RDGCyNCHS » NSTOF)

1

2

3 ¢ FROGRAM TO DRIVE AUTOMATIC CALTEBRATOR MOIUHE

4 ©

5 INTEGERXSZ NREIG

& DITMENSTON RUOGCINCHS v 4)»VOLTS(8)

7 G 100 NRLG=1y4

g INLINE

G LIy 2 MNRLIG LOAD VALUE OF CHANNEL SELECT IN REG2
10 SERy 2,15 SURTRACT OFF 1(GO FROM O TD 3
11 Ony 243 QUTFUT TO FORT 33+8ET CALTRRATOR
13 FINI

13 CALL READAT(VOLTS NCHE» 10241 s NETOF 0}

14 €

15 C DELAY FOR & MS TO ALLOW RELAY TO SWITCHBREALINGS TO SETTLE

16 ©

17 CaLL READAT (VLTS NCHE» 3192 1y NETOF,0)

18 L S50 NLH=1,NCHS

19 ROGCONCH s NRDG) =VOL TS INCH)

20 S0 CONTINUE

21 100 CONTINUE

22 INLINE

23 LIy 2 7 LOAD VALUE FOR OFERATE MODE IN REGZ
24 OnNy 2.3 QUTEUT TO FORT 33,8ET CALIRRATOR
25 FINT
26 WRITE (S, 2102 (LelyYI=1,o3)

27 0 200 NRDG=1,4

28 WRITE(Gy 220 NRIGy (ROGCINCHy NRDG)Y » NCH=1 » NCHSG)

29 200 CONTINUE

30 210 FORMAT(3Xs 3¢/ MAGC vy Iis ) PHAC «T19737))

31 220 FORMATIX»I2,6(F11.5)2

X2 RETURN

33 END

TOTAL RECORDS WRITTEN = 34
EXIT

RESET
The RESET subroutine does a least-squares fitting the NRD=NCAL=NPHCAL*NMGCAL calibration
readings for each of the NCHS channels. It finds the best-fitting values of offset and gain to correct the

latest calibration readings (RDGC) back to the values (RDGO) when the data in FILE 37 were taken. It
uses the formula

RDGO = QFSET + GAIN*RDGC .
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The best (least-squares) values of OFSET and GAIN to make this correction for each of the channels are

then returned to the main program with the standard deviations of the fits.

1 SURBROUTINE RESET(RDGE »RIGOyOFSET»GAINy STOV s NCHE)
2 ¢
3 G SURROUTINE DOES NCHS LEAST SQUARES FITS OF RDGO=0FSETHGAINXRDGC
C LEAST SQUARES SURROUTINE IS STANDARD FOR Y (D =0FSETHGAINXX (D)
5 C
6 DIMENSTON RIGCCNCHS»4) sRIOIGOCNCHS»4) yOFSETINCHES) » GATNINCHS)
7 DIMENSLION STINV(NCHS)
3 LDATA NRI/4/
9 L0 100 NCH=1sNCHS
10 SUMX=0.0
11 SUMY:=0.0
12 SUMXY=0,0
13 SUMXX=0.0
14 SUMYY=0.0
15 © :
16 © FERFORM LEAST SQUARES FIT OVER NRD READINGS
17 C
18 DO S50 NR=1sNRD
19 SUMX=SUMXARDGC (NCH» NR)
20 SUMY=5UMY +RTIGOINCH » NR)
21 SUMXY=SUMXY+HROGT (INCH y NR)XKROGO(MCH s NR)
22 SUMXX=GUMXX+RIGEC (NCH» NR) XRIGC (NCHs NR
23 SUNYY=8BUMYY+RIGO (NCHy NRDXRIGO(NCH s NR)
24 50 CONTINUE
25 XBAR=SUMX/NRD
26 YBAR=5UMY /NRI
27 GAIN(NCH) = (SUMXY-SUMXXYERAR ) / (SUMXX-SUMXXXEAR)
28 OFSET(NCH) =YRAR-GAIN(NCH) XXRAR
29 STOVCNCH ) =SGRT (ARS ((SUMYY-SUMYXYRBAR-CATN(NCH) ¥ (SUMXY-SUMXXYERAR) )/
30 ¥FLOATONRD=-2)Y) )
31 100 CONTINUE
32 WRITE(SeZ2100(IrIyI=1y3)
33 WRITE(Sy220) (OFSET(NCHY s NCH=1yNCHS)
34 WRITE(Sy230) (GAINI(NCH) ¢ NCH=1yNCHS)
35 WRITE(S»240) (STOVINCH) s NCH=1 s NCHG)
36 210 FORMAT(SX»3( " MAG( »T1y ") FHAC »I197)7))
37 220 FORMATC( OFSET »6(F11.5))
38 230 FORMATC(? GAIN “y6(F11.5))
39 240 FORMATC(Z STHOV “yb(F11.5))
40 RETURN
41 END
TOTAL RECORDS WRITTEN = 42

REM RESET

EXIT

SATMAG

If ferromagnetic samples are being tested, a saturating electromagnet is usually needed. It can be turned
on and off by the computer by using the SATMAG subroutine. If the value of MAG is O in the call, the
MODAC port 32 sends out an instruction to switch off the magnet; if MAG = 1 the magnet is switched on.

C

O NS UL Gl
loRuEeRe]

[

SURROUTINE SATHMAG(MAG?

IF MAG = 1sSATURATING COIL IS SWITCHED ON IF MAG = O»FIELD IS
TURNED OFF.IF MAG.GT.1,ROUTINE RETURNS WITH NO ACTION.

INTEGERX%X2 IRIT

IF(MAG.GT.1)60 TO 100

IRIT=MAGXRB192

INLINE

LIMe 2 IRIT THE VaLUE OF MAG(O OR 1) IS FUT IN RIT 2
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12 (0, 2,2 THE BIT IS SENT OUT ON MODAC FORT #32
13 FINI
14 100 RETURN
L5 EMII
16
TOTAL RECORDS WRITTEN = 17
EXIT
ALSQS

Subroutine ALSQS takes the READNG array constructed by subroutine RDGEXP and finds the array
of coefficients COEF that when multiplied by the READNG array will give the best least-squares fit to the
property array PRO. Upon teturn, the besi-fitting property values are in the last column of the READNG
artay, and RSOS is the residual sum of squares of the differences from the actual property values. The A, Y,
B, and R2 tetms correspond to READNG, PRO, COEF, and RSOS respectively.

764 SUBROUTINE ALSAS (A Y rReR2 o NNy MMeNA)

7865 C

746 ALSAS I35 A FORTRAN IV SUBROUTINE TO S0LVE THE LINEAR LEAST
767 O SQAUARES FROBLEM  NORM(AR -~ Y) = MIN. CALLING SEQUENCE I8
748 CALL ALSAS (A« Yy Bel2yNeMyNA)

769 G WHERE

770 C A IS5 AN ARRAY CONTAINING THE LEAST SQUARES MATRIX.
771 € UFON RETURN THE (M+1)-TH COLUMM CONTAINS THE

772 € AFFROXIMATING VECTOR AR.

773 © Y IS THE VECTOR TO RE FIT

774 C R CONTAINS UFON KETURN THE COEFFICIENTS OF THFE FIT.
775 C RZ2  CONTAINS UFDON RETURN THE RESTINAL SUM OF SQUARES,
776 € N I8 THE NUMEBER OF ROWS IN THE LEAST SQUARES MATRIX,
777 T M 16 THE NUMBER OF COLUMNS IN THE LEAST SQUARES

776 € MATRIX.

779 G NA 18 THE FIRST DIMENSION DOF THE ARRAY A.

780 €

781 C IMFPLICIT REALXES (A-H,0-7)

782 DIMENSTION A(NAI) s Y (L) RC1LD

783 N = NN

784 N1 = N+1

785 M = MM

7846 M1 = M41

787 MMl o= M-l

788 €

789 € REDUCE THE LEAST SQUARES MATRIX TO UPPER TRIANGULAR FORM
790 ¢

791 00 460 L=1+M

792 885 = 0.

793 00 10 I=l e

794 10 88 = 88 + ACLsL)¥X2

795 82 = 5%

796 G =8RART (82

797 IF (ALl LT.0.) B8

798 It = 82 4+ SKA(L L)

799 ACLyL) = AU L)Y + &

800 IF (LJEG.M) GO TO 50

801 L1 = L+1

802 D0 30 J=lisM

803 PEo= 0.

804 no 20 I=leN

805 20 FF o= PF 4+ ACLsLYXACT e D

806 30 ACNL, )Y = FP/D

807 D0 A0 J=L isM

808 ng 40 I=t.wyN

809 40 ACTry Y = ACTy ) = ACTILIXAINL D

810 S50 ACNLyLY = -8

811 &0 CONTINUE

812 ¢



48

[ RELUCE THE VECTOR Y

[0 80 I=1sN
80 ACTyMLY = YOI
IO 100 L=1+eM
FF o= 0.
no 920 I=l.«nN
?0 FEeos= PR AT LY RACT o M1)
o= PRAC-ACLy L)XAINL Y L))
0o 100 IstsN

100 ACTYMLY = ACLMLY = DXKACTHL)
C
C CALCULATE THE COEFFICIENT VECTOR K
C
B(M) = ACMeMI) ZACNL M)
IF (MJEQLL) GO TO 130
IO 120 LL=1yMil
L= MLl
Lt o= Lokl
FEOs ACLYMLY
00 110 I=lleM
110 FEO= FE o ACLy 1YKECD)
120 FE/ZACNL L)
C
C CALCULATE R2
r
130 88 = o,
MEL = Mt
D0 146G T=MF1LyN
G5 = HE + ACT ML) KKD
140 ACLeMLY = 0.
B2 68
o
e FERFORM THE BACK CALCULATIONS
C

o170 Ll=teM

L= Mol
FECw 0,
no 150 I=lsN

150 PR = PP ACT LKA M)

o FRZC-ACLyLIXAINLYLY)D
DO 160 1=t eN
140 ACTo MLy = ACTy ML) — DXACTeL)
170 CONTINUE
RETURN
Fu

CONVRSE

Floating-point numbers from the ModComp minicomputer are converted to the hexadecimal represen-
tation of the floating-point binary used by the NDT-COMP8 microcomputer, which has an exponent and a
high- and low-order mantissa. (The numbers converted here are not used directly by the microcomputer but
rather by the minicomputer assembler program, which generates the program for the microcomputer.) The
three parts of the hex number are returned in the NCONV array. It is written in the ModComp [V assembly
language.

SURRBUTINE CONVRS (XNUMy NCONV)
INTEGE 2 NEXFLyNHEL»NLOL
DIMENSTON NCONY(3)

SURRDBUTINE 1O CONVERT MODCOMP FLOATING FOINT NUMBERS TOQ THE

HEX REFRESENTATION OF THE FLOATING FOINT RINARY THAT THE NDT-COMP3
USES.THE FORM 16 EXFONENTFRACTION WITH THE FIRST TW0O NUMBERS

THE EXFONENT AND THE LAST SIX THE FRACTION. VERSION 16 11 77




SKIF

FRETN

NZRI)
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ZHUM=XNUM

INLINE

LMD ¢ & ZNUM LOADN ZNUM INTO REG 617

LLQr4y1 SHIFT QUAD REG 4~-7 TO LEFT

Lallyde 2 ARTH SHIFY DOUR REG TO LEFY

RLQs4,1 SBHIFT QUADN REG TO RT»DUMP 2 EXFT EIT
TEREs 4+ 0 KT SRIF AROUND TF ZNUM WAS NEG

BRU RETN GO TO RETURN IF ND WAS FOS

ARR 650 INCREMENT RIT Qs8IGN RIT

TTRINe v TUWOS TOMPLIMENT OF 6,7-CHANGS TO FOS
TERREy 648 NZRO TESTS RIT 8. XFERS IF NONZERO

LU & FROCO LOADS ROOO IN REG & IF IT WAS ©

MER 20 4 THE EXFONENYT I8 TRANSFERED TO 2

GBTMy 2 NEXF1 ANDI STORED IN MEMDRY.

MLEYy2v 6 THE HI ER MANTESSA IS XFERED TO 2
GTMs 2 NHI1 ANTE ST Tre

MEF 27 THE LDOW ORDER MANTESSA I8 MOVED TO 2
STHy 2 ML ANDY STORELD.

FINI

NMOONV L) =NEXF L
MECONQ (Ey=NHIL
NCONU C 3y =NL ]
FE TURM

BN

CONVR9

Floating-point nmumbers from the ModComp minicomputer are converted to the hexadecimal represen-

tation of the floating-point binary used by the NDT-COMP9 microcomputer, which has an exponent and a

high- and low-order mantissa. (The numbers converted here are not used directly by the microcomputer but

rather by the minicomputer assembler program, which generaies the program for the microcomputer.) The
three parts of the hex number are returned in the NCONV array. It is written in the ModComp [V assembly
language.

12
13
14
15
164
17
18
19
20
21
22
23
24
25
26
27
28
29
30

SKIF

RETN

NZRO

SUBROUTINE CONUVRY (XNUMe NTYFE » NCONY) S e e
INTEGERXZ NEXFLNHILNMIL»NLOL
DIMENSION NCONVC4)

SUBROUTINE TO CONVERT MODCOMP FLOATING FOINT NUMRERS TO THE - oo
HEX REFREGENTATION OF THE FLOATING PDINT BINARY THAT THE NOT-DOMFP®

USES, THE FORM 19 EXFONENTFRACTION WITH THE EIRST-TWO-NUMRERG —
THE EXFONENT AND THE LAST 51X THE FRACTION. VERSTION 13 % 78

INUM=XNUM

INLINE e et e
LI & ZNUM LOAD ZNUM INTO REG 637

LELGs4rt SHIFT QUAD BELG 4270 LEFT— e
Lallyébe2 ARTH SHIFT LOUR REG TO LEFT

Aallsb #8000 ADD EXPONENT OFFSET TO HI BYTE .

RLOs 451 GHIFT QUAD REG TO RT-DUME 2 EXPT RBIY

THRBr 60 SKIF CGRIF AROUND TF ZNUM WAL NEG e s
ERU RETN GO TO RETURN IF NO Wa8 £0S

ABRy 420 INCREMENT RIT O«SIGN.RBIY

TTRRsbv & THOS COMFLIMENT OF &»7-CHANGS TO FOS

THRBr &8 NZRO TESTS BIT 8sXFERS. LF NONZERD o
LIIsé #0000 LOADS RO0O IN REG 6 IF IT WAS O

MERYy2v4 THE EXFONENT 16 -TRANBFERED -FO-—-2mmiere
STHis 2 NEXF 1 AND STORED IN MEMORY.

MLRs 246 CTHE  HI OEDER MANTISSA-I1S XEERED-TO 2
STM»2 NHI1 AND STORED.

MBR»2¢7 THE MID OQRIER MANTISSA- I8 -MOMED TO-2 . —
STMy2 NMIT AND STORED.

MLR#2+7 THE LOM QRDER RYTE - IS MOVED-T0-2

GTMs 2 NL.O1 AND STOREL.
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31 FINT S e
32 NCONV (1) =NEXF1
33 NCONV(2)=NHTL
34 NCONV (Z)=NMO1
35 NCONV (43 =NL01 - S e
36 RETURN
- 37 END B
TOTAL RECORDG WRITTEN = 38
EXLT

POLTYP

Subroutine POLTYP constructs the POLARY array for printing a representation of the polynomial
expansion. The ENCODE instruction is a ModComp addition to standard FORTRAN., It is the equivalent of
a WRITE statement, which performs an internal character transfer to specific positions to construct output

“words.”
589 QUERROUTINE FOLTYP P ARY » JRODW MROWy NFOL y TROW» NFT s NCy TOFSET » TREY)
590 C
591 C VHIS SUBRDUTINE CONSTRUCTS AN ARKRAY FOR FRIMYIMG
592 L
593 INTEGERXD RIGTYF (2 INUM(S)Y s TROLIICA)
594 REGL X ROLD
595 DIMENSTON FOLARY (UROWsS) o NFPOL CTROWsNF T s FUNTYF (4) p CONSTA )
594 EQUIVAILENCE (ROLT, IROLDCL) )
G597 DATA  RUOGTYP/” M7’ F//yCONSTA/CONS s 2 TANT /4y
593 bed FUNTYP/ " CLIN  » " (LDG y "EXF vy " CINV/ /¢
599 2 INUMAZ1Y 0 2) 93y 9 8) s /S0 5 8) v 7)) v 8Y w9 Sy
&L00 4 BLLANKS/ / f
501 €
402 ¢ Ri.aNK QUT FOLARY ARRAY
603 C
&04 no 71 g
4605 N0 71 I=1y dROW
406 71 FIH.ARY (1« ))=BL ANKS
&07 O
408 NRQW=1
609 IF(IOFSET.NELLY GO TQ 70
610 FOLARY (NROW ¢ 1 )=CONSTACL?
611 FOLARY (NROW ¢ 2) =CONSTA ()
412 NROW=NROW+1
613 C
614 70 nn 200 NF=1MNFT
&H15 0 300 NTYF=1sNC
L1686 NCC=MNTYF X3
617 NCP=NCC~1
618 NCF=NCF -1
619 ENCONE(By 1Oy ROLIDFPOLARY (NROW-1 ¢ 1) o FOILLARY (NROW-1 22
420 10 FORMAT (2A4)
&21 NDEG=NFPOL (NCFyNF)
622 IF(NDEG.EQ.0) GO T0O 300
&23 0o 400 I=1yNDEG
4624 FOLARY (NROW L) =FUNTYF ONFOL ONCEF o NF 1)
&25 ENCODE (420 FOLARY (NROWy 202 ) ROGTYFONTYF ) » INUMONEF)
42468 20 FORMAT (262
&2 7 ENCODNEC(T s 30y POLARY(NRDW 32 ) ITNUMOT)
628 30 FORMAT(AL)
4529 NROW=NROW 1
&30 400 CONTINUE
631 C
632 C CREATE CROSS TERMS
633 C
&34 NCTERM=NFOL (NCC v NF)
6335 IF(NCTERM.EQ.O02 50 TO 300

636 TEANFOEQ L ANDONTYFLER, LY GO 1 99
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SR JENCTERM

638 [ 500 T=1sNUTERM

639 FOLARY (NROWy 1) =POLARY (NROW~1 5 1)

640 FOLARY (NROWy 2 =FOLARY (NROW- 172

441 ENCODE (4,40 FOLARY (NROW 3) Y INUMOT) v ROLD
642 A0 FORMAT (AL IXsA2)

643 ENCODE (4«50 FOLARY INROW 420 TROLIC2) » TROLDCE)
&44 50 FORMAT(2A2)

4645 ENCODEC(A-460»POLARY (INROW5) ) TROLDC4 ) » TNUMODD
486 60 FORMAT (A2 sl 21X

&47 JEog-1

&£48 NROW=NEOW ¢

&49 G000 CONTINUE
650 300 COMNTITNUE
651 200 CONT ITNUE

&5 L

A53 L PRINT RESULTS

654 O

&G0 WRITECIDEV 21 C(POLARY (T v ) 2 ds5d 25 ) » Tl s MROW)
456 21 FORMAT (. POLARY="/(1Xs5A4) 7

AG7 G070 1000

458 O

459 C PRINT ERROR MESSAGES

H460  C

661 P9 WRITECIDEV, 31)

&h&2 31 FORMAT (. ERRORY CANNOT HAVE & CROSS TERM. ON 18T ITERATION D
&&3

644 1000 RETURN

665 NI

RDGEXP

Subroutine RDGEXP constructs the READNG array from a polynomial expansion of varous powers of
various tunctions of the magnitude and phase readings.

The “recipe” for the expansion is contained in the value of IOFSET and in the NPOL array (see Table
C.1). Subroutine RDGEXP constructs the Mth row of the READNG array, which will have the following
elements (total IRDPRM + 1): 1, /1 (M), ., [fi (MD] 2, g0 P), L e POV L fiM ) g @002,
[FoMOVRs g (P, o, [, 00 1 Fn lgn #,). 0, ..., 0, where the number of zeroes will equal (IRDPRM +
1) — IRDPR. If IOFSET = 0 the leading 1 is omitted, and all other terms move oneg position left, adding
another O at the right or making another function term available if needed.

Table C.1. Function descriptive row parametess in the NPOL array

Parameter definitions,

Row 1 NPOL (1, NF)
1 Function type for oufput voltage magnitude conversion?
2 Maximum degree of polynomial in the magnitude function
3 Zero?
4 Function type for output voltage phase conversion®
5 Maximum degree of polynomial in the phase function
6 Number of cross terms between the magnitude and phase tunction

2] =linear; 2 = logarithm; 3 = exponential; 4 = inverse.
Dis value + 0 is inserted, an error message results.
“Logarithm (2) is not allowed, since phase may be negative.
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520 SURROUTINE RDGEXF (READNG» THAG y FHASE » NFOL s TOFSET » THDF T o FHIF T e MSET L
521 Ly TRDFRL oMy NFTyNLyNLY »yNFyNFTT)

522 C REALX8 READING s RIIG

& DIMENSTON READINGIMSETLy IRDFRL) o NFOL CE-NFT 1 THUF T(NFT) o FHOFT(NFT)
5 DIMENSTON THMAGINLTsNPFTTyNFT) s PHASE (NLTyNFTTyNFT)

NFOL CONTAINS A NUMBER FOR THE FUNCTION TYPEs THE POLYNOMIAL
DEGREE s AND THE NUMRER OF CROSS TERMS
FOR THE MAGNITULE AND FHASE AT EACH F
(NF§1-MAG FUNs 2-MAG FOL s 3-MAG $#OROSS T

SQUENCY « STORED AS NFOL
MBSy 4—FH FUN»G-FH Ly

&4

3

oo
IO0OOD0

530 6-FH ¥ CROSS TERMS). IF TQFSET=0s NO C T
531 € WILL RE INCLUDEXs=1 OFF-SET I8 INCLUDED.THF VALUES OF TMOFT(NF) %
932 C FHOFTONF) GIVE THE AMOUNT OF DRIFT IN THE MAGNITUDE AND FHASE.IF
533 C NEOLCNCFyNF) =0y THAT FARTICULAR MAGNITULE ANDI FPHASE FOR THAT
534 C FREQUENCY WILL RE SKIFFED.

535 €

536 READNG (My1) =1,

537 N=1

538 IF(IOFSETWEQ. 1 IN=2

539 DO 210 NF=LsNFT

540 [ 200 MNC=1+2

541 NOC=NCX3

542 NCF=NCC--1

943 NCF=NCF -1

S44 ROLE=RDG

545 IFONFOL CNEZF Yy NF) GEQ.0) GO TO 200

S46 TFA(NCLEQ.1) ROG=TMAG (NI » NF» NF Y+ THIFT (NF)
547 IF(NC.EQ.2) ROG=FHASE (NL s NFyNF ) +FHDFTINF)
548 C

549 C THE TYFE OF FUNCTION IS SELECTED

550 C

551 IF (NFOL (NCF e NF) LEQ. 1 RIG=RIG

552 ITF(NFOLLONCF s NF) JEQ.2)RDG=ALOG (RIDG)

553 IFONFOL CNCF o NF ) JEQ W 3YRDG=EXF CRING)

S5a IFONFPOLONCFy NF) LEQ. 4YRDG=1, /RDG

555 C

956 C THE TYFE OF FOLYNOMIAL IS SELECTED

557 C AND THE POLYNOMIAL VALUES ARE CONSTRUCTED,
58 €

359 READNG My N =RIG

G560 N=N+1

S61 NLOEG=NFOL (NCFyNF )~ 1

567 IF(NDEG.LT.1) GO TO 15

G463 0o 10 Is=1sNDEG

G364 READNG (My N =RUIGHREADNG (My N1

G865 NNt

566 10 CONTINUE

347 C

368 O CROSS TERME ARE CONSTRUCTED

569 ©

G700 15 IF(NFOL(NCCYNF) LEQLO) GO TO 200

571 RIOY=ROLD

572 NCTERM=NPOL (NCC y NF)

G573 N0 20 I=1:NCTERM

574 ROY=ROLIKRDY

575 20 CONTINUE

576 IFCRIY GNELO) RINV=RIG/ROLT

S77 ITF(RDYLEQ. 0 RINV=0,

578 N0 30 I=1:NCTERM

G779 RIOY=ROYKRINY

580 REAING (M NY =RDY

581 N=N+1

582 30 CONTINUE

588 ©

584 200 CONTINUE

585 210 CONTINUE

586 RETURN

o877 END
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Reference

1. Modular Computer Systems, Inc., Ft. Lauderdale, Fla., Reference Manual, MAX II/{TI/IV System
Processors, Assemblers, Publication 210-600500-008H00/B00, 1976.






Appendix D
THE COILDATA PROGRAM

A separate program called COILDATA is used to list, change, or add coil data on FILES 28 and 29.
FILE 28 contains the data for reflection and through-transmission coils; FILE 29 contains data for encir-
cling or inner-diameter coils.

Before COILDATA is run, FILES 28 and 29 should be allocated as specified in lines 7 and 8. Also, the
input terminal (LI), output terminal (LOUY, and the line printer (LPT) should be specified in line 9.

1
3
4

Rl N

FRafifamM DOl nays

UERSTON /710278
T TG CHANGE OFR A0 COTL Dara ON FILES 28 Ok 29,

LN F LT

1 380 32 U NCOILD)
DEFING F 2R OROy 32y Ve NIUTL)
GaTH NFILESOS e LI/ B/ B el T ss

The user is asked to choose between reflection coils (FILE 28) and encircling coils (FILE 29) by typing
REF or CIR respectively. If neither is typed, NFILE remains zero, and control retuns to statement 5.

10
11
12
13
i4
15

WRETE (LOUy 2 G)

1GOFORMAY (7 R REFLECTION COVLS-REFyFOR CIRCULAR COLLS-CIR % /)
A LT e300 FILTYF

TFOFTLY AR R, <8
PECFILTYR EQ, “LITR
TEONFILE EQ.OGO TO 5

7Y NF
Ty ONFI

The procedural options are offered in staterment 17, and several input and output formats are listed in
lines 18--21. The options are read in line 22 and used in line 23.

14 WRITECLOUSLY)

L7 FORMaATC L oLLIST 2.CHANGE 3,400 4.5TO0F % 7))

A FORMAT (A6

A0 FORMATCIXy 121X ASy LEFS. 1)

S0 FORMATCLXy L2+ 1X e AGyOFB. 40 2F10.4,2F8 1y 2E11,3:F8. 10

HQO FORMATOIX» I2+ 1 Xy A6y PFB.4xF 10, 4,F11.4,2F8. 1)
REALCLT s X INEXT
GO TOCL00,20053007400) yNEXT

The LIST option starts by initializing the file index (NCOIL) in statement 100. The proper data file is
selected, read, and printed line by line in lines 28-45. The process is cycled through the complete file by
line 46 until the end of the file is found in line 34, which causes control to jump out of the loop and back
to the list of options in statement 16.

24
25
I8
27
28
29
30
31
A2
35X
34

o
)

10O NCOTL = 1
[ LIST SECTION OF PROGRAM

TENFILE EQ 28 WRITEFT 130D
TF(NFILE EQ.29)WRETECLFTy140)
T40 IF(NFILE EQ. 28 READINFILE NCOTL) COIL s KEAR s RL s R2 s XL3vR3sRA» XL A XIS

Ko TNIFR s TNF Ly XL & s RDCUR y RLCFU

TEONFILE EQ.29IREADNFILE "NCOTL)COIL y REAR s RLyR2y XL o ZLy RLIM y ROCTIIR
K ROCFU THORy TNFU» ZLDRy ZLFUy X

IFCUOLIL JEQ, “END 60 TO 148

NC=NCOTL -1

55
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34 Lo 2B WRTVE (LI s 40 YNC y GO L v REAR 1 R s X1 3y KEy KA X4y XL
37 : TCEU e VNI THEU

38 CERL POV WRTTE CLET e 50 YNE y COTL w REAT B e R XLv 21y L TM

39 DTN TNFU 2] TR 21 F 1 X

40 130 N SN RHAR Y 5K e R VX XLE Xy TRE 56X
41 ¥ S CXLE e EY e XL e 5 RUCEU S » 5%y

42 S/ TNIIR y A% s TRFU 5 >

43 140 FORMAT. N GOTLys L R e G TR SN XL EX T T v 6K
44 KORLIM 5%y CRICDE 5% R CUEX e NI e X CTNELY v AX 0 2Ry PRy
4% AR P

44

The second (CHANGE) option allows the user to change the data in a specified line of the file, the one
with index NCOIL, read from the terminal in statement 220. The new coil name is read as COILN; the
proper file is selected in lines 55 and 56. The user is prompted to type in the data for the coil, and the data
are read into the appropriate line of the file. The definitions of the encircling coil data are listed earlier in
Table 3; corresponding definitions for reflection coils are given in another report.

47
ag 0 SECTION TO CHANGE THE COIL DATA
40 D00 LHU,’!H\

MOT O CHANGE Gl TN OTUENE NOSOYYRPE LIRNE NO TN DATA FLLEY )
READOL T e X RCTTL
WRITE CLOU, 2
FORMAT 7 ME

COTL MaME O 10 & CHARAC

TFONFTLE CFEQ.
]lffNFW!.E.{WJ*MW':hI}'IH
6oy

LR LT

l e 2800

5% o FORMOT O TYPE IRBAR s RI v B2 vl 3o REy FAy L4 L0y LA« RDCTR s RO

&0 ¥y Ty TNDFR s TNFU 9 /)

41 lihﬂ(|1V*\kIﬁF~h1VI.y¥|3vh$vh4 XIQ.YIUvYIﬁslﬂlhhrFUlFUviNhh THFL
2 2y XL 3y By RAy XL Ay X159 XA

&2 .

b4 COTENs REARsRL s K2y XLE3vRZy R4y X149 X159 X6

&% v‘leI \\RIWNWIrTNIH s TNFL)

[4%3) GO T 14

67 2EO WRITE (LOUey 24600

68 2460 FORMAT O TYPEIRRBAR s RL s B2 e XL o ZL o RLTITM e RDUDIR s RDCFUy TNOR » TNFU s 7 9
69 ¥OZLNE 2L P X v /)

70 READCLL o %) RBARyRL+R2y XL v ZL s RILIMy RICDR s RUICF LU s TNDR 5

A1 KTNFL e ZLTE » Z1F U s X

72 W LOUe 40 NCOTL s COTUNyREBARsRL s K2y XL v Z1 s KL 1My

73 ¥RTICDF DCFUe TNORy TNFUy ZLIOR s 20 FU e ¥

74 WRITE PONCOTLICOTILNs REAR s Ry 2y Xl s ZL s R IHM»

75 XERNCOR y ROCFUy TNDOR y TNFU ZLIER y Z1 Pl e X

76 GO TO 14

The third option, to add data to one of the files, sends control to statement 300, where the file index
(NCOIL) is initialized. The NFILE file is then read through in the loop in lines 81 and 82 until the coil
END is found. The coil index is decremented by 1 in line 83 to overwrite the data listed for the coil
previously called END.

770G

78 C SECTION TO Al 70 COTL BATA FILE
79 C
80 NCOTL =1

31 ANINFILE NCOTLY COTILN
82 IFCCOTLNGNE . “END G0 TO 310
83 NEOTL=NEOTL -]
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Statement 315 prompts the user to type in the new coil name; statement 317 tells how to stop the

process. The value of NFILE selects the data requested, which is then read from the terminal and written

on the appropriate file. The process is looped back in line 106 until the coil name END is typed in, at which

time control jumps to statement 390, and the final line of the file is written with coil name END followed

by a number of zeros. The execution is then stopped.

The fourth option (STOP) also causes control to shift to statement 400 and stop execution.

84
8%
14
87
a8
SN
2O
1
G2
PX
P4
PH
@b
77
49
@Y
100
101
102
103
104
106
104
107
108
109
110
111

T OWRTTE CLOU, 2255
WIRTVE QLI 30
S1Y OFORMATC  TYFE END TO STOF 7

T 390

GOTO

320 WRITE
REAT
WERITE

HKow RO
WEE

LOU 250)

y KIWRAR s R v R2 o XL Sy RE v FA» XL A X125 » XLA s RIUCTR y ROTEFU» THNIR y TNFU
2BNCOTLODCOTLNY REARy RL v Ry XL3 v B s R4 XL 4 XL Sy XL b

FROCE Ly TNIHy THEL

DUy 403 NCOTL y COTLNy REAR Ly RZ2 e XL 3 v BB RA» XL 4y XLy XL A

¥ ROCHR y KOO TNEE , TN
GO TO XL
AN0 WRITE (LOUy2602
ke

AUCLT v ) REAR T v 2y XUr Zhy RLTM s ROCHR s ROCFU s THIR » TNFUy
KZLORy ZLFU ¥
WRITE CLOU s A0 YNCDTL » COTLNy REAR s Rl e K25 XEoo ZL y KL IMy ROCIHR » RICEU
FTNIR s TREUY ZL IR« ZLRL X
WRITE (29 NCOTLICOTLN s REAR Yy RLy RZ e XLov Z1 v RLEM» ROCTHR s RDCEU » TNIR s TNFU
*¥ZLDRy ZLFU g X
GOOTO E1E

IGO0

! (NFILE NCOTLDCONNe 28y 2L s 2w 280 20y 88y 38 v 77 v 20w L0 e 20y 2w 27
GO TO 1é

400 STORF J0R
T

A printout of the data in FILE 29, the encircling coil file, is given below. In running other programs the

data for the chosen coil are read from the first line of the file, which had previously been changed to
contain the data for that coil. Hence, the data for coil [300-A appear twice. The initial “T” in the coil name

indicates an inner coil; an “E” would indicate an encircling coil.

-
zZ .

corL

I300-p
I1698e
I291-A
13004
L300--B
1352

201598
V1695
ALT738

MW N D W

-

RBAR fil R2 XL Zl. fL LM ROCIE ROCFI2 TNER TNFU Zing ZLFU
03000 0.91467 1.,0830 ¢ 1.1000 12,2000 12,2000 120.0 120.Q O0.J00E-Q3 0,3C0E-03
014690 0.8876 L.i124 O $ F92C 1,1213%  380.0000 380.,0000 ) ) DDLY7BE~0DY GL.9/BE-O2
0.2910 0.9140 1.0820 0.1718 0.1718 1.106% 27,9700 37.8000 O I20E~02  0.1946E-02
0.:3000 0,9167 1.0B30)  0.1467 0.14647 11,1000 122000 12,2000 D ABOE-0F  0.300E~-03

<3000 0,88467 105800 01667 O.16467 1.1000 19,9300 32,3400 D L24E-02 Q. 125£-02
O, 3520 0.2495 1.0%500 Q.0710 00710 1.0920 45,0000 47,6000 0. 1406202 0¢193E-02

1. 35465 0.9300 L0700 0.1400  0.,1400 1,08%C 12,8000 128000 QL 30QE~03 0. 3IRQE--0X

L1970 0.8%47 1.)164 0,4628% 0,428V 2,2447 ZaB060 7 <5000 0.6008~03  0,000E+00

JAEP0 00,9083 L0947 0.S917  0.5917 2,244 748000 7.8000 0.6D0E~Q3  0,000E+0D

LI7300 0,PG17 141127 0,.%780  0.5780 2.2064 ?.3000 7.3000 2.600E--03 G, 0005400

Reference

1. W, E. Deeds, C. V. Dodd, and G. W. Scott, Computer-Aided Design of Multifrequency Eddy-Current
Tests for Layered Conductors with Multiple Property Variations, ORNL/TM-6858 (in preparation).
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