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PULSED EDDY-CURRENT INSPECTION OF THIN-WALLED 

STAINLESS STEEL TUBING 

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

ABSTRACT 

A pulsed eddy-current system has been developed for 
production inspection of small, thin-wall, non-ferromagnetic 
tubing. 
flaws required an operating frequency higher than available from 
present commercial equipment. 
was designed and constructed that used 3.2 MHz square waves, 
with a bandwidth of  20 MHz. 
detect flaws as small as 0.015 mm (0.6 mils) on either the inner 
or outer surface o f  the tube. A computer controls the scanning 
of the tube, as well as recording, analyzing] and plotting the 
data. 
the report. 

To detect and accurately size both outer and bore-side 

A pulsed eddy-current instrument: 

The system is able to reliably 

The computer programs and instrument details are given in 

INTRODUCTION 

A bellows is fabricated from a 0.3 m (12 in.) section of thin-walled 

stainless steel tubing. Because of  failures in the bellows, methods of 

improving the quality of the tubing through nondestructive testing were 

investigated. The only existing inspection for screening the tubing was 

an ultrasonic shear-wave test. Unfortunately, this inspection could not 

be calibrated to detect interior defects, and required all defects t o  be 

oriented perpendicular to the sonic field. 

conducted to determine if an eddy-current technique could be developed to 

adequately inspect the tubing. 

A feasibility study was 

The problem consisted of inspecting a large quantity of thin-walled, 

stainless steel tubing to a sensitivity level of 0.015 mm (0.0006 in.) for  

cracklike flaws on either the inner or outer surface of the tube. The 

tubes were nominally 3.66 2 0.05 mm (0.144 2 0.002 in.) in diameter and 

*Product Certification Division, Oak Ridge Y-12 Plant, Oak Ridge, Tenn. 

***Development Division, Oak Ridge Y-12 Plant, Oak Ridge, Tenn. 
-1. -xAdjunct L research participant, University of Tennessee, Knoxville. 
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0.127 4 0.013 mm ( 0 . 0 0 5  L 0.0005 i n . )  t h i c k ,  made of s t a i n l e s s  s t e e l  ( type  

321 and type 316 were both t e s t e d ) .  The flaws could h e  e i t h e r  l ong i tud ina l  

o r  t r a n s v e r s e .  

TEST DESIGN 

ANALYTICAL D E S I G N  STUDY 

Although a f u l l - s c a l e  annly'cica-l design s tudy ,  s t a r t i n g  wi th  

Maxwe11.'~ equat ions  and us ing  our computer design programs' f o r  b o t h  wal l  

th ickness  v a r i a t i o n s  and f l aws ,  would have probably given b e t t e r  r e s u l t s ,  

t he re  w a s  n o t  enough t ~ i m n  due t o  p r o j e c t  schedules .  I n s t e a d ,  w e  es t imated  

the  optirnuru c o i l  s i z e  and ope ra t ing  frequency f rom e a r l i e r  work.'  

genera l  c o i l  and conductor system used i s  a r e f l e c t i o n - t y p e  probe ,  a s  shown 

i n  F ig .  I.. This c o i l  system has been we l l  analyzed,  and we have 

s u c c e s s f u l l y  used i-i: on a l a r g e  number of  i n spec t ion  probl-ems i n  the past. 

We a l s o  had a number of c o i l s  with a s soc ia t ed  instrumcnt:ation on hand. 

The 

A n  eddy-cur ren t  t e s t  can e a s i l y  detect: and measure nea r - s ide  flaws, s o  

most of' our design s-tudy i s  concent ra ted  on the  d e t e c t i o n  and s i z i n g  of f a r  

s i d e  flaws ( i . e . ,  inner  su r face  flaws wi th  an e x t e r n a l  co i l . ) .  From t h o  

prev ious ly  der ived  curves shown i.n Fi.g. 2 ,  we can determine f i r s t  the  

optimum c o i l  s i z e  t o  g e t  the  maximum phase s h i f t  from a fa r -s i .de  f l a w .  A 

r a t i o  o f  th ickness-  t o - c o i l  mean ratii.us o f  0 .6  gi.ves the b e s t  s e n s i t i v i t y  

f o r  f l a w s  about 128 of the w a l l  t h i ckness .  The c o i l  meav r a d i u s  i s  

c a l c u l a t e d  t o  be 0 . 2 0  mm (0 .008  i n . )  f o r  the  nominal w a l l  t h i ckness .  The 

product  o f  f requency,  pe rmeab i l i t y ,  conduc t iv i ty ,  and mean c o i l  radi.us 

squared f o r  maximum s e n s i t i v i t y  i s  7 ,  read from the curve i n  F i g .  2; uhich 

g ives  a va lue  o f  1.6 M [ - k  f o r  the  ope ra t ing  frequency,  However, it has been 

imprac t i ca l  t o  c o n s t r u c t  a re f l . ec t ion  c o i l  snlaller than 0 . 5 1  mm 

(0 .020 i n . ) ,  and t h i s  s i z e  c o i l  would be very  sens i t i -ve  t o  l i . . € t - o f f .  A 

0 . 5 1  mm (0 .020  i n . )  mean r ad ius  r e f l e c t i o n  c o i l  has  a thickness- to-mean 

r ad ius  r a t i o  o f  0 . 2 5 ,  and the  s e m i - t i v i t y  t o  f laws i s  about half t h a t  o f  

t he  optimum s i z e  c o i l .  The product  o f  f requency,  pe rmeab i l i t y ,  
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conduc t iv i ty ,  and mean c o i l  r ad ius  squared f o r  maximum s e n s i t i v i t y  is 25 

[ f o r  t h e  0 . 5 1  mm (0.020 i n . )  c o i l ]  which g ives  a va lue  of  9 MWz f o r  ,the 

frequency.  The optimum frequency f o r  d e t e c t i n g  n e a r - s i d e  f laws wou1.d be 

much h i g h e r ,  as would t h e  opz;iinum frequency f o r  measuring t h e  1,i.Et:-off 

e f f e c t s .  The optimum frequency f o r  maximum s e n s i t i v i t y  t o  th i ckness  

changes is  5 . 5  MHz, as determined from an  ea r l i e r  r e p o r t  . 3  

approximate va lues  as gu ide l ines  and a s t a r t i n g  p o i u t ,  w e  t:.hen moved t o  the 

experimental  t e s t s  . 

Using these 

IMPEDANCE ANALYZER EXPERIMENTAL MEASUREMEN'I'S 

An experimental  des ign  s tudy was performed, u s ing  the Hewlett-Packaud 

4192A Low Frequency Impedance Anal.yzer. A r e p o r t 4  ha.s lj2e.n w r i t t e n  

desc r ib ing  t h e  use  o f  t h i s  instrument  f o r  mu l t ip l e -p rope r ty  t e s t s .  The 

Impedance Analyzer and a inechanical scanner system are both  control.l.cd by 

t h e  I B M  System 9000 Computer over the I E E E - 4 8 8  bus .  For t he  i n i t i a l  design 

s tudy ,  measurements were made on  a sing1.e tube wi th  t h r e e  inne r  su r face  and 

t h r e e  ou te r  su r f ace  flaws wi th  depths  of 0 .025 ,  0 . 0 5 1 ,  and 0 . 0 7 6  mm ( 0 . 0 0 1 ,  

0 .002 ,  and 0.003 i n . ) .  The f requencies  used were 3 .25 ,  6 , S ,  and 1.3.0 Mttz. 

The readings  were made us ing  the program RDGANA, and lexj t -squares  f i t s  oE 

t h e  readings  t o  the flaw s i z e s  w e r e  made us ing  t h e  program F:CTANA. ( A l l  

programs mentioned i n  t h i s  r e p o r t  are l i s t e d  i n  the  appendix.)  T h e  b e s t  

r e s u l t s  were obta ined  usi-ng the  magnitude and phase o f  only  [:he l 3 .  0 MHz 

f requency.  The b e s t  f i t  was obta ined  using a cons ta r i t ,  l i n e a r  term, and 

square term i n  both  the  magnitude and phase and a c ross  term between the 

magnitude and phase. The rms f i t  e r r o r  w a s  0 .008 mrn, (0.0003 i n . )  and the 

d r i f t  e r r o r  was 0.0004 mm (0.00001.5 i n . )  f o r  a change i n  magnitude of 0 . 0 0 1  

dB and a change i n  phase o f  0.01'. 

Two p r o g r a m  were w r i t t e n  t o  take t h e s e  magnitude and phase readiags  

o n  the  tub ing  and compute the  f law s i z e .  The program SSTTUB p l o t s  a 

three-d imens iona l  view o f  the  tube wi th  f laws on t h e  CRT of t h e  TBM System 

9000, and the  program SSTGRA p l o t s  a s imilar  v i e w  on the  p r i n t e r  f o r  the 

IBM System 9000 Computer. I n  F ig .  3 ,  we show t h e  output  of a p l o t  o f  

SSTTUB from a scan  o f  the s t anda rd  t u b e ,  con ta in ing  the 0.025,  O.OSl. ,  2nd 

0.076 mm (0 .001 ,  0 . 0 0 2 ,  arid 0 .003 i n . )  f l a w s  on  both t he  inne r  su r face  ant1 
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outer surface of the tube, Because of the indexing of the flaw locations, 

the outer surface flaws show up more c l e a r l y  on the thirteenth scan l i n e ,  

and the inner surface flaws show up better on the fourteenth scan line. It 

is more important that the computer-calculated flaw s i z e s  are very nearly 

the same for a given size of flaw, regardless o f  whether the flaw is 

located on the inner or outer surface, and are a l s o  directly proportional 

to the actual depth of the f l a w .  The system demonstrated the ability to 

reliably detect both inner surface and outer surface, longitudinal and 

t:ransverse, flaws as small as 0.015 mm (0.0006 i n . )  in relatively clean 

tubing. 

thickness variations, but the scan time for even this single frequency 

measurement was excessive. The time for a low resolution hard-copy scan 

was about 41.3 s/mm (17 .5  min/in.) with the main delay time caused by 

the slow speed of the Impedance Analyzer. A new instrument, the Hewlett 

Packard 41948 Impedance/Gain-Phase Analyzer, was tested as a possible 

replacement. The new instrument could perform the readings at a rate of 

66 readings per second, compared to a rate of 1 reading per second for the 

old instrument. However, the noise was excessive at this high speed. 

The noise could be reduced by averaging, but when enough readings were 

taken to reduce the noise level to that of the old instrument, the speed 

was then less than that of the old instrument. Because of the high volume 

of tubing to be inspected it was decided to proceed with the development 

of a high-speed system that would be capable of multiple-property measure- 

ments. These are measurements where several different test properties 

such as l i f t - o f f ,  wall thickness, and flow size can vary at the same time. 

This type of measurement requires that the interrogating signal contain 

enough information that the effects of the different property variations 

on the instrument readings can be separated. 

in this report scans the tubes a t  about 3.5 crn (1.5 in.) per minute, 26 

times faster that the Impedance Analyzer fixed-frequency system. 

This sensitivity was judged to be adequate for tubes with no wall 

The pulsed system described 

PULSED INSTRUMENT REQUIREMENTS 

The traditional multiple-frequency instruments that had been devel-oped 

at ORNL5 were unable to operate reliably above 2 MHz, and instruments that 
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multiplex the frequencies, such as the lmpedance Analyzer, txnd to be s l o w  

and noisy. 

effective bandwidth of  20 MHz. 

Therefore we decided to develop a pulsed instrument, with an 

A block diagram of  the first type of pulsed instrument considered and 

a simul-ated pulse are shown in Fig. 4 .  This instrument transmits a pulse 

to the driver coil; the resulting electromagnetic field interacts with tihe 

tube specimen and then is detected by the receiver coil. The detectsd 

pulse i .s amplified and fed to sample-and-hold ( o r  track-and-hold) modules. 

A timer, synchronized to the transmitted pulse, "holds" the voltage 

amplitude at given times so that the slower analog to digi-tal- converters 

can measure the voltage and send this digital value t o  the computer. These 

values of  the voltage at given times can be used to compute the different: 

specimen properties o f  a multiple-property eddy-current test just as the 

magnitudes and phases of  sinusoidal eddy current:; can be used in multiple- 

frequency instruments. This type of instrument was developed for 

low-frequency pulsed- saturation measurements' ; and, in the particular 

sampl.i.ng mode used, the frequency response was limited by the slew rate of 

the sample-and-hold modules a An alternative t o  this type o r  pulsed 

instrument is one that measures the times taken for the pulse to reach 

given voltage levels, as shown in Fig. 5. This instrument also transmits a 

pulse t:o the driver coil, and the pulse, modifi-ed by the sample, is 

detected by the receiver coil. The pulse is amplified and then fed to 

voltage height detectors that put out a pulse when the voltage passes 

through their preset voltage level. Each detector can be set to give the 

p u l s e  when the voltage i s  increasing or when-i.t is decreasing through (:he 

preset level, The time between the transmitted pulse and the time that the 

voltage passes through the set level is measured. This value is then 

converted to a digital value and can be used in the multiple-property 

calculations in the same manner as the readines from the other types o f  

instruments. Since the process to measure these time intervals accurately 

at those frequencies had already been successfully proven with phase- 

sensitive instruments, it was decided to develop an instrument of this 

type. One drawback of this type of eddy-current instrument is that, for 

large values of lift-off, the preset vo l t aec  level is never reached and the 
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(a1 PULSE TO SATURATING COIL AND DETECTOR RESPONSE 

(bj A PULSE AMPLITUDE INSTRUMENT 

Fig. 4 .  Pulsed eddy-current instrument to measure magnitudes nt. giveti 
times. 
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(b) A PULSE TIM ERVAL INSTW T 

F i g .  5 .  Pulsed eddy-cur ren t  instrument t o  measure tlme requi red  t o  
reach given vol tage  levels. 
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measured t i m e  i n t e r v a l  becomcs very  l a r g e .  The amplitude niensuring pulse  

instrument  w i l l  only lose r e s o l u t i o n  and f a i l  i n  a more gracefu l  manner a s  

t h e  l i f t - o f f  becomes l a r g e .  

INSTRUMENTATION DEVELOPMENT 

A s i m p l i f i e d  b lock  diagram o f  t h e  pulsed  eddy-cur ren t  i n spec t ion  

system i s  shown i n  F ig .  6 .  The I B M  System 9000 computer i s  used t o  con t ro l  

the mechanical sca.nner , c o n t r o l  t he  pulsed  eddy-cur ren t  i n s  t:rurnent , col.l.ect 

t h e  d a t a ,  compute the  p r o p e r t i e s  from the d a t a ,  p l o t  the r e s u 1 . t ~  on paper ,  

and s t o r e  t h e  d a t a  f o r  l a t e r  r e fe rence .  The c lock  ope ra t e s  at. a frequetncy 

of  3 . 2  PIIk, and the  p u l s e r  feeds  square waves a t  t h a t  r e p e t i t i a n  frequency 

t o  a r e f l e c t i o n  probe through an RLC network. The r e f l e c t e d  s i g n a l ,  

modified by the  tube ,  i s  ampl i f ied  by a wideband a m p l i f i e r ,  b u f f e r e d ,  and 

f e d  t o  e i g h t  vo l t age  h e i g h t  d e t e c t o r s .  The vo l t age  h e i g h t  d e t e c t o r  

produces a s i g n a l  when t h e  pu l se  passes  a p r e s e t  l e v e l .  A s i g n a l  from the 

p u l s e r  t u r n s  on a f l i p - f l o p  c i r c u i t ,  which i s  then  turned  o f f  by the  

signal.  from the vo l t age  h e i g h t  d e t e c t o r .  This  f l i p - f l o p  c i r c u i t  d r i v e s  a 

h ighe r  vo l t age  c i r c u i t  t h a t  swings between two re fe rence  vo l t ages  as the 

f l i p - f l o p  t u r n s  on and o f f ,  The average vo l t age  from t h i s  c i r c u i t  i s  

p ropor t iona l  t o  the  time between the  p u l s e r  vo l t age  tu rn ing  on and the  

ampl i f ied  r e f l e c t e d  pu l se  pass ing  a c -e r t a in  vo l t age  l e v e l .  

averaged by a low-pass f i l t e r ,  balanced a g a i n s t  an  o f f s e t  v o l t a g e ,  and 

ampl i f i ed .  I t  i s  then  converted t o  a d i g i t a l  s igna l  by t h e  

analog-  t o - d i g i t a l  conver te r  (ADC) board ,  which c o n s i s t s  o f  e i g h t  

i n t e g r a t i n g  A D C s .  

they  have completed a measurement and sends t h e  data t o  t h e  IBM System 9000 

Computer over t he  IEEE-488 bus.  Two ve r s ions  of t he  pulsed instrument  were 

c o n s t r u c t e d ,  one 1vit.h manual adjustments  and one wi th  adjustments  made by 

the  IBM S y s t e i  9000. 

manually a d j u s t e d  ins t rument .  Drawings f o r  b o t h  ins t ruments  a r e  included 

i n  t h e  appendix.  

This  vo l t age  is 

The NDT-COMP9B' Computer reads  each of  t h e  A D C s  when 

We s h a l l  f i r s t :  d i scuss  the  individual-  c i r c u i t s  o f  the 

MANUALLY ADJUSTED PULSED INSTRUMENT CLOCK 

The c lock  i s  cons t ruc t ed  us ing  two Sec t ions  of a 74F04 Hex I n v e r t o r ,  

wi th  a 3.2 MHz c r y s t a l  t o  c o n t r o l  t he  frequency.  Ancther s t a g e  is  used t o  

b u f f e r  t h e  o u t p u t ,  and another  used t o  b u f f e r  a t e s t  poj.nt. 
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PIJISE DRIVER 

't'he pulse  output  d r i v e r  consi .s ts  of t w o  i n t eg ra txd  c i - r c u i t s ,  t he  first 

a dual  TTi-to-MOS d r i v e r ,  the  F a i r c h i l d  9 6 4 3 .  This i n t e g r a t e d  c i . rcu i t  

takes the  low- leve l  TTL s i g n a l ,  i n v e r t s  i t ,  and t r a n s l a t e s  it i n t o  a s i g n a l  

s].i.ghtly less than  the power supply vo l t age ,  w i t h  about 9 ns delay. 

si.gnal i s  i d e a l  f o r  d r iv ing  the  next  s t a g e ,  a S,ignetics VQ7254.  The VQ7254 

i s  an i -n tegrn ted  c i r c u i t  c o n s i s t i n g  of  I-VJD N-Channel and two P-Channel 

power f i e1 .d -e f f ec t  t r a n s i s t o r s ,  One P-channel. t r a n s i s t o r  i s  used as a 

1-ow-resis tance switch t o  a very s t a b l e  10  V supply and is turned m i  when 

t he  output  from t:he 9 6 4 3  i s  low. One N-Channel t r a n s i s t o r  i s  used a s  a 

l ow- res i s t ance  switch t o  groiirid and i.s turned on when the  ou . tpu t  from the  

3643  is  h igh .  T h i s  c i r cu i . t  can f u r n i s h  11.1) t o  a n  ampere o f  d r i v e  c u r r e n t ,  

switching between t w o  s t a b l e  vo l t age  l e v e l s ,  wi th  r i s e  times on the  order  

of  30 n s .  There i s  very 1itt:l .e change i n  e i the r  vol.tage l e v e l s  o r  delay 

t:i.mc:s for t h i s  circuit as the  temperature i s  v a r i e d .  The outputs  Gf the 

t w o  N -  and P-Channel switches a r e  t i e d  frogether through two  s i n a l l  

r e s i s t o r s .  Tf1i.s h e l p s  reduce the c u r r e n t  consumption when switching i s  

occurr ing  and both switches a r e  conducting. A r e s i s t o r  d i v i d e r  network i s  

also incl.uded t o  d r i v e  the re ference  t iming circ1, i i t .  

This 

C O I L  AND ATTENUATOR CIRCUITS 

The pu l se  d r i v e r  has t o  d r ive  an eddy-cur ren t  r e f l e c t i o n - t y p e  c o i l  

through a sh ie lded  cab le .  T h i s  r ep resen t s  a KLC circui.t,  and it  m u s t  be 

proper ly  terminated t o  decrease the r ing ing  on the  pu l se .  The e f f e c t i v e  

d r i v i n g  impedance i s  50 ohms, t o  match the  cable, A 50 ohm r e s i s t a n c e  i s  

a l s o  p laced  i n  p a r a l l e l  wi th  the  d r i v e r  c o i l  and 50 ohru r e s i s t o r s  a r e  both 

i n  pa ra l l e l .  and i n  series wi.th the pickup coi.1. T h e  impedance matc-hi.ng o f  

trhis network al.l.ows s e v e r a l  f e e t  o f  cab1.e t o  be d r iven  without  t o o  nuch 

s i g n a l  d e t e r i o r a t i o n ,  b u t  in t he  a c t u a l  t e s t  we only needed 0 . 6  min ( 2  f t )  

t o  go from the  instrument  t o  the probe. 
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IJTDEBAND AMPLIFTER 

The r e f l e c t e d  s i g n a l  from the  pickup coil .  i s  amplif ied about: 200 time:; 

by a wideband a m p l i f i e r .  The ampl i f i e r  gain can be ad jus t ed  from 11 t o  

1250 by turn ing  t w o  po ten t iometers .  

A p l o t  o f  %he magni.tude and phase of t he  ga in  versus  frequency i s  

shown i n  F ig .  7 .  The ga in  i s  down by 6 dB a t  13  MWz, which he lps  t o  

compensate somewhat f o r  t he  increase  i n  mutual. coup1.ing be tween t h e  dr ive r  

and pickup coi.1.s with frequency. The i-ncrease i n  mutual coupl ing wi.th 

frequency would cause more high frequency components o f  the  pul-se t o  be 

passed i f  t l h e  ampl i f i e r  bandwidth and c i - rcu i t  capaci tance d id  not  combine 

i o  a t t e n u a t e  i t .  D r i f t s  i n  the  phase s h i f t s  of the  wideband ampl i f i e r  

cause changes i n  the measured time i n t e r v a l s ,  bu t  i'ri genera l  t he  e n t i r s  

pu lse  tends  t o  d r i f t  t oge the r ,  and these  d r i f c s  cause only an offset i n  the 

base l i n e  of t he  d a t a .  This e f f e c t  can be g r e a t l y  diminished by the  method 

of  da t a  process ing ,  t o  be descr ibed l a t e r .  Thi.s i s  necessary because th i s  

module, as we s h a l l  see  i n  the  t a b l e  o f  temperature d r i f t s ,  i s  by f a r  the 

major con t r ibu to r  t o  these  d r i f t s .  

VOLTAGE LEVEL COMPAMTOR 

T h i s  c i r c u i t  produces a change i.n dc l e v e l  on the output  when tile 

i npu t  vo l t age  passes through a p r e s e t  l e v e l ,  and c o n s i s t s  o f  an LT1016 

i n t e g r a t e d  c i r c u i t .  The c i r c u i t  has a 1 . 0 ~ -  tempera.tub-e d r i f t  of bo th  tlxe 

input  o f f s e t  vo l tage  and the  delay t ime.  The c i r c u i t  output  switches from 

ground t o  a p o s i t i v e  vo l t age  as the  input  goes from l e s s  than the  p re se t  

vo l t age  t o  g r e a t e r  than t h e  p r e s e t  vo l t age .  I t  a l s o  has an inve r t ed  o u t p u i  

s o  t h a t  e i t h e r  t he  p o s i t i v e  O K  nega t ive  going p o r t i o n  of  t he  r e f l e c t e d  

pulse  can be used as the  t r i g g e r ,  A small  amount o f  p o s i t i v e  feedback i s  

used t o  give the  c i r c u i t  some h y s t e r e s i s .  This e l imina te s  mul t ip l e  

t r i g g e s s  t h a t  can occur due t o  no ise  on the  input  and a l s o  increases  the  

c i r c u i t  swi.tchFng speed. There a.re ei-ght s epa ra t e  comparators t1ia.t a r e  

d r iven  by the wideband a m p l i f i e r ,  wi.th a small i s o l a t i n g  r e s i s t o r  on the  

inpu t  of each comparator. A switch i s  provided s o  t h a t  e i t h e r  

pos i t i ve -go ing  o r  negat ive-going t r i g g e r i n g  can be chosen f o r  each 

comparator, and the vo1.tage t r i g g e r  l e v e l  f o r  each can be s e t  using a 
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potcnriorneter.  There i s  a n i n t h  cornparator c i r c u i t ,  i d e n t i c a l  t o  t h e s e ,  

t r i g g e r e d  from the pulse  transirii t t e d  t o  the  d r i v e r  c o i l .  

FLIP - FLOP C I R C U I T  

This c i r c u i c  %s used t o  produce a vo l tage  p ropor t iona l  t o  the  time 

between the  switching of t he  t ransmi t ted-  s i g n a l  cornparator and thn 

swir::cl-ii.ng of  each of  Lhe ei.glrit rece ived-  signa.1. comparators.  ‘Che f i r s t  

i n t e g r a t e d  c i r cu i - t  i s  a 74F74 dual. I)- type pos i t i ve -cdgc -  t r i gge red  

f l i p - f l o p .  I t  i s  connec1:ed i n  a manner such t h a t  t he  output  swiisches t o  

t he  high st,ate. when the  t ransmi t ted  si.gna1 comparator goes p o s i t i v e  and 

switches t o  t he  low statze when the  received s i g n a l  comparator goes 

p o s i t i v e .  The t r a n s i t i o n s  t o  the l.ow s t a t e  by e i t h e r  coiiiparator have no 

e f f e c t  on the  output  o f  the fl.i.p-f’lop. The f l i p - f l o p  d r ives  the  same type  

of  ‘T’i‘rL-to-MOS d r i v e r  i n t e g r a t e d  c i r c u i t ,  the  9 6 4 3 ,  t h a t  i s  used i.n the 

pulse  clri.ver c i r c u i t .  This c i - r cu i t  i n  t u r n  driver; tilie same type of 

i i i t egra ted  c i r c u i t  used i n  the  pulse d r i v e r ,  the V Q 7 2 5 4 ,  which has a pai.r 

ot complementary N-Channel and ?-Channel power f i e l d - e f f e c t  t r a n s i s t o r s .  

One P-Chat ine l  t r a n s i s t o r  i s  used a s  a ] .ow-resistance switch t o  a very 

s t a b l e  10  V supply and i s  turned on when the  output  from the  9 6 4 3  i ~ s  l o w .  

One N-Channel t r a n s i s t o r  i s  used a s  a l ow- res i s t ance  switch t o  ground, and 

i s  turned on when the  output  from the  9 6 4 3  i s  h igh .  The output  vo l tage  

froin t h i s  c i r c u i t  switchc.5 between these  t w o  stable vol tages  a t  t he  s t a r t  

o f  t he  t r ansmi t t ed  pulse  and vhen the  r e f l e c t e d  s i g n a l  passes through a 

given Ieve?.. The time thae it is  on  i s  p ropor t iona l  t o  t he  time between 

the  two events .  Thi.s s i g n a l  can be averaged t o  f u r n i s h  a vo l t age  

proport:ional t o  the  time it  takes  the  r e f l e c t e d  s i g n a l  t o  reach the  s e t  

vo l t age  l e v e l .  

LOW-PASS FILTER RND BALANCE C I R C U I T  

The low-pass f i l t e r  and balance c i r c u i t  c o n s i s t s  o f  one integratL>d 

c i r c u i t  t h a t  conta ins  four opera t iona l  amp1.ifiei-s. The f i r s t  th ree  a r e  

connected to form r? state-variable type of  f i l l e r .  I t  has a Butterworth 

response (maximuiu ainplitude a t t e n u a t i o n  w i t h  LXO r i p p l e )  , w i t  i r  a break 

freqiictxy a t  1 KHz. A p l o t  o f  the magnitude and phase o f  t h i s  f i l t e r  
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ver sus  frequency is shown i n  F ig .  8 .  The f i l t e r  c i r c u i t  has  a ga in  of 5 ,  

ar~. tJ .  a f o u r t h  ope ra t iona l  ampl i f i e r  i s  used t o  s e t  the  dc l e v e l .  This  l e v e l  

can be ad jus  tied us ing  the  balance potmit iometer  . 

COMPUTER - ADJ USTED PULSED INSTRUMENT 

An advanced model. of t h e  pulsed  instrument  t h a t  included computer 

adjustment  of  most of t h e  c o n t r o l s  w a s  designed,  cor is t ructed,  and t e s t e d .  

Since ea r l i e r  work wi th  the  impedance ana lyzer  had demonstrated t h e  

use fu lness  of an inst rument  t h a t  could be ad jus t ed  and s e t  up by a computer 

program wi thout  ope ra to r  i n t e rven t ion  , we cons t ruc t ed  an instrument  t o  

perform these  func t ions .  A block diagram of t h i s  instrument  i s  shown i n  

F ig .  9 .  The ind iv idua l  c i r c u i t s  will. be discussed  he re  only where they 

d i f f e r  from the  manually ad jus t ed  ins t rument .  The  b a s i c  components added 

were two programmable counters  and IXO d i f f e r e n t  types  o f  di .g i ta l . - to -ana log  

conve r t e r s  (DAG) .  The programmable counters  were 74B.525, and one counter  

c o n t r o l s  the on-ti.me of t he  p u l s e  and the o t h e r  c o n t r o l s  t he  o f f - t i m e  of 

t he  pu l se .  The c lock  r a t e  has  been increased  t o  10 NWz, t o  a l l o w  g r e a t e r  

r e s o l u t i o n .  The counters  can count t:o 65,535 so t h a t  base f requencies  From 

about  70 Hz t o  2 . 5  bllIz can be obta ined .  The on-time and the o f f - t i m e  of 

t h e  pu l se  can be v a r i e d  independent:ly. The DACs  are o f  two d i . f f e ren t  

t y p e s ?  t h e  b i p o l a r  A D 3 9 4  and t h e  un ipo la r  AD395. The h e i g h t  o f  t he  output  

pu l se  ca.n be s e t  from 0 t o  10 V ,  and the vo l t age  l e v e l  a t  which any o f  the 

n ine  comparators t r i g g e r s  can be s e t  anywhere between -5  and 5 V .  The 

ba lance  cont:rol can be s e t  anywhere between 0 and 10 V ,  and the  se tup  

computer program w i l l  au tomat i ca l ly  determine t h e  vo l t age  t o  set  the 

balance  vo l t age  so  t h a t  t h e  output  of t he  f i l t e r  c i r c u i t s  i s  i.n the  middle 

of  t he  i n p u t  range f o r  t he  D A C s ,  Both the A D 3 9 4  and A D 3 9 5  have four  

independent 1 2 - b i t  ADCs i.n etich i n t e g r a t e d  c i r c u i t ,  so  only  seven inore 

i n t e g r a t e d  c i r c u i t s  a r e  needed t o  r ep lace  t h e  manually ad jus t ed  

po ten t iome te r s ,  and t h e  o v e r a l l  board s i z e  i s  t h e  same. The rest o f  t he  

instrument  i.s common t o  both  the manual-ly a d j u s t e d  and computer-adjusted 

ins t ruments .  
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ANALOG -TO - D I G I T A L  CONVERTEK BOARD 

This  board c o n s i s t s  of e i g h t  J ? - b i t  in tcgra t - i~ng  a n a l o g - t o - d i g i t a l  

conver te rs  ( A D C s )  t h a t  d i g i t i - z e  the vo l t age  from each o f  the e i g h t  pul-se 

d a t a  channels .  They are dr iven  by the outputs  o f  each o f  -the f i l t e r  

c i r c u i t s  and work over a 0 t o  5 V range.  The conversion speed of  each of 

t he  ADCs i-s s e t  by an e x t e r n a l  res is t :or  t o  approximately 10  ms. The busy 

l i n e s  o f  the  A D C s  a r e  a l l  t i e d  t-ogether i n  an  e i g h t - i n p u t  OR g a t e .  'The 

computer can s tar t  a conversion f o r  a l l  t he  A D C s ,  then  s e n s e  when they have 

a l l  completed t h e i r  conversions.  The decoding c i r c u i t r y  i s  on the board t o  

a l low the computieJ: t o  address  arid read  each i-ndividual. A D C .  This board was 

d e s i - p e d  and cons t ruc ted  f o r  the  three- f requency  eddy-cur ren t  insI:uurrient, 

and more d e t a i l s  a r e  included i n  the r epor t5  of t h a t  ins t iument .  

NDT COMP9R MICROCOMPUTER 

The i.xistrument i s  c o n t r o l l e d  by the COMP913 i i i j  crocompuixr . This 

microcomputer was designed t o  go i n  d i f f e r e n t  types o f  eddy-cur ren t  

instruments  and i s  a l s o  descr ibed  more f u l l y  i n  another  r e p o r t . '  

COMP9B i s  the  sane as t he  COMP9, except. t h a t  an IEEE-488 bus has  been added 

t o  t h e  COMP9E. Thi.s a l lows i t  t o  transmi.t t o  aind r ece ive  d a t a  from a large 

number of  d i f f e r e n t  types o f  computers and o t h e r  p e r i p h e r a l  dev ices .  

The 

D R I F T  STUDIES FOR EACH MODULE 

I n  order  t o  i.nsure t h a t  the  instrument  would g ive  rei-iable readings 

under a v a r i e t y  o f  d i f f e r e n t  temperature condil: i.ons and t o  p inpo in t  which 

components were more s u s c e p t i b l e  t o  d r i f t ,  a s e r i e s  o f  temperature d r i . f t  

t e s t s  w a s  performed. The temperature was v a r i e d  on each oE the  i n t e g r a t e d  

c i r c u i t s  i n  t he  instrument  on an ind iv idua l  b a s i s  I and the  resu l - tan t  d r i f r ;  

was recorded.  The component:s were cooled by spraying them wi th  Freon-1-2 

u n t i l  they were completely f r o s t e d  and showed no m o r e  d r i f t .  I t  i s  

es t imated  t h a t  t he  components were cooI.cd from approxi.mately 2S°C t o  -4Soc, 

o r  about a 70°C drop.  I t  i s  recognized t h a t  t h i s  t e s t  i s  only approxima-rle, 

b u t  i t  gives  a quick i n d i c a t i o n  o f  the temperature s t a b i l i t y  o f  t he  

c i r c u i t s  and he lps  p inpo in t  problem a r e a s .  Some o f  the  components tended 

t o  run h o t t e r  than 2 5 O C  and probably experienced a g r e a t e r  temperature 
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drop.  A l s o ,  t h e  moisture  condensing on the  c i r c u i t  dur ing  the  Lest 

probably caused a d d i t i o n a l  d r i f t  i t - ,  some j.nstanc:es; arid sometimes the 

spraycool ing  doused t h e  nearby circui t :s ,  causing t h e i r  d r i f t  t o  add t o  t he  

d r i f t  o f  t h e  c i r c u i t :  we intended t o  measure. The drifts o f  t h e  va r ious  

c i r c u i t s  are recorded i n  Table 1 i n  u n i t s  o f  change o f  each o f  t h e  A D C s .  

The f i n a l  column i s  the change in the calcu1at:ed f law s i z e  i.n millirnet:e-rs 

t h a t  would be  encountered f o r  t h i s  d r a s t i c  temperature change. T h e  maj O K  

c o n t r i b u t o r  t o  the d r i f t ,  as w e  can see from t h e  ta .ble ,  i s  t h e  wi.debarid 

a m p l i f i e r ;  i . t s  d r i f t  i s  about an  order  of  magnit;ude g r e a t e r  -than tile other 

d r i f t s .  The d r i f t :  i n  t he  fi.lt:er c i r c u i t s  i s  due t o  the l a rge  inpu t  piilse 

t h a t  i s  be ing  averaged, and a new i n t x g r a t e d  c i r c u i t  f i l t e r  has  reduced 

t h i s  d r i f t .  The d r i f t  i n  t he  9643TC pu l se  dr i .vcrs  i s  s m a l l ,  b u t  the 

d r i v e r s  used were s e l e c t e d  f o r  1.0w d r i f t .  The r e fe rence -vo l t age  i.nt 

c i r c u i t s  i31.1 gave very  low d r i f t s .  For the  mosC p a r t  t h e i r  d r i f t  wa.s due 

t o  an ad jacen t  component with l o w e r :  s t a b i l i t y  be ing  cool.etl. Both  t h e  A l X s  

and t h e  D A C s  used i n  the  comput.er -control l .ed instrument  gave ve t:y l i  tt1.e 

c o n t r i b u t i o n  t o  the  d r i f t .  The information on .the d r i f t s  i s  h e l p f u l  i n  

c i r c u i t  development and I n  evnl.uating t h e  s u s c e p t i b i l i - t y  o f  va r ious  

p o s s i b l e  computer a lgor i thms used f o r  c a l c u l a t i n g  the tube p r o p e r t i e s  t o  

e r r o r s  caused by ins t rumenta l  d r i f t s  . 
The f l . a w  de ' iect ion a b i l i t y  of the system i s  based on  the  changes 

between the  computed f law s i z e  at- one p o i n t  and t h e  comput.ed f law s i z e  a t  

nearby I .oca t ions ,  rai:her than  the abso lu te  value of t h e  computxd flaw size. 

The computer program TOSPUL w a s  used to  measure t h e  s t a b i l i t y  of  the data  

channels  u ~ d e r  va r ious  condi t ions  and p r i n t  i:he r e s u l t s  i n  t:he t a b l e .  I t  

will p l o t  tihe computer flaw aiiyplitu.de on {:he CRT s o  t h a t  t'ne e f f ec t s  of 

coo l ing  on the  d i f f e r e n t  components can be observed. i t  a l s o  can be used 

t o  test: the  accuracy o f  t he  mec.hanica1 p o s i t i o n e r .  A copy o f  t;iiis u t i l i t y  

program i s  included i n  the appendix.  
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2 3  

T h e  system used t o  scan ths ~?:u'oLrig was based on  an e a r l i e r  design 

used t o  develop eddy-current inspect2.ons f o r  st:xain gensrat:oi: tubing. A 

Modulynx controller, d r i v e n  by the IXri Sysi: e~ 9000 Conputer over the 

IEEE-488 bus,  i s  used to coi.ztrol. the pGsition oli a C w o - a x i s  Velmex 

scanner, as shown in Fi.g. 10, Yha scanner has a l inear  moti-ori  o f  a slide, 

which i s  designated the X-a:xis, which c32n he as mncli as 1 . 0 8 6  in 

( 4 2 . 7 5  Sn.) long;. The slidc rncv~,; 0.005 wz, ( 0 . 0 0 0 2 5  in.) f o r  each s t ep  of 

the X-axis A s e c o i ~ d  i i i ~ t o r  i.; untzd oil the s l i d c ,  and t h 3 . ;  rristor gives  

the rotational 0% Thetas-,-,x'as. EA: rna3ror ni,iL-ss 700 siips p e r  r e v o l u t i o n ,  

giving an angular r e s o l u t i o n  o f  1. so. 
encoders tha t  use 3 separate boc':*d i l l  the i.iodll1 y i ix  t t o l l e i  to keep 

track o f  the  position of  the tub? ,  iiidependeiit o f  the I K M  Sysl PW 9000. 

h t , ; ~  a ~ t  -, o f  iiie S C ~ ~ D E T  :lave 
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The I R M  can i-ssue .a command t o  t h e  Modi.il.ynx t o  c o r r e c t  f o r  any d i f f e r e n c e  

between t h e  number of counts that: have been s e n t  t o  the  c o n t r o l l e r  and t~ire 

number o f  coiini::s recorded by t h e  encoders .  Jn ac tua l  scal ining t h i s  

.Fc?at-ure i s  seldom used because of rhe t h e  i.t t akes  and t h e  fact that: ,  i f  

t h e  c o r r e c t i o n  comlnarid i s  i ssued  too soon after t i ~ c  move corninand, i t  

causes  an erroiwous corrccti .on t o  be i s s u e d .  A mandrel i s  i n s e r t e d  i n t o  

the tube t o  be exainiined, and Che tube i s  clamped i n  a c o l l e t  mount:i:d on 

t h e  m o t o r .  This g ives  a f i r m  g r i p  on t h e  tube w i  iiioui- marki.ng i.t .  Other 

types of  mountlng tended I:o work l o o s e  due t c i  t l -~e s top-and-go r o t a t i o n  of 

t h e  mo ' io r r .  The t-u'oe passes  through a t e f l o n  probe holder w i - t h  t e f l o n  

i.nsert:s t o  keep t h e  tube Lcroin g ing Scratched.  A n  aluminum bushing i s  

f i t t e d  around i:he probe t i p  and around t h e  tube t o  p r o v i d e  uniform cool ing 

i:o t h e  probe.  The probe i s  0 .05  rnm ( 0 . 0 0 2  i .n.)  above t h e  t u b e ,  with only 

a i r  betiween the  probe aind t h e  tube .  I n  F ig .  I.]., w e  show t h e  l o c a t i o n  o f  

the p o i n t s  t h a t  a r e  read as the probe is  r o t a t e d .  There a r e  20 readings 

made around the tulle f o r  each axial. translat:i.on o f  Che tube.  The 

c i r c u m f e r e n t i a l  spacing betiweer: ii;?adings i s  0 . 5 7  mm ( 0 . 0 2 3  i n .  ) , which i s  

adequate t o  i-nsui-e t h a t  ?-io flaw i s  missed, o r  even has a lower value  than 

would be read  i f  t h e  probe W~?I-C riiore favorably p o s i t i o n e d .  Howe.ver, t h e  

posir:i.on o f  a f l a w  cain be more precisc.1.y l o c a t e d  i f  we increase  th.e number 

o f  readings  around 'ilie circumference of t h e  t i h e  t o  40.  'Gw readings a r e  

made every 9 . 6 0  mrn (0.024 i n . )  i n  t he  X d i - r e c t i o n ,  with one X-axis  

t r a n s l a t i c n  o f  t hc  tlj.ba made fox every complete r o t a t i o n  o f  the tube .  The 

scanning speed i s  dependent on the  Lest  o f  t hc  control program,  incl.uding 

t h e  daia t r a n s f e r  over Che bus ,  t he  p l o t t i n g ,  and data  s t o r a g e .  The base 

speed ,  t h e  Cop speed,  and ::.he accelernt i .on o f  each motor can be s e t  by the 

IEM System 9000 over t h e  bus ,  H ser ies  o f  scans was run  to determine the  

bes t  s e ~ , t i n g s  f o r  each a x i s ,  with the computer vary ing  t h e  motor 

parameters and dc:-ermi_nirig t he  cptiiilum va lues  f o r  maximum speed and 

r i l l r i i r n u m  number of p o s i t i o n i n g  e r r o r s .  These v a l u e s ,  which may change rnii til 

chai-iges in the  c o i i t r o l l i  ng programs, are 1:ransiiii.tted t o  t h e  Modulynx 

ColXrol ler  a t  (:he . ~ " i r C  o f  each scan .  
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P 
BtL s 

F i g .  11. Location oE reading  p a i n t s  as tube is rotatred. 



DATA PROCESS LNG 

The methods oi a n 8 i y s i . s  :Isiidling t h c :  th;a a r e  q u i t e  importaint t o  

the success  o f  any i n s p e c i i o . i ;  t h i s  i.s pcit-t ic:ularly t r u e  i n  thi .s  ca se .  

These inc lude  tlie geiieratiori aind r i i? i  l-i.:zation o f  st_;li!dards the  s e l e c t i o n  

o f  the  balldT*ii d t k t  o f  and t:hc v31 tag2 l e v e l s  o n  i-11:: p c l s e ,  t he  process ing  o f  

t h e ?  datzj ploEting a n d  s to rage  ,f d a t a ,  ~ r o g r a n r s  to aid i : opera tor  i n  

more d e t a i l e d  anal y:;iis o f  t h e  dat .3;  2ii.d programs i o  au tomat ica l ly  analyze 

the  d a t a .  

Several  SEC:; of: si-andards were used to develop and test t he  equat ions 

used to cal c l i l = ~ t f -  t h  t i . i l ) r h  ~ J L O  ties from the inst rument  readings. The 

f i r s t  t y p e  o f  s t n n h i - d  USE?! consis:-i;d o f  a s e t  (if six e lec t rod i scha rge  

machined ( K U X )  no tchc r .  (i.iii-cie inner suxlace arid t h ree  ou te r  s u r f a c e )  with 

nominal d e p t h s  O F  0.025, 0.051, 0.076 riiIi-l ( 0 . 0 0 1 ,  0.002, and 0 . 0 0 3  i n . ) .  

This type o f  st, I c L  ja:; !i,;erl far th:> ~ ~ ~ a j o r i t y  o f  the  c a l i b r a t i o n  

( " t ra in i .ng  tl:? a n d  i n . i s t  o f  the  v e r i f i ( : a t i o n  t e s t i n g .  The next  

genera l  type of s- d c0nsiste.l; o f  V-eri f i c a t i o n  st:arl t lards t h a t  had both 

1ongi.Ludinsi ;.,I-IL TY: :.S-,:crse i i r~tches orL both the iirlnilr su r face  and 

ou'ccr surface.s (.;-LA: I c! 2s smali 2s 0.01 mix ( 0 . 0 0 0 L  i n . ) .  The problem 

wi th  theso s tandards  i s  t-11~.  c l i f f i c u l t y  o f  c e r t i  Fyi-iTg the accuracy of: the 

inne r  surface na i e s .  The inner  s i i -  ce notches a r e  E ~ . K s ~ :  r e p l l c a t e d  

with a 1 . o ~  shrtr.ica;%tSj.c- RTV si1.jcolie i-iibber mixlure ,  and the  r e p l i c a  o f  the  

notch i s  then mensi.ire6~ wi th a microsc.ope I Tli1.s method has  given good 

resi l l - ts  i n  the  p a s t ,  bui: i s  alwa.ys siusceptible t u  'ihe rubber remai.ni.ng 

i.nside ilie noii:ii o r  i io t  filling the not.-r.h completely. Bt..cause o f  these  

problems ch is  type g f  i r,ner siiri';hce ilG::('.h could not be c e r t i f i e d .  

'Therefor-,  i t  was decided :c spl  It tlic t u b e ,  inacliine and ce r t - i fy  the  

not:ches, the:; i-eassc-mb: c the  zitbe O i i  *+ noncoaduct-ii-ig naildi_-el. Although 

the  material. 1.7ns 7:rry fragilc nnd s::c~raI e a r l y  attcn1pt.s r e s u l t e d  i n  

damaged s tandards  , s c v c r a  1. st:iiidaTds were si iccessful l y  const:ruct:ed. In  

a d d i t i o n  t o  varyi.r15 the f1aT.i s i z e ,  we e l  s o  v a r i e d  the w a ~ . l  thi-ckness of 

Cis s o  that t : I i . s  vari.:2c.ion could be cLirni.nated from 
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t h e  f law s i z e  computation, and frlic? eva lua t ion  o f  : f l a w  s i z e  would be 

s impl i f i ed . .  The rea.ssernbled standardk had t r a i n i n g  flaws wt th  depths  o f  

0 .025 and 0 .051  mrn ( 0 . 0 0 1  and O.(?O:! i n . )  and deliionstration f l a w s  wi th  

depths  of  0 . 0 0 8 ,  0 .013 ,  and 0.018 mm ( 0 . 0 0 0 3 ,  0.0005,  2nd 0.0007 i n . ) .  

The reassembled st:andard d i d  not: work we l l  i n  our  i n i t i a l .  tes ts  because o f  

t he  h igh  probe power and t h e  d i f f e r e n c e  i n  thermal conduc t iv i ty  and h e a t  

capac i ty  o f  t h e  normal tub ing  and s tandards  ~ 

cooled the  probe much more than  the  ordii iary s tandards  and t:ub:i.ng, s o  it 

d i d  n o t  work w e l l  as a t r a i n i n g  st:anda?rd. h f t e r  t h i s  problem T.ias 

discovered ,  modi f ica t ions  were made i n  the t t i : ; t : ,  such as reduced power t o  

t he  probe,  h e a t  s ink ing  of t he  probe t i p ,  and removal o f  t he  t e f l o n  t a p e ,  

which i s  normally p laced  betweeri the probe and the tube as a wear surface.  

The probe-cool ing  problem a l s o  showed iip i n  t he  e a r l y  scans as a change i n  

the c a l c u l a t e d  flaw value a f t e r  each time t h e  measurements were s topped t o  

allow t h e  p r i n t e r  t o  p r i n t .  T h i s  caused a sar.i.es of waves on the  f i r s t  

t w o  scan  l i n e s ,  whi.ch w a s  co r rec t ed  when we s t a r t e d  t o  c o l l e c t  a l l  of  t he  

d a t a  be fo re  do ins  any p r i n t i n g .  The reassembled s tandards  were still more 

d i f f i c u l t .  t o  use  than  the  r egu la r  s tandards  because the s p l i t s  and j o i n t s  

produced ve ry  I.arge s i g n a l s  t h a t  the p l o t t i n g  and d a t a  a n a l y s i s  programs 

had t o  i.gnore. This  r equ i r ed  s p e c i a l  progrnrns t o  ignore t h e  s e c t i o n s  of 

tube wi th  these  j o i n t s  and t o  process  t h e  r e s t  of  t he  tub ing .  Because of 

t hese  problems and the l a c k  of  t ime,  t h e  reassembled s tandards  were used 

f o r  demonstrat ion only and n o t  f o r  t r a i n i n g .  This  i s  un fo r tuna te ,  bec+ause 

they  had t h e  p o t e n t i a l  t o  reduce t h e  th ickness  e f f e c t s  and make t h e  o the r  

d a t a  process ing  e a s i e r .  

The reassembled s t anda rd  

PULSE SHAPE AND PRESET VOLTAGE T,EVELS 

S i m e  t h i s  type of eddy-cur ren t  measurement had never been performed 

b e f o r e ,  we had t o  do a c e r t a i n  amount of  experimentat ion t o  g e t  the b e s t  

combination of pu lse  shape, voltage preset leyels, and a t t e n u a t o r  va lues  

t o  glve t h e  most accu ra t e  f l a w - s l z e  c a l c u l a t i o n s  wi th  the least amount o f  

d r i f t .  The a t t e n u a t o r  values were chosen to march the c h a r a c t e r i s t i c  

cable impedance, and t h t s  seemed t o  produce a s t a b l e  s i g n a l  that: was not 

p a r t i c u l a r l y  s e n s i t i v e  t o  cable f l e x i n g  o r  cable l e n g t h .  I n  F ig .  1 2  :&.re 
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show the amplified signal from the receiver coil wi.th the preset vel-tage 

trigger levels for the different data channels marked. The standard was 

read using the program PULRDG2, and the fits of the readings to the flaw 

properties are done by the program PULF’IT3. These programs are listed in 

the appendix. The readings and fitting runs showed that we needed only 

four data channels to give the desired results, so we triggered two sets 

of channels together and then took their average. We also determined that 

by using the 0.076 mm (0.003 in.) flaws we were losing sensitivity and 

accuracy to the smaller flaws, so we dropped the larger flaws from the 

fits. They are readily detected but not as accurately sized, which i s  no t  

important since they are much greater than the rejection limit. Only a 

few fitting combinations were run due to time limitations] and a more 

thorough fitting study using our automatic searching routines may give 

better results. However, the results obtained in this quick study were 

quite good, and much better than the impedance analyzer results. The 

optimum combinations gave 3.33 microns (0.131 mils) for the fit and 0.20 

microns (0.0078 mils) for each digit of drift. These values were 

considered to be quite good, with the fit approaching the accuracy of the 

flaw-size measurements, particularly for inner surface flaws. 

DATA DISPLAY AND STOEL4GE 

The entire tube is scanned at a rate of  about 3 .8  em (1.5 in.) per 

minute, with the data being transmitted over the I E E E - 4 8 8  bus at a rate of 

20 KHz. The channels are read by the microcomputer, the data converted to 

A S C I I ,  and then all eight channels are transmitted to the IBM System 9000 

Computer. The tube is moved to a new location and the next point is 

measured. After the entire tube is scanned, the flaw sizes are computed 

and plotted. The raw data are then stored on the disk as unformatted 

binary data. The program SSTPUF3 is used to perform this operation, and a 

copy is included in the appendix, In Fig. 1 3  we show a plot of a standard 

tube made by SSTPUF3. 

resolution, with the high resolution taking about 4 times as long as the 

l o w  resolution. 

The plots may be made at either a high or a low 

The high-resolution graphics are  at 200 dots  per inch and 
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give  approximately a one-to-one correspondence t o  tho tube l eng th .  The 

p l o t t i n g  t i m e  f o r  t he  h igh- reso l .u t ion  graphics  i s  25 m i . n  f o r  a 1 .086  in 

( 4 2 . 7 5  i n , )  .tube, compared t o  5 . 6  mil? f o r  a I.ow--re.solution p l o t  of  the  

s a m e  l eng th  tube .  

DRTA EVALUATION A I D  PROGRAMS 

Seireual  pl-ograrns were w r i t t e n  t o  ai.d the  ope ra to r  i.n t he  eva lua t ion  

of t he  dats .  The most hel.pfril program i s  FLAVLOC3, which al lows the  

ope ra to r  t o  look a t  an ind iv idua l  r econs t ruc t ed  scan l i n e  a long  the  tube ,  

move a cu r so r  a long t?at scan l i n e  t o  any f l a w  o r  indi.ca.tion, with a 

d i s p l a y  of  the cursor l o c a t i o n  and the  va lue  o f  t h e  flaw s i z e  computed at: 

t h a t  l o c a t i o n .  This program i s  a great  aLd i n  e v a l b t i n g  the  fl.aw s i z e  

and l o c a t i o n ,  and i.t w;es the  s t o r e d  b ina ry  d a t a  f i . l e s .  In  p a r t i c u l a r ,  i t  

i s  neede-d t o  pinpni i i t  t he  loca t io t i  o.E the f l a w s  i n  a s t anda rd  S O  that the  

reading  program can l o c a t e  arid measure them. Another program, DEFTST, 

wi1.1 analyze the data f i l e  without  ope ra to r  i n t x r v e n t i o n .  This program 

performs a scan a long  each axial reading  l o c a t i o n  o f  t h e  tube ,  and when 

the s lope  of t i l i e  c a l c u l a t e d  f law signal. changes i n  e i t h e r  d i r e c t i o n  by a 

p r e s e t  v a l u e ,  a f law i s  recorded.  Al.1. the f law i -ndica t ions  w i t i l l  t h e  same 

a x i a l  l o c a t i o n ,  and chose with  ad jacen t  a x i a l  l o c a t i o n s ,  are ga thered  i.nto 

a sing1.e f l - aw,  w i t h  bo th  the  l o c a t i o n  cind va lue  of  t he  maximum fl.aw s i g n a l  

s t o r e d .  T h i s  program works q u i t e  wel.1 f o r  re la tz ively c l e a n  tub ing ,  b u t  

no t  so w e l l  f o r  tub ing  wi th  a. l a r g e  ni-mber ot-  f l a w s .  However, t h e  tubing 

wi th  many f l a w s  w i l l  be  r e j e c t e d  anyway. Both o f  these programs a r e  

incI.uded i n  t h e  appendix,  I t  woul.d save a considerab1.e amount o f  

inspecti .on t i  me i f  DEFTST had been incorpora ted  i n t o  SSTPUF3 wi . th  the 

graphic  output  e l imina ted ,  b u t  t h i s  w a s  n o t  done. 

A high  speed pul sed  eddy-cur ren t  i n spec t ion  system has  been designed,  

developed, and t e s t e d  on a number of tub ing  samples.  The s e n s i t i v i t y  

levels t o  f l a w s  0.015 mrn (0.0006 i n . )  deep were oht:airred, a long wi th  die 

d a t a  a n a l y s i s  and s to rage  programs. This system and technology w i l l  be 

very u s e f u l  f o r  f u t u r e  in spec t ions  of s imilar  n a t u r e s .  
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Appendix 

The appendix con ta ins  a l i s t i n g  o f  t h e  va r ious  programs used Lor 

t h i s  system, a l i s t i n g  of  t h e  p o r t  assignments f o r  tltc COMP9B 

microcomputer when used t o  d r i v e  t h i s  ins t rument ,  t h e  c i r c u i t  cliagrarns f o r  

bo th  the manually ad jus t ed  and the  computer ad jus t ed  ins t ruments ,  and the  

d a t a  on t h e  R2QF r e f l e c t i o n  probe t h a t  was used wi th  the instrL1rnent.s. 

PROGRAM LISTINGS 

The f i r s t  seven programs a r e  For t r an  programs, ran on iihe T K M  System 

9000 under t h e  2 ~ 0 CSOS ope ra t ing  system. The f ina l .  p.t:ogram, PULG, i s  an 

assembly language program, w r i t t e n  i n  Tntel 80130 Assembly I.angunge, loaded 

i n t o  a PROM i n  t h e  COMP9B and on t h a t  computer. 

PULKDG2 

This program i s  used t o  t ake  readings  a t  given l o c a t i o n s  on a 

s t anda rd  tube .  The reading  l o c a t i o n s  along wi.th t h e  tube prope:it:ic?s are  

s t o r e d  i n  a d a t a  f i l e ,  INPUIA3.DAT, t h a t  i.s read  by the program. A l s o  

inc luded  i n  t h e  d a t a  f i l e  i s  information on t he  c o i l ,  ins t rument  se t t i . r i g s ,  

and a t t e n u a t o r  c i r c u i t .  A d e s c r i p t i o n  of the d a t a  i s  given i n  the  program 

PULRDG2,  and t h e  use  of s i m i l a r  programs i s  given i n  earlier r e f e r e n c e s .  

The readings  taken by PULRDG2 are s t o r e d  i n  another  d a t a  f i l e ,  OTDAlX.DAT, 

f o r  use  by t h e  f i t t i n g  programs, A l i s t i n g  o f  t h e  program PULXDG2 and the 

inpu t  d a t a  f i l e  fol low.  

PROGFLW PULRDG2 
C 25 APRIL 1986 PULRDG2 M O D I F I E D  FOR 2 . 0  SOFTWARE 
C 
C THIS PROGRAM READS MAGNITUDE OF THE VOLTAGE AT DIFFERENT TIMES 
C USING THE PULSED EDDY CURRENT INSTKIJHENT AND MECHANICAL SCANNZLI. 

C PROPERTIES .THE AMPLITUDE DATA ARE STORED AFTER EACFi SET OF 
C PROPERTIES. THE PROPERTY AND POS I T L O N  I NG DATA ARE READ FROM 
c D E V I C E  LID, D I S K  F ILE.  

C THE P R O G W I  READS THE POSITION DATA FROM A FILE,AT,ONG lJITH THE 

C 
C ICMD=INTEGER COMMAND, DETERMINES TYPE OF PROGRAM THE COMPUTER RUNS 
C LT=LOGICAL INPUT TERMINALCFROM OPERATOR) 
C LID=LOG.INPUT DEV.(ASSIGNED TO D I S K  PTLE,POS~TION,PKOPERTY DATA) 
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C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 

C 
C 

C 

25  

C 
C 
C 

LOD OI'TPLT D F V I C E  TC) S'LOKE P U l  S F  D A r A  
I,OT=LOGlCAL OUTPUT TERPIINPATA( TO O P E M T O R )  
LPT LLNE PKINTEK(OUTY'C~)TE~~IIN.~I, 
MAG=INDb,X TO lUKN ON THE SAlL!JRATltd~ PWGN -2 I F  NONE IJSED) 
MSET=P!O OF SETS O h  KEADINGS l'5t'T K I T  R E  TAKLN 
NCH-NUMBER O F  CHANNbLb 
NCL=CQIL DATA F1T.h 
Ni tYJS  NUNBLK OF /XES I'WAT ARE P O S I T I O N E D  
NP- P RO P F,K rY I ND CX 
NPROPK=KkX NUMBER OF' P R O P E R T I L 5  THAT MAY Vk91 
NPT=TOTAI, NUMBLK OF SEI'S OF PROPbK1'Y VALUES E'OK A C O X ' T E T E  

SET O F  READINGS=NO S?,KPLES+KO DEFEC'ISINO L I F T  - O h  FS 
NT=I'IME INDEX 
NTCAL=NUMBER O F  '1 J ME CALIBKATTONS 
NCII-TOTAL NUM~ER OF 1' I FIE INTERVATS 
C M R A C r E K  INDAlx8 ,OTDAT.8 ,  FI\IAYE*~ 3 NPROBE;:6 , N C ~ b L b ; t b ,  L ~ S T N O ; ' ~ ~  
CI-IARACTEK*4 PROWAT1 ( 6 ) , '4x1 SNM ( 3 ) 
CKAKASTER ADUM,c33, FE XI, COILik6 
DIMhNbIUN PROP(K;EI ,NPROPY) , i I Y ( h G 1 )  
DIMENSiON SUPMAG (ITi'T, "JCH) , SSMAG (IJPT , KCII)  , SDVMAG ( N P T  , NCII) 
DIMENSION SUMCAL(NC11, NCA.1-j , SSCk,T,(WCH, NCA!>) , SDVCAL(NCH,  NCAL) 
DIMEN\ LuN IVOL ( N ~ t i j  , I N  (NC1-1) , RDGC ( HCI:, XCAL) , 01 R9t .C (XCI! , NCAL) 
DTMENS I O N  PRONAY( !lPROPd; , POS I' (SPT, TJh I S )  , DIFYAG (NPT , NCH) 

DIMEN!;lOl< PROP(- /?  6 )  , T I M (  8 )  
DIMENS ION SIJPIPLG ( 7'2 , 8  j , S SNAG ( 7 2 8 ) , S CVXAG ( 2 ,8 ) , DI FL4fiG ( 72 8 ) 
DIMENSION SUMCAL(8,b) , S S C A L ( 8  , 4 )  , S D V C i l L ( 8  . 4 ' ;  
D l X E N S I O N  I V O L ( 8 )  ,VOI .S ' l ' r j (8)  , R D G C ( 8  , h )  .OLII I )GC(S , / I )  
DIMENSION P O S T (  : 2 , 3 )  ,I'TOLD(?) , X N E W ( 3 )  . X H O M ( 3 )  
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C 
C 
c 

C 
c 
C 

60 

7 0  

80 

90 

100 

110 

120 

1.30 

140 

OPEN F . I i E  FOE OTJTPUT TO STORE DATA 'TAKEN - TJJCATF: ON DEFAULT D I S K  

FNAME-OTDAT'// ' . DP,T 
OFEN(I,OD, F'ILE=FNAME, STATUS = ' N E W ' )  

INPUT DESCRIPT1ON OF' EXPERIMENTAL APPARATUS 

WRITE(LOT,60) 
FOF?XAT( ' PROBE f i  : ' ) 
READ ( L I D  70)NPROBE 

WRITE(LDT,80) 
FORMAT(' ShRIAL #: ' )  
READ ( L I D ,  *) NSER , RDVK 
WRI.TE(IA07', 90)  
FORFLLT( ' DRIVER S E R I E S  RE<TSTP,NCK: ' ) 
READ(I,XD,*)RO 

FOFW\T( ' DXIVER SXI'ITW'T CAP. ' ) 
READ (I.TI), 'k) CAPDR 

FO&%lT ( A6 ) 

!.TIIITE( LOT ] 100) 

F E I T E (  LOT : 110) 
FQRLNAT ( PICK-UP SEIUXT RESISTANCE ' ) 
R E A D ( L I D ,  *)R9 RSER 
WRITE(Z.OTi 120) 
FORMRT(' PICK-UP SHYJNT CAP: ' )  
READ ( L T D  , *) CAPPII 
WXJTE( LOT I 130) 
F O P ? T (  CABLE I. D. M :  ' ) 
READ (LTD , 7 0 )  NCABLE 

FONUT( ' LENGTH OF CARXX: ' ) 
READ (LID,  *) CABZ.F:L 

WRITE (LOT, 140 1 

WRI'I'E (LOOT, 150) 
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1275 

1277 

1275 
C 

C 
C 
C 
C END 
C 

150 FORMAT(' CAPACITANCE OF CABLE: ' )  
READ (1,ID , A )  CCABLE 

WKITE(LOT,  160) 
160 FORMAT(' EDDY CURRENT TNSTRUFZENT f :  ' )  

C 
C INPUT TIME VALUES 
C 

READ (LID 7 0 )  INSTNO 

WKITE(LO'L', 190) 
190 FORMRT(' NO. OF TiME VALUES,PROP SETS,PULSE TIME,RDG TIM,PULSE ' ,  

;?'VOLTS: ' ) 

C WRITE (LOT,  200) 
200 FORFIAT(' INPUT EACH VALUE OF TLME SEPARATED BY A SPACE:',/) 
C READ(LID,*j(TIM(NT>,NT=l,NCH) 
C 

210 FOWT(J.O(AG,lX)) 
C 
C REA11 PROPERTY VALUES AND 1,OCATLON DATA FOR THE POSITIONERS FROM LID 
C 

READ(LID,>k)NCH,NPT,LCMD,PVOLT 

RE~D(I~ID,~lO)(P~ON~~(NPR),NPR-1,NPROPM),(AXISN~l(NAX),N~=l,N~IS) 

DO 300 NP=l,NPT 
READ(LID,~)(PKOP(NP,NPR),NPR=l,NPROPM),(POS~(NP,NAX~,N~=1,N~ISj 
WR~~E~~OT,~70)(PROP(NP,NPR),NPR=l,NPROPM),(POST(NP,N~),N~=l.~ 
*NAXIS) 

270 FOlWAT(IO(F7.3)) 
300 CONTINUE 
C 
C 
C STORE INITIAL INFORMATION IN DISK FILE 
c 

WKI.TE(LOD,1270)IHR,IMN,ISE,IMO,IDA,IYK 

WKTTE(LOD,1275) NPROBE,NSER,RO,CAPDR,Rg,CAPPU,NCABLE, 
1270 FOFXAT(6(1X,14)) 

-2 CABLET,, CCABLE , INSTNO 
FORl4AT(A6,1X,15,4(E13.4),lX,A6,2(E13.4),1X,A6) 
WRITE (LOD ~ 1277) NCB , NPT , NPROPM , NTCAL , ICMD , PVOU'I 
FOFPIAT(5(lX,IS),lF6.0) 
URITE(LOD, 1 1 7 9 )  (TIM(NT) ,NT-I ,NCH) 
FORMAT ( 8  ( 1 PEiO . 3  ) ) 
WRITE(LOD,1280)(PRONAM(NPR),NPR=l~NPROPM) 
THIS SECTION TAKES THE CALTKRATION READINGS. 

OF SECTION WHICH TAKES CAIJBRAT1ON READINGS 

C T A K E  READTNGS ON NOMINAL STANDARD FOR VOLSTD(1) READINGS 
C 
C SET ITTMl TO CORRECT VALUE BEFORE STARTING TAKING READINGS 
C: ZERO ARRAYS THAT WILL CONTAIN SUMS OF THE VOLTAGE MAG READINGS, 
C SUMS OF C A T ~ I H R A T I O N  READINGS, AND SUMS OF SQUARES OF EACH 
c 
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790 CONTINUE 
DO 800 NT=l,NCH 
DO 800 NP=l,NPT 
SUMMAG(NP,NT)=O. 
SSMAG (NP , NT)=O . 

800 CONTINUE 
C 
C 
C 
c 
810 

C 
c ’THIS 
C 

DO 810 NT=l,MCH 
DO 810 NC-1, I’JTCAT, 
SUMCAL(NT,NC)=RDGC(NT,NC) 
SSCAL(NT,NC)=RDGC(NT,NC)*KDGC(NT,NC) 
C ONT I NU E 

SECTION TAKES THE ACTUAL MAGNITUDE DATA READINGS 

900 
C 
C 
C 

905 

914 
91 5 

91 0 

913 

950 
c 
e 
C 
c 

980 
1150 
C 
c 
c 
C 
C 
c 
C 
C 

DO 1150 MSE=l,MSET 
DO 980 NP-1,NPT 
WRITE (LOT, 900)  NP , (PROP (NP , NPR) , NPR-1, NI’ROPM) , ( Y O S T  (NP , NAX) , NAX71 , 

FORMAT(I4,10(F8.4)) 
>kNL4XI S ) 

POSITION SAMPLES BEFORE TAKING READINGS 

DO 905 NAX-1,NAXIS 
XNEW (NAX) -POST (NP , NAX) 
CONTINUE 
CALI. POSIT (XNEW, NOLD ,MAXIS, MBUS) 
IF(MOD((NP-l),NPTL).NE.O)GO TO 910 
WRITE(0 ,*) ‘INSERT LIFT-OFF SHIM MANUALLY-HIT ANY KEY ITHEN READY’ 
CALL GETKEY(IKY,IS,KBFl,KBF2,IRR) 
IF(IG.NE.O)GO TO 915 
CALL PRDAVG (IVOL, MPEC , NCH , ICMD , NRDG , IER.) 
IF(IER.NE.O)READ(0,913)ADUM 
FORMAT (A2 ) 
IF(IER.NE.O)GO TO 910 
WRITE(LOT,’350)(IVOL(NC),NC=l,NCH) 
FORMAT( 815) 
TEMPORARY TRANSFER AROUND TO USE WITHOUT AUTO POSITTONER 
I RR-0 
CALL GETKEY(IKY,IS,KBFl,KBF2,1RR) 
IF(IKR.NE.0)GO TO 910 
DO 980 NT=I,NCH 
SUMMAG(NP,NT)=SUMMAG(NP,NT)+IVOL(NT) 
SSMAG(NP,NT)-SSMAG(NP,NT)+IVOL(NT)~~IVOL(NT) 
CONTINUE 
COMT I NUE 

RETUKN POSPTIONER TO XNEW(II)=O.O SO THAT POSITIONS CAN BE CHECKED 
TURN OFF MOTOR CURRENT 

CALL POSIT(XHOM,NOLD,NAXIS,MBUS) 
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C WRITE(MEIJS ,*) ’XE YE’ 
C 
C BEFORE STOPPING CALCULATE AVERAGES Ci STANDARD DEVIATIONS 
C 
C DO 1250 NT-1 ,NCH 
C DO 1250 NC-1, NTCAL 
C 
C SDVCAL(NT,NC)=SqRT(ARS((SSCAL(NT,NC)-SUMCAL(NT,NC)~:SU~~~AL(~~~,~C) 

SUMCAL( NT , NC) =SUMCAL(NT, NC) / (FLOAT (MSET tl) ) 

C .L .?FLOAT (MSET tl) )/FLOAT (MS ET) ) ) 

C 
C CALCULATE AVERAGES OF THE READINGS 

1250 CONTINUE 

c 
DO 1260 NT=l,NCH 
DO 1260 NP-l,NPT 
SUMMP,G(NP ,NT)=SUMLNAG(NP ,NT)/FLOAT(MSET) 
SDVMAG (NP , NT)=SQRT (ABS ( (SSPNG (NP , NT) - SUMMAG (NP , N’T) $:SUMMAG (NP , NT) 

* *FLOAT(MSET))/FLOAT(MSET-l))) 
IE’(NP.GT. 1) DIFMAG(NP-l,NT)----SUPMAG(NP,N’1’) -SUMMAG(NP-l,NT) 

1260 CONTINUE 
C 
C STORE ALIA DATA TAKEN IN DISK FILE 
C 

C DO 1.295 NC=1, NTCAL, 
C WRITE(LOD,1290)(SUMCAZ(NT,NC),NT,NC),NT=l,NCH) 

1295 CONTINUE 

12 80 FOKMAT ( 7 ( 1X , Ab) ) 

1290 FORMAT(8(F7.4)) 

DO 1300 NP=1,NPT 
WRITE(LOD,1.3_97)(SUMMAG(NP,NT),NT=l,NCl~),(PIPOP(NP,NPR),NPR-l, 
*NPKOPM) 

1.297 FOlZMAT(8(F7.1),3(F5.2),F5.0) 
C1297 FOFWlT(5(F7.3),3(F5.3),F5.0) 
1300 CONTINUE 
C 
C END OF S E C T I O N  WIiIClI WRITES DIRECT ACCESS FILE 
C PRINT SUMMARY (OF J O E  STATISTICS ON LPT 
C 

1350 FORMAT(’ PROBE NO.:’,A6,5X,’ SERIAL NO.:’,I5,‘ D.C. RES’,E’8.3 ) 

1360 FORMAT(‘ DRIVER SERIES RESISTANCE:‘,F10.3,5X,’DRIVER SHUNT CAP.:‘, 

WRITE(LJPT,1350) NPROBE,NSER,RDVR 

WRITE(LPT, 1360) R0,CAPDR 

* E 1 3 _ , 4 )  
WKITE(EPT,1370) Rg,RSER,CAPPU 

1370 FORMAT(‘ PICK-UP RES: SHUNT’,F9.1,’SEKIES’,F9.1.>‘ SHUNT CAP.:’, 
*E12.4) 

WR.ITE(LPT, 1380)  NCABLE, CAAT..EI.,, CCABLE 
1380 FORMAT(’ CABLE I . D .  NO.:’,AQ,5X,~LLENGTH:’,FlO.l,5X,’CAP.:’, 

>k E 1 2 . 4 )  
WRITE(LPT,1390) INSTN0,NKDG 

1390 FORMAT(’ EDDY CWRRENT INSTRUMENT NO.:’,A6,’ NRDG ’,Is) 
PIrn=PVOLT*PVOLT/ ( 2 I O%O) 
WXITE (LPT ,139 5) PVOIiT , PWR , ICMD 
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1395 FORMAT('PULSE:ONTIME= OFFTIME= VOLTS= ',F7.3, 
*' POWER(KW)',F6.1,' COMMAND=',I2) 
WRITE(LPT,30) 

C 
C PRINT CALIBRATION READINGS 
C 
1600 CONTLNUE 
CC WRITE(LPT,1650) NTCAL 
1650 FORMAT('AVERAGES & STANDARD DEVIATIONS OF CALIBRATION RDGS:',I3, 

2k' MAGS') 
CC WRITE(LPT,l660)(TIM(NT),NT=l,NCI-I) 
1660 FO&T('TIMES',8(1PE9.2)) 

DO 1700 NC=l,NTCAL 
cc WRITE(LPT,l680)((SUMCAL(NT,NC)),NT=l,NCH) 

CC WRITE(LPT,1690J((§DVCAL(NT,NC)),NT=1,NCH) 
1680 FORMAT (5X, 8 (F9.4 ) ) 

1690 FORMAT(' S.D.',8(F9.4)) 
1700 CONTINUE 
CC WRITE(LPT,30) 
C 
C READINGS FROM NOMINAL SAMPLE 
C 
C WRITE(LPT, 1745) 
1745 FORMAT( ' READINGS FROM NOMINAL TUBE SAMPLE' ) 
C WRITE(LPT,1680)(VOLSTD(NT),NT=1,NCH) 
C PRINT OUT READINGS AND PROPERTIES 
c 

WRITE(LPT,1750)(NT,NT-l,NCH),(PRONAM(NPRl,N~ROPM) 
1750 FORMAT('PSET',8(' MAG',Il,lX),6(lX,A4)) 
C1750 FORMAT('PSET',5(' MAG',Il,lX),6(lX,A4)) 

DO 1800 NP=l,NPT 
WRITE(LPT,1760)NP,(SU~G(NP,NT),NT=l,N~H~,(P~~P(NP,~PR),N~R-~~, 

WRITE(LPT,l765)(SDVMAG(NP,NT),NT=l,NCH) 

WRITE (LPT , 30) 

*NPRO PM) 

C IF(NP.LT.NPT) WRITE(LPT,l766)(DTFMAG(NP,NT),NT=l.,NCH) 

1760 FOXMAT(13,8(F7.1),3(F5.2),F5.0) 
1765 FORMAT(' SD',8(F7.1)) 
1766 FOWT('D1Fi,8(F7.1)) 
1800 CONTINUE 

1810 FORMAT( 1A) 
C GO TO 2000 
C 
C RETURN POSITIONER TO XNEW(II)-O.O SO THAT POSITIONS CAN BE CHECKED 
C TUXN OFF MOTOR CURRENT 
C 
C WRITE(MBUS,*)'<CAH>' 
C 
1900 CALL POSIT(XWOM,NOLD,NAXIS,MBUS) 
C WRITE(MBUS,*)'XE YE ZE' 

WRITE(LPT,1810)FF 

GO TO 2000 
1990 WRITE(LOT,*)'ERROR -CHECK FOR PRINTER OFF-LINE HIT CR TO CONTINUE' 
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2000 

C 

READ(O,913)ADUM 
GO TO 1 
STOP 
END 

SUBROUTINE POSIT(XNE:W,NOT.I),NAXIS ,MBUS) 

VERSION 6 JULY 1984 
DETERMINES THE NEW LOCATION FOR 3 DIFFERENT POSITIUNERS AND FROM 
THE OLD LOCATION,TNE NUMBER OF STEPS NEEDPD TO REACH THE NEW 

CONTROLLER. AFTER THE NEW POSITION IS REACHED THE PULSE COUNT IS 
COMPARED TO THE ENCODER COUNT AND CORRECTED TF DIFYKRENT. THE EDDY 
CURRENT READINGS \JILL NOT S E  MADE UNTIL THE POSITION IS CORRECT. 

LOCATION.THKN SENDS THE PULSES OVER THE IEEE-488 HIJSS TO THE 

C 
DIMENSION NOLD(3),XNEW(3),NSTEPS(3) 
CHARAC'l'ER*2 AXC(3) ,GC 
DATA AXC/'XM','YM','ZH'/,GC/'G '/,STEPSZ/0.00025/ 
DO 20 IAXIS=I,NAXIS 
NSTP=(XNEW(IAXTS>+O.O00125)/STEPSZ 

NOLD(IAXIS)=NSTP 

WRITE(MB1JS ~ 30) (AXC( IAXIS) ,NSTEPS (TAXIS)  , GC, IAXIS-1, NAXIS) 

NSTEPS(IAXT.S)=NSTP-NOLD(1AXIS) 

20 CONTINUE 

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

30 FORMAT(&(A2,17,A2)) 
RETURN 
END 
SUBROUTINE PRDG(IN,MPEC,NCH,LCMD,IER) 

C PROGRAM TO KEAD PULSE DATA OVER THE GPIB BUSS NO AVERAGING 
c CMDO SET INSTRUMENT UP 
C CMDl FAST READING, MADE ON PULSE TURN ON,RDG THEN TRANSMIT. 
C CMD2 SAME AS CMDl EXCEPT TRANSMITS OLD DATA WHILE NEW RDGS MADE 
C CMD3 USED FOR CALIBRATTONS 
C CMD4 SLOWKR READINGS, USES THE SUBROUTINES THAT SUPPORT AVERAGING 

CI1MCTER-kI CR 
DIMENSION IN(9) 
CR-CHAR( 13) 
I ER=O 
WRITE(MPEC,35,ERR=4OO)ICMD,CR. 
READ(MPEC,7O,ERR=5OO)(IN(I),I=l,NCFI) 

35 F O W T ( I I , A 1 )  
70 FORMAT(814) 

GO TO GOO 

LJRITE(O,*)'BTJSS WRITE ERROR TO PULSER;HIT RESET,CR APlD CONTINUE' 
GO TO GOO 

500 IER-2 
WRITE(0;k)'BUSS WRITE ERROR TO PULSER;HIT RESET,CR AND CONTINUE' 

GOO RETURN 
END 
SUBROUTINE PRDAVG(IN,MPEC,NCH,ICMD?NR~G,IE~) 

4cIO IER-1 
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C SUBROUTINE AVERAGES NRDG PULSE READINGS 
DIMENSION IN(8),INSUM(8) 
CALL PRDG(INSUM,MPEC,NCH,ICMD,IER) 
DO 50 NR=2,NRDG 
CALL PRDG(TN,MPEC,NCH,ICMD,TER) 
DO 40 NC=l,NCH 
INSUM(NC)-INSUM(NC)+IN(NC) 

40 CONTINUE 
50 CONTINUE 

DO 100 NC=l,NCH 
IN(NC)=INSUM(NC) /NFS>G 

100 CONTINUE 
RETIJRN 
END 
SUBROUTINE SETUP(MPEC,NCH,NRDG,IER) 

CHARACTER*I CR,C,O,P,D,R,A,L,B,G 
DATA I C M D / O / , C / ' C ' / , O / ' o ' / , P / ' P ' / , D / ' ~ ' / , R / ' R f L ' / ,  

CR-CHAR(13) 
I ER=O 
NRI-I=NRBG/2 56 

C PROGRAM TO SET UP PULSE TNSTRUMENT OVER THE GPIB BUSS 

*B/'B'/,G/'G'/ 

NkY- ( NRDG - NM*2 5 6 ) /16 
NRL=NRDG-NRH*256- 16*NRM 
WRITE(0,35,ERR--4QO)ICMD,C,NCH,CR 
WRITE(MPEC,35,ERR=40O)ICMD,C,N@II,CR 

C WRITE(MPEC,4O,ERII=40O)ICMD,A,NRH,NRM,NRL,CR 
C WRITE(0,40,ERR-400)ICMD,A,NRH2NRM,NRL,CR 

35 FORMAT(Il,Al,Il,A1) 
40 FORMAT(Il,A1,21,Zl,21,Al) 

GO TO 600 
400 IER=1 

WRTTE(O,*)'BUSS WRITE ERROR,COMMhND TO MPEC,NIT RESET & TRY AGAIN' 
600 RETURN 

END 

I JSTING OF INPUL3.DAT 

R20F 
54717 0.6159 
20.0 
0. 
50. 50. 
0.0 
CAB3 
36. 
120.E-12 
PULG 1 
8,36,1,10. 



THIK DEF LOFF XAXS 'rms 
5 . 0 0  0 . 0 0  0 .000  4 . 6 3 1  .020 
5 .00  0 . 9 0  0 .000  4 . 6 3 1  .0344 
5 . 0 0  1.90 0 .000  5.106 .0344 
5 . 0 0  0 . 0 0  0 .000  5.106 .020 
5 . 0 0  3 .10  0 . 0 0 0  5 .581  .0344 
5 . 0 0  0 . 0 0  0 .000  5 . 5 8 1  .020 
5 . 0 0  3 . 2 0  0 .000  5 : 0 8 0  .0353 
5 . 0 0  0 . 0 0  0 .000  6 .080  .020 
5 . 0 0  2.10 0.000 6 .5 .70  .0363 
5 . 0 0  0 . 0 0  0.000 6 . 5 7 0  .020 
5 .00  1.10 0.000 7 .077  .0363 
5 . 0 0  0.00 0.000 7 .077  .020 
5 .00  0.00 0 .002  4 . 6 3 1  .020 
5 .00  0 . 9 0  0.002 4.631. .0344 
5 .00  1 . 9 0  0.002 5.1.06 .0344 
5 .00  0.00 0 .002  5.106 .020 
5 .00  3.10 0.002 5 .581  .0344 
5 . 0 0  0 .00 0 .002  5 .581  .020 
5 .00  3.20 0.002 6 .080  .0363 
5 .00  0.00 0 .002  6 .080  .020 
5 .00  2.10 0 .002  6 .570  .0363 
5.00 0.00 0.002 6 .570  .020 
5 .00  1 .10  0 .002  7 .077  .0363 
5.00 0.00 0 .002  7.077 .020 
5 . 0 0  0 .00  0 . 0 0 4  4.631. .020 
5 .00  0 . 9 0  0 .004  4 .631  .0344 
5 . 0 0  1 . 9 0  0 .004  5.106 .0344 
5 . 0 0  0 .00  0 .004  5 .106  .020  
5.00  3 . 1 0  0 .004  5 .581  .0344 
5 . 0 0  0 . 0 0  0 . 0 0 4  5 . 5 8 1  .020 
5 .00  3 . 2 0  0 .004  6 .080  .0363 
5 . 0 0  0 . 0 0  0 .004  6 .080  .020 
5 .00  2 .10  0 .004  6 .570  .0363 
5.00 0.00 0 .004  6 .570  .020 
5.00 1 .10  0.00Ln 7.077 .0363 
5 . 0 0  0 . 0 0  0 .004  7.077 .020 

PULF 1 T 3 

This program i s  used t o  f i t  the  readings taken with PULRDG2 t o  t he  

propeartii.es of the s tandard  t h a t  p.rochced the  p r o p e r t i e s .  R o t %  of t hese  a r e  

included i n  the  da t a  f i l . e ,  OTDATA.DAT, produced by PULRDG2 and now read by 

PULFIT3. The a r r a y s  i n  PULFIT3 must match the  d a b  i n  the d a t a  f i l e ,  a s  

noted i n  the e a r l i e r  r e fe rences  on rimning this type of program. The 

ope ra to r  can assume different combinations o f  the readings and determine 
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how w e l l  t h e s e  conil~inintions o f  readings wi 11 f i t  t h e  t e s t  p r o p e r t i e s  

(mostly flaw size i n  our pnrt.icu1a.r c a s e ) .  The c o e f f i c i e n t s  t o  conver t  the 

readings  i n t o  t h e  p r o p e r t i e s  a r e  saved on anocher d a t a  f i l e ,  PULCOE.DAT. 

When the best f i t  has been determined, t h e  c o e f f i c i e n t s  can be incorpora ted  

inco  t h e  programs t h a t  do t h e  proper ty  calculation from t h e  a c t u a l  t e s t  

d a t a .  A l i s t i n g  o f  the program PULFIT3 fol . laws. 

C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
c 
c 
C 
C 
c 

c 
C 

PKOGrCAM PULFIT3 
VERSION 17 MARCH 1986 PWLFIT2.FOR MODIFIED FOR 2.0 SOFTWARE 
PROGRhM TO PEKFORM A LEAST SQUARES FIT TO DATA READ INTO A DISK 
FILE BY PULED62 AND THEN PERFORM CONTINUOUS BACK CALCULATIONS 
USING INSTRUMENT READINGS HADE BETWEEN EACH DISPLAYED SET I 

IRDPRM==MAXIMJI"I NUMBER OF COEFFICIENTS IN EXPANSION 
LITEK-LOGICAL INPUT UN I T  
LOTEK=LSI OUTPUT UNIT FOR PROMPTING AND DISPLAY 
LOU=LOGICAL OU'I'NJT UNIT FOR PERMANENT RECORD (PRINTER) 
NCHS=NUMBER OF DATA CHANNELS (TIME INTERVALS) 
NT=TIME INDEX 
NTT=WMBER OF TIMES 

NPKOPM-WPMUW NUMBER OF PROPERTIES CALCUTATED(-6 NOW) 

CONSIDERED. EACH SET OF PROPERTY VALUES IS ON ONE LINE 

NPTT-NUIYBER OF DATA LINES IN THE INPUT DATA FILE 
NTCAL=NUMKER OF TIME CALIBMTIONS 
NPRINT=PRINT AND TRANSFER INDEX. 
MAG=lNDEX TO TURN ON THE SATURATING MACNET(=O IF NONE USED) 

NP--xPROPERTY INDEX 

NPTeTOTAL NUMBER OF SETS OF PROPERTY VALUES THAT WILL BE 

IN m E  DATA FILE 

REAL L 2 ,  L4, L3, L5, L6 
CHARACTER% NPROBE,NCABLE,XNSTNO,COIL 
CIIMZACTER C O E D A T * 8 , F N A M E ~ 1 2 , B L ~ S * 4 , F R O ~ ~ ( 7 ) * 4 , ~ I ~ N M ( 3 ) ~ 4  
CHARACTER l'ROPTY(7)*4,STOP*4,YNDAT*8,PHASW13)*4,~O~RY(~6,~)~4 
CHARACTEX ADUM*82,CR*1 

DIMENSIONS THAT AKE CHANGED: 
c *& 

C 
C 
C 
C 
C 
C 
c 
c 
C 
c 
C 

DIMENSION 
DIMENS ION 
DIMENSION 
DIMENS ION 
DIFIENSION 
DIMENSION 
DIMENSION 
DIMENS ION 
DIMENSION 
DIMENSION 
DIMENS LON 

READNG(NPT+l,IRDPRM+I) ,PRO(NPT) 
PRDP(I,NPROFM),TMDFT(NTT),VLDFT(NTT),JPOL(~,NTT,~PR~~~) 
COE(IRDPRM),COEF(IRDPRM,NrKOPM),TIM(NTT) 
RD61(1,IRDP€?.M),NPOL(2,NTT) 
JOFSET(NPR0PM) , JRDPR(NPR0PM) 
PRQPTY(NPROPM),PRONAM(NPROPM) 
TMAGI (I, NTT) 
SUMCAL (MTT , NCAL) , SDVCAL (NTT , NCAE) 
RnGC(NTT,NCAL),RDGO(NTT,NChL,) ,COFSET(NTT) ,CGAI~(N' rT)  
VOLTS(NTT) ,VOLSTD(NTT) , STDV(NTT) >NCONV(N"CT) 
TOFSET (NTT) , TSLOPE (NTT) 



C THE APPKOPRIATE NUMBERS SHOULD RE INSERTED IN THE FOLIDWING 
C DIMENSION STATEMENTS; COW4ENTED STATEMENTS MARKED ** MANDATORY 
C 

DIMENSION TMDFTj8),VLDFT(8),JPOL(~,8,7),COE(15),COE~(l5,7),T~M(8) 
DIMENSION RDGl(l,l5),NPOL(2,8),JOFSET(7),JRDPK(7) 
DIMENSION TWG1(1,8),IN(8) 
DIMENSION RUGC(8,~t),RDGO(8,4),COFSET(8),CGAIN(8) 
DIMENSION V O L T S ( 8 ) , V O L S T D ( 8 ) , S r D V ( 8 ) , N C O N V ( 8 )  
DTMENSION REAUNG(37,16>,PRO(i2),PROP(l,7) 

DATA NPT/36/,NPRINT/O/,LOU/6/,TAITEK/O/,LOTEK/O/ 

DATA TRDPRM/15/,IR/~/,NCH/8/,NRDG/32/,NPKOPM/7/,NP~OPT/l/ 
DATA STOP/‘STOP‘/,BLANKS/’ ‘/,NUNIT/I/,ICMD/l/ 
DATA NLINES/4/,INDAT/’OTPUL’/,COEDAT/’PULCOE ’ /  
DATA COFSET/8*0.0/,CGL41N/8*l./ 

C DATA THAI‘ MAY NEED TO BE CHANGED: 

DATA NCL/28/, LID/37/, LOD/38/ ,MPEC/45/,  MRUS/h6/ ,MAG/O/ 

C 
C PRINT TITLE AND DATE 

OPEN(LOU,FILE=‘#PK’ ,ERR=1990) 
CALL 
WRITE(LOU, 2, ERR-19 90) I H R  , IMN , IS E I IMO , IDA, JYR , INDAT 

GETTIME( IYR, IMO, IDA, IHR, IMN, ISE, IFR) 
1. 
2 FORMAT(’PULFIT2 TIME ’,12>’:’,12?’:’,12,’ DATE ’,12,’/’,i2,’/‘ 
*I2,4X,A8) 

30 FORMAT(1X) 
C 

C 
C OPEN FILE FOR INPUT DATA FROM PULRDG, ASSIJMED ON DEFAULT DISK 

40 FOWT(A8) 

41 FORMAT(A12) 
FNAME-INDAT//’ .DAT’ 

OPEN(LID,FILE=FNAME,STATUS -’OLD‘ ,EKR=991) 
C 
C KULTI PULSED EDDY CURRENT INSTRUMENT ADDR=5 ON GPIB BUSS 
c ADDR-E? ON i B M  BIJSS DRIVER, FORTRAN LOGICAL UNIT = 4 5  

C SET FOR DMA WITH MORE THAN 4 CHARACTERS READ OR WRITE 
OPEN(MPEC,FILE-’#BUSE?’,ERR=993) 

CALI. __ SETDMA (MFEC ,2 ) 
CALL STIMEOUT(MPEC, 1.0) 
LRITE(O,*) ’FILE OPENED FOR PULSED 1/0 OVER IEEE-488 BUS‘ 

IF(IER.NE.O>READ(O,l991)ADUM 
ZF(IER.NE.O)GO ‘TO 2 5  

25 CALL SETUP(MPEC, NCH, NRDG, IER) 

C 
C READ INITIAL INFORMATION IN DIRECT ACCESS FILE J..:LD ON DISK 
C 

K E A D ( L i D , 5 5 ) I H R , I ~ N , I S E , T M O , I D A , l Y R  
5 5  FORMAT(6(1X,I4)) 

W R I T E ( L O T E K , 5 5 ) P H R , I N N , I S E , I M O , T D A , I Y R  
READ (LID, 60)  NPROBE , NSER , RO , CA PUR,  R 9  , CAPPU , NCAFSLE , 

-k CARLEL, CCABLE , INSTNO 
60 F O R M A T ( A 6 , 1 X , 1 5 , 4 ( E 1 3 . 4 ) , 1 X , A 6 , 2 ( E P 3 . 4 ) , 1 X , A 6 )  

WRITE(LOTEK,60) NPROBE,NSER,RO,CAPDR,R9,CAPPU,NCABLE, 



4 5 

* CABl,EL, CCABLE , INSTNO 
READ(LID,65) NTT,NPTT,NPKOPM,NTCAL, ICMD,PVOLT 

IF(NTT. NE. NCI-J)IJRTTE(O it)  

6 5  FO~bfAT(5(1X,15) , 1 F 6 . 0 )  
ERROR IM CHANNEL(NCH) AND TII4.E IIJTERVALS ' 

*, (NTT) I )  

WRITE (LOTEK , 6 5 )  NCH , N l T  , NPROYM, NTCAL , I C M D  PVOL'1: 
C 
C 

70  

80 
C 
(; 

85  
100 

c 
C 
c 
C 
C 
C END 
C 
C 
c 

140 

READ(LID,70)(TIM(NT),NT=I,NTT) 
WRITE(LOTEK, 70) (TIPZ(NT) ,NT-1 ,NTT) 
FORMAT (8 ( 1 P E l O  3 )  ) 
READ(LID, 80) (PRONAM(NPR) ,NPR-=I ,TJPROFTI) 

FORMAT( 7 ( l X ,  Ah) ) 
DO 100 NC-L,NTCAL 
READ(LTD,85)(RDCO(NT,NC),NT=l?NTT) 
FORMAT($ ( F 7 . 4 )  ) 
CONTINUE 

WRITE(I,OTEK, 80) (m.oNm(rux) , N P R = ~ ,  NPROPM) 

8-EAD NOMINAL STANDARD VOLTACES 

READ(I,ID,8S)(VOLSTD(NT),NT=l:NTT) 
WRITE(L,O'CEK, 85)  (VOLSTD(NT j ,NT-=1 ,NTT) 

OF SECTION WHICH READS CNTTIAI.. DIHI;,(;T ACCESS F I L E  

WRITE(LOU, 1 . 4 0 ) I H R ,  IMPJ, I S E ,  IMO, I D A ,  IYK 
FORMAT(' CALIB?RATXON DATA TAKEN ',12,f:',12,f:f,122f DATE ',I?, 
*'/',12,'/1,12) 
SSRITE(I,OU,*)'DATA FILE 1 , INDRT,  C O C L  , IJXOBE, SERLAL rm ,TE;I.:R 

160 FORMAT ( 1 X )  
C 
c C O I L  DATA ARE READ YROM REF.DAC OR CIR.DAT FTLE 
C 
C FILE TO INSERT INTO REFLECTION OR CIKCTJLm PBOCKAM'> FClR C O I T ,  
c DATABASE REFERENCES 
C 
C THE INPUT DATA FOR THE REFLECTION C O I L *  ARE KZAD FKOEl FIT$ 28 
C SEE F I G .  2 , P .  7 AND FIG.4, P .  7 ,  ORNIA-TE.I - /~307,  FOR BEFlNLTTONS. 
C 
C 
C 10 REhD(28,11, EKR=996)COIL,I<RAR, K1 R2,L6'3 R?J , R 4 ,  L4,  L5 L6 
C 

OPEN ( 28 , FI: I X = '  REF. DAT ' , STATUS = ' OLD , ERR=9 911 ) 

* , RDCDR , RDCPU , TNDR , TNPU 
11 

c 
c 
C 
c 
c 
c 
C 
c 
c 1.5 

kORMAT(A6,9F8.4, F10 .4 ,  F 1 1 . 4 , 2 F 8 . 1 )  
IF(CO1L.EQ. 'END 
IF(COIL.EQ. 'END ' ) G O  TO 15 
IF(COIL.NE.NFROBE)GO TO 10 
GO TO 630 

')WRLTE(O,*) 'REF C O I L  NOT FOU?!WV 

THE INPUT DATA FOR CLRCULAR COII,S ARE READ FRO14 FILE 29 
SEE 'TABLE 3 ,  PAGE 10 OF ORNL/NUREG/?M-?35 FOR DhFINTTIOSS 

OPEN ( 2 9 ,  FILE= ' C I R  . DfiT e , STATUS *-:- ' OLD , ERR-99 5 ) 



C READ(L9 ,20,ERR=997)COIL,KKPR~Rl , R ?  ,XT /T , ,Kl , IM,Kl)ODK 
C 

C READ ( 29,20, EKR=99 6) COI L , REAR K1 R2 I,3, Lt3 it4 
C I F ( C O T i , . E Q .  'END ')WE1 ( 0 , k ) '  CIR C O I L  NOI' FOUND' 
c .LP(COTL.EQ 'END ')GO TO 300 
C IF(COIL.NE.NP~OBE)~O TU 1 5  

C 
C LEAST SQUARES D E S I G N  SECI  LON. 
C 
C SELECT PROPERTY TO S E  FITTED AND SEf  UP PKOIJbK'LY AtlKkY. 
C 

* , RDCPU , TNDR , TNPL , % l , D K ,  ZI,PTJ, X 
20 EOkMAV(A6,6Y8 . & ,  2F10.4,2F8.11 2Ell. 3 ,F8.1) 

ti0 Ti, 6 3 0  

300 X S E T - W i  
MSETl=MSET t? 
TF(NTkOPi.G'i.NPKOPM) GO 1'0 860 

31 0 hKlTE(LOTEK, 3 2 0 )  (NPR, PRONAT(NPR) ,NPR-l NPPOPM) 
3 2 0  FORMAT( ' SELECT NUMRFK OF TI!L PROPLK'YY 'TO BE FITTED. ' , 

* / , 7 (  1 3 , 3 X , A L - ) ,  ' ? ' )  
READ(LITCK.*)NPROP 
IF(NPR0P LT. 1PKU~KjNrKOP-NPROPM 

350 WKlTC(LOTEK,  360) 
360 E'ORMAT( ' TYPE 1 T F  Tklr'KZ IS O k ' k ' S C L ;  Cl IF KO 3FFSET: ' , / )  

KEr iD(LI  TFK, ") J O F S F I  (NPROPT) 
J 0 E' S t: i - 5 0 FS E 'i' ( NPRO PT ) 
JRDPR-IOFSET 

3 7 0 V R i  iE ( i,i)?'i.,K, 3 80 j 
380 r70FX4f ( '  S E T E C P  J i I C  NIJMBER CE T H E  FUiTCIlON fYi'F & POLYNOMIAL' , 

k '  DFGRFE, FOR EACH TIME V A L U E ' )  
VRITC(LOTFK, 390) 

390 F3,WA-'( ' E UiN(,L 10N 'LYPE : I-LINEAZ 2zLOC: 3-EXY 4-1KV ' ) 
4130 WK I L 6,(T O r C K ,  160)  

WRITE(L0TI-k , 4 1 0 )  
410 10Kp1Pii(25X, ' P ' C I N  1'OL '/,Z5X'TYPE DEG ' )  

DO ' ~ 5 t J  Nl'-L ,KTT 
LXITKCLLOTEK, ' 20) NT 

READ ( LIThK *)JPOi  (1 Nl' , NPROPT) , JPOL(2, NT , NPKOPl) 
LRSL'iZ- IRDPRLJPOL( 2, NT NPKOPT) 
JRGPR (NPROPT) -IRD PR 
!iPOl.( 1 NI ) -JPOJ,(  1, NT , MPROPT) 
Nl!'Cl,( 2, NT)=JPOL( 2 NT , NPROPT) 

I KDPR l - IKDI 'R+ I 
IF ( IRDYKX ;,T J K D P R (  NPROP'T) ) LJRITE (LOTEK, 4 60) 
1F ( L K D P K M  TAT JKDPR(NPROPT))GO TO 630 

JKOW-IRDPKY tl 
CALL POL PUT,( POIS ikY,  JKOW, I KUPR. NPOL, NT1, IOFSET , LOTEK) 

ir'213 FORUT( '  TI:? ' , T l 2 , '  SEO ' , \ )  

l.50 CONTINLE 

460 FO€'&IAT( ' ERROR: OF TEK14S IN POLAKY kXCELij ' j  D T M E N S L O N '  ) 

C 

C 
C E x P m r i  TiiL RAW READINGS INTO imm READINGS. 
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[+70 DO 480 NT=l,NTT 

TMDFT(NT)=O. 

REWIND (LID) 
DO 481 IREC=l,NLINES 
READ(LID,483)ADUM 

c SET THE TIME AND VOLTAGE DRIFTS TO ZERO INITIALLY 

480 CONTINUE 

483 FORMAT(A2) 
481 CONTINUE 

NR-1 
DO 490 NP=l,NPTT 
READ(LID9482) (TMACI (1,NTj ,NT==I,NTT) (PROY(1,NPK) ,NPR- 1,NPROk'M) 
TMAGl(l,l)=T~L4Gl(1,1)+TMAG~(1,2) 
TMAGl(l,3)-TMAGl(l,3)+TMAGl(l,4) 
TMAGl(l,5)=TMAGl(l,5)+TPL4Gl.(l,6) 
TMAG1(1,7)-TMAG1(1,7)+T~G1(1,8) 

FORMAT ( 14 ( LX , F9 .5) ) 
482 F0?2&!.T($(F7.1),3(F5.2),F5.0) 

C[+8 2 
c 
c THE PROPERTIES CAN BE SET AND MODIFIED IN TI-ITS SECTlON 
C 
C 
c IF' THIS PROPERTY IS NOT TO BE USED TRANSFER TO 490 
C 
c IF(PROP(1,l) NE.5,l)GO TO 490 
C IF(PROP(1,2).GT.2.20O)GO TO 490 

PRO(NR)=PKOP(l,NPROP) 
CALL RDGPUL(RDG1, TMEiGl ,NPOL, TOE'SET ~ TMDFT, 1, IRDPl i l  1, MTT, 1,1,1,1) 
DO 485 lRD=l,IRDPRM 
READNG(NR,IRD)=RDGI(l,lRD) 

NR-NIP-c 1 
485 CONTINUE 

490 CONTINUE 
C 
c DO THE LEAST SQUARES FIT O F  THE READINGS TO THE PROPERTIES. 
C 

C 
C CALCULATE THE DIFFERENCES IN THE FIT AND rHE MAXIMUM DRIFTS. 
C 

CALL ALSQS (READNG I PRO, COE RSOS I MSbl' , JRDPR, MSET1) 

500 SSDRIF-=O. 
SSDIFF=O. 
IF(NPRINT.EQ.2)~RITE(LOTEK,5lO)PI~ONAM(NPKOP) 
IF(NPRINT.EQ.2)WRITE(LOU,51O)PRON~Y(NPROP) 

REWIND(L1D) 
DO 515 IREC-1,NLINES 
READ (L1D , 4 8  3)ADUM 

515 CONTINUE 
NR-1 
DO 570 NP-I ,NPTT 
DRIFT=O . 

510 FORMAT(' PSETr,8X,A4,9X,'CAL',8X,'DCFT',7X,'DRTr1') 



G 8 

READ (LID, 482 ) (TMAGI. ( 1 NT) 
TMAGl(l,l)=TMAGJ- (1 ~ l)+TMAG1(1,2) 
TMAGl(1, 3 ) .-=':'MAGI (1 , 3)tT&'AGl( 1~ , 4 )  

TMAGl(1, I )=TMAGl( 1 ~ 7 )  tTMAGl( 1 , 8 )  

LJT=1, NTT) , (PROP (1 I NPR) , N P R - 1 ,  NPROPM) 

TMAGI. (I s ----TK*~G~ ( 1 ~ 5 +nmi ( I. , 6  

TRANSFER T U  570 IF PROPERTY IS NO'L TEP ONE WE WANT 

IF(PROP(1,l) NE 5.J)GO 'I'O 5/0 
IF(PROP(J 3).GT.0.001)GO TC 573 
IF(PKOP(:,7) GT 2.200)GO IO 570 
DO 5b0 NT=1,NTT 

C 
C ONE MAGNI'CU[)E OR PHASE DRIFT IS SET ON A?' A TIME. 
c 

TMDFT(NT)-l.O 
CALL RI)GPL'T., ( l i D G 1 ,  TbL4G1 EPOL ~ IOFSET , 'I'MDFT , 1 : TRDPRI., J~ ~ NT'r ~ 1 ~ 1_,1,1) 

C 
C THE Pi)l,YNOXIAi, LS CALCULATED 
C 

S U M 4  . 
DO 520 IR=l,IRDPK 
SUM-SUMtCOF ( I R  j *RDGI (1,lR) 

520 CON'i'LNUE: 
DRIFT=@RIFT+AHS (XEAONG (NE, IRDPRl) -SUM) 
TMDyl(N'j';)-fJ . 

530 CONTINUE 
540 CON'TINLIE 

DIPF-PXO(RR) - i lEADNG (NR-, IRI1:PRl) 
S S D I F F'= S S i1.i YF+D 1 F F* D I F F 
SSDKIE'-SSDKI r'+ DRiFT*DRi FT 
LF(N?RINT.NE.%)GO Ti0 565 

C 
C I h E  5KNTZRE FIT IS PRINTED OIJT e-- , ' 
c 

5.IWT 'I'E ( IXjU , 5  6 0 )  NP , PRO ( NR) , READMG (NR , IRDPRl ) , D I  FF , DKLFT 
WR1 TE ( Y ,OTEK, 5 6 0 ) NP , PRO ( NR) , REhDNG ( NR , IRDPK'L j , D.1 FF , DK1 FT 

55 0 FORMAT ( i X ,1'4,4F1.3. . 5  ) 
565 NR=NR+1 
570 CONTINTJE 

SDRIF=SQRT ( S SDRL F'/PI.OAT (MS ET) ) 
SDTFF=SQRT(SSnIFF/FLOAT(M~~~jj 
WRITE(I,OU, 580) PROMAM(NPR0P) , SDIFb?, SDRI  F (NPOL( 1, NT) , N'I=l .  NTT) 
~~RITfi~(LOU,585)IOFSET,(NPOL(%,NT),NT=1,NTT) 

hXI:Tt.I.(LOTEK? 580)PKONAM(N?KOP) , SDIFF, SDKIF 
wRI:rE(LolJ7 30) 

5 8 0  FOFWAT!' WiS D%F IN ' ,&4.4, '= '  ,F10.5,2X,'DKIP'~=',F10.5,~X, 

585 FCRMBT(12,' CONS1'ANTf,37X,'POL ',1072) 
*'FCTN'  1012) 
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590 IF (NPRINT.NE.3)CQ TO 6 3 0  
IF(NPROPT.NE.Z)GO TO 597 

C OPEN FILE FOR OUTPUT C0EFFICIF:NT DATA STOBAGE ,ASSUMED ON DKI’RULT D I S K  

595 

596 
597 

600 

c 
610 

C 
C 
c 
C 

615 
C 

616 

6 2 0  

C 
630 
640 

650 

C 
C 
C 

700 

710 

FNAME=COEDAT// ’ . DAT ‘ 
OPEN(LOD, FILE-FNIZME, STATUS =’NE‘CJfl , ERR -- 9 9 7 )  
DO 595 NC=l,NTCAI, 
WRITE(LOD,>k) (RDCO(JJ,hC) , JJ-l ,NTT) 
CONTINUE 
WRJ TE (LOD , i k )  (VOTSTD (NT ) , NT-I , NTT ) 
CONTINUE 
WRITE(LOTJ, 160) 
WKITE(T.OTEK, 160) 
NCOEDl=NCOED+’+*IRD PRM-i-1 
lJRiTE (EOD *) IRDPR 
DO 610 I=I,IRDPR 
WRTTE( LOIJ, 6 0 0 )  I ,-COX( T )  , (POIAXY( I ,  J )  , J- 1 , 5 >  
WRITE(LOTEK, 600)  I, COE( I) , (POTAIIY(1,J) , J=3 , 5 )  
FORMAT(’ CO~F(’,I2,’)-’,1PE15.7,4X,5A4) 
COEF(I.,NPROPT)=COE(I) 
DO 610 N C O = 1 , 4  
WRITE (LOD , *) NCOMV (NCO) 
CONTINUE 
NCOED-NCO ED 1 

WRITE(LOD,615)PRONAM(NPBOP),IRDPR,JOFSET(NPROPT) 
FORUT(1XjA4,2T4) 
W R s T E ( Z O D , * ) ( C O E F ( I R , N P R O P T ) , I ~ ~ l , I K D P R )  
~FtITE(LQD,616)(COEF(IR,NPROPT),IR-1,IRDPR) 
FORMAT( ‘ DATA C /‘,IPE13.6,14(‘/,C /‘,lFE13.6)) 
DO 620 NT=l,NTT 
I;JR31TE(~‘OD,*)(NPOI,(X:,NT) , 1 - = 1 , 2 )  
C OWT I NU E 
PROPTY(NPROPT)-PRoNA(~~RQP) 
NPROPT-NPROBTi-1 

WRITE(LOTEK,S40) 
FORMAT(’ 1 FIT PROP 2 PRT ENTTRE FIT 3 PRT/SV COEF 4 CHG FC;TN/POL’ 
*,’TYP 5 RUN TEST’,/) 
READ(LITEK, *)NPRINT 
GO T O ( 3 0 0 , 5 0 0 , 5 9 0 , 3 5 0 , 6 ~ 0 ~ , ~ P ~ ~ ~ ~ ~ ~  

WRITE(LOU,lGO) 
GO TO 880 
CALCULATES PROPERTIES FROM. MAGNITUDES 4ND PHASES AND CON‘I’INUOUSLY 
DISPLAYS THE VALUES ON THE CKT TEPLIYLNAZ. 

NPROPT-NPROPT-1 

CONTINUE 
IF(NPRINT. EQ. 2)WEIITE(I,OTEK, 710) (PRGPTY(NPR0) ,NYEO-I ,NPR.OP:‘T) 
FQRMAT(l.X,6(8X,A4,1X)) 
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IF( NPRINT . EQ . 3 ) L @ T T E  (LOTEK, 115) (I L I IT=1, NTT) 

WRITE (LOTEK, 160) 
715 FORMAT(8(' MAG(',Il,')')) 

C 
C EXPANSION OF TMAGl(1,Ni') INTO READNC, (1  ~ IRDPRM) 
C 
720 DO 800 NPRO=l,NPKOPr 

DO 790 N'r-L,NrT 

NPOL(1,NI') JPOL(I,NT,NPRO) 
DO 780 I=1,2 

780 CONrINUE 
C WRITF(O,72l)(NPOL(I,NP) , T - 1  ,6) 
C 771 FORMAT(613) 

TMDFT (NT) =O 
790 CONL'TNUE 

IOPSP,T JOFSEl (NPRO) 
IRDPR=JRDPR (NPRO) 
TKDPRl=IRDPR+l 
CALT, RDGPUL(RDG1 , ? M A G I ,  NPOL, I O F S E T ,  TMDF'L', I, IRDPRl ,1, NTT, 1 ~ 1, 1,l) 
PRO (NPRO) =0 . 
DO 800 TK-1,iKDPR 
PRO(NPRO)=PRO(NPKO)+COEF(lR,NPRO)*RD~1(l,IR) 

IF(NPRINL.EQ ?)WRITE(LOTEK,805)(PRO(NPRO),NPRO=1,NPROPT) 
800 CON'i'iNllr? 

805 FORqAT(lX,7(F13.5)) 
C 
C NEW Ri 'ADINGS ARE MADE, F'KOM THE EDDY CURRENT INSTRUMENT. 
C 

c DO 830 NC=1,NCW 
c VOLTS!NC)=VOLTS(NC)+TOFSE'T(NC)rTSLOPE(NC)~VOLTS(8) 

825 CALL PRDC(IN,MPEC,NCH,ICMD,lEK) 

8 3 0  CONTINUE 
Ih(NPRTNT.EQ. 3)WRLTE(LOTEK 820) (IN(NT) ,NT -1,NTT) 

C CALL COFStDG (VOLTS, COFSET, CGAIN, N i ' T )  
840 DO 845 NT=1,NTT 

845 CONTINUE 
TMAGl(1, N1') -IN (NT) 

TMACl( l , l )=TMAGl. ( l  ,l)+PK4Gl(l.2) 
TMAGl( 1 , 3  ) =TMAGl( 1 ,3 ) +TM(?GI ( 1 4 )  
~~.LLiG1(1,5)-~~G1(1,S)tTMAG1(1,6) 
T M A G ~ ( I , ~ ) = T M A G ~ ( ~ ,  7)+1MAGI (1,8) 

CAT.T. 
820 FOrnT(8(~5)) 

GETKEY (IKY, IS, K R F I ,  KBF2, IRIP) 
IF(IRR.NE O)GO TO 720  

C 

c 
c PROGRAM KCT,L STAY IN THIS LOOP UNTIL ANY KEY is STRUCK. 

L F ( N L A B ~ t N P R I N ' i . ~ Q , 3 ) ~ ~ T T ~ ( L O U , ~ ~ ~ ) ( N P ~ O , N ~ ~ O ~ ~ , N P R ~ ~ ~ ~  
NLABT,rNPKINT 
IF(WPRIN1'.EQ.?)~~ITE(LOU,85O)(~~~~NPKO),NPR~-l,NP~OP~) 

850 F O W T ( 8 ( F 9 . 5 ) )  
IF(NPR7NT. EQ. 3)WRT'SK( LOU, 850) (VOLTS (NT) , NT-1, NTT) 
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GO TO 880 
8 6 0  WRITE(LOTEK, 870) 
8 7 0  FORPIAT(' PROP A R M Y  I S  FILLED. ' )  
880 WRITE(LOTEK,598) 
890 FORllviT( ' PRPN'C : 1 .MEAS VOLT 6 PROPlX'UiES 3 CAL&DISPLAY PRcJPS' 

* , ' 3 . RnlJ RDGS .4 . R E  - CALJ R 5 . STOF ' , / ) 
READ(LITEK,*)NFRINT 
GO TO ( 1 3 0 0 , 7 0 0 , 7 0 0 , 8 9 5 , 3 0 0 ) , N ~ ~ ~ ? ~ N ~  

CALL RESET(RI)GC, RDGO , COFSET , CGAIN , STDV , NTT) 
GO TO 880 

895 CONTINUE 

c 
C PRINT SIIMK4PY OF DATA FROM D I S K  FlLE 
c 
1300 WEPITE(I,OIJ, 1'350) NPROBE,NSER 
1350 FOIPPNT(' PROBE NO.:',AS,?X,' SERIAL NO : ' , I S )  

WRITE(LOU,l.360) R0,CAPDR 
1360 FOW,P(' D K I V E R  SERIES RESISTANCE: ' , F I O , ~ , ~ X ,  'DRIVER SHUNT clip : ' ,  

E12.4) J. 

'+JRITE(;LOU, 1 3 7 0 )  R 9 ,  CAPPU 
1 3 7 0  FOFX4T(' P I C K - U P  SHUNT RESISTnNCE:',FlO.l,SX,'PTCK-UP SHTiNT C A P . : '  

* , E12.4) 
WRTTE(LOU, 1380) NCABLE I CABLEL, CCARLE 

1380 F O ~ U . T ( '  CABLE I.D. NO .',A~,,~x,'~,EDI(:TH:~,FIo.~,~x,'cAP.:', 
-i EL%. 4 )  
WRITE(LOU, 1390) INSTNO 

WRITE(T,OlJ, 1.410) (TIM(NT) ,NT=1 ,N'I 'T) 
1390 FORMAT( ' EDDY CURRENT INSTRUMENT NO.  : ' , A 6 )  

1410 FORKAT('T1ME:' , 8 ( 1 P E 1 0 . 3 ) )  
c 
C PRINT C A L I R M T I O N  READINGS 
c 
1600 CONTINUE 

1650 AVERAGES & STD.DEVIATIONS OF CALIBRATION READINGS: ' , 1 3 ,  
WRITE(I,OU, 1650)  NTCAL 

*' MAGS') 
WRlTE(LOU,160) 
WRITE( LOU, 1660)  

DO 1700 N C - 1  ,NTCAL 
~ I T E ( L O U , 1 ( j 8 0 ) ( ( R a G O ( N 1 ~ , N C ) ) , N T - 1 , N T T !  
FOWAT ( 8 ( FS . 1 ) ) 

(TIM(NT) , N T - 1 ~  NTT) 
1 6 6 0  FomwT(8(mio.3)) 

16 8 0 
1700 CQNTTNDE 
c 
C PRINT OUT READINGS AND PROPERTIES 
c 

WRITE(LBU,160) 
WRITE(LOU, 1750) (NT, NT-1 ,NTT) , (PRONAM(NPK) , NFR-I, NPROPM) 

REWIND(LTD) 
DO 1755 IKEC-1,NLINES 
READ(LID,463)ADUM 

1750 FOF%AT(1X,'PSET',8(' MA6',al>,ii(sx_,acc,Ix>) 



5 2  

1/55 CON'YlNUE 
DO 1800 NP-1 , NI'TT 
READ (LID, 4 3 2 )  (TMAGl(1~ NT) , NT=P, NTT) , (PROP (1, NPR) , NPR=l, NPKOPM) 
TMAGI ( I, 1) =---TNAG1(1,1) +TNAG1( 1,2 ) 
TMAGl( 1 , 3 ) =TMAGl. ( 1 , 3  ) +' i 'K%GI( 1 ,4) 
TML461(1,5) =TK\Cl(l ~ S)+TMAGI.(I, 6) 
TMAGI (1, / ) 4 U G I ( 1 ,  7) +-~TP'L4G1(1 8) 
WRITE(I,OU,1760)NP, (TMAGl(1,NT) , N T = I , N ' f T ) ,  (PROP(1,NPR) ,NPR=i, 
*N 1' KO PM ) 

1./ 6 0 
1~800 CONTINUE 
C 

FORMAT ( 1X ~ 14 , 8  ( FG . 0 ) ,4F7 . 'r ) 

GO TO 880 

REAU(O,1991)ADUM 

GO TO 1 

GO TO 900 

GO TO 300 

GO TO 900 

GO TO 900 

GO TO 900 

~~ITKiI,O'~EK,ll,E~-996)C01L,RBhR,Ri,K2 ,T.,3 , K 3  ,Rl+,L4,L5 ,L6 

1990 W R I T E ( L O T E K , ~ ) ' E R R O R - C H E C K  IF PRINTER OFF-LINK,HIT CR TO CONTINUE' 

1.991 FORbL4T(A2) 

991. WRITE(i,OTEK,*)'E;KROR 1 N  OPENING INPUT DA'TA FILE' 

392 WFL1TE(L0TEK,*)'EliROK IN OPENING OUTPUT COEF DATA FILE' 

993 WKI'TE(i ,OTEK, *) ' ERROR IN OPENlNG TNS'I'RUMEKT DATA FILE' 

994 WKLTE(I,OTEK, *) ' ERROR IN OPEN1NG REF DATA FILE 

995 WRITE(LOTEK,*)'EKROR IN OPENING CTR DATA PILE' 

996 WRITE(LOTEK,*)'ERliOR IN READING COIL;',COIL 

KDCDR , KUC?U, TNI:)R, TNPU 
C GO TO 10 

C GO TO 15 

EN L) 

SUBRO1J'l'TNE ALSQS (4. , V  , B , R2 , NN , PIX, NA) 

997 WRL'TE(I,OTEK,*) 'ERROR IN READING COIL; ' ,COIL 

900 STOP 

e 
c ALS(2S IS A FORTRAN IV SUBROUTINE TO SOLVE THE L I N E A R  LEAST 
r: SQlJAK.ES PROBLEM NORM(AB - Y) I= MIN. CALLING SEQUENCE I S  
C 
C FitIERE 
C A LS AN ARRAY CONTFAINING THE I,EAST SQUARES MATRIX.  
C UPON R E T U W  THE (Mj-1.) -TH COLUMN CONTAINS THE 
c APPROXiMATING VECTOR AB. 
C Y IS THE VECTOX TO BE F I T  
C B CONTAINS UPON RETURN THE COEFFICIENTS OF THE FIT. 
C !A2 CONTAINS UPON RETURN THE RESIDUAL SUM OF SQUARES. 

C PI IS THE NUHBZR OF' COTlJMNS IN THE LEAST SQUARES 
C XATRTX. 
C NP. IS '(TIE FIRS'i.' DIMENSION OF THE ARKBY A .  
C 

CATJ, ALSQS (A, Y , B , R 2  N , M , NA) 

C N IS THE P;('IJ"' LIBER OF ROWS IN THE LEAST SQUARES MATRIX. 
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DIMENSION A(NA,I) ,Y(1) ,E(1) 
N = NPJ 
ET1 = Ntl 
PI = MM 
MI = M + 1  
MM1 = M-1 

C 
c REDUCE THE LEAST SQUARES MATRIX TO UPPER TRJANGUIAR FOF91 
C 

DO 60 T d = l  , M  
SS = 0 .  
DO 10 I=L,N 

s2 = ss 
S -SQRT(S2) 
IF ( A ( L , L )  .LT.O.) S = - S  
D = S2 -t S*A(L,L) 
A(L,L) = A(L,L) f S 
IF (L.EQ.M) GO TO 50 
L l  = L+1 
DO 30 J=L1 , M  

10 SS = S S  4- A(I,L)**2 

PP = 10. 
DO 20 I-L,N 

20 PP = PP + A ( I , L ) > k A ( P , J )  
30 A(N1,J) = YP/D 

DO 40 J=L1,M 
DO 40 I==L,N 

40 A(1,J) A ( I , J )  - A(I,L)*A(Nl,J) 
50 A(NI . ,L)  = - S  
60 CONTINUE 

c 
C REDUCE THE VECTOR Y 
C 

DO 80 I=1,N 

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

D == PP/(-A(L,L)*A(Nl,L)) 
DO 100 I=L,N 

80 A(I,Ml) = Y(I) 

90 PP = PP f A(I,L)*A(I,Ml) 

100 A(I,M1) - A(I,MI) - D*A(I,I,) 
C 
c CAILXLATE THE COEFFICIENT VECTOR B 
C 

B(E4) - A(M,Ml)/A(NZ,M) 
IF (M.EQ.l) GO TO 130 
DO 120 LL-1,MHP. 
L = M-TAL 
L1  2 L4-1 
PP = A(L,MZ) 
BO 110 I-Ll,M 
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110 PP = PP - A ( L , I ) + B ( I )  
120  B(T.) - P P / A ( N l , L )  

C 
C CA1,CULATE R 2  
C 

130 S S  = 0 .  
MP1 = M k l  

DO 140 i = M P 1 , N  
SS  = SS + A ( l  , M l ) * a 2  

K2 = ss 
140 A ( 1 , M l )  - 0 .  

C 
C PERFORM THE KACK CALCULATIONS 
C 

DO 170  lL=I  ,M 
L - M-LL+l 
PP = 0 .  
DO 150  I - L , N  

150  PP - P P  t A ( I , L ) * A ( I , N l )  
D - PP/ (  - A ( L , L ) * A ( N l , L ) )  
DO 160  i - L , N  

160  A(1,MI) A ( 1 , M l )  - D * A ( I , L )  
1 7 0  CONTINUE 

RETURN 
END 

C 

C 
C 
C 
C 

C 
C 
C 

50 

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

SUBROUTlNE DOES NCH L E A S T  SQlJARES FITS  OF RDGO -COFSET tGA1N;kRDGC 
LEAST SQUARES SUBROUTINE is STANDARD FOR Y(J) -COFSET+GAJN;FX(J)  

DIMENSION RDGC(NCH,4),RDGO(NC1-I,4),COFSET(NCH),GATN(NCH),STDV(NCII) 
DATA NRD//c/ 
DO 100 NC=J.,NCH 
SUMX-0 . 0 
suMY=-o.o 
SUMxY=O . 0 
SUMxx=O . 0 
SUMYY=O . 0 

PERFORM LEAST SQIJARES F I T  OVER NRD REA'OZNGS 

DO 50 N K - - I ,  NKD 
SUMX=SUMX+RDGC (NC , NR) 
SUMY-SUMY+RDGO(NC,NR) 
SUMXY=SUHXY+RDGC(NC,NR)*RDGO(NC,NR) 
SUMXX=SUMXXt-RDGL'(NC,NR)*KDGC(NC,NR) 
S U K W = S I I M W t  RDGO (NC , N R )  *--KDGO (NC , N R )  
CONTINUE 
XBAR=SUMX/NRD 
YBAK=SUMY/NRD 
G A I N  (NC)=( SUMXY - SlJMXkYBAR) / (  SUMXX- SUMX'h-XRAR) 
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COFSET(NCj=YBAR-GAIN(NCj*XBAR 
S T D V ( N C ) = S Q R T ( A R S ( ( S U ~ ~ - S U ~ ~ ~ Y B ~ ~ - ~ A I N ( N C ) ~ ( S U ~ Y - S U M X ~ Y B A R ) ) /  

*FLOAT (N tin - 2 )  ) ) 
100 CONTINUE 

WRITE(0,210)(1,I=l,NCH) 
IJRITE (0,220) (COFSET (NC) ,NC=l , NCH) 
WRITE(O,230) ( G A I N ( N C )  ,NC=I,NCH) 
WRITE( 0,2/cO) (STDV(NC) , NC=1 NCH) 

210 FOPJWl ' (SX,8( '  VLT(', [ I , ' ) ' ) )  
220 FOWT('OFSET',8(F8.4)) 
230 FORMAT('GA1N ' , 8 ( F 8 . 4 ) )  
240 FORMAT('STDV ',8(F8.4)) 

KETURN 
END 

SUBROUTINE CORRDG(VOI,TS,COFSET,GAIN,NCH) 
DIMENSION VOLTS(NCH),COFSET(NCH),GAIN(NCH) 
DO 100 NC-1,NCH 
VOLTS(NC)-CQFSET(NC) tGAIN(NC)*VOLTS(NC) 

100 CONTINUE 
RETURN 
END 

SUBROUTLNE POLPUL(PO~Y,JROW,IRDPR,NPOL,NTIM, IOFSET,I.OU) 

C 

C 

C 
C THIS SURROIJTINE CONSTRUCTS AN ARRAY FOR PRINTlNG 
c 

c 
C 
C 

7 1. 
C 

20 
c 
70 

CHARACTER%? RDG'I'YP(2), IDEG(12), lN7JM(9) 
CHARACTER~~4 FVNTYP(4) , B W K S , C O N S T A ( 2 )  ,POLA.KY(JROW, 5) ,ROED(/c) 
DIMENSION NPOL(3,NTIM) 
DATA RDGTYP/' M',' T'/,CONSTA/'CONS','TANT'/ 
DATA FUNTYP/' L IP? ' ) '  LOG',' EXP',' IW'/ 
DATA IDEG/'l ' , ' 2  ' ? ' 3  ' , ' 4  ' , ' 5  ' , ' 6  ' , ' 7  ' , ' 8  ' , ' 9  ','lO','ll', 

DATA ~ ~ ~ / ' 1 ) ' , ' 2 ) ' , ' ~ ) ' , ' 4 ) ' , ' S ) ' , ' G ) ' , ' 7 ) ' , ' ~ ) ' , ' 9 ) ' /  
*'12'/ 

DATA R1[MKS/ '  # /  

S I N K  OUT PQLARY ARRAY 

DO 71 J=1,5 
DO 73. 1-1,JROW 
P O M Y  ( 1 , J ) =RTANKS 

NROW-1 
IF(IOFSET.NE.1) GO TO 70 
POLARY (NROV, l)=CONSTA( 1) 
POLARY(NROW,2)-CONSTA(2) 
FORMrZT(IX,3A4) 

DO 200 NT-1,NTIM 
NDE@-NPOL ( 2 I NT) 
IF(NDEG.EQ.0) GO TO 300 
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DO /io0 I=l,NDEG 
NKOW-NROW tl 
POLARY(NROW, l)=FUNTYP(NPOL( 1 ,N'l') ) 
PO!,4E),Y (NROW ,2 ) = ' VLT ( ' 
POLARY(NKOW, 3j=INTM(NT)//IDEG ( I) 

FOKMA'l ' ( / ( lX,A/t ,  'VLT(' ,I2, ' ) '  ,A/+)) 
400 CONTINUE 
21 
300 CONTINUE 
200 CONTINUE 
C 
C PRINT RESUL'I'S 
C 

DO 1000 NR=l,NROW 
WR~TE(LO~J,~~)(POLARY(NR,II) ,II-i , 3 )  

1000 CONTINUE 
C 

c 

C 
c 
C 
C 
C 
c 

C 
c 
C 

C 
c 
C 
C 

RETURN 
END 
SUBROUTINE RI)GPUL(REAT)NG,SUMT,NPOT.,TOE'SE;T,TMDFT,MSETl 

KEAJ3S READNG , RDG 
DIMENSION R E A D N G ( M S E T 1 , 1 R D P R 1 ) , N P O T A ( 2 7 N T I M ) , T M D F T ( N T I M )  
DIMENSION SUMT(NIA'T ~ NPTT , NTIM) 

1, IRDPRl , M, NTIM, NIA, NJAT ~ NP , NPTT) 

NPOL CONTAINS A NUMBER FOK T:iE E'UNCTION TYPE & 11lP: POLYNOMIAL 
DEGREE. IF IOFSET-O ,NO OFFSET IS INCLUDED, -1 OFFSET IS TNCLUDED 
NPOL( 2 ,NT) =O , TIt4T PALI'TICULAR TIME VALUE WILL NOT BE IPU'CLUDEI) 
IN TfiK PKOPERTY CALCULATIUNS . 

READNG(M,l)=l. 
N-1 
IF ( IOFSE'I' . EQ ~ 1) N=2 
DO 210 NT=1,NT1M 
IF(NPOIA(2,NT) .EQ.O) GO TO 200 
RDG=SUMT(NL,NP,NT)+'FMDFT(NT) 

THE TYPE OF mNc'rioN IS SELECTED 

IF(NPoL(1,NT).EQ.].)RDG=RDG 
iF(NPOL( 1. ,NT) . EQ. 2)RDG-.-ALOG(RDG) 
IF (NPoL( I ,NT>.Eq .3 )KDG=EXP(RDG)  
IF(N?OZ(l,NT).F.(?.4)KDG-l./RDG 

THE '1'YPE OF POLYTJOMIAL IS SELECTED 
AND THE POLYNOMIAL VALUES ARE CONSTRUCTED, 

READNG (M , N) =RDG 
N=N+1 

IF(NDEG.X4T. 1) GO TO 15 
DO 10 I-1,NDEG 
READNG(M,N>=RDG*READNG(M,N-l) 

NDEG=NPOL(2,NT)-l 
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N--=M+ 1 
10 CONTIhWE 

15 CONTINUE 
200 CONTINUE 
210 CONTINUE 

RETURN 
END 
SUBROUTINE PRDG(IN, f . IPEC,NCH, ICI ' ID , IER)  

C PKOGKAM TO READ P U L S E  DATA OVER THE GPIB B U S S  NO AVERAGING 
C CMDO SET INSTRUPIENT UP 
C CMD1 FAST READING,  MADE ON PULSE TTJRN ON,RDG THEN TRANSMIT.  

C CMD3 USED FOR C A L I B U T I O N S  
C (21114 ST,OWER READINGS , USES SUBROUTINES 'IWAT SUPPORT AVI<K.ACJNG 

C CMD2 SAME AS C M D l  EXCEPT TRANSMITS OLD DATA lJIlILE NEW RDGS MADE 

CI-IAWiCTER*l CR 
DIMENSION IN(8) 
CR-CIIAR(13) 
I ER-0 
WRITE (MPEC, 35 , ERR-400) ICMD , CR 
READ(MPEC,70,ERR=500)(IN(~),I=~,NCH) 

35 F O R M A T ( I 1  ,AI) 
70 F O R M A T ( 8 1 4 )  

GO TO 600 

WR.T'rE(O ,*) BUSS V-RITE ERR.OK TO P[JLSER;IiIT R E S E T ,  CR AND CONTINUE'  
GO 'ro 600 

h00 I E R = 1  

500 I E R = 2  

GOO RE'C[IRN 
END 
SUBROUTINE S E T U P  (MPEC , NCH , WRDG , I E R )  

C t - I m C T E W c l  C R ,  C ,  0 ,  P I  D , R , A ,  L ,  B ,  G 

:VB,/' I3 / , G / '  G '  / 

WRITE(O ,*) BUSS WRITE ERROR TO PULSEK;II-IT RESET, CR. AND CONTINUE' 

C PROGRAM TO S E T  U P  P U L S E  INSTRUMENT OVER THE G P I B  BUSS 

DATA I ~ P ~ D / ~ / , C / ~ ~ ~ / , O / ~ O ~ / , P / ~ P ~ / , D / ~ D ~ / , R / " K ~ / , A / ~ ~ ~ / , I ~ / ~ ~ ~ / ,  

CK-CHAP. ( 1 3 ) 
I EREO 
NKH-NRDG/256 
NRM- (NRDG I NR.W*2 5 4 ) /16 
NRL=NR.DG-NRH~256-11GNRM 
WR.XTE (0,35, EKIP-400) ICMD, C ,  NCW , CR 
W R I T E ( K P E C ,  3 5 ,  ERR=&00) ICMD,  C ,  NCH, CR 

C SYTRITE(MPEC,4Q,ERR=4OO)XCMD,A,NRHjNRN,NII.J.,,CR 
C W K % T E ! 0 , 4 O , E R K - 4 0 O ) I C ~ ~ ~ , A , N ~ ~ , N ~ ~ , N K ~ ~ C R  

35 FORMAT(Il,A1,11,A1) 
40 FORMAT (11, AI . ,  Z1, Zl , Z 1  Al) 

GO T O  GOO 
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400 I E R - 1  
W R I T E ( O , * ) ' R U S S  WRITE ERROR,COMMANI) TO MPEC,I-ILT R E S E T  6L TRY A G A I N '  

6 0 0  RETURN 
END 

S S T P U F 3  

This  program d r ives  the  scanner t o  p o s i t t o i l  t he  tube a t  d i f f e r e n t  

l o c a t i o n s  under the probe, takes  the  readings ,  computes the  f law s i z e ,  

p l o t s  the  readings on the p r i n t e r ,  and then s t o r e s  the raw d a t a .  T h e  

e n t i r e  "Lube i s  scanned before  the  computat: i n n s  and p l o t t i . n g  a r e  s t ia r ted .  

The present  version i s  f o r  a hi-gh-resoluti .on p l o t  that gives  a o n e - t o - o n e  

representa t i -on  of t he  tube l eng th .  A l i s t i n g  o f  S S T P U F 3  Eol.l.ows. 

C 
C 

C 

C 
C 

PROGRAM S S T P U F 3  
VERSION MAY 9 1986 
SCANS T I E  1'UHE BY ROL'ATING THEN TKANSLATTNG THE AVERAGE 
VOLTAGE LEVEL I S  READ OVER THE BUS FROM THE PIJJSI.: INSTRUMENT. 
THE PROPERTY IS CALCULATED FROM THE VOLTAGE LEVET. AND 
PLOTTED ON THE P R I N T E R .  THE RAW READINGS AKE STORED ON THE D I S K .  
M O D I F I E D  FOR 2 . 0  CSOS OPELUTING SYSTF,PI & FORTRAN 
IAXM-NUMEER OF STEPS ALONG I'IIE X A X I S  
IATI-LM-NUMBER O F  STEPS I N  THE rl-nl:TA A X I S  

iNTEGER*2 I V 0 1 , ( 4 0 , 1 8 0 1 , 8 )  
DIMENSION TV(8),I~Y(40),IYA(40),iY(40),NSTEPS(3) 
CHARACTER*?. A X C ( 3 ) * 2  ,GC*2 , C R * 1 ,  F P 1 .  , T U B E * l O , T F L L E - ~ ~ P G  
DATA IXX/O/ 
DATA A X C / ' X M ' , ' Y M '  , ' Z M ' / , G C / ' G  '/,SCAN/42,75/,1ATI'IM/20/ 
DATA NCW/8/ ,  NkDG/J./, iCMD/2/ 
DATA M P E C / 4 5 / ,  M B U S / 4 6 / ,  N A X I S / 2 / ,  TJ0l7/6/ ,  NDAT/9 / ,  PA/@.  / 
DATA CO / 1 . 2 5 5 4 0 9 E + 0 2 / , C l l /  2.38760.5E-02/,C12/'-'2.864017E-06/, 

*C21/-2.718268E-O2/,C22/ 1 . 5 5 2 4 3 2 E - O 6 / , C 3 1 /  1 . 1 2 0 6 0 1 E - 0 3 / ,  
*C41/-1.671774E-O2/,C4'2/ 2 , 9 0 6 1 8 S E - 0 7 /  

MUL'TI PULSED EDDY CURRENT INSTRUMENT ADDR=5 ON G P I R  BUSS 
ADDR-E? ON IBM BlJSS D R I V E R ,  FORTRAN LOGICAT, U N I T  = 4.5 
OPEN(MPEC,  F'ILE='#SUSE:?') 

CALL - SETDMA(MPEC, 2 )  
CALI, STIMEOUT(MPEC,  lo) 
MODULYNX AXIS P O S I T I O N  CONTROXJXR ADDR-6 ON G P I B  B U S S ,  ADDR=F'? ON 
I R M  BUSS DKIVER,FORL'R.AN LOGICAL U N l T  = G6 
OPEN (MBUS , F I L E =  FBUSF? ' ) 
CALL STIMOUT(MBUS 400)  
CALL -SETEOS ... (MBUS, $00, $OA) 

six FOR DNA WITH MORE 'THAN 4 CHAR-ACTEKS READ OK WRITE 
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CALL -_SETOPTIONS (MBUS 0 , O , O ,  O , O ,  1 , O )  
WRTTE(MRTTS, *) 'XA25000B410H2400' 
WKI'CE(MBUS,*)'YA50000B900H3600' 

OPEN(LOU,FILE='#PR') 
NSTEPS(1)=95 
NSTEPS(2)=200/1ATHM 
NAOF=1000/IATHM 
NADX-16 O /  IATHM 

READ(O,*)SCX 
IF (SCX.EQ.O.O)SCX=SCAN 
SCAN=SCX 
IAXM=(SCAN+O.00001)/(0.00025~~~LOAT(NSTEPS(1)))+l 
CALL SETUP (MPEC , NCI-I I NRDG , IER) 
IF(IER.NE.O)GO TO 25 
NCII?_-NCI1/2 

c PRINTER GRAPHICS FILE OPENED, LOU-6 

25 WRLTE(O,*)'WHhT IS LENGTH IN INCHES OF SCAN TO BE MADE ON TUBE ? '  

C 
C IDENTIFY TUBE AND GENERATE FILE NAME FOR TUBE DATA DISKETTE 

NSTOR- (NCHZ 
WRITE(O,*)WSTOR, BYTES OF DATA STORAGE WILL BE NEEDED' 
WRITE(O,*)' INSERT NEW DISKETTE LN DRIVE IF NEEDED. ENTER TUBE 

READ( 0,20) TIJRE 

TFILE=TUBE//'.DAT' 
O P E N ( N D A T , F 3 L E - T F I L E , S T A T ~ ~ ~ ~ N E ~ ~ , ~ ~ ~ = ' U ~ F O ~ ~ A T ~ ~ n f )  

TIMb<FLOAT ( INR) *GO. +FLOAT ( IMiV) ) *6O . +FLOAT ( I SE) -I FZJOAT ( I FR) /32 7 6 8 . 
15 WR~TE(LOU,10)TFILE,IHR,I~~~,XSE,IMO,InPL,PYR,SCAM 

~~ITE(O,lO)TE'ILE,IHR,IM~,ISfi:,~MO,1I)A,TYR,SCAN 
2 FOKMAT(A8,' TIME ',12,':',12,':',12,' DATE ',12,'/',12,'/',1?) 
10 FOWT(6X1A14, ' TIME ',121':',12,':f,122' DATE ' 

2 +1) * IAXM?k IAT1IM+5 3 

1 NUMBER(8 ALPHA NUMERICS)' 

20 FOKMhT(A10) 

cur.. GETTTME(TYR,TMO,IDA,IHR,IMN,IM~,ISE,~~R) 

>k, l?, ' / '  ,I2, ' / ' ,  12, ' SCAN LENGTH ' ,FI. 3 )  
WHITE(NDA'%)TUBE:,IHR,IMN,ISE,IMO,IDA,I~ 

WRiTE (NDAT) IAN%, IATW ~ NCH2, ICMD 
WRJTE(NBUS,*)'XD YDJ 
%RITE(MBUS,*)'<CAII>~ 
FF-CHAR(12) 
CR-CHAR( 1 3 )  

DO 99 IAX=l , I M 4  
DO 90 IATII-1,IATHM 
WRITE(MBUS,30) AXC(2),NSTEPS(2),GC 
CALL PRDG(IV,MPEC,NCH,ICMD,~ER) 
DO 65 NT=I,NCH,2 
NT 2 -NT+ 1 
NT3=NT2/2 
I V O L ( I A T H , I A X , N T 3 ) = ( I V ( N T ) + I V ( N T 2 ) )  

27 CONTINUE 

c SCANNING LOOPS FOR ENTIRE TUBE SCAN 

65 CONTINUE 
90 CONTINUE 
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r,TRTTE(MEUS,30) AXC(l),NSTEPS(l),GC 
LRITE(MBUS ,*) '<CF,O' 

99 CONTINUE 
C END OF SCANNING,START OF PLOTTING 

CALI, G E T T I M E ! I Y K , 1 M O , I D A , I H R , I M N : I S E , I F R )  
TIM2=(FLOA'r ( IHR) *60  . +E'J..OA'T ( INN) ) -k5 0 . +FLOAT ( IS E ) +.FLOAT ( I FR) / 3  2 7 6 8 . 
TIMT= (TIM2 - TZMl) 
WRITE(T,OU,*) 'TOTAL SCANNING TIME =' ,TIPIT, 'SEC' 

DO 95 NT=l,NCH2 
IV(NT)--:-%VOL(IATH, 1,NT) 

DO 100 IATl1-I~ TATHM 

95 CONTINUE 
YD-CO+-IV( l)*( Cll-i-iV( 1) ~ 1 2 )  
*-!-IV ( 2) * (C21 +IV (2) *C? 2) 
i ."+IV( 3)*c31+1v(4)*( ~41+1v(4)*c42) 
IOY ( IATH) =YD* 75+2 5 O+NAOF*IATW 

100 CONTINUE 
C AXIAL LOOP-START OF PLOTTING AFTER T U B E  HAS BEEN SCANNED 

30 FORMAT(A2, I7 ,A2) 
IXPLT=IAXMtNADXAIATI-IM 
DO 200 IAX-2,IXPLT 

DO 190 IATI-1-1 I IATHM 
IX1=1*IAX-NADX*IATH 
IY ( IATH) =- 1000 
IYA( IATH)=-=- l - O G O  

C ROTATIONAL MOTION LOOP 

IF(TXl.LE.0.0R.IXl.GT.IAXM)GO TO 190 
DO 195 N'Y=l,NCH2 
iV(NT)=IVOL(IPI;TFI, 1x1 ,NT) 

195 CONTINUE 
Y~-CoaIV(1)*(Cl1+TV(l)*~l~) 
*+IV(2)*(C21+IV(2)*C22) 
*+.IV ( 3) * C 3  7:I-IV ( 4 )  * (C41+TV (4)*C42) 
IY(IATH)=YD*75+%50+NAOF*IATH 
IYA(IATH>=(IY(IATH>+IOY(IATH))/2 
I O Y (  IA'~l-n>--:[Y(IBTi-i) 

190 CONTINUE 
CALL GRAPRT ( I Y A  ~ IXX, iATHM , LOU) 
CALL GRAPRT ( IY, IXX , IATHN , LOU) 

200 CONTINUE 
CALL SETPRMODE(LOU,O) 

TIM3=FLOAT(7HR>*35QO.+FLOAT(TMN)*~~.+FLOAT(IS~)~F~OAT(IFR)/3~~68. 
TIMT=( TIM3 -T1 M 2  ) 
WKITE(LOU,*) 'TOTAL PLOTTING T I M E '  ,T IMT,  ' S E C '  
WRITE(LOU,2)TUBE, IHR,IMN,ISE,IMO,IDA,IYR 

CALL IGETTIME(IYR, IMO,IDA, IIIR,IMN,ISE,IFK) 

400 FORMAT(A1.) 
C IZSTP=-(IAXfl-l)*NSTEPS(I.) 
C WKLTE(MBUS,30) AXC(l),IZSTP,GC 

DO 500 IAX-1,IAXM 
DO 490 IATI-I-I IATHM 
!JRITE(NI)AT)(IVOL(IATH,IAX,NT),NT=l;NCEI2) 
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35 F O R E Z 4 T ( I l , A 1 , K 1 , A 1 )  
40 F O ~ T ( l l , A l , Z ~ , Z 1 , ~ 1 , A ~ )  

GO TO 600 
400 I E R = l ,  

WRITE ( 0 ,  *) ' BUSS WRITE E W O R  CONlvUNU TO MPEC , H I T  KRSET Er TRY AGAIN '  
GO0 RETURN 

END 

PO s PUL 

This prograin i s  a u t i l i t y  used f o r  i.nstrurneiit d e s t g n  snd check-out .  

I t  i s  a l s o  useful i n  testing i:he scanner arid i n  nnak.ii-:g 1xmd scam on tubes 

without  a scanner .  

scanner check-out mode where tt asks f o r  new yosi-i:Lc~r~r;. I f  a v a l i d  number 

i s  p u t  i n  h e r e ,  it w i l l  p o s i t i o n  the imi.s, bu t  i f  a T jot: any other 

c h a r a c t e r )  i s  typed  i n ,  i t  goes t o  the instrument t e s t  loop ,  I;.. then asks 

f o r  a D f o r  numerical t la . ta ,  P f o r  p l o t t e d  data, or Q f o r  quit:. The 1) and P 

op t ions  are  bot% h e l p f u l  i n  checking t h e  i n s t runen t  d r i f t s .  Both will keep 

tra.ck o f  the maximum amount-. of  clzanga ~ 2nd %he 9 func t . ion  will p r i n t  o u t  a 

suinmary sf this change f o r  each da ta  eh;iniie1. I n  addition, it asks f o r  a 

heading and types this  o u t  to aid i n  k.eepi.-rrg track of what compnnen.ts are 

being  tested. A l i s t i n g  of  POSPUi. fo l lows .  

The fi.rst made of operation by the program is the 



I 

3 

3 
3 

3 

3 

se 

3 
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C THE OLD I,OCATION,'l'!iE hUMBER OF S'C'EPS NEEDED 'r0 REACH THE, NEW 

C CONTROLLER. AFlER THE NEW P O S I T I O N  I S  REACIIED THE PUTSF, COUNT 
C I S  COX-IPAi?ED TO IXE ENCODER COTJN'I' AND CORREC'l'r3) I F  DIYYLKENT. 

C LOCATICI;.  2'fiEh SENDS 'Yi!E PULSES OVEK THE I E E E - G 8 8  BUSS TO THE 

C 
DIMENSION NOLI) ( 3)  , XNEW( 3 ) , NS I'EPS ( 3)  
CIlAKACTER*2 AX(: ( 3)  , GC 
DATA AXC/'XEI' ' Y M ' , ' L M ' / , G C / ' G  '/,SrEPSZ/0.00025/ 
DO 20 I A X I S -  1 , N A X I S  
NS f E- ( XNEW ( I A X I  S ) - t O  . 00 0 12 5 ) /ST F, PS L. 
NSTEPS(IAXlS)-NSTP-NOL~(~AXIS) 
NQTB ( I AX1 S ) -N 5 1 P 

W R I T E ( M R T J S , 3 0 )  ( A X C ( I A X 1 S j  , N S T E P S ( I A X l s  j , G C ,  I A X I S - 1  , N A X I S )  

LJP.~TE(MBUS , $ )  ' ;<CFL4>' 
WRITE(MP,US , *) ' ; ' 

30 FoK,~~r(~~(A2,17,a2)) 
RE'TUK N 
END 
SURRCJUX'INL S E i U P ( M E  EL I N C H ,  NRDG, J E R )  

Ck!ARALTER*l C K ,  L: , 0 , P ,  D, R ,  A ,  T, R ~ G 
DATA T C ~ ~ l . l n / 0 ~ , C / ' ~ ' / , O / ' O ' / , P / ' P ' / , D / ' ~ ~ / , K / ' R ' / , A / ' A ' / , L / ' L ' / ,  

20 CONTTNLTE 

C I s P , I T E ( O , 3 0 ) ( ~ X C ( I A I S ) , N S : 6 r s ( I W ( I S ) , G ~ , ~ ~ X I S ~ ~ , ~ A X I S )  

C PROGRAM 1'0 SET C P  P U L 5 E  INSTRUMENT OVEK THE G P I B  RTJSS 

*PI,/' B ' / , G /  ' 6 '  

35 
40 

400 

600 

C 

35 
7u 

400 

CR C H A K ( 1 3 )  
I ER-0 
hRK=NRDG/2 56 
NkM (LXDG NRHk756)/16 

WRITZiYTCT '35, t KK-'t9O)ICMD,C,NCL!,Ck 
WKl f F (MF'FC , /!n, ERK-400)  1 C M D  ,A, NKH, N K M ,  NKL,  CR 
WKITF ( 0 ,  ' 0 I 4 PR-': 00)  ICMD , A ,  ?ig k i  , NRX, NRL,  CK 
E UKMA I ( I 1 , hl , 1 L , ,41 ) 
FORINAT ( 1 1, .4' Li Z1,Z1, A 1  ) 
GO 10 600 
I E R - 1  
WTITTE(0 ,A)  ' HOSS ! R I T E  E R K O K , i i I T  R E S E l  AND CONTIWiiE'  
RETURN 
EN I) 
S U b K U U T I h E  P R D G ( I A , M ' r h C , N C H ,  ICMD, L k K )  
P K O G R W  13 Rb,AD P U L S P  I)A1,4 OVER TIIE GPLB BUSS NO A V k X 4 G i N G  
CHARACTkK*l CR 
DIMENSION 1N( 8 )  
CR-CHAR( 13)  
1 E&=O 
WKI'Tb (MFEC, 3 5 ,  ERR ' L O O )  P C M D ,  CR 
RE.B,D(MFL:C, 7 0 ,  EKK=500) ( I N (  I ) ,  1-1 NCH) 
F O K M A T ( I 1 , A l )  
FOKMAr( 814) 
GO TO 600 
I ER-1 

NP\L-h'RDG-NKti*256-16*N~ 
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the  changes i n  computed f l a w  va lue  due t o  w a l l  t h i c k n e s s ,  and conduc t iv i ty  

chaiiges. The cube i s  usue11y too  l o n g  TOL a s i n g l e  screen  on the  IBM 9000 

so t 'rir d a t a  plot-  i.; broken i n t o  scgrnents wi th  sach segment f i t t i n g  on a 

screen. A 1 i s t i n g  of FLAWLOC~ f c l l o w s .  

C 
C 
c 
c 
C 
c 
C 
c 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 

C 

C 
C 

C 

PROGP.fil4 FLAIW!,r)C3 
VERSiON JUNE 1986 
PLOTS DATA 'TAKEN HY SSTPUL ON THE CRT,MODIFIED FOK 2 0,BlNARY 
DATA FILE 
IAXP-NJMBER OF S i E P S  ALONG THE X A X I S  
IATHM NUMBER OF S I E P S  IN 1 H E  JHETA AXIS 
GR,$PHIC COMNANDS 
C 
F 
SHFI-F  
J 
N 
0 
P 
K 
SIIE'T-K 
S 

T 

F 1 ,  F2 
F3, F4 

Ta 

F5 , F6 
F7, F9 
E8, F10 

C'L.EM k'l .OT 
PRAXC INCREMENT +1 

INVEkT AXIS 
NEXl TUBE 
CHANCb OFFSET, GAJFv AND CHANNEL NO 
OPEN OR CLOSE HARD PKLNTER FIIh '*'PR' 
1 ROTATTONAL SI'EP 
-1 ROTATTONAL STFP 
STOP ( A L S O  STOPS EOR NEGATIVE lNPUT OF 'LHEETA MIN) 
CIJANCE wm'riomx LIMITS 
WRI r E  SVOL( IXl?;, [ A X ,  NF) FOK !AST IATH , IAX 
MOVE CURSOR 

kMAh'L INCR t:Pf.IENT - 1 

MOVb CURSOR- FASTER 
HOVE CURSOR-FASl'FA\T 
MOVE iJI - ZAKS UP - DOWN 
MOVE H-3ARS UP-DONN FAS ! ER 

integer*2 i~~L(1:9,1:50,1~1801),iV(8),IDIFF(l~3),:1OR - -  BAR DIFk, 

INTEGERz4 iXPiIN CYMTN , CXMAX , C W A X  , IKY, IS KEF1 KBF2, IKR ~ IX ~ IY , 
AHOR BAR MIN,HOR BAR LEN 

*ICUKSE,I3Y,lOX 
CHAk4o'rrlR TUBE*lO, TFiLE*l/l, LNPS-IE*~O 
TLXICAL CUKs:!EI, PRINT ON 
DATA CURSOR/. FALSE ,/ 
DATA NC:1/S/, NGR/39/, TAOU/6/, INV/l/, NOFF/O/, NZr,N/9/, GAIN/. 2/, 

*IFWME/O/,ICURSE/50/,GAGF OFFSET/l.OO/,HQR BAR - DTFF/lcO/, 
AHZR BAR- KlN-/lO/, I-IOR BAR Lb&,/l5/ 

- - - - - - - -COFEFICiENTS-OF LINEARlZ1NG EQUATION- - - - - - - - - - - - - 
DAr[A DO /-3.176336E1~2/,311/-2.255382E-02/,D71/-2.21~~~~E-03/, 

*n11/ 4.673161E-O3/,D32/ 5.512573E-07/,U33/0.0/, 
*D41/ 2.3OL575E-Ol/,D42/-G.317338E 05/,DL3/ 2.5?3878E-09/ 

_ - - - _ _ _ _ - - _ _ - - - _ _ _ _ _ - -  
PRINI'FK FTLE, OrhNED, LOU- 5 
OPEN(T.OG, FILE- ' Vvt? ' 1 
PRTKT 0:; , TRUE. 

GRAPZ!? I CS FI1.R OPENED,  NGR-39 



OPEN(NGR,FTLE=’#GR‘) ! screen graphics 

C IDENTIFY TUBE AND GENERATE FILE NAME FOR INPUT DATA 
10 PRINT * , ’  ENTER TUBE NUNRER ( 8  ALPHA NUMERICS) -LNSERT DISK LF ’ ,  

* ’ NEEDED ’ 

26 

2 

READ( 0 , 2 0 )  TUBE 
N L)AT-9 
FORMAT (A10) 
TFTLE=TUBE//‘.DAT’ 
O B E N ( N D A T , F I L E = T F I L E , S T A T U S = ” , F ~ ~ ~ ~ U ~ F O R ~ T T E D ‘ , E R R ~ ~ O )  
FORMRT(A10,‘ TIME ’,12,‘:’,12,’:’,12,’ DATE ’,12,’/‘,12,’/‘,12) 
R ~ ~ D ( N D A T ) T N A M E , ~ H R , I ~ ~ ~ , ~ S E , I M O ,  TDA,IYR 
TNQUIRE(FILE=’##PR’,EXIST-PRINT ON) 

WRITE(EOU, 2)T%ME, IHR, IKV, ZSE, TMO,  IDA, IYR 
WRITE (* ,2) TNAME , LHR, TMN ISE , 1 M O  , I Dh, T M  
READ (NDAT) IAxEl , IATHM , NCH , ICMD 
PRINT *,‘POINTS;AXIAL ‘,IAXIVI,~ ;CIRCUMFERENTIAL ‘,IATJ3PI,’ ; N C H  ’ ,  

IF ( . NOT. PRINT ON) OPEN (LOU, FILE: #PR’ 1 

ANCH,’ ICMD ‘,ICMD 
D~I.X=95*0.00025 
DELTH=9.00625~(2oo/rA_THM) 
NAOF=200/IATHM 
NADX=80/IATHM 

C AXIAL MOTION LOOP- START OF DATA INPUT 
YDMI N- 1 E 8 
DO 1.90 IAX=1,IAXM 

C 

90 
100 

210 

218 
c 

C ROTATIONAL MOTION LOOP 
DO 90 IATH==1,1L4THM 
READ ( N D A T )  (IVOL(NT , IATI-I , IAX) , NT-1, NCH) 
DO 95 NT=Z,NCH 
IV(NT)=IVOL(NT, IATH, IAX) 

95 CONTINUE 
- - - - ” _ I - - - - - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  C 

Y D = D O + I V ( 1 ) * D 1 1 + I V ( 2 ) a D 2 1  
* + I V ( 3 ) * ( D 3 1 + I V ( 3 ) * ( D 3 2 + I V ( 3 ) * D 3 3 ) )  
*CIV(4)*( D47.+IV( 4)*(D42+IV(4)>kD43) ) 

- _ - _ - - _ - _ _ _ _ - - - - - _ - _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _  

IF(YD.LT.YDMIN)YDNIN-YD 
TVOL( 9 ,  IATH , IAX) ==YD*lOO 
c ONT I WE 
CONT INTI E 
NOFF-lOO*YDMIN-50 
CALL GETWIN( NGR , CXIYIN CYMIN, C Y . ,  C W )  
CCWT1k.E 

REAR(O,*)ITHMIN,ITHMAX 
IF ( 1 T H M I N . N E . I T X )  CURSBR-,FALSE, 
IF (1THFZLN.EQ.ITHMA.X) CURSOR-.TRUE. 
CONTINUE 

PRINT *, ‘WHAT ARE THETA MIN-MAX? ‘ 

AXIAL MOTION LOOP- START OF PLOTTING 
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219 FORMAT('FRAME->',I2) 
IF (CURSOR) IFT=O 
IF ( .NOT. CURSOR) IFT--l 

CALL -CLRWI N (NGR) 
CALL -FHAME(NGR) 

I F (  CURSOR) THEN 

225 c a l l  -spixrnad(ngr,l)  

3.30 continue 

THLOC-lTHW*NAOF;~1.8 
XLOC=D ELK* ( I CURS E/ 2 +3 00 A I FKAME) +GAG E-0 FFS ET 
CALL GOTOXY(0,O) 
WRiTE(*,405) ' F W E - > '  ,IFKAblE+l, ' SCAN->', ITHLWI,TIILOC, 

*'POS-->',ICURSE/2+300*IFRAME,XLOC,' IVOL-->',IVOL(NCHN,ITHM, 
*l+ICURSE/2+300*IFTE) 

C 

C 

C 

C 

290 
300 

C 
C 

END IF 
CALL GOTOXY(0,O) 
WRITET*, ?13) IFRME+l 
call -spixiiiod(ngr, 1) 
ROTATIONAL MOTION LOOP 
DO 300 IATH=ITWMIN,ITHMAX 
~OX-NAOF~(IATH-l)aIFT*~5 
I O Y ~ ( I V O L ( N C ~ ~ N , I A T H , l + 3 O O ~ I F R A M E ) - N O F F ) * ~ A ~ N + N A Q ~ ~ ( I A T H - I ) ~ 1 ~ ~ * ~ . 5  
I O Y ~ ( I V O L ( N C H N , I A T H , 1 ~ 3 O O ~ I F R B M E ) - N O F F ) ~ G A L N + N A O F * ( C A T H - 1 ) * l . 7  
CALL SETCOP(NGR,IOX,IOY) 
PLOT E N T l K E  AXIAL SCAN PRIOR TO INDEXING THETA 

IF (IAX.GT.IAXM) GOT0 300 
DO 290 IAX-2+300*IFRAME,383+300*1F~~E 

IX=2~('lAX-1-3OO*IFRAME)+NAOF~(IATiI-1)*IFT*.5 
I Y ~ ( I V O L ( N C H N , I A T H , I ~ ) - N O F F ) * G A ~ N + N A O ~ ~ ( ~ A T H - ~ ) ~ I ~ T * l . 5  
I Y = ( I V O L ( N C ~ ~ N , ~ A T H , I ~ ~ X ) - N O F F ) ~ G A ~ N t N A O F ~ ~ ~ A T ~ ~ l ) ~ l  7 
CALL -VECTOR(NGR,iX,IY) 
CONTINUE 
CONTiNUE 
PROGRAM WILL WALT HERE U N T I L  A KEY I S  HIT. PRINT SCREEN CAN 
NOW BE DONE WITHOUT ANY EXTRA CHARACTEKS ON THE SCREEN. 
I F  (CURSOR) THEN 

CALL SETCOP(NGR,ICURSE-HOR_BAK-I ,EN,HOR_BA~-MIN~CYMTN) 
CALL -VECTOR( NGR, ICURSE+IIOK-BAR L E N  HOR BA€-I4iNtC~lIN) 
CALL - -SETCOP (NGR, T.C:URSE-HOR - -  BAR -LEN, I-IOR-BAR - MIN+CYMIN+MINT 

~ * (HOR-BhR-DIFF*GAIN)) 

% (HOR BAR DIFFWAIN) ) 
CALL ._ VECTOR(NGR,ICURSE+HOR-BAR - LEN,HOR ..- Bm-MiN+CYMIN+NINT 

CALL SETCOP(NGR, ICURSE, CYMIN) 
CALL -VECTOR(NGR, ICURSE, c w x j  !WRITES FTKST CURSOR 

CALL -SPIXMOD (NGR, 2 )  !SET PIXELS TO XOPP 
ENDIF 

400 CALL G E T K ~ Y ( I K Y , I S , K B F l , K B F 2 , T R K )  
IF (I&.EQ.o) THEN 
IF (CURSOR) THEN 

if (is.ge.59.and.is.le.68) then 
CALL SETCOP(NGR,ICURSE-HOR-BAR._LEN,HC)R__BAR-MIN~-CYMXN) 
CALL -VECTOR ..- (NGR , ICURSE+HOR-BAR_LEN HOX-BAR-MIN+CYIN) 
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CALI, _SETCOP(NGR,ICURSE-HOR_BAR-LEN,WOR-BAR__MINtCYMIN+NTNT 
* ( HOR-BAR-D I FFJ; GAI N ) ) 

* (HOR-BAR DIFF*GAIN)) 
CALL I VECTOR( NGR , I CURS E+HOR-_BAR - LEN, HOR-BAR-MIN+CYMINt NINT 

CALL SETCOP(NGR, ICURSE, CYMIN) 
CALL -VECTOR(NGR, ICUKSE, CYMAX) 
IF (IS.EQ.53) ICURSE-ICURSE-2 
IF (IS.EQ.60) ICURSE-ICURSE+2 

IF (IS.EQ.62) TCURSE=ICURSE+10 
IF (IS.EQ.63) ICURSE-ICURSE-50 
IF (IS.EQ.64) ICURSE=ICURSE-t-50 
IF (IS.EQ.65) HOR BM--_MLN=HOR-BAR MIN4-1 

IF (IS. EQ. 66) HOR~HAR~MIN=HOR~RAKMIN+10 
IF (IS. EQ ~ 68) HOR EAR MIN-HOR-BARIMIN- 10 
if (ICURSE. It. 0) ICUREE=O 
if (ICURSE.gt.766) ICURSE=766 

!ERASES CURSOR 

IF (IS.EQ.61) ICURSE-ICURSE-10 

IF (IS. EQ. 67) HOR--BAR MIN=HOR BAR'MIN-1 

IF ( I C U R S E / 2 + 3 0 0 * I F R A M E . G T . I h X M ) I C U K S E ~ 2 * ( I ~ l - 3 O O * I F R A M E ~  
CALL -SETCQP(N@R,ICURSE-HOR-BAR-LEN,HOR-BAR-MINtCYMIN) 
CALL VECTQR(NGR,ICURSE+HOR BAR LEN,IIOR_BIZR-MIN+CYMIN) 
CALL - -SETCOP (NGR, ICURSE-HORIBARILEN, HOR-BAR-MIN-t-C'Di1N-t NINT 

* (HOR BAR DIFF*GAIN)) 

* (HOR BAR DIFF*GAIN)) 
CALL - VECTOR(NGR, ICURSE+HOR-BAR LEN, HOR-BAR-MIN+CYMIN+NTN~ 

CALL SETCQP(NGR, ICURSE , CYMIN) 
CALL -VECTOR(NGR, ICUKSE, GYMAX) !WRITES CURSOR AFTER MOVING 
XLOC=DELX* ( ICURSE/2+300*IFRAME)+GAGE_OFFSET 
CALL GQTOXY(0,O) 
WRITEY*,405) 'FRAME->' ,IFRAME+l, ' S C A N - > '  ,ITHMAX,THLOC, 

*'POS-->',ICURSE/2+3OO*IFRAME,XLOG,' I V O L - - > ' , I V O L ( N C H N , I T H M A X ,  
*1+ICURSE/2-t300*1FRAME) 

endif 
ENDIF 

IF(IKY.EQ.67) THEN ! 67 is "C"  key 
405 FORMAT (A7,12,A7,13,F6.0,2X,A6,I4,F7.3,A8,15) 

call -spixmsd(ngr, 1) 
CALL -CLRWIN(NGR) 

ENDIF 
IF(IKY.EQe87)THEN ! 87 is "W" key 

INQUIRE(F1LE- '#PR' ,EXIST-PRINT_ON) 
IF(.NOT.PRINT ON)OPEN(LOU,FILE-'#PR") 
WRITE (LOU, ~ ~ O , I T H W ,  ICURSE/2+30O*TFRAME, XLOC , TMLOC 

*,(IVOL(NT,ITHMA.X,1+ICURSE~2+~OO*IFRAME~,NT-l,~) 

410 

c 

C 

ENDIF 
FORMAT(214,1X,2F8.4,1X,3(14,1X)) 
T.F(IKY.EQ.82.AND.(KEFl..EQ.97.OR.KEFl.EQ~98))THEN 
82 IS "K" KEY; 97 IS SHIFT KEY 
ITPIMIN-ITHMIN-1 
ITWMAX-ITW- 1 

-ADJUSTMENT FOR "R" AROUND SCAN 1 TO S C A N  IATHM 
IF (ITHMAX.LT.1) THEN ! 
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T TIIW~-~IATHFI ! 
I THM I N= 1 ,a'l'l"lM ! 

ENDIF ! 
C _-_-----"-------------------1 

GO YO 230 
ENDIF 
IF.( 1:KY. EO. 82 , AND ~ KBFl . EQ .96 ) THEN ! 8 2 i.s "R" key ; 9 6 IS NOT - SHIFT 
ITHMIN-ITHMINi-1 
i T M A X - I T H F + - l  

C - - - - - - - - - - - - - - - - - -  -ADJUSTMENT FOR "K" AROUND SCAN IATHP4 TO SCAN 1 
IF ( I'iYbLAX. GT . IATW) THEN ! 

ITHMAX-2 ! 
]:THMIN=l ! 

END I E' ! 

GO TO 230 
ENDIF 
IF( IKY. EQ. 80)THEN ! 80 I S  "P"  KEY 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I  C 

INQUIRE(FILE='#PR',EXIST=PK'tNT - ON) 
IF(PR1NT __ ON)CLOSE(LOU) 

E N D 1  F 
IF(IKY.EQ.83) GO TO 1000 ! 83 is " S "  key 
if(iky.eq.84) go CG 210 ! 84 is "T" key 
IF(IKY.EQ.73) then ! 79 i s  "0" key 

411 forinat (18,F5.1,12,A35) 
write(*,411) noff,galn,nchn,'ENTER NEW OFFSET,GAIN & CH NO' 

GO TO 218 

GOTO 413 

413 READ(O,*,ERR=412)NOFF,GAIN,NCHN 

412 PRINT *, 'U DUMMY! ! ! ENTER I T  RIGHT' 

E N D I F  
IF(IKY.EQ.70)TBEN ! 7 5  IS E' KEY 

IF(KBF'L.EQ. 96)IFKAME=IFW4E+l !96 IS NOT SHIFT 

IF ( IFRAiiE. L'1'. 0) XFRAME-0 
IF( IFRAPiE I GT. 5) IFUJE=5  
GOTO 218 

I F ( K B ~ l . E q . 9 7 . o R . K B F 1 . E Q . 9 8 ) I F R ~ ~ ~ ~ F ~ ~ E - l  !97,98=SHIFT KEY 

ENDIF 
IF( IKY. EQ 78) THEN ! 7 8  IS N KEY 

CLOSE (NDAT 3 
GOTO 10 

ENDIF 
ENDIF 
GO TO 400 

1000 CT.,OSE(LOU) 
call. -spixmod(ngr,  1) 
CALL _CLICr/jIN( NGR j 
STOP 
end 
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DEFTST 

T h i s  p r o g r a m  processes the da ta  i n  a m a n n e r  similar t o  the previous 

p r o g r a m ,  except tha t  it i s  c o m p l e t e l y  automatic.  

int:o the p r o g r a m ,  and the flaw s i z e  i s  c o m p u t e d  f o r  each sca.11 1.i.ne a long  

the axis. The c o m p u t e d  size i s  p l o t t e d ,  and i f  the positive or negative 

slope is exceeded, the p r o g r a m  records a flaw. 

on the screen a t  the f l a w  l o c a t i o n s ,  and a s u m m a r y  of  the f l a w  s i z e s ,  

l oca t ions  a r i d  l engths  is  p r i n t e d  on the screen a t  the end of  each scan 

1.i.ne. T h e  tube is  then "rotated" and the process  repeated f o r  the next 

scan l i n e .  T h e n  the f l a w s  w i t h  a x i a l  dimensions that over l ap  a.re mcrged 

toge ther  into a c o m m o n  flaw, and all the f i rws  f o r  a given tube are  

co l l ec t ed  together i n  a table .  This summary table is then p r i n t e d  €or 

f l a w s  larger than a given amount. 

T h e  r a w  da t a  are  read 

T h e  p l o t  is a l so  underl ined 

A l i s t i n g  o f  DEFTST fo l lows  

PROGRAM DEFTST 
C V E R S I O N  J U N E  23 3.986 
C S U M P M I Z E S  DEFECT S I Z E  AND LOCATION FROM DATA TAKEN BY SSTPIJT, OR 
c SSTPlJF M O D I F I E D  FOR 2 . 0  SOFTWARE AND BINARY DATA FILES 
C WILL ALAKM ON PBSI1'IVE OR NEGATIVE DEFECTS 
C N S I Z = S L O P E  ALARIV% S E T T I N G  
c IAXP.I=IUMBER OF S T E P S  ALONG THE X A X I S  
C IA'I'IIM=WUMBER OF S T E P S  I N  THE THETA A X I S  
e S T E ?  S I Z E  = 0 .02375  FOR TUBES SCANNED AFTER 11/13/85 
C = 0.025 FOR TUBES SCANNED BEFORE 

INTEGER%? I V O L ( 5 0 , 1 8 0 1 , 8 )  
DIMENSION I V ( 8 ) , I Y P ( 5 ~ , 1 8 0 1 , 1 ) , ~ F ~ ~ Z ( 2 0 0 ) , N D F S ( 2 0 ~ , ~ ) , N ~ ~ ~ S ( 2 0 0 , 7 )  
DII.IEf.?SION B F L O C { 2 ~ 0 ) , I D F O n ( 2 0 0 ) , ~ ~ L E ~ ( 2 O O ) , N I ( ~ 0 ) , ~ A X ~ D ( ~ ~ , 9 9 )  
DIMENSION IYA(50),NDFSIZ(50,99),ILYSD{SO,99),I&YED(50,99j 
CHAKACTER ADUM*S2,TUBE*lO,TFIL~~14,TNAMEnlO 
DATA NFT/1/,NSIz/lO/,PFL/o.36,NDD/O/ 
DATA N C R / 3 9 i , P A / O . / , S T P S I % / ~  02375/ 
DATA LOU/6/ ,  NDAT/9/ ,  I N V / 1 /  
DATA C O  / - 3 . 1 7 6 3 3 6 E ~ ~ 2 / , C l l / - 2 . 2 5 5 3 $ 2 E - 0 2 / , C 2 1 / - ~ . 2 1 9 5 6 1 E - 0 3 / ~  

*C31/  4 . 6 7 3 1 6 1 3 - 0 3 / , 6 3 2 /  6.612573E-07/ ,C33/0.0/ ,  
*C41/ 2 . 3 0 4 5 7 5 E - O 1 / , C 4 2 / - 4 . 3 1 7 3 3 8 E - O 5 / , C 4 3 /  2.623878E-09/  

C P R I N T E R  F I L E  OPENED,LOU=6 

O P E N ( L O U , F I L E = ' # P R ' )  

OPEN (NGR , FIT,F,= ' #GR ) 
C GRAPHICS F I L E  OPENED,NGR-39 

r, I D E N T I F Y  TUBE AND GENERATE FILE NAME FOR I N P U T  DATA 
1 0  W R I T E ( ( ) , * ) '  ENTER TUBE NUMBER (10 ALPHA NUMERICS) - I N S E R T  D I S K  I F '  

k , '  NEEDED' 
R M D ( 0 , ; Z O )  TUBE 
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20 FOKtWT (A10) 
TFILE=TUBE//'.DAT' 

CATL -GETTIME(IYR,IMO,lDA, IHR,IMN,iSE, IFR) 
OPEN(NDAT, FILE...-=TE'ILE, STATUS='OLD' , FOKM-'UNFOK_MATTED' , ERRZ10) 

1 CONTINUE 
2 FORMAT(A10,' TIME ',12,':',12,':',12,' DATE ',12~'/',12,'/',1?) 

KEAD(NDAT)TNAt4E, IHR, IMN, ISE,:CMO, IDA, IYR 
WRITE( LOU, 2 )  ?NAME ~ IHR, IMN, ISE, IMO, IDA, TYR 
READ (NDAT) IAXM ~ IATHM, NCH , I C M D  
WRITE( 0, *) ' POINTS ;AXIAL ' , IAXM, ' ; CIRCUMFEKENTIAL ' , IATHM, ' ; NCI-I ' 
*,NCH,' ICMD ',ICMD 

DO 100 iAX=l.>IM 
DO 90 IATH-1, IATIIM 
KEAD(NDAT, ERR=105) (IVOI,( I A T A ,  I A X ,  NT) , NT=1, NCH) 

C KEAD IN ALL DATA LOOP OVER AXIAllA DATA,THEN ROTATIONAL DATA 

90 CONTINUE 
100 CONTINTE 

105 WRITE(O,*)'KEAD ERROR AT IAX = ',iAX 
GO TO 108 

IAxM=IAx- 1 
108 MAXTAX=IAXM-8 

C SET INITIAL IY VALUES FOR DIFFERENT PlliKAYS 
DO 120 IATH=1, IAT!-IM 
TYA(IATH)=O 

DO 115 NT-1. ,NCH 
I V  (NT) =IVOL( IATII , IAX , NT) 

YD=CO+iV( I.) * C l I . + I V (  2 )  *C21 

DO It0 iAx=l,ILw 

115 CONTINUE 

* + i V ( 3 ) * ( C 3 1 + I V ( 3 ) * ( C 3 2 + I v ( 3 ) * C 3 3 ) )  
* + I v ( 4 ) * ( c 4 1 ~ ~ - I v ( 4 ) * ( c 4 2 t ~ v ( 4 ) * c 4 3 ) )  
IYP(IATH, IAX, 1)-YD*50 
1YL4 ( LATH ) =TYA ( I ATH ) t I Y P  ( I ATI-I , TAX, 1 ) 

IYA(IATH)=IYA(IATH)/IAXM 

NSIZN=NSIZ/4 

110 CONTINUE 

120 CONTINUE 

WRITE (LOU, *) ' POINTS ;AXIAL ' , IAXE?, ' ; CIR ' , IATHM, ' ; NCIl ' , NCH 
* , '  ICMD ',XCMD,' SLOPE TRIG: START ',NSI:%,' STOP ',NSIZN 
DO 150 IATH=l,IATHM 
no 140 TAX=1,IA)(M 
IY P ( I ATH , 1 A X  ~ I ) 7.71 YP ( I ATH , TAX ~ 1 ) +12 5 - 'IYA ( I ATH ) 

140 CONTINUE 
150 CONTINUE 

DO 200 1=1,7 
DO 190 N=1,99 
NDFS(N,I)=O 
NDFSS(N,I)=O 

190 CONTINUE 
200 CONTINUE 

220 CALL -CLRWIN(NGR) 
IATH=1 
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L=IATH 
IOFF=O 
NS P-0 
NSN=O 
NDFP& 
ND FN=O 
NDD=O 
ND-1 
DO 225 N=1,99 
NDFSIZ(IATH,N)=O 

225 CONTINUE 
C AXIAL LOOP- START OF DEFECT SCANNING 

DO 300 IAX=8,MAXIAX 
I Xl=IAx+I 0 F F 

IF(IXl.EQ.780)CALL CIJXWLN(NGR) 
IF( 1x1 ~ EQ. 780) IOFF~IOFF-750 
1x2-1x1 
IY2=IYP(IATH,IAX,L) 
IY1=IYP(IATH,IAX.-l,l) 
NSIZ2-IY2-IYI 

C KESET X VALUE FOR LONGER SCANS TO GET PLOT ON SCREEN 

IF(NDFN.EQ.1)GO TO 260 
C 
C NSN-0 

CHECK FOR PQS SLOPE ; I F  SLOPE. G’E . NSIZ  MAKE NSP (SLOPE POSITLVE)=l, 

IF (NSIZ2 .GE.NSIZ .OR.NDFP.EQ. I )GO TO 230 
c 
C MSFJ-Q 

CHECK FOR NEG SLOPE; IF SLOPE. LT. - N S I Z  MAKE NSN( SLOPE NEGATIVE)=l, 

IF(NSI23_.I,E.-NSIZ.OR.NDFN.EV.1)GO TO 260 
GO ‘ro 290 

C POSITIVE SLOFE DEFECT MEASUREMENT SECTION 
230 CONTINUE 

IF(NSIZ2.GE.NSIZ)NSP-1 
NDFN-0 

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

IF(NSIZ2.LT.-NSIZN.AND.NDFP.EQ.l)NSN==l 
IF(NSIZ2.LT.-NSIZN)NSP==O 
IF(NDD,NE.O)GO TO 240 
IAXSD (IATH , ND)-IAX 
IAXPD(IATH,ND)=IAX 
NDFSIZ(IATH,ND)-TY2 

IDA~(1YP(L,I-4,1)+IYP(~,I-3,1)+IYP(L,I-2,l)+IYP(~,I-l~,1)+I~~(L, 
240 I=IAXSD(IATH,ND)-3 

*I ,I) ) / 5  
IAXED(IATH,ND)=IAX 
IF(IY2.G~.NDFSIZ(IATH,ND))IAXPD(IATH,ND)==IAX 
IF(I~7.GT.NDFSIZ{IA~H,ND))NDFSIZ(IATH,ND)=IY~ 

C TURN NEG SLOPE BACK ON IF SIGNAL HAS NOT GONE BACK UP PER DEFECT 
C *LENGTH8 

NDFSI. iN§IZ*(2+(IAX-IAXSD(IATH,ND))/3)  
IF(IYP(IATB,IAX,l)-IDA.GT.NDFSL.AND.NSP.EQ.O)NSN=l 
NDFP-NSP+NSN 
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C DRAW A LINE UNDER DEFECT REGION, DETERMINE DEFECT START(IAXSD), 
C DEFECT END( IAXED) ,THE PEAK VALJJE(N13FSIZ) AND PEAK LOCATION( IAXPI)) 

CALL GRA'PH(IXl,lOO,iX2,10O,NGK) 
CALL GRAPH(LX1,99,IX2,99,NGR) 
CALI, GIEAPH(IX1,98,IX2,98,NGR) 
NSN=O 
NDD.=] 

C INCREHENT THE DEFECT COUNT AS WE LEAVE THE DEE'EC'I' REGION 
i F (NDD . EQ .l. AND. NDFP . EQ . 0 ) ND=NI)+I 
iF(NDD.EQ.l.AND.NDFP.EQ.O)NDD=O 
GO TO 290 

260 CONTINUE 
C NEGATIVE SLOPE DEFECT MEASUREMENT SEC'TION 

TF(NSIZ2. Z.E. -NSiZ)NSN-I 
Nr)FP=o 

c CHECK FOR POS SL0PE;IF SLOPE.GT.NSIZN AND WE ARE I N  A DEFECT REGION 
C IF N@T,WE ARE ON THE UPSIDE- MAKE NSPX1,AND TURN OE'E' NEG SLOPE 

IF(NSIz2.G'~.NSIzN.ANn.NnFN.EQ.1)NSP-1 
IF(NSI:Z2 .GT.NSIZN)NSN=O 
IF(NDD.NK.O)GO TO 270 
IPXSD ( IATH , ND) =IAX 
IAXYI! ( I A T H  , ND) -TAX 
NDFSI%(IATH,ND)=IY2 

270 I=IAXSD(IATH,ND)-3 
IDA=( IYP (I,, I -4,1)+IYP (12, I - 3,1)+IYP (L, I - 2 l .)-kIYP (L, I - 1,1)-SIYP (L, .I 
*I) )/5 
IAXEI) ( XATH , ND) -1AX 
I F ( I Y 2 . T . A T . N D F S I Z ( I A T H , N D )  )IAXLSI)(IATH,ND)-IAX 
IF (IY2. LT . NDFSIZ ( IATIl , N D )  )NDFS :I 7, ( IATH , ND) =IY2 

C TURN POS SLOPE BACK ON IF SIGNAL HAS NOT GONE BACK UP PER DEFECT 
c LENG'TH 

NDFSL=NSIZ*(2t(IAX-IAXSD(IATH,ND))/3) 
IF(IDA-IYP(iATH,IAX,l).GT.ND~~L.AN~~NSN.EQ.O)NSP=l 
NDFN-NSFcNSN 

C TERMINATE NEGATIVE DEFECT REGION IF WE HAVE A LARGE POS-lTIVE RDG 
C ,LID SLOPE 

C DRAbJ LINK UNDER 1)E:E'ECT REGION, DETERMINE DEFECT START( IAIYSD) , DEFECT 
C END(1BXED) ,THE PEAK VATAJE(NDFSI%) AND THE PEAK LOCATZON(1AXPD) 

IF(IY2-IDA.GT.(4~Ns;Z).~D.NSLZ2.GT.NSTZ~~D~~=O 

CALL GRAPH(IX1,100,IX2,10O,NGR) 
CALL GRA'PM(IX1,98,IX2,98,NGR) 
CALL GRAPW(IX1,96,IX2,96,NGRj 
NS pL-.=o 
NDD=1 

C INCREMENT THE DEFECT COUNT AS WE: LEAVE TBE DEFECT REGION 
IF(NDD.EQ.l.AWD.NDFN.EQ.o)ND=ND+l 
I F ( N D D . E Q . l . A N D . N D F W . E Q . O ) N D D = O  

290 CALL GRAPI-I(IX1, IYl, 1x2 IY2 ,NGK) 
300 CONTINUE 

IF(NDD.EQ.O)ND-ND-1 
NI ( IATH) -ND 
IP(ND.EQ.O)GO TO 500 
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DO 310 N-1,ND 

J=IAXED (IAI'H , N)+l 

IDA~IYP(T,,J-I-4,1)+IYP(L,Jt-3,l)t.IYP(L,J~i-2,1)+IYP(L,J-tl , I . ) + I Y P ( L ? J ,  

I=IAXSD(TATH,N)-~ 

IDh-IYP(L,I-4,l)+IYP(L,~-~,l)-~IYP(L,I-2,l)+IY~(L,~-~,l)+~YP(~~~~;l) 

.kl)+IDA 
ND~SIZ(rATH,N)-NDFsIz(IATH,N)-(TaA/lO) 
DFS I Z ( N ) =-2 (NDFS I Z ( IATH , N) ) / 7 I I 
'DFLUC (N)-O.  95St.STPSIZJ; (:CAXPD( IATW , N) - 1) 
DFLEN(N)=sTPSrza(IAXED(IATH,N)-IAXSD(XRTH,N~~ 

I ~ I  T E ( o , T i  s I ATH , ( ND F s I z I A'TI-I , N , N=I , N n 

310 CONTINUE 
GAIL GOTOXY ( 0 , o )  

W R I T E ( 0 , 3 2 0 ) N D , ( D F L O C ( N ) , N = 1 , N D )  
WNTE(0, 3 3 0 )  ( D F L E N ( N )  ,N-1  ,ND) 

C WRITE(O,340) (IAXPD(IATH,N) , ' J=1 ,NI>)  
c VRITE ( 0 , 3 4 0 )  (TAXED ( IATH , N) , IY=1~ ND j 
C WF-ITE ( 0  ,340)  ( IAYSD (TATH , N) , N - 1 ,  N D )  

3 1 S FOWWT ( 12, '1.6 ( 15) ) 
320 FORMAT ( I2 , 1 6  ( F5 2) 1 
330 FORNAT(2X,16(F5.2)) 
340 FORbL4T ( 2X ~ 1.6 4. I5 j ) 

c P K O G W  WILT, WAIT H E W  UNTIL A KEY IS WIT. PR-INT SCREEN CAN 
c NOW BE DONE WITHOUT ANY EXTRA CHARACTERS ON THE SCREEN. 
400 CALL G E T K E Y ( I K Y , I S , K B F 1 , K B F 2 , 1 ~ ~ )  

C IF ( IFY I EQ , go  . AND. IRK. EQ . o ) CLOSE ( rAon) 
IF(IRR.NE.0)GO TO 4 G O  

5 0 0 I ATH= I ATHt- 1 
IF(IATB.LE.IATHM)GO TO 220 

C CONSOLIDATE THE DEFECTS FOP. EACH IATH I N T O  SUMMARY A R R A Y ,  NDFS (NDC ,7) 
600 NI>C=O 

DO 700 IATX=l,IATHM 
ND-MI(IATM) 
IF(ND.EQ.0)GO TO 700 
IF(NDC.GE.1)GO TO 620 

DO 610 N-1,ND 
NI)FS(N, l)=IAXSD(IATH,N) 
NDFS(N,2)-rAXED(IATW,N) 
NDFS(N, 3)-I:AXPD( IATH,N) 
NUFS (N , &) =NDFSIZ ( IATW N) 
NDFS (N , 5  =IATH 
NDFS ( N ,  6)-:IATH 
NDFS(N, 7)=1A.TH 

NDC=NP(IATK) 
GO TO 700 

C FIRST DEFECTS ARE PLACED INTO THE ARRAY 

610 CONTINUE 

C NEXT DEFECTS ARE EITHER ADDED TO THE ARRAY OX ltIERG[<1> WITH THE 
c PRIOR DEFECTS 

620 DO 680 N-I,ND 
NC=1 

6 3 0  IF(NDFS (WC ,1) . LE ~ I a X E D ( I A T l l ,  N) .AND. NDFS ( N C ,  2 )  . GE. IAXSn( IATH ~ N) ) 
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GO TO 1000 

READ(0,1992)ADUM 

GO TO 1 

1990  WRITE(LOTEK,*) ‘ERROR-CHECK il: PRINTER OFF LINE H I T  CR TO CQNTINIJK’ 

1991 FORMAT(A2) 

1000 CALL I CLR\IJTN(NGR) 
S m P  
END 
SUBROUTINE G R A P H ( I X l , I Y l , I X 2 , I Y 2 , N G F ? )  

CALL -SETCOP (NGR , I X L ,  IYI ) 
CALL VECTOli (NGR ,IX2, I Y 2 )  

END 

C TEST PROGRAM. TO DO GRAPHICS TN FORTRAN 

RETUG 

PULG2 

T h i s  program i s  used to set up and test I;he new compilt:a;?r-.aci_justed 

instrument. It allows the se1ec~:ion US pulse  on- arid ofiT-tIrries, the pulse  

amplitude, the t r i g g e r  levels of the  voltage csmparatars , and the halance  

vo l t ages  of the f i l t e r  amplifiers. A listing of PULG2 fo1.1.cws. 

P R Q G M  PULG2 
c (28 MAY 1986) 
C 
C THIS PROGKQl READS THE VOLTAGE LEVEL USING THE PULSED EDDY CURRENT 
C 1NSTRUMENT.THE INSTRUMENT IS SET UP USING A CALL T O  COb@L!d?I) 0. 
C CMDO SET INSTRUNENT UP 
C CMDl FAST READING, MADE ON PULSE T U m  ON,RTiG THEN TRANSMIT. 
C CMD2 SAME AS CPlDl EXCEPT TRANSMITS OLD DATA WHILE NEld RDGS MADE 
C 0 3  USED FOR CALIBRATIONS 
C CMD4 SLOWER READINGS, IJSES THE SUBROUTINES ‘CIIRT SUPPORT AVERAGING 
C PROGRAM PUTS OUT 4 DATA KY’I’ES FOR EACE OUTPUT NUHBER IN SETUP 

C INPUTTED VALUE 
CEIAIL4CTERkl CR 
DIMENSION IN(8),RDGC(8,4) 
DATA MFEC/45/, EaCH/8/, NRDGjl.000/ I ICMD/I./ 
DATA LOU/6/ 

OPEN(LOU,FILE-’#PR’) 
OPEN(MFEC,FILE-’#BUSE?‘) 

CALL SETDMA(MFEC,2) 

C ROUTINE HAS AN AUTO-BALANCE LOOP TI2A.T SETS B A T M C E  VOI,TAGE TO THE 

WRITE(O,*) ’PUIaG2 AUTO BAIANCE PIPC)GRAM,La BYTE SET-IIP DATA‘ 

C SET FOR D M  WITH MORE THAN 4 CHARtlCTERS KI<AD OF. WZ’ITE 

CALL -STIMEOUT(MFEC, lo) 
CR=C&(13) 

2 FOEMAT(‘PULG TIME ’,12,’:’,12,’:’,T27‘ DATE ,12!’/‘,12,‘/’,12, 
J; ’  BDGS‘,I7) 
CALL SETUP(MFEC,MCW,NRDG, XER) 
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NKT(WC)=IV(NC)/4096 
NRH (NC) = ( IV (NC) -NKT (NC) *4096) /255 
NRM(NC)=(LV(NC)-NRT(NC)*4096-NRI-I(NC)*256)/16 
NRL ( NC ) ..T IV ( NC ) - N R . 3  ( NC ) *2 5 6 - 1 f;*NEW ( NC ) 

120 CONTINUE 

*NKDA) , CR 
WRITE (MFEC, 40 ERR=4OO) l C M D ,  CM, (NKT(N) , NRH(N) , NRM(N) , NRL(N) ,N=l. 

CALL PRDG ( IN, KFEC NCX , i C P l D l  I IEX) 
NSTOP-0 
I)O 130 NC-.-=1 ,NRDA 
IF(~N(NC).GT.i~(NC).AND.IV(NC).GT.O)IV(N~)-~~~(NC)-NSTEP 
IF(IN(NC).GT.IB(NC).AND.IV(NC).G'L'.O)NSTOP=l 

IF(NS'L'OP.NE.O)CO TO 115 
130 CONTINUE 

DO 1G0 NC=I,NRDA 
TV(NC)-IV(NC)+-NSTEP 

140 CON'TINUE 
WRITE ( 0 , 4 0 ,  ERR--c400) ICMD, CM, (NRT(N) , NKE-I(N) , NRM(N) , NRL(N) , N=1, NRDA) , 

NSTEP=NSTEP/lO 
TP(NSTEP.NE.O)GO TO 1.1.5 
GO TO 10 

400 IER-1 
WRITE( 0, *) ' BUSS WRITE: ERROR, III'I' RESET AND CONTINUE' 

600 RETURN 
END 
SUBROUTINK PRDG (IN ,MFEC , NCH , XCMJ) , IER) 

C~RACTER*l CR 
DIKENS ].ON IN( 8) 
CR=CHAR ( 13 ) 
I ER-0 

WRI'~E(MFEC,35,ERR=40O)ICMD~~~ 
READ(MFEC,7O,ERR=5OO) (IN(1) ,I-I,NCH) 

*CR 

C PROGRAM TO READ PULSE 13Ai'A OVER THE: GPIB BUSS NO AVERAGING 

35 FOKMA'P(TI , A I )  
70 h ' O W T ( 8 : T 4 )  

GO TO 600 
400 IER-1 

WRITE(O ,*) 'BUSS w . r r E  ERROR,I-IIT RESET AND CONTINUE' 
GO 'TO 600 

500 TER-2 
WKITE(O,*)'BUSS READ ERKOR,HIT KESET AND CONTINUE' 

600 RETURN 
%1ND 
SUBROUTINE kVGR( IN, Mli  EC NCH , I C M D  , NRDG , T,OU, IER) 

c PROGR.AK TO AVERAGE NRDG KEADINGS AND PRINT AVG RDG,STD DEV & MAX 
C VL4RiA?'10N 

CI-'AKACTER*l CR 
DIMENSTON IN(NCH) ,IVAR(8) ,IMLX(8) ,IMiN(8) ,SDV(8) 
KEAL>k$ V O L S Q R ( 8 )  ,VOIASUrI(D)  
CR-CIEAR( 1 3 )  
CAL.T.. PXDG (IMAX , MFEC , NCM , I  , I E R )  
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PU1.G 

ThLs program I s  written i n  Intel 8080 Assellbly 1a r ig~dgs  and is used to 

run the NUT-COMP9B microcomputer. 

manual set-up ins t rument  o r  she computer set-up insi-ruiiient. 

comments l i s t e d  in the program t h a t  describe some of rhe d i f f e r e n t  

functions t h a t  are performed. This program i s  l inked  to t w o  s t h r  

T h i s  program w-I.11 TrinTk. wfrh cit-her the  

TZwra are 
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assembly language programs, MATH9 and COMP9, descr ibed  i n  an e a r l i e r  

reference.  A liscing o f  PULG fo l lows .  

TITLE ' P U L G  PROGRAM V E R S I O N  J U N E  5 1986 '  
NAME PULG 
1,IST B . G , O , ' I  

, N L I S T  T , M , S , T  

P K O G U N  TO CONFIGURE 'I'LIE (:OMP9B MICROCOMPUTER 
A S  A TATXER/T,ISTENER ON THE J E E E 4 8 8 / G P I B  BUSS 
U S I N G  AN 8 2 9 1 A &  2 8 2 9 3 ' s .  
TRANSMIT S E T  U P  DATA TO COMPgf3,THEN RUN D E S I R E D  PKOG 

ORC: 0 8 0 0 H  STAR']' PKOGRAM I N  SECOND PROM. 
; SYMBOL D E F I N I T I O N S  

: D E F I N E  PORT ADDRESSES 

, 
P O R T 1  
PORTIA 
P O R T 1 8  
P O R T l C  

PORTZA 
PORT2B 
PORT2C 
APDATA 

BUS PRT 
BUS I N  
BUSOUT 
s1 
I N T E l  
BOM 

B IM 

ENDMK 
C YT 

I N T E 2  

A D W B  
TON 
LON 
TLON 
MODE1 

ADRST 
EOIST 
TA 

POKT~ 

, 

, 

, 

I 

, 

? 

EqIJ OCFE TORT 1 CONTROL bJ0W ADDRESS 
EQU 0CCI-I PORTIA ADDRESS 
EQU OCDH PORT7 K ADDRESS 
EQU OCEH P O R T l C  ADDKESS 
EOU OD711 PORT 2 CONTROL WORD ADDRESS 
EQIJ O D 4 H  PORL3A ADDRESS 
EQU 0D5H PORT2B ADDRESS 
EQU OD6:I POKTZC ADDRESS 
EQU OEEH A€?IT,'IMEl'XC PROCESSOR DATA P O R r  

EQU OD811 BASE ADDR OF G P I B  EUSS 
EQU OD8H DATA I N  FROM BUSS ADDR 
EQU B U S I N  DA1'A OlJT 1'0 EUSS ADDK 
EQU OD9H INTERRUPT STATUS R E G I S T E R  1 ADDR 
EQU OD9H INTERRUPT ENABLE R E G l S r O R  1 ADDR 
FQlJ 02 B Y r b  OUT 1N'IR MASK,BYTE 

EqU 0 1  BYTE I N  I N T R  MASK,RY'I 'E SHOULD 

EQlJ 10H END INTEiiRUYT MASK 
EQU 08013 COMMAND P A S S  TIIROIJGH MASK 
REG a2 INTERRUPTS 

REG Y L  ADIjRESS MODE CONSTAANrS 
EQU oncw ADDRESS MODE REGISTER ADDR 
EQU 08011 T A I X  ONLY,NOT L l S T K N  MODE 
EQrJ 040H LIS'CKN ONLY NOT TALK MODE 
EQU O C O H  TALK AND 1,rSTEN ONLY MODE 
EQU 0113 MODE 1 ADDRESSTNG 
REG e4 (READ) ADDKES S S TATUS R E G 1  S'I'EX 
EQU ADRMD ADDRESS STATUS R E G I S T E R  ADDR 
EQU 201.1 END OR IDLNTIFY MASK 

G P i B  ADDRESS MID HASK DEFINITIONS 

SHOULD BE WRITTEN I N  BUSOUT 

BE READ FROM B U S I N  R E G I S T E R  

EQU ODAH IN 1 EKKU1"T REGISTER 2 ADDR 

EQU 0 2 H  TALKER ADDR OR ACI ' ;SKL: POLL-TADS TAGS S P A S  
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LA 
MJMN 

AUXXD 
CLI(RT 
FNHSK 
SDEOI  
AXRA 
HOHSK 
WOENR 
CAHCY 
EDEOS 
E O 1  s 
EOSBC 
VS CMD 
NVCKD 
AXRB 
CPTEN 

C PTRG 

ADKOl 
DTDL1 
DTDL2 
ADRTL 

EOSR 

9 

t 

I 

I 

I 

, 
I 

P'IJBLI C 
I 

I 

EQU 0 4 H  L I S T E N E R  ADDRESSED OR A C T I V E - T A D S  OR LACS 
EQU O l H  
REG k5  ( W R I T E )  A U X I L I A R Y  MODE R E G I S T E R  
EQU ODDH AUXILTARY MODE KEG ADDR 
EQU Q 2 2 H  CLOCK S E T  FOR 2MIIZ 
EQU 0 3 H  F I N I S H  1.IANDSWAKE AUX COMPMND 

EQU 08OH WRITE IIDDDD I N T O  AUX R E G I S T E R  A 
EQU 01W HOLD OFF I3ANDSIIAKE ON ALL BYTES 
EQU 02H HOLD OFF HANDSHAKE ON END BYTE 
EQU 03H CONT Zl\nrOLJS ACCEPTOR IiANDS HAKE CYC J J  NG 
EQU 04H END ON EOS RECEIVED DAT REG MATCHES EOS RKG 
EQU OSH OUTPUT E O 1  ON EOS SENT 

EQU OFH V A L 1  D COMMRMD PAS S THROUGH 
EQU O I W  I N V f X I D  C O l a V D  P A S S  THROUGH 
EQU OAQH AUXILIARY REG E PATTEKN 
EQU 01w COMMAND P A S S  THROUGH ENABLE 
REG #5(READ) 
EQU ODDH ADDR TO READ COMMAND P A S S  THROUGH 
REG #6 (WRITE) ADDRESS 0/1 REG CONSTANTS 
EQU ODEH COMP 9 G P I B  ADDRESSES 
EQU 06QH DISABLE MAJOR TALKER/LISTENER 
EQU OEOH DISABLE MINOR TATXER/LISTENEK 
EQU O511 TALKER L I S T E N E R  ADDRESS SET TO 5 

EQU ODFH NAGS END OF BLOCK BY CMAK IN KEG 

MAJOR OK MINOR TALKEK/LISTENEH , I-MINOR 

EQU O G H  SEND END QR IDENTIFY wI - r i3  NEXT BYTE 

EQU 4QH EQS FUNCTIONS AS FULL 8-BIT REG 

R E G  #7 EOS-END O F  SEQUENCE CIiARtZCTER REG 

GPIB MESSAGES(C0MMANDS) 

PRTSU 

; MATH SUBROUTINES FOR THE COMP 9 ARE STORED A S  YUBLIC.ANY ROUTINE 
; CAN BE CALLED USING 'EXTTW' STATEMENT. 
I 

EXTRN ACOS,ASZN,ATAN,ATANA,eLDEC,BInEC,IECF 

EXTRH DADD,DADDA,DADDB,DDIV,DDI ' JA,UD?VR,DECNO 
EXTRN D M U L , D ~ ~ , D M U L B , D M U U , D M I T U A , D M U U B , D S U ~ , ~ ~ U ~ A , D ~ U B B  
EXTRN EXP,EXPA,EXPlO,FADD,FADDA,FADDB,FDIV,FDXVA,FDIVB 
EXTRN PIXD,FIXDA,FIXS,FIXSA,FLTD,FLTDA,FLTS,FLT~A 
EXTRN 
EXTRN MDAD,POPD,POPS,PTOD,PTOS,PUPI ,PWR,PWRA,P~  

EXTEGl S M U L , S ~ ~ , S ~ ? U L B , S M U U , S M U U A , ~ ~ J ~ , ~ Q ~ ~ , ~ ~ ~ T A  
EXTIW SSUS,SSUBA,SSUBB,TPLN,ThNA,TQS2,TOS4 
EXTRN WRT2,WKTG,XCHD,XCWS 
EXTW CROUT,@02DT,GETCM,PRINT,PRLNTF,EPRNT,FPKN~,Z~~O 
EXTW G E T C , G E T N M , e O , ~ ~ O U T , E C H O , G B T H X , S G ~ ~ ~ , H ~ ~ ~  

EXTKN ~ ~ H S D , C H S D h , C H S F , C H S F A , C W S S , C H S S A , C O S , C O ~ A  

FMUL, FWLA FMULB , FSUB , FSUBA, FSUBB , LN , LNA , 1 4 0 G ,  LQGA 

EXTRN S A D D , S A ~ D A , S ~ D B , S D I V , S D I V A , S D J V B , S E N , ~ ~ N ~  

I 

I 
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;CONSTANTS ARE SET 
, 
NCIIM 
PRTlO 
PRTlI 

, RAM 

KAWDA 
OLDSW 
ASCDAT 
D IAD 
DIAO 
NCH 
CNTSH 
SHDAT 
NCHAA 
NCH4A 
NC118A 
ASC4NA 
NKDG 
DACSEL 
DATIN 
KAMADR 
INTRP 

E Q U  08H NCHM-MAX NUMBER OF ClIANNKLS TO BE REP,]) 
EQIJ 088M PKTIO=OUTPU'I MODE,A,B,CO-3 OUTPUT,C4-7 IN 
EQU 099H PRTIL=INPUT MODE,A&C 1NPUT;B OUTPUT 

ADDRESS DEFINITIONS 

EQU 03C10H RAW RDGS , 4  RYTES/CilNL. '1'1 MI. TIM?, . . . HI -LO 
EQU RAWDA+4*NCHM CALIBRATION SW TTCH POSITION FROM CONTKOIJAER 
EQU OLDSWil ASCII: DATA,8*NCW+1 BYTES 
EQtJ ASCDAT+L? *NCHM+1 ;ADDRESS FOR INPUT DATA 
EQU DLADi-2 ADDRESS FOR DATA USED IN YULSER SETUP 
EQU DIA0+2 CHANNEL NUMBER COUNT FOR ADC RDGS 
EQU NCHi1 SANPEb AND HOLD COUNT NUMBER 
EQU CN'L'SH4-1 Shl"lPLE AND IIOLD DATA BYTE 
EQU SHDATi1 ADDRESS WWRE NO OF CHANETELS STORED 
EQU NCHAA-tl ADDRESS WHERE 4*NCIIA S'CC)RED 
EQIJ NCII4A+1 ADDRESS WHERE 8+NCHA STORED 
EQU NCH8Ail ADDRESS WHERE ASCDAT+4*NCHA I S  STOKED,Z BYTES 
EQLJ ASC4NA+2 ADDR OF NUMBER OF RDGS AVKKAGED 
EQU NKDGi-2 ADDRESS OF DAC SELECT DATA,1 BYTE 
EQU DACSEL+1 START OF DATA READ IN FROM GPIB,?56 BYTES 
EQU 3800H ADDRESS OF RAM PROGRAM,CALdLED BY CMD6 
EQU l O O O H  ADDRESS OF FRONT PANEL INTERRUPTS 

, ENTRY POINT FOR 
POP PSW 
IN s1 
CPi. BOM 
J Z  BOUT 
C P X  R I M  
J Z  BIN 
CPT ENDMK 
J Z  BEND 
CPI OOH 
J Z  INTRP 
CALL NMOUT 
JMP GETCM 

OUT BUSPRT 
INX H 
DCR c 
JZ IJREND 
E1 
HLT 

BIN IN BUSPRT 
W1.J DIAD 
MOV M,h 
INX H 
SWLD DIAD 
EI 
XLT 

BOUT MOV A,M 

[NTERRUPTS 
POP STACK SO WE WON'T HAVE OLD ADDR 
READ INPUT STATUS 
CIlECK FOR BYTE OUT REQUEST 
JUMT' TO OUTPUT DATA 
CHECK FOR BYTE IN REQUEST 
JUMP TO BYTE IN ROUTINE 
CHECK FOR END OF TRANSMISSION 

COMPARE TO ZERO 
INTERRUPT WAS NOT FROM 8291 . 
PRINT A REGISTER 
RETURN TO MONITOR 
IDAD ASCII BYTE ADDR BY I1L INTO A 

ADDRESS NEXT BYTE 
DECREMENT COUNTER 
FINISHED TRANSKISSION 
ENABLE INTERRUPT 
HALT COMPUTER U N T I L  NEXT INTERRUPT 
READ A BYTE IN FROM 'THE BUSS 

STORE DATA READ IN INTO RM 
INCREKENT FOR NEXT BYTE 
STORE NEXT ADDRESS 
ENABLX LNTEREaUPT 
WAIT YOK NEXT INTERRIJP'L' 

JUEIP TO END OF TRANSMISSION ROUTINE 

w R m  ONTO GPIB BUSS 

LOAD ADDR1:SS FOR DATA-IN TO HL 
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BEND LDA DATIN 
ANI 0FIl 
ADD A 
MOV C,A 
M V I  K,OO 
LXI H,UADDR 
DAD B 
MOV A,M 
INX 1-1 
MOV H , M  
MOV L,A 
PCHIA 

IJREND MVI A,06H 
OUT AUXMD 
E1 
HLT 

G P I B  PORT SET-UP 
PK'TSU MVI A,PRTlI 

OUT PORT1 
MVI A,080H 
OUT PORT2 
MVI A,02 
OUT AUXMD 

OUT INTEl 
OUT INTE2 
MVI A,MODEl 
OUT ADRMD 
MVI A,CLKRT 
OUT AUXMD 
MVI A,ADRTL 
OUT AUXMD 
OUT ADROl 
MV9 A,ODH 
OUT EOSR 
FlVI A,084H 
OUT AUXMD 
MVT A,013H 
OUT INTEl 
MVI A,00 
OUT AUXMD 
LXI H,DATIN 
SHLD DIAD 
XPA A 
OUT PQRT2A 
MVI A,08H 
OUT PORT2B 
MVI A,06FH 
OUT PORT2C 
MVI A ,  07FH 
OUT PORT2C 

MVI A,OO 

LOAD FIRST BYTE WRITTEN OVER GPIR 

DOUBLE VALUE,ADDRESSES ARE 2 B'ITES 
LOAD INTO C 
ZERO B,BC CONTAIN ADDR INCREMENT 
C O I W N D  ADDRESS LISTS IN HL 
OFFSET TO STARTING ADDRESS OF PROGRAMS 
PUT LOW ORDER CMD ADDK IN A 
ADDRESS HI BYTE OF CMD ADDR 
SEND TO H 
PUT LOW ORDER IN L 
TFXNSFER COMMAND TO ADDR IN HL 
SEND EO1 WITH NEXT BYTE OUT 
SEND TO AUX MODE REGISTER 
ENABLE lNTERRUPT 
HALT COMPUTER UNTIL NEXT INTERRUPT 

DUMP HI BITS,CONVERT TO ADDRESS 

LOAD PROGRAM WORD FOR A&C INPUT,B OUTPUT 
SEND TO PORT 1 
LOAD PRG WRD,A=OUTPUT,E&C=OUTPUT 
SEND TO PORT:! 
RESET THE 8291A 
SEND TO THE AUXILIARY MODE REG 
ZERO A REGISTER 
DISABLE INTERRUPTS TEMPORARILY 
DISABLE SECONDARY INTERRUPTS 
ENABLE MODE 1 ADDRESSING 
SEND TO THE ADDRESS MODE REG 
SET THE CLOCK RATE FOR 2. MHZ 
SEND TO THE AUX MODE REG 
LOAD TATXER/LISTENER ADDRESS 
SEND TO AUXILIARY COMMAND REG 
SEND TO COMP 9 GPIE ADDRESSES 
LOAD A CARKIAGE RETURJS' AS END OF MESS 
SEND TO END OF SEQUENCE REGISTER 
LOAD END ON EQS RECEIVED DAT 
SEND TO AUXILIARY MODE REGISTER 
ENABLE END BYTE,BYTE I.N,BUTE OUT INTRPS 
ENABLE INTERRUPTS 
LOAD ZERO INTG A 
PUT 8291A INTO IDLE MODE 
STORE ADDRESS FOR INPUT DATA INTO HL 
STORE IN RAM 
ZERO ACC,SET OUTPUT VOLTAGE TO 0 
BYTE SENT TO BACS 
LOAD 08 INTO ACC 
HI ORDER NIB IS SENT TO DAC 

, LOAD 0110/1111 INTO ACC 
STROBE PULSE WEIGHT DAC LOW 
LOAD 0111/1111 INTO ACC 
LOCK PULSE HEIGHT VALUE I N T O  DAG 
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LX1 H,SGNON LOAD SIGNON MESSAGE; A.DDFCESS 
RET 

TABLE OF ADDRESSES FOR COIWNDS FOR MICROCOMPUTER 
THE C O P W D  'TRANSFER ADDRESSES ARE PICKED UP FROM 
TH1S TABLE.FIRST BYTE XMITTED BY CONTROLLER IS CMD NUMBER 

, THE SECOND 
CADDR DV CMDO 

DW CMDl 
DW CMD2 
DW CMD3 
DW CMD4 

, R.4 S K 
, 

BASK MOV A,M 
KA l? 
RAR 
RAR 
RAR 
ANI OFH 
DBA 
AD1 OF6H 
ACI 03AH 
STAX [I 
INX D 
MOV A,M 
ANI OFH 
DAA 
AD1 OF6H 
ACI 03AR 
STAX D 
INX D 
INX H 
DCR C 
JNZ BASK 
MVI A,ODW 
STAX D 
RET 

1 

1 

CMDO 

C W C T E R  
c 
0 
P 

K 
A 
L 

BYTE DETERMINES THE DELAY TlME BETWEEN S/H ?UI,SES 
PULSER SET IJP SUBROUTINE 
FAST READINGS AND CONVEKSION,ASCII XMLT 
FAST RDG,SEND OLD RDG WILE PROCSNG NXT 
FAST CALIBRATOK KEADINGS 
NOE4AL PULSE READING LONG CONVERSION 

CONVERTS BINARY BITE ADDR BY HI.. 
TO ASCII NO ADDR BY DE FOR C BYTES 

LOAD BYTE ADDRESSED BY HL 
CONVERT 4 HI KiTS FIRST 
ROTATE 4 HI BITS TO LOW POS 

LOOK AT ONLY 4 LOW BITS 
DEC ADJUST ACC 
SET CARRY FOR KYTE GT 9 
ADD REST OF VAILJUE WITH CARRY 
STORE TN RAM ADDR BY DE 
ADDRESS NEXT ASCII MEM 1.0C 
KEAD HEX BYTE BACK IN 
LOOK AT 4 LOW BITS 
DEC ADJUS'I' ACC 
SEI' CAELRY FOR BYTE GI' 9 
ADD R E S T  OF NUHSER W I T t I  CARRY 
STORE IN RAM ADDR BY DE 
ADDRESS NEXT ASCII MEM LOC 
ADDRESS NEXT HEX BYTE 
Jl E C REMENT C OUN'C EK 
GO BACK FOR NEXT BYTE IE NOT DONE 
ADD A C U R T A G E  RETURN AS THE LAST CHAR 

RETURN TO CALLER TF DONE 
STORE IT IN RAM AFTER TIZX DATA 

S1JBWL)UTINE TO TAKE DATA FJRITTKN BY 
THE BUSS CONTROLLER AND SET UP THE 

DATA FOR FORPZ1T 
NO OF CHANNELS 1 CMX,Z BYTE 

PULSE ON/OFFTIME 1 CHR,8 BYTES 
READING INTERVALS SSNCHS BYTES 
REF COMY V O T 3  LEVEL 1 C H R , 4  BYTES 
READINGS AVERAGED 1 CIER.4 BYTES 
LEVEL SETTINGS 1 CI-IR, G-5NCHS BYTES 

PIJLSER. DATA sroRm AT R..U ADR UATIN 

OUTPUT VOL'I'AGE 1 C H R , 4  BYTES 
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, 
I 

1 

CMDO 

CMDOL 

CMDOLl- 

, 
9 

, 
9 

CHNOST 

G D 

MVI A , P R T 1 0  
OUT PORT1 
L X Z  H,DATIN+l 
MOV A , M  
INK H 
SHLD DIAO 
C P I  A ' G '  
J Z  CHNOST 
C P I  A ' O '  
J Z  OPTLEV 
C P I  A ' P '  
J Z  PTSET 
C P I  A ' R '  
J Z  REFLEV 
C P I  A"' 
.JZ DLSL'(II, 
CPI A ' B '  
J Z  BAZVOL 
C P I  A'G'  
J Z  GAZNST 
C P I  A ' A '  
J Z  AVGRD 

OUT P O R T 1  
LXI H,DATIN 
SI-ILD DIAD 
MY1 A , 0 1 3 H  
OUT I N T E I  
E I  
H L T  

MVI A,PR? ' IL  

CHNOST 

XOV A ,  M 
rm 1-1 
SIILL) D I A O  
SUI  Q30H 
S T A  WCHAA 

ADD A 
STA NCH4A 
ADD th 
STA NCH8A 
RAlp 

T.X9 H ,ASCDAT 
MOV E,A 

DAD D 

ADD A 

MVT D , O  

BALANCE VOLTAGE 1 CHR ,42NCHA XYTES 
G A I N  SETTINGS 1 CHR,O*NCHA BYTES 

SET fYHiT1 FOR OUTPUT 
S E N n  TO CONTROL WORD 
LOAD ADDRESS OF 2ND DATA I N  BYT'F: 

INCREMENT DATA I N  SET COUNTER 
STORE 2 BYTE DATA COUNTER I N  D A l O  
COMPARE TO C X W  C , S E T  CHANNEL NO 
JUMP TO CHANNEL S E T T I N G  ROUT [ME 
COMPARE 'I'O CIIR 0,SET OUTPUT L E V E L  
J U M P  TO OUTPUT LEVEL S E T  ROUTINE 
CONPARE TO CHli  P,Sh"r PULSE T I M E S  
JUNP TO PULSE T I M E  S E T  ROUTINE 
CONPARE TO CHR €?,SET REF D I S C  1,II:VEl. 
JUMP TO S E T  REFERENCE COMPARATOR VOLT LEVEL 

LOAD CIIARACTER BYYE FROM MEMORY 

COMPAIEE tro CHR L ,  SET DLSCRIMINATQR LEVEL 
JUMP TO SET DISCRIMINATOR L E v m  
COMPARE TO CHR A , S F , T  HAIANCE VOIXAGE 
JTJHP TO SET BALANCE VOLTAGE L E V E L  
COMPARE TO CHR G , S E T  VOLTAGE GATNS 
JUMP TO SET THE G A I N  OF THE CHANNE1.S 

J U M P  TO SET AVVC RDG NO ROUTINE 
C a m , a E :  TG  CHI^ A ,  SET NO KDGS AVERAGED 

S E T  PORT1 FOR 1 N P U T  
STORE ADDRESS FOR INPUT DATA I N T O  HL 
STOKE LN liRM 
ENABLE R E A D ,  WRITE OR EO1 
SEND TO 8 2 9 1  I N T  ENA 
ENABLE INTERXJPT ON 8080R 
wAir r  FOR ~ N T E R R U B T  OVER GPIB 

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

MOVE CHANNEL NO BYTE I N T O  ACC 
INCREMENT COUNTER 
STORE FOR NEAT TIME 
CONVERT TO NIJMBER 
STORE NUMBER OF CHANNELS 
DOUBLE NUMBER OF CHANNELS 
4 X  NUMBER OF CHANNELS 
STOKE 4X NUMBER OF CHANNELS 
8 X  NT'MBER OF CHEINNELS 
STORE 8X NTMBER O F  CHANNELS 
SHIFT RIGI.TT,DOWN TO 4X NO CHANNELS 
LOAD START O F  ASGDAT I N T O  H L  
4kNCWA I N  E 
DE CONTAINS 4*NCPLA 
WL CONTAINS ASCDAT+4*N@HA 
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, 

, 
PTSET 

TIMLP 

, 

GAINST 

, 
, 
DISLVL 

, 
9 

SHLD ASC4NA ASC4N4 IN RAM CONTAINS ASCDAT+h.kNCHA 
JMP CMDOLl CONSTANTS THAT USE NCHA SET,GO BACK 

PTS ET SETS TIYE PULSE ONTIME,PULSE OFF TIME 
ANI) 'THE DELAY TIME FROM 'THE PULSE 
START TO THE SAMPLE FOR SAMPLE fx HOLD 1 C ' S  
DATA MUST BE TN THE ORDER GIVEN ABOVE 

MV1 D,O 
LDA NCHAA 
A D 1  3 
MOV E.A 
JNZ TIMLP 
MVI A,03FH 
OUT PORT2C 
MVI A,07FH 

CALL CONVL 
MOV A,C 
OUT PORT2A 
MOV A,E 
OUT PORT2H 
MVT A,070H 
ADD D 
OUT PORT2C 
OR1 OFH 
OUT PORT2C 
INR D 
DCR E 
JNZ TIMLP 
MVI A,OFFH 
OUT POKT2C 
MVI A,07FM 
OUT PORT2C 
SIIZD DTAO 
JMP CMDOLl 

OUT P o R m  

GAINST 

MVI A,080H 
STA DACS EL 
JMP DACWRT 

DISLVL 

MVI A , O h O H  
STA DACSEE 
JMP DACWRT 

B ALVO 1, 

ZERO D COIJNTER 
LOAD THE NUP4BER OF CHANNELS I N T O  A 
INCREASE THE CHANNELS BY TWO 
STORE NO CHANS+2 IN E 
LOOP BACK IF NOT DONE 
STROBE MR LOW,THEN BACK HI 
SEND 0011/1111 OUT 
SEND 2C6 RACK HI 
SEND 0111/1117. OUT 
CONVERT 4 NOS ADDK BY HL TO BINARY 
LOAD LOW BYTE FROM C TO A 
SEND OUT 
LOAD HI BYTE INTO A 
SEND 16 BITS 'TO TIMERS 
LOAD 0111/0000 INTO A 
ADD CHN NO FROM REG D 
SEND TO PORT 2 C  
OR ACC WITH 0000/1111 
LOAD RDG INTO ADC 
INCREMENT CHA COUNT 
DECREMENT E COUNTER 
LOOP BACK IF NOT DONE 
STROBE XTR HI TO START 
SEND TO PORT 
SEND 2C7 BACK LOW 
SEND 0111/1111 OUT 
RESTORE COUNTER IN DIAO 
DATA SET,GO BACK TO CMD LOOP 

SET THE GAIN LEVEL FOR 
EACH CHANNEL 

LOAD 1000/0000 ,SELECT GAIN DAC 
STORE IN DACSEL IN RAM ( 1 B 7  BIT) 
.JUMP TO DAC WRITE SUBROU'L'TNE 

SET THE DISCRIMINATOR VOLTAGE LEVEL 
FOR EACH CHANNEL 

LOAD 0100/0000 ,SELECT DISCRMINATOR DAC 
STORE IN RMM ( 1 B S  3 i T )  
JUMP TO DAC WITE SUBROUTINE 

SET THE BATANCE VOLTAGE LEVEL 
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1 

BALVOL 

91 

FOR EACH CHANNEL 

9 

1 

DAGlJRT 

DACLP 

OPTLEV 

RGwLEV 

MVI A,OlOI.I 
S T A  DACSEL, 
JMP DACVK.T 

DACWRT 

MVI D , O  
TAA NCHAA 
MOV E , A  
CALL CONV4 
MOV A , C  
OUT PORTIA 
MOV A , B  
OUT P O R T l C  
LDA DACSEL 
ADD D 
OUT PORTlB 
A N I  OFH 
OUT P O R T l B  
ICaR D 
DCR E 
J N Z  DACLP 
SIKD DIAO 
JMP CMDOTJ. 

OTPLEV 

CALL C O W 4  
MOV A , C  
OUT YORT2A 
MOV A , B  
OUT PORT2 B 
M'9I A,06FK 
OUT PORT2C 
MVI A,O7FH 
OUT PORT2C 
SHLD DIAO 
JMP CMDOLl 

KEFLEV 

CALL C O W 4  
MOV A , C  
OUT PORT2A 
MOV A , B  
OUT P O R T 2 B  
MVT .A,05FH 

LOAD O O O l / O O O O  , S E L E C T  BALANCE ADC 
STORE I N  RAM (1R4 B I T )  
JUMP TO DAC WRITE SUBROIJTINE 

WRITES TO THE DAC ADDRESSED IN DACSEL 

ZERO D COUNTER 
LOAD THE NUMBER OF CHANNELS I N T O  A 
STORE NO CHANS IN E 
CONVERT 4 NOS ADDR BY HL T O  BINARY 
LOAD LOW BYTE FROM C TO A 
SEND OUT 
LOAD H I  BYTE I N T O  A 
SEND 12 B I T S  TO ADC 
LOAD DAG SELECT FROM RAM 
ADD GHN NO PROM REG D 
SEND TO PORT 1B 
AND WITH 0 0 0 0 / 1 1 1 1 , Z E R O  H I  N I B  
LOCK RDG INTO ADC 
INCREMENT CHA COUNT 
D E C R m E N T  E COUNTER 
I.OOP BACK I F  NOT DONE 
RESTORE COUNTER I N  DIAO 
DATA S E T , G O  BACK TO CMD LOOP 

SUBROUTINE S E T S  THE OUTPlJT VOLTAGE 
LEVEL OF THE PULSE FORMAT 0,  I H ,  I M ,  11, 

CONVERT NEXT 4 NUMBERS 
MOVE LOW BYTE INTO ACC 
BYTE SENT TO DACS 
MOVE H I  N I B  FROM REG BC 
H I  ORDER N I B  I S  SENT TO DAC 
LOAD 0110/1111 I N T O  ACC 
STROBE P U L S E  HEIGHT DAC LOW 
LOAD 0111/1.111 I N T O  ACC 
LOCK P U L S E  H E I G H T  VALUE I N T O  DAC 
RESTORE COUNTER I N  DIAO 
DATA S E T  GO BACK 

VOLTAGE LEVEL FOR REFERENCE 
COMPARATOR R H I N I B , H I D N I B  L O N I B  

commr NEXT 4 NUMBERS 
MOVE LOW BYTE I N T O  ACC 
BYTE SENT TO DACS 
MOVE HI N I B  FROM REG BC 
H I  ORDER N I B  I S  SENT TO DAC 
LOAD 0101/1111 I N T O  ACC 
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, 
, 
, 
, 
AvcRi) 

, 
, 
I 

, 
, 
CONV4 

COWL0 

CONVL 

CONVLl 

CON44 

OUT POICT2C 

OUT PORT2C 
SHLD DIAO 
JMP CMDOLl 

mi A,07FH 

AVGRD 

CALL C O W 4  
MOV A,C 
STA NRDG 
SHLD DIAO 
JMF CMDOL1 

TAKES 4 

XRAA 
MOV A,M 
SUI 030H 
CPI 10 
JM CONYLO 
SUI i 
RLC 
R 1.C 
RLC 
RLC 
MOV B,A 
INX H 
MOV A , M  
STJI 030H 
CPI 10 
JM CONVL 
SUI 7 
ADD B 
MOV B , A  
INX H 
MOV A , N  
SUI 030H 
CPI 10 
JM CONVLl 
SUI 7 
RLC 
RLC 
RLC 
RLC 
MOV C,A 
INX II 
MOV A,M 
SUI 030N 

STROBE REFERENCE LEVEL DAC LOU 
LOAD 0 1 ~ 1 / 1 1 ~ ~  I N T O  ACC 
LOCK REFERENCE VOLTAGE LEVEL VALUE lWTO DAC 
RESTORE COUNTER IN DIAO 
DATA SET GO BACK 

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

CONVERT L NIBS TO 16 BINARY B I T S  
MOVE LOTJ ORDER RESULT l N r O  A 
STORE IN RAM AT NKDG ADDR 
STORE COUN1’EK FOR NEXT CHAFLACTEK 
DATA SET,GO BACK 

IN RAM AS 
THEM TO A 

ASCTT CHtZf?llCTEKS ADDRESSED BY IIL 
TOPNIR,HINIB,MIDNIB,LONIK AND CONVERTS 
16 BIT BINARY NUMBER IN BC 

ZERO ACCUMULATOk, CLEAR FLAGS 
MOVE TOP NIB INTO A 
CONVERT ASCI1 BYTE TO NUMBER 
COMPARE TO 10 DECIMAL 
JUMP AROUND 1 F .LT .  10 
SUBTRACT 7 IF A, B C ~ D I E. OX I’ 
ROTATE LEFT 4 TIMES 
MOVE m P  NIB INTO HI OKUKR 

STORE IN RKG B 

MOVE H i  NTH INTO ACC 
CONVERT ASCII BYTE TO NUMBER 
COMPARE TO 10  DECIMAL 
JUMP AROUND LF . LT. 10 
SUBTRACT 7 IF A,B,C,D,E.OK f” 
ADD TOP N1K TO HI NIB 
STORE IN REGISTER B 
ADDRESS NEXT NIB 
MOVE MID NIB INTO ACC 
CONiERT ASCII BYTE TU NUMBER 
COiWkRE TO 10 DECIMAL 
JUMP AROUND I F  . L T . 1 0  
SUBTRACT 7 IF A,R,C,D,E,OR F 
ROTATE ACC LEFT 4 ‘TiPlES 

ADDRESS NEXT NIB 

MOVE NIBBLE INTO HI 

TEMP STORE IN C 
GO TO LOW ORDED NIB 
LOAD IN ACC 
COKVERT TO NUMBER 

ORDER 
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C V I  10 
JM COWL2 
SUI 7 

COWL2 ADD C 
MOV C , A  
I N X  M 
RET 

, 
, 
C M D l  
CMD 2 

DAT 

I 

, 
I 

> 
CMD3 

I 

CMD 1 

CMD2 

NQP 
CALL ADISUS 

MVI A,02OH 
OUT PORTlB 
X R A A  
OUT PORTlB 
LHLD ASC4NA 
1WI K,Ol IH 

DCX H 
SHLD DIAD 
W)A D A T I N  
CPI  031H 
CZ ADBUS 
.IMP RDGOUT 

CMD3 

MVI A,OO 
OUT PORTZA 
CALL ADRUS 

I,DA NCIJAA 
STA CNTSH 
LDA CNTSW 
DCK A 
STA CNTSH 
MVI A,PRTlI 
OUT FORT1 
LXI B,OAOH 
CALL DELAY 

LOOP FOR FAST R.EAI):I.NGS WITH NO 
STORAGE I N  THE COMFYB MIC~ROCBMPIJTER 
SAME AS CND1 EXCEPT CMD2 'TAKES NEXT 
READING W H I L E  THE PRE:VTi)'LIS ONE IS 
BEING PKOCI.:SSED. 

BOTH FROGS ARE SAME EXCEPT FOR ADBUSY 
D O N ' T  STA2.Y PULSE I F  WE ARE STILTJ READING IT 

SET FOR CALIRPATE 
SE'Y REI.AY FOB CALIBRhTE 
DON'T START PULSE IF WE ARK S'CITJ, READING J T  

SET THE PJUMBER OF S&H CHANNELS TN PAM 
STOKE 
LOOK h'r COUN'TER VALUE 
UECREPlIENT COUNTER 
RESTORE COUNTER 

SET KM"1 FOR INPUT 
LOAD 4 IqS DELAY IN EC FOR i.I:3W 
TEMPORARY DEIA'I TO ALLOW DATA TO SETTLE 
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ANI OFOIl 
RRC 
mc 
REX 
MOV C , A  

LXI H,NIB2B 
DAD B 
MOV C,E 
IN E"ORT1A 
A N I  OFH 
DAA 
ADD M 
D M  
MOV E , A  
INX H 
MVI A , O  
ADC M 
MOV D,h 
1x1 H , N I B ? B  
DAD D 
MOV A ,  E 
ADD K 
DAA 
MUV E , A  
I N X  €3 
PIOV A , D  
ADC M 
D M  
m v  D , A  
WL,D DIAD 
MOV A ,  E 
ANI OFH 
AD1 30H 
MOV M , A  
DCX H 
MOV A ,  E 
ANI OFON 
RAR 
RAR 
MR. 
w 
AD1 30H 
MOV M,A 
DCX H 
MOY A,D 
ANI OFH 
AD1 3 0 H  
MOV M, A 
DGX H 
MOV A , D  
ANI OFOH 

MVI B,O 

DUMP LOW N I B B L E  
ROTATE RIGHT 3 TIFES 
RESULT I S  2ND NIRIS1.Z DOUELED 
ADDRE'SSES OF VALUES AXE 2 BYTES WIDE 
STORE IN C 
BC CONTAIN OFFSET ADDR FOR 2ND NIBBI,E 

ADD OFFSET TO HI, ADDRESS 
BC NOW CONTAINS OFFSET FOR 3RI) NIBBLE 
LOW ORDEK BYTE TS ENTEXED AGATN 
DUMP 2MD NIBBLE,HT 4 BITS 
DECIMAL ADJUST ACCUMXJWRJR 
ADD 2ND NIBBLE DECIMAL VALUE FROM MEMORY 
DEC: 1 M M A  ADJUS T ACC UMUTATOR 
STORE SUM IN DE 
HI BYTE OF 2ND N P R B T E  
ZERO A 
ADD HI BYTE OF DEC VAL O F  2ND NZB 
DE CONTAINS SUN 
BASE ADDRESS FOR 3RD N I B B L E  
ADD OFFSET POIMTER F O R  DEC VAL O F  3KD N I B  
B R I N G  SUM O F  1ST 2 N I B S  BACK I N  
ADD LO BYTE OF 3RD 
DECIMAL ADJUST 
STOKE B P C K  IN DE 
INL'REMENT TO HI BYTE OF DEC V A L  O F  3RD N I B  
BRING I N  2ND BYTE OF SUM OF 1ST 2 NIBS 

DEGlMAL ADJUST 
STORE SUM IN DE 
LOAD ADDRESS FOR ASCII DATA IN IIL 
LOAD LOW ORDER BYTE FROM DE 
DUMP 4 HI BITES OF LOW ORDER BYTE 
CONVERT TO A S C I I  
STOKE 1N RAM 
ADDKESS NEXT MEMOFLY BYTE 
BRING LO BYTE BACK 
DUMP L,OW 4 BITS 

r,oAD BASE ADDRESS FOR ~ N D  N ~ R S L E  

~1x9 HI BYTE OF 381) N P R  

ROTATE TO LOW 4 B I T  POSITION 

CONVERT TO ASCII 
STORE LM RAM 
ADDRESS NEXT MEMORY BYTE 
IAOAD HI ORDEK BYTE E'IROM DE 
DUMP 4 HI BITS OF HI ORDER BYTE 
CONVERT TO ASC1.L 
STORE IN PJiM 
ADDRESS NEXT MEMORY BYTE 

DTJMMP LOW 4 BITS 
BRING HI wrE BACK 
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T X I 1 i , k ' 5 3 A  
L'USZ Pl 
MOV A , C  
n n n  A 
ADD A 

St'A A 
CALL /KlCU 
POD B 
TXI D,0004I1 
LXT ~ ~ , R A V l ~ ~ ~  C 3 H  
PUS;: E 
LDA XCE:A!! 
SUB C 
CALL ADROG 
CALL DADDA 
CtZJ":., TOs4 
DAD n 
DCR C 
J N Z  CHLOP 
POL' B 
DCK B 
J N Z  SMLOI' 
<E I 

MOV c , x  

Sb:I i:CTS THE ADCONVFk'I'* K hUMCER TlIA1 I S  LN A,KEADS T I E  
I?  BT I 5 FKGX THF CONVKK I'Ek AECS 20 ZEROS AND KETUKNS WITH 



, 
I 

AURDG 

, 
I 

9 

ADBUS 

; D E L I Y  

9 

I 

DELAY 

LOPSM 

I 

RLTS 

I 

I 

I 

tI EXD EC 

c ONLO P 

A PSTACK 

TIIIS IS NOT NEEDED XF THl'  HCST COMEPUTER CAN READ BINARY 
TtXC OLD HEX DATA P.KG OVER WRITTEN WI'I'M BCl) DATA 
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, 

, 
, 
SHI>D 

, 
NIBZB 

NIB3R 

CALL RTDEC CONVERT THE BINARY NO TO DECIMAL 
POP H GET 1'HE ADDKESS OF THE CONVERTED NO BACK 
w(1 D,3COAH ADDRESS OF THE DECiMAT. NUMBKK 
LDAX D LOAD LO BYTE OF DECIMAL NUMBER 
MOV M , A  STORE IT OVER THE !1EX NUMBER 
DCX H NEXT BYTE OF HEX NO 
INX D NEXT BYTE OF DtX NO 
LDAX D LOAD NEXT BYTE OF IUEC NO INTO A 
MOV 3 A SEND IT TO MENORY 
REPEAi '  TWICE MORE FOR L N G E R  NUMBERS 

DAD D HL ADDRESSES T,O ORDER BYTE FOR NEXT CHANNET, 
POP R GET COUNTER BACK FROM STACK 
DCk C DECREMENT THE COUNTER 
JNZ CONLOP LOOP BACK IF NOT DONE 
RET RElURN I F  F l N i S I I E D  

LXI D,05 LOAD OFFSE~ ADDRESS FOR HL INTO DE 

SIILD PROGRAM TO RUN THE SAMPLE 
A N D  HOLD CKRCUITS (28.5 IJSECS) 

LDA SHDAT LOAD SAMPIE AND HOLD DATA WORD 
ANI OlFH SET HIGHEST B I T  TO ZER0,KEEX' OTHERS SAME 
RLC ROTATE ACCUMJLATOR LEFT 
STA SIIDAT STORE FOR NEXT TIME 
OUT PORT2B TUEW NEXT S&Il T,OW, SWITCH TO HOLD 
RET GO BACK TO CALLER 

DH O,O, 1 6 I I , O ,  32H,0,~8H,0,64H,Q,080H,0,09611,0,12II, 1 
DB 28MJ ,44H,  1,60H, 1,76H, 1,092H, 1,8,2,24H, 2,40H, 2 
DB 0 ,0,56H, 2,12W ~ 5,68H, 7 , 3 _ 4 H ,  LOII,080H, 12H 
DE 36H, 15H, 092H, 17M, 048~,20H, 4,23tI, QOH, 2521 
DB 16II,28t!,72H,3OH,28H,33H,084H,35H,40W,38H 
bND 
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Port 
ID. Funct ion 

1c2 
I C 1  
1co 

1 A 7  
1A6 
'LA5 
1 A4 
1 A 3  
1 A 2  
I A l  
1AO 

1B7 
1 B 6  
1 Is5 
1 Bic 
183 

1 B 1  
1BO 

i n 2  

Data L i n e  f r o m  ADC 
Data Line f r t r r o  ADC 
Data L i n e  f r o m  A X :  

Data Line from ADC 
Data Line from ADC 
l h t a  L i n e  f rm A l X  
Data TAne from ADC 
Data L i n e  from ADC 
Data Line from ADC 
Data Line f r o m  ADG 
LLSB Data Line 

Gain Enable 
Level Enable (74FE38-E3) 
ADC S t a r t  
Eal..  Enable /74 :F139-E3)  
hDC:  E n a b l e  ( E 3 )  

ADC A 2 ,  Bal . ~ L e v e l ,  Gai.n, Chip SeLec t 
ADC A l ,  Ral. ,Level, G a i n ,  Chip  Select  
ADC AO, B a l .  I Level )i Gain, Chip Selece 
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PORT 2 IN'CbRFACE OF NDT COMP 9R 

Fort 
Ti). 

3C7 
2 C 6  
2C5 
2c4 
2 C 3  
2c2 
2 C l  
9co 
2 B  / 
2R6 
2R.S 
2B4 
2R3 
2B2 
781 
2B0 
2A 7 
3.46 
?A5 
2A4 
2 A 3  
2 A? 
2 A l  
?A0 

F U ~ C  i 
Divider X'I'K 
Divider MR 

Keference r cvel (Chip SeJ  c c t  AD394) 
Pulse  Height (Chip S e l e c t  AD394) 

MSB D a t  ' 2  Line,  Divides 
Da ta Line ,  Divider 
Data T, ine Dividcr 
Data J , j  n9  divider 

I/O 

output  
Output 
ou tput  
Output 
ou t  pu t 
Output 
0ul:put 
Output 
ou tput  
Ou-tput 
Output: 
ou tput  

A s s  i.gximent 

D a t a  Line,Di.videT,MSB,Pulse H t .  ,Ref .Level. D A C s  
Data Line ,  Divider  Pulse Height DAG ,Re f .  Level DAC 
Data T.,ine,  divide^ I Pulse Height DAC ,Re f .  Level- DAC 
D a t a  L ine ,Div ide r ,Pu l se  Height DAC,Ref.Level DAG 
Da ;:a Li.ne, Divider ~ Pulse H e i  ght DAG, Ref.  Level DAC 
Data Line, Divider Pulse Height DAC ,Ref .  Level. DAG 
Data L ine ,Div ide r ,Pu l se  tIeight DAC,Ref.Level DAC 
D a t a  L ine ,Div ide r ,Pu l se  Height DAC,Ref.Level DAC 
D a t a  J.i.ne , Divider Pul se  Height DAC ,Ref .  Level DAC 
Data Line,Divider ,Pul .se  Hsight DAC,Ref.Level DAC 
Daiia Line, Divider ,  Pulse Height DAC ,Ref Level. DAC 
LSB Dat ;; Line ,  Divilleir, Pulse  I-it . DAG, Ref .  Level DAC 

Output 
Output 
ou 1: put  
Output 
ou tput  
ou tiput 
Output 
Output 
ou t:-pu t 
Output 
Output 
ou tput  

R20F Ref lec t ion  Coil  Spec i f i ca t ions  

(Al! l engths  i n  inches ;  one inch=25.4 lum) 

Each Each Copper 
Quailt i ty Dr ivsr  C o i l  Pickup C o i l  Focusing Ring 

i.D. 0 . 0 3 0  0 . 0 1 4  0 .062  
0.D 0.050 0.028 0.100 

Length 0 . 0 1 3  0 .004  0.016 
Plin. Li f t o f f  0.002 o.clo0 

TIllkl\  2 0  28 
S i z r  V i  1 P AWG +5? AWL' 
Tui-iis/Layr: r 5 4 
N O  T A Y ~ ~ S  4 7 
Induc t anca  0 . 3 9  uH 0 . 4 3  UH 
D C.Rcsi2tancc 0.56 O l i i n s  4 . 6 5  Ohms 



INSTRUPENT W I R I N G  DIAGRAMS 





8 CHANNEL 

A N A L 0 6  10 M I C R O C W U T  E R 

-: I 

I/ 

I- 
O 
LJ 



D I S K  j 
S l O R h b E  

roo0 

j WIDLBANO 
1 AMPLIF IER i 

I SCANNLR I 



105 

L
--l 

a 2 
w

 

0
 

l
-
-
-
_
l
_
l
_
 

............... 

. 
.- 

I 
0
 

t 
m

 
(3

 
1 



1
0

6
 

... 

Io
 

~ 
................ 

I
 - - r -
1
 

..... 
.......- 

I 

~ 

........ 
.......... 

4). I 
16 

a
 

u
 

I 

C,.,. 

i 1 



DATA VOLTAGE 
L O W A R  ATOR 

(8 R E C )  
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1-2 " 

3 .  
4-5. 

6 .  
7 .  

8-1 2 . 
13-42. 

4 3 .  
44. 

45-4 9 .  
50. 
51 
52 .  
5 3 .  

1NTERNA.L DISTRIBUTION 

Centra l  Mesnnr-ch Library  
nocumen% X P ~ C K ~ I ~ C ~  Sec t ion  
Laboratory Records Departtnent 
Laboratory Recc~rds ORIdIl RC 
02NL P a t c n t  Sectioii 
w, E *  Deeds 
c .  v .  Dodd 

K. A .  Kitzke  
D .  w .  Moerner 

0 .  F. Kimbal1 
X .  K. hlanstad 

c .  R .  Ker1ncdy 

F.  M. Waggag 

R .  w, McGlung 

54--58. 
59.  
6 0 
61. 

62-54. 
6 5 .  
6 6 .  
6 7 .  
6 8 .  
69.  
70. 
7 1 .  
7 2 .  

C ,  A .  Pickett 
P . L . R i t t  cxilacarasu 

J .  I i .  S m i t h  
P.  T .  ThornLon 
J .  8. Weir 
P. W .  Wiffen 
G .  Y. C h i n  ( ronsu l t an t )  
H .  E .  Cook (Consul tant)  
F. E. Tknge (Consultant) 
T . E " Mitchell (Consul t a n t )  
W. 6 ) .  Nix (Consul tant]  
J .  C .  W i l l i a m s  (Consultant) 

G .  M. S1aughi;er 

EXTERNAL D I STR 1 BU'I'I ON 

7 3 .  ARGONME NATIONAL LABORATORY, 9700 S .  C a s s  Avenue, 
Argonne, 11, 60439 

0 .  K. Chnyra 

74. BABCOCK AND WILCOX COMPANY, Fassi l  Power Generation Division, 
20 South Van Bursn hvemie, Barberton, OH 44203 

M. Gold 

75. BURNS AND ROE,  I N C , ,  700 Minderkamack Road, Oradel l ,  NJ 07469 

c .  s .  E't1rman 

74. COMBUSTION ENGINEERING, INC. , 911 W. blain S t r e e t ,  Cha t t~noaga ,  
TN 37402 

ID. A .  Canonico 
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