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EDDY-CURRENT INSPECTION OF FERROMAGNETIC TUBING USING 
PULSEI) MAGNET1 C SATUHATI ON)k 

C .  V. Dodd and W, E .  Deeds 

ABSTRACT 

A pulsed eddy-current system has been designed and 
developed for nondestructive evaluation of 2.256r-IM~ steam 
generator tubing from the bore s i d e .  Since the tubing is 
ferromagnetic, a large current pulse  is sent through a driver 
coil to produce magnetic saturation all the way through the tube 
wall, A pickup coil produces an output pulse that is dependent 
upon the tube properties as well as the driving pulse. The aut- 
put pulse heights at selected times are used as data that are 
computer-correlated with calibration data taken from machined 
standards. Performance data, circuit diagrams, and computer 
programs are given for the system, which has been demonstrated 
to detect small flaws located near the outside of a thick ferro- 
magnetic tube. 

INTRODUCTION 

Bath ultrasonics and eddy currents are candidate methods for imspect- 

ing liquid metal reactor (LMR) steam generators. An ultrasonic probe and 

inspection system was successfully demonstrated for the Clinch River 

Breeder Reactor (CRBR) '  and the Westinghause-Nuclear Components Division 

(W-NCD) double-wall steam generatar. However, the inspection rate with 

ultrasonics i s  relatively slow and, in the the case of the W-NCD double- 
wall design, is ineffective in detecting defects in the outer tube behind 

the grooves used for leak detection. Qn the other hand, inspection with 

eddy currents is fast and not affected by t h e  grooves. However, law-alloy 

steels, such as 2.25Cr-IMo, are hard to inspect with eddy currents because 

they are ferromagnetic. Eddy-current penetration is inversely prcspor- 

tional to the square root: of magnetic permeability, which can be q u i t e  

high. Furthermore, the high permeability causes magnetic fields to be 

conducted around flaws, making them even 'harder to detect. 

*Research sponsored by the Office o f  Technology Support Programs, 
U . S .  Department of Energy under contract D ~ - ~ ~ ~ ~ - % ~ ~ ~ ~ ~ 4 ~ ~  with Martin 
Marietta Energy Systems, Inc. 
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A method ofteu used t o  circumvent tkcse d i f f i c u l t i e s  is t o  magnotieal ly  

s a t u r a t e  t h e  ferromagnetic ma te r i a l ,  so thaL i t  w i l l  e f f e c t i v e l y  a c t  l i k e  

a i r  r e l a t i v e  to f i i r t h ~ r  changes i n  t h e  ;nagtietic f i e l d .  Magnetic s a t u r a -  

t i o n  can be used with samples small enough ta be placed wi th in  a magnet 

powerful enough to produce a f i e l d  of about 1 . 5  'I' (15,000 gauss). 

Urnfortunatcly , steam genera tor  t-ubing must, 1 x  i nspected from t h e  borc. 

s i d e ,  and, i n  the case of t h e  W-NCD double-w%lll steam gene ra to r ,  the inner  

diameter of the  tubing i s  small and t h e  w q l l  th ickness  g r ~ a t ,  so that, a 

saturaLing c o i l  i n s ide  the tube w i l l  s a t u r a t e  the  core  of t he  c o i l  long 

hefore  the  w ~ l l  of tile tube i s  s a t u r a t e d .  This means t h a t  t h e  c o i l  v1'L-S 

t u a l l y  'mas an a i r  co re ,  and the P-eluctaiicc! of t h e  magnetic c i r c u i t  i s  so 

high t h a t  -the coil must carny very l a rge  c u r r e n t s  (and g e t  very hot )  to 

satiii-ate the tuba a l l  t he  wag through the wa l l .  Ear ly  at tempts ' ,"  Lo 

s a t u r a t e  the  2.25Cr - P M u  tubing f r m  t h e  bore side were unsuccessfnl. 

because too milch heat.. was generated i n  the coil. I t  brcamc obvious t h a t  

only a very Parge cur ren t  i n  a bore-side c o i l  could s a t u r a t e  the  tub ing ,  

and the carreat could be appl ied  for only a very s h o r t  time i f  the  c o i l  

wzs to su rv ive .  Therefore ,  i t  w a s  evident  t h a t  only a powerful cu r ren t  

piilse on a low-duty cyc le  could poss ib ly  achieve the  des i r ed  r e s u l t s .  We 

a l s o  decided t o  use the cur ren t  pu l se ,  wit-11 i t s  many frequency components, 

f o r  i n t e r r o g a t i n g  a s  well as magnetically s a t u r a t i n g  t h e  ma te r i a l .  Thus, 

t h.- ptilse response could provide the  add i t iona l  information requi red  to  

d i s t i n g u i s h  the  var ious  tubing p rope r t i e s  of i n t e r e s t  from e x t r a x o u s  

v a r i a b l e s ,  insLcad of r equ i r ing  the  usual multiple-fixed-frequeney system 

to provide tile da t a .  'Phis report. descr ibes  t h e  developmrnt o f  a systcim 

t h a t  accomplished these o b j e c t i v e s .  

Previous r e p ~ l i t s ~ , ~  have shown t h a t ,  when seve ra l  pxoper t ies  a r e  

changing, enough information must be c o l l e c t e d  t o  permit unambiguous 

iden t  i f i e a t  ion of s p e c i f i c  v a r i a b l e s .  I%is has usua l ly  laeemr accompli s h d  

by using mclltiple f ixed  frequearcies and twasuring,  f o r  example, the: mag- 

ni tudes  and phases of the output  vo l tages  a t  ~ ) Y P  var ious  f requencies .  

However, t h e  add i t iona l  information can a l s o  be obtained by measuring t h e  

pulse  he ight  a t  s e l e c t e d  t imes,  OK t h e  times a t  which s e l e c t e d  pulse  

he igh t s  a r e  reached, or the magnitudes and phases of var ious  Fourier 
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components of the signal pulse. Whatever types of information have been 

collected can then be processed in the same way as described in the 

multiple-property reports cited above. 

In the past, pulsed systems have generally been simpler but less 

accurate than multifrequency systems. The advent o f  improved electronic 

modules has now made possible pulsed systems that Rave equal accuracy 

while retaining their simplicity. 

longer means a penalty in accuracy. 

Thus, having to use a pulsed system no 

Figure 1 shows a cross-sectional view o f  a type of ferromagnetic 

tubing that must be inspected, and Table 1 lists the required and recom- 

mended levels of inspection for various types of flaws. 

ORNL-DWG 82-17746 

20.64 (0.8125) I f DlAM 

OUTER WALL- 
1.93 (0.0761 

INNER WALL- 
284 (0.1121 -11.07 (0.436) 

DlAM 

~. ..... . . .. . . . . . 
INTERFACE 16.76 

(0.660) DlAM 

/ TOTAL WALL CROSS- 
SECTIONAL AREA 

238 mrnz v'--,...-.. / 

i NOMINAL DIMENSIONS IN mm (in.) 
(0 369 in.') 

BO R E CROSS-SECTION A L 
AREA 

96 mm2 
(0.149 in *1 

Fig. 1. Cross section of the nominal Westinghouse Intermediate "Aq* 
double-wall tube. 

COMPUTER ANALYSIS OF PULSED EDDY CURRENTS 

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

sinusoidal (single-frequency) components. A 6-function pulse (infinitely 
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J_I_I _Il..ll_--.___x _._l_l. ..........__...---___I ................... ._- -. 

Depth, ann ( i n . )  
-I -.---- .......................... Defect: type 

R q : 1  i r ed Recommended 

CircumfcrmtPal  barid, 6 mnm long (0 .25  in.)  1.2 (0.017) 0.1.8 (0,019) 

Axial or circumferential aotcli ,  25 mm Pony 1 . 2  ( 0 . 0 4 7 )  0.48 (0.099) 
by 1.5 am wide (1 by 1/16 i n . )  

Hole, 1.6 rnm in diameter (PI16 i n . )  1.9 (0.076) 1.9 (0.076) 

Hole, 1 . 6  In  diameter (1.16 i n . )  2 .8  (9,112) 2.8 (0.112) 

high and nar~cpw) would contain all frsgiicrrcirs wf+h eqirn.91 ampli.tudc.,, but 

such a p u l s e  is unobtainable and qlso undes?ruble  i n  pract lce .  Wc want to 

i isc t.he p u l s e  to nqgn~tjcally sa tura te  t h e  tuh ing ,  ns well as to induce 

eddy current P in it and t h e  pickup c o i l .  Since a finite t i  i s rsql-I  red 

far the nagnctic f i e l d  to pnnc:trate aiid s a t u r a t e  th $,ubIng, as well as 

for i-ciading the response, a "sqiiare-wave" pulse is actually more useful 

than a 6-function one. A squarc.wnvr paise is Ciagrari?mii: in Figs. Z ( A )  

and 3 ( ~ ) ,  which show a ~01t..~ge of 480 v s ~ d d ~ ~ d y  applied to the driver 
( s a t u r a t  irrg) coi l  at t --- 0 3 . d  sabsequently turned o f f  suddenly. If the 

t i m e  between pillses i s  very long compared with the dux;-atisxr o f  the pulse, 

the frequency ctsmyan+nts wi 1 1  be maiiil-y determined by Cha? rise time (and 

fall t i m e )  of tlw p u l s e ,  as well as its t o t a l  duration. The steeper the 

ris- times t h e  g r e a t e r  a i  e t l zc  high frequrrscy components. Figures 2 ( . 9 )  

and 3 ( n )  also S ~ C I W  the vol tages  induced i n  i? pickinp coil 11ea the driver  

coil The picklip voltage w i  11 r i s e  in such a way '4s t.a try ta oppose t he  
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Id PULSE TO SATURATING COIL AND DETECTOR RESPONSE 

OFFSET 

ORNL-DWG 85-13154 

(el PULSE TO SATURATING COIL AN5 DETECTOR RESPONSE 

lb) A PULSE AMPLITUDE INSTRUMENT 

Fig. 2.  P u l s e  he ight  a t  var ious  times. 

(bl A PULSE TIME LMTERVAL INSTRUMENT 

Fig.  3 .  Time-to-pulse height system. 
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changing f l u x  produced by the  d r i v e r  c u r r e n t  and t h e  induced c u r r e n t s  i n  

t h e  tiibe. ? h r , ~ ~  w h ~ n  t h e  d r i v e r  vol tage drops back t o  ze ro ,  t he re  w i l l  

again be a vol tage induced i n  tlne pickup, t r y i n g  t o  oppose t h a t  change. 

Figiirc 2(6) shows a block diagram of an  instrument t o  measure the pickup 

vol tages  a t  c e r t a i n  'Limes, t l  t o  tq. Ffgiai-e. 3 ( 6 )  shows a similar  diagram 

for an instriiment t o  me<aqu~e t h e  timas a t  which t h e  pickup voltage reaches 

c e c t a i n  s p 3 c i f i e d  va lues .  

'I'o c a l c u l a t r  t he  d ~ f c c t  s e n s i t i v i t y  of a pulsed c o i l  systemw, a 

program f o r  a rcPlecLion c o i l  systcm near a mul t i l aye r  cot-rductsr was 

modified t o  c a l c u l a t e  t he  pulse  response t o  a d e f e c t  i n  a s ing le - l aye r  

cord~lr(:tor. Tile pulse  was a square wave synt-liesized froti, 80 frequencies  a t  

i n t e g r a l  ma l t ip l e s  o f  100 Hz. 'The program, c a l l e d  PUJSE, i s  l i s t e d  i n  

Appciidix 1. 

l i  Ct o f f s  are p r i n t e d  f o i  a m e t a l  sample ki t11 and waitlncaut a d e f e c t .  The 

metal i n  t h e  exaiiinle :\'as asstwed L o  he 5 mm t h i c k  ( 0 . 2  i n . )  and to have 

the r e s i s t i v i t y  of ?.25Cr-lMo s t e e l .  The metal w a s  assumed t o  have a 

r e l a t i v e  pcrrneabiliLy o f  1, meaning t h a t  t he  s tee l  was assumed to be 

sa t i i i a t cd .  The flaw wac. assumed to hi. l o c a t r d  0 . 1 2 7  mm (0.005 in.) i n  

from the far s i d e  of t h e  metal, and i t  produced small  but J e Z i n i t e  changes 

i n  both the magnitutl:: and the phase of t h e  pickup signal. On t h e  bas i s  o f  

L h i s  and other c a l c u l a t i o n s ,  i t  seemed c l e a r  t h a t  defects could be 

detecl:,d with a pulsed d r i v e r  system if t h e  tube could be magnetically 

sa t l i r a t ed .  I n  e a r l i e r  experiments7 w e  obtained the  values  of r e l a t i v e  

permeaSili ty for  2 . 2 5 C r  IMo s t e e l  a t  var ious l e v e l s  of dc magnetic f i e l d ,  

a s  shown i n  ?'able 2 .  Zhese da ta  show t h a t  t h e  s t e e l  can bc s a t u r a t e d  wiih 

a nagnet ic  f i e l d  somewhat s t ronger  than 1 T .  

The magni%title and phase o f  t h e  pickup vol tage a t  var ious 

MAGNETIC SATURATlON CALCULATIONS 

hbcut 2 r (20,000 gauss) i s  n e ~ d e d  t n  satiirate ordinary i r o n  or 

s t ee l ,  and f i g .  4 s h o w s  t h a t  the sa t t i ra t ion  magnetization fo r  2.25Cr- 1Mo 

t l i b i n g  is about 1.5 T.  When that  f i e l d  i s  applied, the  a f f e c t i v e  

permeabi l i ty  f o r  small changes i n  the f i e l d  becomcs e s s e n t i a l l y  the  same 

as t h a t  f o r  a i r .  Since w e  musL perform tlic j n spec t ion  from t h e  bore. s i d e  

o f  t h e  tube,  a magixetizlng c o i l  m u s t  a l s o  be t h e r e .  We have developed a 



Table 2. Relative permeability 
for 2.2SCr-1Mo s tee l  a t  
various levels of dc 

magnetic f i e l d  

dc Bias f i e l d  Re la ti ve 
per me ab i 1 it y 

T kilogauss ~ P / P l I l  
I _.l__l 

0 . 7 3  7.3 51-1 

0 . 9 1  3 . 1  L9,S 

1.05 10.5  0 . 9  

WEST1 NG HOUSE (SUM ITOMO) 
2% Cr- 1 Ma STEEL OVPLEXED 
WUBLE-WALL TUBING WITH 
AXIAL INTERFACE GROOVES 

TOROID SPECIMEN 
20.82 mm QD 
11.01 mrn 10 
5.5 mm LONG i 

-6 -6 -4 4 -2 -1 Q 9 2 3 4 5 B 

curve far  2.25Cr-1Mo steel tubing. 



8 

program, MAGSCN, listed i r n  Appendix 2, that calicnlates the  axial and 

radial components of the magnetic field at various points in t l w  neighbor- 

txood of an air-care so lenoid .  This  program vas used to calculate the 

axial field s t r eng th ,  Bz, at a point opposite the middle of t h  solenoid 

at the radius where the outside of Llie tribe wmlld be. The outside of the 

solenoid was just small enough to fit inside the Luho, and the i n s i d e  

diameter and length of the solenoid welo var i ed  to optimize the design. 

'l%e qual i t y  faistar used in thP optimizat ion was the  magnetic energy 

(proportional t o  € 3 ~ ~ )  divided by the power suppl ied  t u  the coil. 

both f3z2 and the power are proportional to (NI12,  the square of the number 

o f  B@pePI.2-ttlrAS, the quality factor depends mainly upon the length and 

inner diameter of the roil. Too short a coil or tun large an. inner 

diametgl- will produce insufficient field strength at the outside of the 

tube; too long a coil o r  t o n  small a~ inner diameter will produce greater 

f i e l d  strength but consume t oo  much power. Also, a short coil has a 

better res03 ution as an eddy-current detector. Figure 5 slio?prs the quality 

factor €or coils of various lengths arid inner diameters; the outcr 

diameter is fixed at '9.O.bS n m  ( 0 . 4 2 0  in.) in order to pass through the 

2 25Cr-l ' i . I~ t ub ing .  I n  all cases  , the nulllber of ampere-turns was 200,000 

and peak pxwr was 1.03 P7d. The optitrmm coil appears to have a length o f  

about 7 . 8 7  rnin (0.310 in.) atid ari inner diameter o f  about 4 . 5 7  mrn 

(0.180 in.]. The magnetic f i e l d  at a point corresponding to the outside 

of tine tube opposite the middle of the coil t u r n s  out to be 0 . 8 3 9  T f o r  

the optimum coil shape, Therefore, a larger peak c u r r e n t  would presumably 

be required for saturaCion. !Iawever , the ferromagnetic tubing i t s e l f  will 

contribute a consider ablc  amount of spontaneous magnrtization current ~ so 

that the Cinal power requirements are best obtained experimentally with 

the actual material. 

Since 

The coil could not long withstand such a high  power, which i s  mainly 

dissipated by ohmic heat ing .  Therefore, the pulse duration m u s t  be kept 

very short, about 0 . 4 3 5  tns, or just, long enough to take the necessary 

n m h r  of readings. In  addition, unless the pu l se  repetition rate QT duty 

cycle is kept very small, sone additional means of c-.ooling the coil  

assembly is ileeded, Therefore, cooling passages are provided for coolant 

to flow through the ccnter of the coil. Varioiis coolants have been t s i ed ,  
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6 .? 
P- 
I Q 
x 6.6 

L- 
I- 
1 6.4 
a 
3 
0 
6.3 

6.2 

COIL 0.D. = 0.42 in. 
MP-TURNS = 2Q0,OQO 

4 inch = 25.4mm 

0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 
COlL LENGTH (inches) 

Fig .  5 .  Curves for optimizing the shape of the saturating coil. The 
quality factor is  proportional to the ratio of magnetic energy to input 
power A 

including air, water, and a mixture of water and alcohol; other coolants 
were a lso  considered, but environmental or financial considerations ruled 

out many o f  them. 

In addition to less heating, another advantage of a pulsed saturation 

system i s  the decreased "grabbing" of the saturating magnet, which would 

otherwise tend to be attracted strongly to one s i d e  or another of the 
ferromagnetic tube. With pulses only 435 ps long at intervals of about 

1 s ,  the grabbing effect is hardly noticeable, since the inert ia  aE the 
coil assembly prevents it from moving appreciably during the pulse, 

DATA ACQUISITION SYSTEM 

The signal from the driving coil. saturates the txbe wall and also  

induces currents in the tubing and in a pickup cail, whose output.. voltage 

depends an the. tube properties as well as the driving pulss. The driving 
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a d  d e t e c t i o n  c i r c u i t s  had t o  be designed t o  allow .'i fast. r ise and a 

high power pulse  i n  t h e  d r i v e r  co i l  without too much r ing ing  i n  tlic pickup 

c o i l .  There had to be a c a r e f u l  balance between high-frequency components 

which a r e  e a s i l y  t r ansmi t t ed ,  and low-freqiiency components, which a r c  n o t .  

The? pickup output vol tage can be considered a s  a "s ignature"  

c h a r s c t e r i s t - i c  of t h r  o r i g i n a l  pu l se  shape riiodiLCied by t h e  tube eCCects. 

' l lis s igna tu re  contains  much information, which can be rxt.racted i n  

varioils ways. One way i s  t o  measure the magnitude QE t h e  outpiit vo l t ages  

a t  s e l e c t e d  t imes;  t h i s  i s  t h e  method used i n  F ig .  2.  Another way i s  t o  

mzasure the  timcs a t  which the pulse  reaches c e r t a i n  preset vo l t ages ;  {his 

i s  t h e  method shown i n  F ig .  3 .  S t i l l  another way would be t o  pass t h e  

pulse  through var ious f i l t e r s  t o  analyze the pulse  i n t o  i t s  Fourier  com- 

p o i ~ n t 5  The l a s t  mrathod i s  complicated j f  many frcqiiencies a r e  involved 

and i s  a l s o  iinnccessary and q u i t e  expensive. If t h e  Ereqrnency components 

a r e  d e s i r e d ,  a f a s t  Fourier transform (FFT) of t h e  pulse height  d a t a  can 

be_ obtained.  But. even t h i s  procedure i s  unnecessary, as we s h a l l  see. 

l n i e g r a t e d  c i r c u i t  modiiles a r e  avaj l a b l e  t o  determine and record 

e i t h e r  t he  pu l se  he igh t s  a t  s e l e c t e d  times or the tiinrs t u  reach s e l e c t e d  

pulse  h e i g h t s .  A t  prescxlt, t h e  former method seems t o  o f f e r  advantages i n  

t e r m  of c o s i  a d  accuracy with e x i s t i n g  modiilrs. Appendix 7' shows thc  

c i r c u i t  tliagrams f o r  a syslcm t o  measure pulse  heights  a t  predetera:ined 

time i n t e r v a l s  and send t h e  da t a  t o  a computer. In  essence,  t h i s  system 

i s  a rrml t ichannel analyzer adapted f o r  t h i s  s p e c i a l  a p p l i c a t i o n .  

DATA PROCESSING SYSTXM 

The use of mult iple  b i t s  o f  information t o  determine various 

p r o p e r t i e s  of a sample has a l r eady  been descr ibed i n  several  ~ e p o r t s . ~ ' ~  

The bas i c  meI.\ i trd used a t  ORNL i s  t o  form a polynomial for each property 

d e s i r e d .  K e  polynomial f o r  a given property c o n s i s t s  of t h e  b i t s  of 

inloimation r a i s e d  t o  var ious powers and mul t ip l i ed  by c o e f f i c i e n t s  

determined b y  a least-squares  method t o  produce the  b e s t  f i t  t o  Llaat 

p a r t i c u l a r  property f o r  da ta  measured on known standard samples. I t  

does not  r e a l l y  matter what type of information i s  used for t he  polynomial 

v a r i a b l e s ,  so  lorig a s  t h e  b i t s  O F  information depend upon the des i r ed  
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rope r ty  in  a d i f f e r e n t  way from the cather p s o p ~ r t ~ i e s .  Ilia h i t s  Q F  

information might be the nut,put magnitudes and  phases m a i u  red a t  selected 

f r equenc ie s ,  the pulse he igh t s  a t  selected t imes,  o r  any a t laec  set of 

v a r i a b l e s  s u f f i  r ierit t o  d i s t i n g u i s h  var ia t ions  i n  t he  given proper ty .  

Since t h i s  procedure has been ttioarnmghlg described i pt-evioars 

r e p ~ x f s , ~ , ~  we shall say only t h a t  t he  garui.:r;nrn PIJP,R%IG, which i s  l i s t e d  in 

Appendix 3, records t h e  pu l s r  information and PULFTT, whir11 i s  listwl in 

Appendix 4 ,  proc e ~ i s e s  the information.  In  addition to ~ - 6 ~ : ~ d i n g  pirli'up coil 

vol tages  a t  r egu la r  t ime i n t e r v a l s  and s t o r i n g  the da t a  in .  ~ ; f i  alc~ny <::iIli:d 

VOLTS, t h e  PULRDG program a l s o  has the cornpusear store the? (1 

t h e  c c i i l  l o c a t i o n ,  sample p r o p e r t i e s ,  arid cal ibration. da ta ;  move t ? a e  p~ c h  

to t h e  proper l o c a t i o n ;  etc. PULFIT prompts t h e  operator t o  choose a type 

of polynomial, t hen  makes t he  leas t - squares  fit. of the polynomial fornv?A 

from readings  on known standards to t he  actual values o f  the s o l ~ c t e d  

proper ty  and p r i n t s  ou t  t he  q u a l i t y  OF t h e  f i t :  of Lhe proper ty  val-ies 

c a l c u l a t e d  from t h e  polynomial, as w e l l  as the  opt iwizcd coeff ic ients  in 

the polynomial. 'This procedure can be r e p ~ a t ~ t 4  as of t en  as des i r ed .  TJLO 

polynomial t h a t  produces t h e  most sa t i  sfact-arg f i t  t o  t!ie known propert ies 

can then be used t o  determine the value of that propet-t-y f r ~ m  rea65ngs 

taken on a sample whose properties are  not  krrown. GRAPfJT, and GRAPW, Bx~th 

l i s t e d  i n  Appendix 5 ,  are FORTRAN programs t o  graph the  r a w  readings or 

the c a l c u l a t e d  proper ty  values on. t he  p r i n t e r  of t he  1BM S y s ~ e m  3000 ccm- 

r .  GPUL3 l i s t e d  i n  Appendix 6 ,  i s  a lniexrsc:orsrputer asssanhly langaaags 

program t h a t  enables  the NDT COMP9B microcomputer* t o  coniimunicate w i t h  t he  

pe r iphe ra l  equipment, such as  t h e  gul ser , t !re prohe posikioner anti the 

pulse  amplitude modnlc I 

A g r e a t  advantage oi t h i s  piilscd system compared w i t h  convent ional  

eddy-current systems is t h a t  r e l a t i v e l y  l i t t l e  op t imiza t ion  i s  n e c e s s ~ r y ,  

s i n c e  t he  pulse  already con ta ins  many frequency components a n d ,  t k i~ re f t r r a ,  

much of t h e  information used i n  niultipl e-frequency syste,ms. Also,  the  

hardware changes requi red  wi th  fixed-frequency systems are  much more 

d i f f i c u l t  and expensive than the  simple sof tware changes needed t o  S-~~BII .RB? 

the times of measu~ing t he  output voltage magnitude of flae pickup 



The inaiii r ez tu re  t o  be optimized i s  t h e  design o f  the saturating 

coil to produce tile m a x i i n i m  s a t u r a t i n g  f i e l d  a t  t h e  des i r ed  l o c a t i o n  w i t h  

the  leasf,  dti icj t l i l t  o i  power. Design st irdies such a s  t ha t  i n  F ig .  4 Fhow 

Llic c o i l  slnap t h a i  w i l l  pioduce the iTlaxi;orim n a g m t i c  field a t  the ou t s ide  

of t h e  t i ibing,  opposiLe t h c  rii;Jdle o f  the s a t w a t  ing coil (where the  

pickup c o i l  i s  loca ted ,  as d i s c i i s s ~ d  i n  t he  next p i - s g i a p h ] .  

Otiler s t u d i e s  have xho.sn t h a t  a s n a l l  pickup coil wound aroixrxtl the 

ou t s ide  of the saiulating c o i l ,  a <  shod l i  i n  Pigs. 5 and 7, i s  much more 

sensitive i n  measuring t i i l ) c *  thickness than a thii?,  disklike pickup coil 

l uca t ed  between tlic halves  of a s p l i t  s a t u r a t i n g  coil, as  shown i n  F i g s .  8 

and 9 .  .Figiii(* 1 0  compares the pe:ak pu lse  p o w e ~ s  requbrrd to sa tuza t2  anl 

prnc~t i  ate the t 7abe wall th ickness  wit i t ho  ~ F T Q  d i f f e r e n t  c n i  1 arrarige- 

ments.  T%e coil design with the  s o l i d  d r i v e r  and cireumfereni 

re,qilires milch less peak power i o pelletrate the t..li’b<>  all thickness. ‘%is 

is very  important, as it reduces the be?t ing of Liie cot1 or alternatdvely 

p i r a f t s  a €asker p ~ l s i n g  r a t e .  l’he improved perforinaaace i s  mainly a 

r . c s ~ l t  of the increased d e n s i t y  of L I I ~ I I S  i n  t h e  driver c ~ i l ,  p a r t i c u l a r l y  

in t h r  siii&ils: where tIic tr1:3:1surements are ma<le. Some of t he  improvement 

also comes from the ;;,ickap t u r n s  bailig closer +o i,ha !.ube and the f law,  on 

thv  average ( increased  f i l l  factor for LIE pickup tnaking if more sensitive 

t o  t h e  f l a v ) .  TXls type of r o i l  i s  a l s o  much easier t o  c o n s t r u c t .  

Fig. 6 .  I,ongit*udii-nal s e c t i o n  o f  the pnobe design w i t h  the pickup 
C O S  1 “~wmd ou t s ide  the middle of t h ~ :  s o l i d  saturating ca i  1. 
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PICK-UP COIL. 

Fig. 7. Perspective view of the probe design with the pickup coil 
wound outside the middle of the solid saturating coil. 

O R N L - D W  95-15535 

INCQNEL TUBE 

SCALE 8: I 

F i g .  8 .  Longitudinal section af the probe design with  the pickup 
coil sandwiched between t w o  halves of a split saturat ing coil. 

Figure 11 shows the various components of the system. Pxt IBM 

System 9000 minicomputer -is on the r i g h t ,  and. pulssr ~~~~~~~~t~ are set 

up can the left, with the power supply an t h e  bottom and the c a p a c i t o ~  and 
switching c i r c u l t  board on top. The capacitors are on t k c  far side of the 

chassis, and the power transistors are in the black row an the front. The 

power supply and cl.rcuit board are: ~ . h ~ m  mounted i n  a cabinet in Fig. 12. 
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BWML- BVVG 85- 15534 

Fig. 9 .  Perspec t ive  view of the probe design with t h e  pickup co i l  
sandwiched between two halves  of a split saturating c o i l .  

O R N L - D W Q  8 6 C - 7 1 6 4 R  

1000 

100 
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1 
0.10 0.15 0.20 0.00 0.05  

A L L  THICKNESS ( INCHES) 

Fig .  10. Peak pulse power requi red  to sat;urate various wall 
thicknesses  of 2.25Cr-1Mo tubing.  
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ORNL-PHOTO 0233-85 

_ -  'I 

Fig. 11. Pulser components and IBM System 9000 computer. 

YP1216 

Fig. 12. Power pulser unit. 
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Figures 13 and 14 show a pulse saturating probe of the type with the 

pickup coil sandwiched between the split halves of the driver coil. 

Figure 13 also shows the pulser power supply and the machined standard 

tube, which has five different wall thicknesses and machined flat-bottom 

holes on the outside, as well as machined copper slip-on rings that are 

used to tell if the probe can "see through" the tube and is therefore 

saturating the metal. 

ORNL-PHOM 0234-85 

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

The system was tested and calibrated on machined standards in the 

laboratory. Some results are shown in Fig. 15 for thickness measurements 

in 2.25Cr-1Mo tubing. The tubing is ferromagnetic, with a nominal wall 

thickness of 4.75 mm (0.187 in.). Various flaws were machined on the out- 

side of the tube. The machined wall thickness variations are easily 

distinguished, as are 0.48- and 1.2-mm (0,019- and 0.047-in.) circumferen- 

tial notches and a circumferential band 6 mm wide and 0.48 mm deep (0.25 

and 0.019 in.). An outside-diameter flat-bottom hole 1.6 mm in both 

diameter and depth could also be detected, but was barely above noise. 

Inside-diameter flaws are, of course, easily detected. 
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ORNL-DWG 85-i3154 

0.48 4.49 6.35 LONG 
O.D. O.D. CIRC. 

- NOTCH NOTCH BAND 
0.4 8 

- 

ALL DIMENSIONS IN MILLIMETERS - 

DISTANCE ALONG TUBE 

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

The thickness fit was run with the split-driver probe design at a 

peak power level of 286 kW on a thickness calibration standard. The 

standard deviation of the thickness fit was 0 . 0 4 3  mm (0.0017 in.), and 

the "drift" was 0.019 mm (0.00074 in.). The drift is a worst-case error 

estimation, in which typical measurement errors are assumed to produce 

errors all adding in the same direction. The power level allowed complete 

penetration of the wall without producing a large signal from a copper 

ring around the outside of the tube. 

A new water-cooled probe has been constructed and tested in the 

laboratory. 

also designed and constructed. The A1203 insulation is two orders of 

magnitude better at conducting the heat away from the interior of the coil 

than the insulation on the square copper wire. This should lead to better 

probe cooling, but it has not been tested. 

New coils with A1203 insulation on square aluminum wire were 
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To further demonstrate the performance of the system, a field 

demonstration was conducted at W-NCD in Pensacola, Florida. The OR 

mobile laboratory cantaining the pulse system equipment was transported to 

Pensacola on September 22, 1985. On. September 2 3 ,  the equipment was set 

up at the water tubesheet of the Westinghouse breeder steam generator. 

The equipment was shown to work properly, and each probe w a s  tested on the 

laboratory demonstration standard. 'rt-lis demonstration was performed at, 

the relatively slow rate af 1 pulse every 3Q s ,  because no caali 

available on this side of the steam generator. However, prior to 

conducting an in-service inspection of selected steam generator tubes, an 

air regulator connected to a siipply of compressed ais was installed on the 

water side of the steam generator and hooked up to the tube to be 

inspected. 

A 25-m (81-ft) probe was then inserted into tube 19 on the water s fde  

of the steam generator, and the air pressure was adjusted to 36 psi on the 

steam side. Although the air flaw through this tube seemed weak at the 

time, the run was started. However,, after 6 3  cm (25 in.> o f  tube had been 
inspected, the inner lead of the saturating coil burned o u t ,  because of 

lack of cooling, probably caused by the reduction in air flow/cooPing 

resulting from 23 m (75 ft) o f  cable in the tube. The system had pre- 

viously been tested only on short lengths of tubing. To avoid this type 
of problem, we recommend that future systems should incorporate a gage to 

measure coolant flow. 

One of the two remaining probes [each o f  which was 14 m (45 ft) long] 

was then inserted, and the scan continued, "lie air Slow at the same 

pressure was much greater with this shorter cable. e scan of tube 19 

was completed; and tube 23 w a s  a lso  scanned, with only minor 

Water (used in an earlier test of the probe) had leaked i n to  the 

connector, causing one of the time channels to read incorrectly, and a 

computer cable that was improperly la~claed to the connector came laosc, 

interrupting the scan. 



A t  t h o  exit  fxom tube 19, i n  the t r~heshee t  regions where the tube i s  

expanded, signals intticati.rrg a change in wall thickness  sere observed. 

N~WQTB-, s i nce  the sys tem was only c a l i b r a t x d  far Trtw tuba reghotis, n s  

c m c l u s i o n  coiilcI be  drawn a i  t h a t  t i m e .  

After the inspection was c c q l e t e d ,  westinghouse marrsgement; was 

briefed on tkr dave1~prne:it o f  the equipment t h e  tes ts  performed, t h e  

problems encountered, and t h e  saluticms achieved.  I t  was noted t h a t  the 

t e s % s  a t  Wcstiaghnusc were rim at a slow speed (20  h per tube f o r  4 s pes 

pi.ilse), altiioiigh labora tory  tes ts  vl t h  t h e  probes i nd ica t ed  that, faster 

speeds are p o s s i b l e .  

designed t t z  al low a tube to be inspsc?ed in 15 min, but thesP were not 

ready in tine EOP th i s  f i e l d  demonstration. The probes here f a b r i c a t e d ,  

N e i ~  probes w i t h  hc t t e s  cooling had already bren 

but t h y  were neit-her calibratcd nor t e s t e d  on standards. 

n e w  prahes need s m a l l  design medi-ficat.ions a f t e r  i n i t - i a l  testing t o  

achieve optinaunt ~ ~ Z O T R I ~ R C ~ .  

Generally such 

I t  was recoinmended thaL imnprcivemi-its IN @&de i n  t h e  d a t a  recording 

and d i s p l a y .  

slow mechanical  pripntenr. (After the % r i p ,  changes W P ~ P  made i n  software 

to allow p2ott.l’ng on a fast cicvice and the v a r i a t i o n s  disappear2d,)  The 

computer systcm has been t s s t ed  at the rate of 20 samples per second 

Without making permanent d i s p l a y  a i d  st.ot-ag@ rccards. The data reading 

and d i s p l a y  hardware fo r  the f i e l d  system should bo upgraibd t o  allow 

r ag id  dj  sp1 ay and storage w!aen capitel funds a r e  available. .  

A sttirall c y c l i c  v a r i a t i o n  i n  t he  readings WBS produced by t he  

Although not p a r t  o f  the original developm~nt, testing of the pulsed 

system a t  Westinghouse, P m s a m l a ,  revealed s e n s i t i v i t y  to t h e  tube i n  the 

t~.il*c sheet ( the  expanded regions of t h e  tube) j therrfora; calihrat ions 

should be performed and sensitivity level s should be determined for these  

regions a lso .  

I n  general, t h e  pulscd satriratiori  eddy-current system was success- 

fully demonstrated by t h i s  f i e l d  test. Much valuahle experience was 

gained and ideas for improvernsnts can be incorporated into fr.atnre 

inspections. 



21 

A pulsed magnetic sa tura t ian  system has been developed that is 
capable o f  making accurate measurements through the wall o f  thick 

ferromagnetic tubing. The s y s t e m  i s  ~elatively simple alectronically, 

compared with multiple-frequency phase-sensitive systems, and can be 

adapted to a wide v a r i e t y  o f  inspection problems. 

Probe design is very important, but other test design problems are 

generally less critical than f u r  muPtiple-iixgd-$Hequency systems, since 

the pulse inherently contains a wide band of frequency comp~nent~. 

Inspection speed is  slowed by the need to keep tha average power to 
the probe within safe limits, beat the  ability to inspect through thick 
ferromagnetic samples i s  unequaled by conventional systems, except for 

specimens that can be located betwoen the pole pieces sf B large and 
powerful magnet. 

Although the present systs works extremely well, there art? still 

areas in which further work night prove beneficial. These include the 

design of probes for various apglicatians , the dr iving pulser , the 
multichannel data recorder, computer data handling, etc. A t  present, 

inspectian speed is not limited by the csrnputer but by the power handling 
capability of the probe. It is likely that further development could 

include use of materlals with improved thermal properties, as well as 

increased flow of coolant. 

The authors wish to express their tha&S tCP Q. w. Scott  %Of his 

preliminary investigations, to L. D. Chitwood and E ,  V. Davis far 
constructing the equipment, d i d  'to 2.  E. Ishop and I4. L. Northern for  

making the manuscript legible. 

1. K. V. Cook, R ,  A ,  Cunningham, Sr,, and W. A .  Simpson, Jr., 
U.1 trason ic T e c h  Pqases f o r  Bore-Side Inspect .inn 0.f Tuh-tcz-Tuhesheet W d d s ,  

ORNJ;/TM-7224, May 1980. 



22 

2. K .  V .  Cook and X. A .  Cunningham, Jr., Boreside Ultrasonic 

I n - S e r v i c e  Inspect ion of Double-Mg I1 Tubing (Status, IncIrrdPng A p p l  i c s t i a n  

to t he  Fev Tube Hodel) ORNL/TM-8569, J u l y  1983. 

3 .  G .  W. ScoLt F e a s i b i l  icy  of Bores ide  Elec tromagnet ic  Inspection 

of 2 114 Cr-I MQ Steed Tubing ,  OXNL/Tp;1-87U6, June 1983. 

4 .  G .  W ,  Sco t t  and L .  n .  Chitwood, Eddy-Current In-Serv ice  
?f I? IaspecL ion of t h e  Mestinghouse I n t e r m e d i a t e  

Model ORNL/TM-8515, June 1983. 

A Few Tube Steam 6eneratsr 

5 .  Td, E .  Deeds, C, V .  Dodd, and G .  W. Scott, Computer-Aided D e s i g n  

of  Niir’t i frequeney Kddy-CurrenP; Tests f o r  Layered ConducC:ors wit6 M u l t i p l e  

Property Var i a t  ions , ORNL/TM-6858 , October 1939. 
5. W .  E .  Deeds and C .  V. Dodd, M u l t i p l e  P r o p e r t y  V a r i a t i o n s  in 

Coaxial  Cylindr ical  Conductors Determined with Mu1 t i p  7e-Freqraency Eddy 

C u r r e n t s  ORNL/NIIJSEG/TM 335 November 1979. 

7’. C .  V. Dodd, G .  kr. ScoLt ,  J. €I. Smith, W. E .  Deeds, 

L. I). Chitwood, and R. W. McClung, Development of Nultifrequency 

Eddy-Current Techniques for I n - S e r v i c e  Inspection of 2 1 / 4  CP-1 No Steam 

Gerierstor Tubing for CRBR, ORNL/TM-8920, February 1984. 

8.  C . V. nodd and R F. Cowan, The NLT-COMP9 ibiicx acomputer, 

ORNL/NLJREG/TH-390, September 1980. 



Appendix 1 

PROGRAM PULSE 

PULSE is a FORTRAN program to evaluate the defect response of a 

reflection-type coil above a multilayer conductor with (N9 - 1) layers 
(up to 9 ) .  

5.08 mm thick (0 .200 in.) of resistivity RHO = 6 .07  pQ-cm, with air an 

both sides. A total of NFT = 80 frequencies, at integral multiples of 

F = 100 Hz, are used to synthesize a square-wave pulse. The program 

calculated the magnitude (TMAG) and phase (PHASE) of the pickup output 

valtage, as well as the coil impedances and the defect contributions to 

the impedance (GH and IJ) and the magnitudes and phases (TRGFMG and P W F )  

of the output voltage at NCOUNT = 5 time intervals after the start of the 

pulse. There are interactive design sections for changing the coil and 

attenuator designs and evaluating the probable drifts, or circuit 

sensitivity to small random errors. 

In the example shown, N9 = 3 for a single layer of iron 

The assumed pulse shape can be changed by altering the coefficients 

in the Fourier series, arid the resulting pulse shape is written in File 34 

for later plotting. 
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J K L  = 0 
H 5  1 4 0  
R 1  = 7 5  
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L 3  = 4 
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375 
380 

385 
c 

3 9 0  
C 
C 
C 

CH AND IJ A R E  C U R R U C T I O N S  'TU THE U H I V E R  A N 0  PiCKUP 
IMPEDANCES D U E  T O  T H E  U E F E C T  

B l  
82 
SI 
I F  
81. 
IF 
SI 
lp' 
SI 
I F  

= B Z  
= M Z  c 8 2  
= . 0 5  
(il . L ' T .  9 . )  GO TO 1 1 0  
= . 1  
( X  .LT. 2 9 . )  GO TO 1 1 0  
= . 1  
( X  .L'L' .  3 9 . )  CQ T O  110 - . 9  
( X  . L T .  7 9 . )  G O  T O  1 1 0  

C 



C 
c 

3 9  1 
C 
C 
c 
C 

3 9 5  

C 
C 
c 
C 

C 
C 
c 
C 

5 1 2  

5 1 3  

COMPUTE ANU PRINT O U T P U T  U U A N T I T I E B  
FOR V A H i  OWS CUI I, ANI) A'T'"TENURT0R PARAMETERS. 

MAGN1'I"UBE AND PHASE 01.' UWTPVT VOLTAGE d COIL lMPEUANCE 
A R E  C A L C U L A T E D  F O R  NO DEFECT PRESENT. 
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1 t' ( n EU 1 )  ti i 'rE ( LOU , 4 7 o ) 
YEN = S E N * . 2  

C 5 1 9  W M l ' I ' E ( L O K , 4 7 0 )  

c 
C 
C 

5 1  Y 6 U N T i N U C  

1 N'l' t; HA Cl' I 1' E 

5 Z 0 W R  1 T E  ( L 0 K , S 3 0 ) 
H E  A l l  ( L 1 K , 5  4 0 ) N5 
G O  TU ( 5 Y 0 ,  6 0 0 ,  7 6 0 ,  1020, 1 3 0 0 ) ,  N S  

U E 5 1 G N  C H ANC E S E C.7' 1 ON 

I: 
C C O ~ L  U E S ~ C N  S E C T ~ O N  - U S E H  IS TO ENTER 4 I N T E C E H S , O N E  
c F O H  E A C I H  IIF 4 P A C T U H S . Z E R O  MEANS N O  C H A N C E  TO T H E  I N i . r r A L  
C D A T A  
c 

S 5 C  W H 1 T E ( L O K , S 6 0 i  H U K l V ,  H P I C K  
H E A D ( L I K , * )  N I A ,  N Z A ,  N 3 A ,  N4.4 
I F  ! N l A * M Z A  . E U .  0 )  GO 1'0 580 
G A G E  = N 1 A  
X 1 N  = Hl*Rb 
XOU'!' = H Z * H 5  
X L C N  = L3*11S 
' I 'UHN5 = N Z A  
N3 = N 2 A  
N 1 A  = - I  
J1 = 1 
(:ALL C A C E K  ( R b  ) 
GO T O  6 0 0  

5 8 0  I F  ( M I A  . E Q .  0 )  GO TC) 5 9 0  
G A G E  = N 1 A  
X I N  = X l * R 5  
X O U T  = i i Z * R 5  
X L E N  = L 3 * € 1 5  
J1 = 1 
C A L L  G A G E R  ( R 6  ) 
N 3  = TURNS 
G O  T O  600 

5 Y O  1 F  ( N Z A  E U  0 )  GO T O  6 2 0  
N 3  = N Z A  
T U R N S  = N 2 A  
XIN = H1*R5 
Xc1131' = R 2 * K S  
XI.EN 7 L 3 * M 5  

J1  .= 0 
C A L L  C A C E R  ( R 4  ) 

6 0 0  W H 1 T E ( L O K , 6 1 0 )  H U R I V ,  TURNS, C A G E ,  P E R L A Y ,  X L A Y ,  H 6  
6 2 0  I F  ( N 3 A * N 4 A  . E U .  U )  Gc) TO 6 3 0  

C A G E  = N 3 A  
'1'URNS I N 4 R  
N 4  = N 4 A  
X I N  = f13*€15 
XOU'I' = R 4 * R 5  
X L E N  = L 4 * H 5  
J1 = 1 
C A L L  G A G E R  ( 1 1 8  ) 
R 7  = H7 + $11 
GI.) TO 6 5 0 

C A G E  = N 3 A  
X I N  = H 3 * R 5  

6 3 0  1 E  ( N 3 A  .Ea. 0 )  GO TQ 4 4 0  
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Appendix 2 

program t o  c a l c u l a t e  the radial ( B R )  and a x i a l  

(BZ) ~~~~~~~~n~~ o f  the rnagx~r:t;ic f i c k d  at points on a rectangular grid in 

e vicinity of air-core sslencaid. T”Kic soRenaid bas inner radius RlQ, 

outer s-adliis 1220, length L3O0 and T N  turns ,  each car ry i  

reqirniuiing total. ohmic power FSWN t,o be expended in the assumed copper wire. 
e program also cakcaxlates a q u a l i t y  f4ct.01- QF, defined in t h i s  case to 

t l e ~  squase of the axial rnagriet5-e; f i e l d  (propor t iona l  t o  tbe 

magnetic, energy density) divided by the power required, 

h modified version has also been developed, with loops to vary the 

coil length and i nne r  c o i l  radius (the o u ~ e r  coil r ad ius  i s  fixed by the 

i n n e r  diameter o f  the tuba Llarcsaagh which the c o i l  

version w a s  used t o  c a l c u l a t e  the magnetic- f i e l d  and quality f a c t o r  

posj1-e the center aE t h e  s016~mid, r a t  the rad ius  where the outside of 

the inspected t u h  wmld be Data Trom t h i s  modified version were used 

t,a make the plo t  in  Fig. 5 and can also be used to determine the actual 

number af ampere-tiirns needed to satrxsate the tubing all the way through, 

opplasm’t,e the middle sf the coil Once the tube is saturated, of course, 

i t s  effective pc r-me?al,ility for edd cnrrcnks becomes Pike t ha t  of air, as 

assiimed in %be ea3cimiartions. 
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t h a t  controls all the peripheral 
equipment ta collect and stare the pulsed ~ ~ ~ ~ ~ ~ u ~ ~ e ~ ~  data for a given 

test setup. It rea s data  through. logical input device <LID> from input 
files (INDAT and ~~~”~~~~ on t h s  array of probe locations Ear the 
experiment, material properties, mail data, str,.  I f ;  i n s t r ~ c t ~  the 
Modazlqrxus eontrallers of the probe positinnas to move the probe ta a 

desired position, reads the actual positJ.on from dfg i t a l  encoders and 

makes any corractians if needed, triggers the pulser when everything is 
readys mads the output pulse rnagmitxide at tkr?. selected time intervals 

from the pulse arrrpli~ude instrument, writes the pertfaent data on an 
output f i l e  ~~~~~~~~ the fogioxl output: device (LOD), then moves the probe 

to the next position and repeats the p r ~ c e s ~ ,  e inst ruct ions to and the 
return information from tho peripheral devices are carried over an 

general purpose in ramat ion  bars QGPIB).  
e ~ r a ~ ~ ~ ~  also mkes  and stases calibration readings from nominal 

t each position, both for the sample and a standard, MSET = 3 
readings are taken. rand averaged far each wf the pulse t imes at each of the 

probe positions. A 1 1  the  collected data are scared on a d i s k  file 
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1 
2 
3 
4 
5 
6 
i 
8 
9 

16 
11 
12 
13 
ld  
15 
15 
17 
13 
13 
38 
31 
?2 
?3 
24 
25 
26 
27 
28 
29 
38 
31 
32 
33 
34 
35 
36 

38 
39 
40 
A 1 
I? 2 
d.3 
44 
/1g 
15 

d a 
4 9 
3 7  
51 
52 
53 
54 
55 
56 
5 /  
59 

3 i  

117 



59 
60 
61 
62 
63 
64 
65 
GE 
6 1  
68 
69 
78 
71 
72 
73 
74 
75 
76 
77 
78 
7 Y 
@El 
81 
82 
83 
84 
85 
86 
€47 
88 
89 
99 
91 
92 
93 
94 
95 
96 
97 
sa 
97 

1 k30 
161 
i 82 
183 
104 
185 
1.86 
107 
1 Ei8 
189 
118 
111 
112 
113 
1 r4 
115 
1 IG 



-&.Pi 

117 
118 
113 

131 
132 
123 

125 
126 
127 
128 
123 
138 
171 
19% 
133 
134 
135 
136 
137 
138 
139 
1 a 
141 
142 
143 
144 
1 AS 
146 
147 
1 49 
149 
158 
15 1 
152 
153 
1w 
155 
155 
157 
158 
159 
168 
161 
165 
163 
164 
165 
166 
169 
168 

1 za 

124 



c 
c 
c 
e 
C 
G 
c 
C 
C 
6 
C 
C 
c 
C 
C 
C 
c 
C 
c 
c 
c 
C 
C 
c 
e 
C 
c 

c 

r, 
c 

e 

c 
c 



CALL SYSFUN(PIBUS,FUNC(i),IERRI 
VRITE (MRV:;, * ) ' XD Y E  Z E  ' 

C W R I ' l ' E O I R U S ,  * )  ' ( C A H )  ' 
C F L U K E  V O L T  I + € T E R  A D U A F S b  r 7 O N  CPIB E U S S , L O G I C A L  U N I T  = 4 7  

0 p' EN ( PIV i 1 , i' I L E = ' d BUS G 2 ' ) 

W H L T E ( F t V L l , * ) ' *  F l  A 5  SO T 4 '  
C 
C P R I N T  T i ' l L t :  ANU B A T E  

C A L I ,  C E T T I H ' I (  I Y R ,  P M O ,  a n n ,  P X R ,  I I N ,  I S E ,  I F R )  
W R I T E [ i P T , 2 ) I H R , 1 M N , I S ~ , I ~ ~ , I Y H  

2 FORKAT(' P U L R D C  i l M E  ' , 1 2 , '  ',IZ,' ' , I Z , '  D A T E  , 1 2 , ' / ' , 1 2 , ' / ' , 1 2 )  
30 F C ~ R Y I A T ~  I X  1 

C 
C O F E N  F I L E  F O R  INSPAUXENT AND PFiOPER'fY D A T A  - A S S I J M Z D  L O C A T I O N  ON D E F A U L T  
C D I  Sh 

F N A M F -  ( N D A T I  I ' D A T '  
O P E N ( ~ I D , F I L E = F N A M E , ~ ~ l A ' l U S  z ' O L i 3 ' )  

C 

C 
C O P E N  F I L E  F O R  O U T P U T  TO STORE D A T A  r m m  - L O C A T E  ON D E F u A L - r  U I S K  

F N A K E = O T U A f l  I D A T '  
O P E N ( L O D , F ~ L t = F N A ~ 1 E , S T A T U S  = ' N E W '  ' 

C 
C O P E N  F I L E  FOR T E i v i F A R A R Y  D A T A  PO C O N T A l N  I N T E R K E D I A T E  RLADINGS 

C 
C I N P U T  D E S C R i P ' i  ION OF E X P Z H I P X N T A L  A P P A H A T I I ?  
C 

6 0  F O H P i A T ( '  P R O B E  # ' ) 

7 0  F Q R ? t A T c  A b )  

O P E N ( L i P , F I L F - ' T E M P  D A T ' , S T A T U S  = ' N % Y ' )  

V R I T F  ( L o r ,  6 0  ) 

t t F A i J (  LI13, 7 0 ) N P R O B E  

WRITE(LOT,BO) 
B J  F O R I I A T C '  S E t l F A L  b ' )  

R E A D ( L I U ,  *)NSES,RDVR 
b / R 1 1 E ( L O T , Y O )  

R E A D  ( L I L) , * ) RO 
9 0  F O R ?  A T (  ' nRIVFR SERiE3 R E S I S I A N C F  ) 

W R I r E c i r J T ,  1 0 0 )  
1 0 0  FORMAi ' (  D H I V E R  S H U N T  C A P  ' ) 

R E A U ( L I O , * ) C A P U R  
W R I T E t L U P , I 1 0 )  

R E A U ( L I D , * ) R 9 , R S E R  
W R I ' I E ( i O T ,  1 2 0 )  

1 1  0 FORPIA'I ( ' P I C K - U P  SHUNT R E S I S T A N C E  ' ) 

1 2 0  F O R H A 1 " (  P I C K - U P  SHUN1' L A P  ' ) 
R F m ( r  I J ~ , * ) C A P P U  
W R I 1' F < I. i)T , f 3 0 ) 

R E A D ( L I D , 7 O ) N C A B i K  
WRITE(LOT, 1 4 0 )  

R t A i l ( L 1 ~ 1 ,  * ) C A E & E L  

1 3 0  FORXAFI' C A S L E :  I D 4t ' >  

1 4 0  FORIStATC ' L E N G T H  OF C A d L t  ' ) 

WR I T E ( L 0 F , 1 5 0 ) 

R E A D ( L I D , * ) C C A B L E  
WRITEtiOT,ibO) 

RC&D(LIn,70) INS-iUO 

1 5 0  F O R h A ' I ' (  ' C A P A C I T A N C E  U f  C A B L E  ' ) 

160 F O R F A T (  EDDY C U R R E E K  I N S T R U F I E I I H  C ' ) 

C 



c 
C END QF B E G T I C I N  W H I C H  T A K E 5  CALIBWATIO 



c 

9 0 0  

C 
r, 
c 

90 5 

C 
9 0 8  

9 1  0 

91 3 

9 5 0  
c 
c 
C 
c 

9 8 0  
C 





50 



am. 



52 

15 
C 

50 
70 

4 0  0 

5 0  0 

600 

C 
C 
C 
C 

50 

6 0  
1 0 0  



5 3 



54 

REFERENCES 
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VRXTE(LOU,14O)XHR,I~N,~5E,~MO, IDA, IYR 
1 4 0  FORMAT(' CALIBRATION DATA TAKEN ' , 1 2 , ' : ' , 1 2 , ' : ' , X 2 , '  DATE ' , X 2 , ' / '  

" , T 2 , ' 1 ' , 1 2 )  
WRITE(LQU,*I'DATA FILE ',XNDAT,I CQlL ',NPROBE,' SERIAL NO ',NSER 

160 FQRMAT(110 
C 
C COIL DATA XS READ FROM REP.DAT OR CIR.DAT FILE 
C 
C FILE TO INSERT INTO REFLECTION OR CIRCULAR PROGRAMS FQR COIL 
C DATABASE REFERENCES 
C 
CTHE INPUT D A T A  FOR THE REFLECTXON COIL IS R E A D  FROM FILE 2 8  
CSEE FIC.2,P. 7 AND FIG. 4 ,  P. 7 ,  ORNL-TM-4107. F O R  DEFINITIONS. 
C 

OPENtZ8,PILEa'REF DAT',STATWS a ' C l Q t D ' , E R R s 9 9 4 )  
READ(26,ll )COIL,RBAR,R1 , R 2  , C 3  ,R3 ,R4, L4 ,L5 , L 6  10 

1 1  F O R M A T ( A 6 , 9 F 8 . 4 , F t O . 4 , F 1 1 . 4 r 2 F B . i )  
*,RDCDR,RDCPU,TNDRITNPU 

XFICOIL.EQ.'END ')WRITE(Q,*)'BEF COIL N O T  FOUND' 
IF(COIL.EO. 'END ' IC0 TO 1 5  
IF(COIL.NE.NPROBE)GO TO 10 
GO TO 630 

C 
C 
c 
6 

THE INPUT DATA FOR CIRCULAR COILS IS R E A D  F R Q H  FILE 2 9  
BEE TABLE 3,PACE 10 QF QRNtlNURECITM-335 FOR DEFINITIONS 

1 5  OPEN(29,FILEa'CIA.DAT',5TATUS *'OLD',ERRo995) 
READ(29,20)CQIL,RBAR,RlrRZ,XG,Zt,RtEM,RD~D~ 

* , R D C P U , T N D R , T N P U , Z L a R , Z L P U , X  
20 FORMAT(A6,6F8.4,2Fla.412FB.1,2E11.3,F8.1~ 

IF(COI&.EO.'EEND ')WRXTE(Or*)' C I R  COIL NQT FOWND' 
IF(COIL.EC3 'END ' ) G O  TO 300 
IF < CO I & . NE . NPROBE ) GO TO 1 5  
GO TO 630 

LEAST SQUARES DESIGN SECTION. 

SELECT PROPERTY TO BE FITTED AND SET WP PRQPERTY ARRAY 

300 MSET-NPT 
MSETl rMSET+ 1 
If (NPROPT.CT.NPROPM) GO TO 8 6 0  

3 1 0  W R I T E ( L Q T E K , 3 9 0 ~ ~ N P R , P R O N A M ~ ~ P R ~ , N ~ R ~ ~ , N P R O P M ~  
3 2 0  FORMAT(' SELECT NUW3ER OF THE PROPERTY TO BE I P T ' T E D : ' ,  

* I  ,7(I3, IX,A4)<' ? ' > 
READ<LITEK,*)NPROP 
IFCNPRQP CT.NPROPM)NPROPINPRO@M 

3 5 0  WRITE(LOTEK13LO) 
3 6 0  FORHAT( ' TYPE 1 IF THERE IS OFFSET; 0 IF NO OFFSET: , / I  

READ(LITEK,*) JOFSET<NPROPT; 
IOFSETmJQfSET(NPRQPT) 
I RDPRn I O F S E T  

370 WRITE(GOTEK,38O) 
380 FORMAT( ' SELECT THE NUMBER Of THE FUNCTEON TYPE 6 POLYNOMXAL' , 

* '  DECREE, FOR E A C H  TIME VALVE') 
WRITE(LOTEK,390) 

390 FORMAT( ' FUNCTION TYPE: lmLINEAR Z a L O G  3 5 E X F  4mINV ' ) 
400 WRITE(LOTEK,160) 

WRITE C LOTEK, 41 0 )  
410 F0RMAT(2SXI'FCTN POL 'I,25X'TYPE DEC ' >  



58 

DO 450 NT=l,NTT 
W R I ' r E ( E 0 T E R ,  420) TIPI(NTj 

R E B D ( L X T E K , * f J P O G ( l , N T , N ~ R Q ~ T ) , J P O L ( Z , ~ ~ T , N P ~ O P T )  
IRDPRc lRDPR+ JPOL ( 2 ,  NT, Mf?flOP'I') 
JHUPR(N?ROPTf=IRDPR 
NPOL( l,NT)=JPOL( l,NT,NPROPT) 
NPOL(Z,NTj=JPQL(2,MT,NPROFT) 

420 FORPIAT(' TIM = ' , l i ? E l 2  6 , '  S E C  I , \ )  

450 CONTINUE 
IRDPRi=IRDFR+i 
IF(1RDPRM L'I' JRUPR(MPROPT))WR1~E(LQTEK.460) 
I F  ( IRDPRM Lr JWUPR~NPROPT) )GO TO 6 3 0  

460 FORMAT(' E R R 0 8  8 OF TERMS IN POLARY E X C E E D S  DIMENSION') 
JROV= I R D P R M +  1 
CALL P O L P U L ( P O L A R Y , J R O W , I R D P R , N B O Z , N T T , I O F S E T , ~ ~ T E ~ )  

C 
C EXPAhbD T H E  R A W  READINGS INTO IRDPR READ7NG.S 
C 

C SET THE TIHE AND V O L T A G E  DRIFTS TO Z E R O  INITIALLY 
470 DO 480 NT-1,NTT 

'lWU F T  ( NT 
460 CONTINUE 

REWIND(L1D) 
UO 481 IREC=l,NLINES 
REAU(LfD,483)ADUM 

= 0 

483 F O H M A T < A % 1 
481 CONTINUE 

NH= 1 
00 490 NF=1 ,NPTT 
R E A D (  L I T ) ,  482) (Ti" lAC1 i 1 , N T )  ,NT=i ,NTT) ,  (PI:cPf'( 1 ,NPX) ,NPR=1 ,NPXOPPI) 

482 FOHMAT(B(F7 3),3(F5 3),F5 0) 
C482 FORKAT( 14( 1 X  f9 5 )  ) 
C 
C THE PROPERTIES CAN BE SET AND FlODLFPEi3  IN THIS SECTION 
C 
C 
C IF THIS PROPERTY IS N O T  TO BE USED T R A N S F E R  TO 490 
L 

IF(PROP(1,J) C T . 0  0 0 1 ) G O  TO 4 9 0  
IF(PROP(1,Z) GT 0 OOlfGO TO 4 9 0  
PHO(NR)=PROPI1,NPROPf 
CALL R D G P W L ~ R D C 1 , T M A C 1 , N P O L , I ~ ~ S ~ ~ , T ~ ~ F ~ , l , I ~ ~ ~ ~ l , i , N ~ T , l , l , l , l ~  
DO 485 IRD=l, IRDPRM 
R f A a N @ ( N R , I R n ) = R n G l ( l , I R ~ ~  

NH=NH+ 1 
485 CONTINUE 

490 CONTINUE 
C 
c 
C 

C 
C 
C 

5 0 0  

51 0 

DO THE LEAST SnlJARES F I T  OF THE R E A D I N G S  T O  THE PROPERTIES. 
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51 5 

C 
C 
C 

e 
c 
C 

5 2 0  

93 0 
540 

C 
c 
c 

5 6  6 
5 6 5  
57Q 

580 
589 
3 9 0  

5 9 5  

5 9 4  
5 9 7  

DO 5 1 5  IRECs1,NLINES 
READ(LID,483)ADVM 
C Q N T  I N U  E 
NR= i 
DO 570 NP=I,NPTT 
DRIFT=O. 
R E A D ( L I D , 4 8 Z ) ( T M A 6 1 ( ~ , ~ T ~ , ~ T ~ ~ , ~ T ) , ( P ~ 5 ~ ~ ~ , ~ ~ ~ ~ , N ~ ~ ~ l , ~ ~ ~ ~ ~ ~ )  

THE FROPERTXES C A N  BE S E T  AND M O D I F I E D  IN THIS S E C T I O N  

T R A N S F E R  T O  5 7 0  I F  P R O P E R T Y  IS N O T  THE ONE WE WANT 

I F ( P R O F ( 1 , 3 ) . G T . O . 0 0 1 ) 6 0  T O  5 7 0  
IF(PRQP(1,2~.GT.O.O01)GO T O  576 
DO 540 N . T = I , N T T  

ONE MAGNITUDE OR PHASE DRIFT IS SET ON A T  A TTHE 

TMDFT(NT)r.UPI 
CALL R D G P U L ( R D G i , T M A G l , N P O L , ~ O F S E T " ~ M ~ F T ~ ~ ~ ~ R ~ ~ R l , l , ~ T ~ , ~ , ~ ~ ~ , l ~  

T H E  POLYNOMIAL IS CALCULATED 

THE ENTIRE F I T  15 PRINTED O U T  



60 

600 

C 
6 10 

C 
C 
C 
C 

615 
c 

61 6 

620 

C 
630 
6 4 0  

W R  P TE e LOTKK , 1 6 0 > 
NCOEDlSNCOEDb4*IRBgRM+i 
WRITE C &OD, * ) I RDPR 
DO 610 I=;I,IRDPR 
W R I T E ( L O U , 6 0 0 ) I , C O E ( ~ ) , ( P ~ ~ ~ R Y ~ I , J n l , 5 )  
WRITE(LOT€K,600)I,CO~(I),(POL~RY(I,d) ,J=.1,5) 
EQRMATC' CGEF(',IZ,')n',lPE15.7,4X,5A¶) 
COEP(I,NPRQPT)=COE( I )  
DO 610 NCO=l,4 
WRITE(LOD,*)NCONV(M&8) 
CQMT I NUE 
NCOED=NCOEBl 

THE GOEfFTCIENT,OFFSET,MPOL AND IRDPR ARE WRITTEN ON THE DISC 

W R  I TE < L O T  EfC ,6 4 0 ) 
FORMAT(' 1 FIT PROP 2 PWT FNTIRE FIT 3 PRTlSV COEF 4 CHC FCTNIPBL' 

*,'TYP 5 RUN TEST',/) 
REAB(LITEK,*)NPRINT 
GO T 8 ( 3 0 0 , 5 0 0 , S 9 0 , 3 5 0 , 6 5 Q ~ ~ N P R ~ N T  

WRITECLOU, 160) 
GO T O  8 0 0  

6 5 0  NBROBII"=NPROPT-l 

C CALCULATES PROPERTIES FROK MAGNITUDES AND P N A B E B  AND CQNTINQWSLY 
e DISPLAYS THE V A L U E S  ON THE C R T  TERMINAL 
C 

700 CONTINUE 

710 FORMAT(lX,6(8X,AQ,lX)) 
IF(MPRINT.EG Z ) W R I T E ( L O T E K , 7 1 0 ) ( P R ~ P ~ " Y ( N P R O ~ , N P ~ O 5 ~ ~ N ~ R O F T )  

715 

c 
C 
c 

720 

70 0 
C 
C 721 

7 9  0 

EXPANSION OF MAG1(l,NTIINTQ REAONC(1,IRDPRM) 



61 



62 

c 
C 
e 
1600 

1650 

1660 

1680 
1700 
C 
C 
C 

1750 

1755 

1760 
1800 
C 

9 9  0 

9 9  1 

9 9 2  

9 9  3 

9 9  4 

9 9  5 

900 

C 
C 
C 
C 
C 
C A  
C 
c. 
C Y  
c i 3  
c Flz 
C N  
C M  
C 
c N A  
C 

PfllU'1' CALTRRATION REAOINGS 

CONTINUE 
WRITE(LOU,1650) NTCAE 
FOHNAT( ' A V E R A G E S  E STB.DFVIATIUNS OF CALIBRATION READINGS I ,  13, ' MAGS' ) 
WRITE(LOU, 160) 

FOHMATt8(1PEIO 3)) 
DO 1 7 0 0  NC=l,NTCAL 
~ ~ R I T E ( L O U , l 6 8 0 ) ( ( R D C 0 ( N T , ~ C ) ) , N T = l , ~ T T ~  
F04MAT(8(F10 4)) 
C Of4'1' I NU E 

WKiTE(LOU,1660) (TI?f<NT),PIT-;.E,MT'T) 

PRINT O U T  READINGS AND P R O P E R ' T P E S  

F O R H A T (  l X ,  i 4 ,  1 3  ( F 9  4 )  ) 
CON?" I NU E 

GO TO 880 
WRITE(LOTEK,*) E R A O X  IN OPENING P R I N T E R  FILE-CHECK FOR 
GO TO 900 
WRITE(LOTEK, ' E R R O R  IN O P C P J I N G  INPUT D A T A  FILE' 
GO TO 9 0 0  
WRITE(LOTEK,*)'ERROR IN OPEPCSNG OUTPUT C O E F  D A T A  FILE' 

W H I T @  f LOTEK ~ * 4 ' E R R O R  IN OPEXXNG INS7RVl"IEEIT D A T A  FILL' 
GO T O  900 
WRI'TE(LGTEK,*> " E R R O R  I N  OPENING R E F  D A T A  F I L E '  
GO TO 9 0 0  

WRITE(LGTEK, * >  ' E R X O R  I N  O B E N I M C  CIR DATA FILE' 
STOP 
END 
SU El R i ) U T  I NE AL 3CS c A ,  Y , i3 , R 2 , MN , MET , HA ) 

GO ro 9 0 0  

ALSCIS IS A FORTRAN IV SUBRUII'TIMB TO S O L V E  THE L NE R L E  
S O I I A R E S  PROBLEM NOHi'ihAB - \I) = M I N  CALL XMG SEOUENCE 

W l I E R E  
IS AN ARRAY CONTAINING THE L E A S T  S O U A R E S  E A T R I X  

CALL ALSQS ( A ,  Y, Fl, R 2  ,N, M,NA) 

UPON R E ~ U R N  THE ( H . , . I ) - T H  coLunrs CONTAINS T H E  

IS mF: ~ E C T O I ~  ro BE T I T  
APPROXIMATING VECTOR AB 

CONTAINS UPON ItE'l'UMEI T H E  COEFFICIENTS OF THE FIT 
CONTAINS UPON HETURN T H E  R E B T O U A L  SUN OF SSUARES 
IS THE NUHBER OF ROWS IN THE L E A S T  SQUARES H A T R I X  
IS THE NUMEIER OF C O L l W N S  IN THE LEAST SQ'JARE.5 
MA'I R I X 
IS T H E  FIRST D i i T E N B 1 3 N  OF TBE ARRAY A 

0 F B - 1% X HE ' 

IS 



E9 



513 T IS + A(I,Hi)**Z 
140 A(1,H;) = 0. 

R 2  ir SS 
C 
C PERFORPE T H E  B A C K  CALCULATION3 
C 

DO 170 L L s 1 , M  
I" ?a--tLcl 
Pi? = 3 .  
EO 150 I = L , N  

1 5 0  PP PP 3 A(I,L)*C(I,Ml) 
D z P P I ( - A ( L , L ~ * A ( M l , L ) )  

160 
170 

c 

c 

21 0 

245 
2 5 0  
35 

5 0  
7 0  

400 

c 

5 0 0  

600 

c 
C 
6 
c 
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C i i i . m l i  OUT P O L A R Y  ARRAY 
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c 
C 
C 
C 
c 

c 

C 
C 
C 
e 
C 
c 

c 
c 
C 

c 
6 
c 
C 

RETWRN 
END 
SUBROUTINE R D G P U L ( n E A D N d l S W n T , N P O L ,  

R E A L  fi 8 
DIMENSION READNG(MSET1,IRnPRI),NPOL 
DIMENSIOM S U M T ( N L T , M P T T , N T I M )  

1 I RD P X  1 I M , NT a M < N L  , 8.4 L?' M F N PTI' ) 
XEABNG I RDC 

M P Q L  C O N T A I N S  A NUMBER F O R  'I'HE FUNCTION TYPE 6 THE POLYNDHIAL 
D E G R E E  I F  ICBFSETEO ,NO O F F S E T  IS IMGLUDED,=l OFFSET IS INCLUDED 
NPQLIZ,NT) =O,THAT PARTICULAR TIME V A L U E  W I L L  N O T  BE INCLUDED 
IN T H E  P R O P E R T Y  CALGWLATPBNS. 

THE TYPE OF FUNCTION IS S E L E C T E D  

1 5  CObIT Y NU E 
2 0 0  CONTIMUE 
2 I. 0 CONTXNISE 

RETURN 
END 





Appendix 5 

programs tcn graph the POW readings or 
tho calculated property valuas on the printer of the IBM System BO00 

computer. Input data a m  read from B f i le !  called ~ O E ~ A ~ ~ ~ A ~ ,  
polynomial type and coefficients are read from the fils and used to 

calculate the sample propextias from pula@ magnitude readings as the 
sample is scanned; the properties are printed an the, printsr and also 
displayed on the CRT as the probe is mawed allox the sample. 

The 

GRAPUE is a shorter,  fester-running vers%sn of GWAPUL. 
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r. 

c 

C 
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7 2  
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245 
2 5 0  
3 5  

5 0  
7 0  

4 0  0 

c 

5 0 0  

600 

s a  

c 

c 
c 
c 
c 
C 
C 

6 
c 
c 

c 
C 
e 
c 

N P O L  CON'TAYNS A NWM8P;R FOR THE: FUNCTION T Y P E  6 " W E  POLYNOMIAL 
UEGHEE. KF lOFSE'X';.O,NQ O F F B E T  15 INCLUDED,sl O F F S E T  16 INCLUDED 
NPOL: 2 ,NT> 5 0  ,THA'J' P A R T I C U L A R  T I M E  V A L U E  WILL N O T  B E  INCLUDED 
IN T H E  I'RCaPERTY C A L C W C A T I Q M S .  

THE TYPE OF FUNCTION IS SELECTED 

T H E  T Y P E  OF P O L Y N O M I A L  IS SELEGTEU 
AND THE PULYNOHEAL VALUES A R E  CONS'ET3UC"PPD. 
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END 
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P R O G R A M  C R A P U F  
c 
c 
C 
C 
C 
c 
C 
C 
I: 

C 

C 

c 
c 

c 
C 

c 

2 

6 2 5  
1 

5 

VERSION 3 0  SEP'TEMUER 1 3 8 5  EAST VERSION O F  C R A P U L  

P R O P E R T I E S  FROPI T H E  F I L E  C O E D A T  UA?'  A S  THE MO'TOHB A R E  MOVED T H E  NUMBER OF 
STEP9  T O  M O V E  P E R  P U L S E  MUST BE I N P U T T E U  RESPONSE 1 9  PLO'I 'TED ON CHZ' 

HAS N O T  BEEM C H E C K E D  O U T 1  1 T H E  T E M P E R A T U R E  SHIFT T H A T  OCCWREU WYINC THE 
P R I N T E H  I S  N O T  E V I D E N T  MAX B P E E U  1.5 15 1 P P S  W I T H  HOTQH URIVE,Z6 8 W l T N O U T  

GRAPHS THE V A L U E  OF THE RAW B E A D I N G S  OR THE C A L C U L A T E D  V A L V E S  O F  THE 

T H E  RAW HEADINGS A R E  S A V E U  ON 0 .  DISK TMG HAW RDC SEc-rIoN O F  -rHE F R O G R A N  





c 
c 
c 

c 
C 





Appendix 6 

GPUL is a microcomputer assembly language program that enables the 

PJDT COMP9B microcomputer to communicate with the peripheral equipment, 

such as the pulser, the probe positioner, and the pulse amplitude instru- 

ment. The pulse control with the IBM System 9000 is over ran IEEE-488 

general purpose information bus (GPIB). 
GPUL configures the COMiP9B microcomputer to furnish timing instruc- 

tions to the sample-and-hold (S/W) modules and read the analog-to-digital 

converters (ADC) .  Lines with a semicalon are comments; lines 16 through 24 

define the port addresses; lines 26 through 31 give the GPIB and mask 

definitions, and so on. 

Timing instructions are determined from an array called TM, set up in 

PULRM;, with 16 different time scales, according to the ASCII character in 

TM, as shown in Table AS-1. The times TI, T2, . . *  are times available 

for the correspon ing S/H module to take a reading, allowing a certain 

amount of dead time between readings. Since the pulse is limited to about 

435 IS to avoid overheating, anly the faster schedules can be used if many 

xeadings per pulse are needed. 

Table A6-1. 

Times available (ps) TM ASCII Time 
number character (ps) T1  T2 T3 T4 ... 

1 

8 
9 

10 
11 
12 
13 
14 
15 
16 

2544.. 8 

296 366.8 355.5 
200 2 6 8 . 4  257,9 
170 239.1 228-5  
140 20'4.9 1959-2 
120 830.2.  1 7 9 , 7  
100.5 170.8 160.1 
'40.7 B61,0 150.4  130.4 150.4 
71.2 141.4 k3a.9 130.9 130.8 
24.8 95.1 8 4 " s  4 . 4  4.5 ... 

79 



ICrn coment Command 

The section following P i ~ n s  506 has ins t ruc t ions  far rea-nding the: AECs 

and crsnvevting LO ASCTi sspresentation. The sectiorr following Pine 593 

tcakno care of data summation, converts d a t a ,  e t s .  

fie NUT COMP9B port flssig1mants For tlnc pn9ssd instrmernt are shown 

balsv I 

FORT I 

A0 ADCO, LSB 

A1 ADCl 

A 2  ADC2 

A3 ADC3 

~4 ADCL 

A 5  ADCS 

A6 ADC6 

A7 ADC7 

BO ACC s a l .  AO, 8205 

81 ADC s e l .  A I ,  8205 

82 ADC s e l .  A 2 ,  R i 0 5  

8 3  ADC s e l .  € 3 ,  8 2 0 5  

04  

85 ADC S t A K t  

8 6  

07 

!9?% 
C n  in An[: 8 

C1 in ADC 9 

C? in ADC 10 

C3 in AIIC 11, M58 

rL 
c5  

C6 

c 7  

PORT 2 -. . . . . . ... 

A0 c a l i b r a t e ,  up.=i:*be 

A1 

A2 

A3 

AL 

A5 

Ah 

A 7  

S/H1 

S/H2 

S/H3 

SIHL 

S/H5 

S/H6 

S/H7 

s/na 

0U.w.F 
co 
c 1  

c2 

c3 

C L  

c5 

C6 

c 7  pulser and calibrirut 
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ERR LINE 

1 
2 
3 
4 
5 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
4 6  
47 
48 
49 

51 
52 
53 
54 

50 

QDDR 81 82 83 84 

00CF 
00cc 
00CD 
00CE 
00D7 
0 0 D 4  
00D5 
00D6 
00EE 

00DB 
00D8 
00D8 
00D9 
00D3 
0 0 0 2  

000 1 

00 18 
0080 

B0DA 

00DC 
0080 
0040 
00C8 
R0O 1 

00DC 
00320 
0002 
WR(34 
B081 

BBDD 
0822 
QBG3 

GPLL PROGRAM VERSION 5 AUGUST 85 PRGE 1 

T I T L E  'GPUL PROGRRM VERSION 5 QUGUST 85" 
NRME GPUL 
L I S T  B,G,O,T 

: N L I S T  I,M,S.T 

PROGRRtl TO CONFIGURE THE COE4p9B WICROCOMFUTER 
RS 61 TALKER/LISTENNER 0t.I THE IEEE4BDrGPIB BUSS 

START PULSE.DPERRTE W H  READ ADC'S OVER GPIB 

ORG 0800H STRRT PROGRAM IN SECOND PROM. 

: USING RN 8291R8 2 B293'S. 

: 

; SyMfjOL DEFINITIONS 

2 DEFINE PORT QDDRESSES 

PORT i 
PORTlR 
PORTiB 
PORTlC 
PORT2 
PURT2Q 
PORT2B 
PUR72C 
RPDATR 

BUSPRT 
BUS I N  
BUSOUT 
SI 
I N T E l  
EOM 

iIM 

ENDEZK 
CPT 

INTE2 

iDRMD 
TON 
LON 
TLON 
rtorx i 
ADRST 
EOJST 
TR 
LR 
PI J M i  

fiUXP7D 
CLKRT 
FNHSK 

EQU BCFH PORT 1 CONTRQL W0RD QDDRE55 
EQU BCCH PORTlR RDDRESS 
EOU 0CDH PI lRT lB ADDRESS 
EOU OCEH PORl 1C RDDAESS 
EOU BD7H PORT 2 CONTROL WORD RDDRESS 
EQU ODJH PORT2A ADDRESS 
EQU 8D5H PORT2B AJJDPESS 
EQU OD6H PURT2C RDDRkS's 
EQU REEH A R I T t l t E T I C  PROCESSOR DA'TR PORT 
GPIB ADDRESS RND MRSK DEFINITIONS 
EQU BD8H BHSE ADDR OF G P I B  BUSS 
EQU ODBH DATQ 1N FROM BUSS ADDR 
EQU BUSIN DATR OUT TO BUSS ADDR 
EOU BD3H INTERRUPT STR'TUS REGISTEHI ADDR 
EQU 0D9H INTERRIJPT E t m x E  REGISTER 1 QDDR 
EQU 82 wrE Our t m  MRSI:,OYTE 

SHOULD BE LJRITTEN It4 BUSOUT 

BE READ FkOli BlJSIN REGISTER 
EQU 01 BYTE I N  INTR tlRSK,BYTE SHOULD 

EUU 18H E N D  INTERRUPT r im< 
EOU BGBH CUHMRND PASS THRUUGCI MRSK 
REG lC2 INTERRUPTS 

REG 11.4 RDDRESS rZODE CONSTRNTS 
EUU OLCH ADDRESS MODE REGISTER ADDR 
EOU B80H TALk ONLt', NUT L ISTEN MODE 

ERU OCOH TRLh QNI) L ISTEN ONLY MODE 
EUU B1H MODE 1 RDDRESSING 
KEG 414 (REQD) ADDRESS STATUS REGISTER 
EQU RDKMD ADDRESS STATUS REGISTER ADDA 
EGlU 2MH END OR IDEt iY IFY  MASK 
EQU O2H TALKER ADlJF: OR 61CT:SER POLL-TAD5 TRCS SPQS 
EOU QdW L ISTENEP RDDfZESSEL OR RCTIVE-LADS OR LACS 

EQll ODQH INTERRUPT REGISTER 2 RDDR 

EOU 04BH L. ISTEN ONLY, NOT TFILK MODE 

m u  011-1 riillmA UR mtim I - R L I ~ E R / L K S T ~ ; E R ,  x E r f m x  
FIX ~ ~ ~ ( L J R I T E I  twmu-rw r i m  w:[;Isi~-k 



ERR L I N E  GDDR B I  B% B3 84 

55 0086 
56 OBUO 
57  0051 

59 0883 

€ 1  5BBE 
E2 8048 
63 880F 
64 8087 
E5 0 5 n n  
6 G  BOQ1 
€ 7  

G9 
70 OBDE 
71 WBGB 
72 OBI18 
73 8885 
74 
7s BBDF 
75; 
7 7  
7 8  
7 3  
eo 
81  
82 
8 3  

e5 
E16 
87 
en 
e9 
30  
3 1  
32 
3s 
3 4 
35 
96 
97 

99 
188 
18 1 
182 0 5 0 1  
1 a3 
18.4 EifJOS 
165 08:-.i3 
I t i t ;  wkJ3s 
1117 
103 

sa WCIQZ 

€ 8  o o m  

€8 BBDD 

a 4  

r -  

cJa 

82 

GPUI. PROGRAM VERSION 5 AUGUST 85 PI'IGE 2 

SDEO I 
AXRA 
HDHSK 
HTJEND 
CRHCY 
EDEOS 
EOIS  
EOSBC 
V5Cr-ID 
NVCtIii 
AXRC 
CPTEN 

CP.lRG 

GDRW 1 
DTDL 1 
DTDL2 
RDRTL 

EOSR 

PU8L IC 

EOLI 061-1 SEND END OR IDFNTIFY WITH NEXT BYTE 
EUU OSBH I~IRITF DDDDD I N I I j  RUX REGISTER A 
EUU 01:-I Hn1.D OFF tit lNDliHAKE ON ALL EYTES 
EUU 02l-I HOLD OFF HHNHSHAKE ON END BYTE 
EUU 831-1 CONTIN IOU5 ACCEPTCIR HANDSHi:I<C CYCLING 
EOLl 041-1 END O H  EUS RECEIVED DAT RE!: tlnTCHES EOS RE 
EUU 581-1 
EQU 4WH 
EOU BF:-i 
EQU 871-1 
IECIU 0RElF4 
EnU B1H 
R E G  -:6 iREi)D) 
EC!U 8DDH 

EOU 8DEI-I 
EQU 8601-1 
EUU OEOH 
ECIU O3H 
REG ?P7 EOS-END 
ERU DDFH 

REG :G < W R  i'rE) 

OlJTPUT ErJI  Ut i  EO5 SENT 

V:?L ID COPl i lRND PHSS THROUGH 
I N V A L I D  CUr'lllAi.ID PASS ISROUGH 
HUX1LLUT:Y K G  B PRTTEEN 
COMMRND PASS THROUGII ENRE1.E 

RDDR TO REnD COI1MfIblD PASS THROUGH 

COMP 5 G P I E  HDDRESSES 

D 15ABLE I ' i I t iOR TALMER/LIS.IENE;: 

EOS FUNCTIONS RS FULL 8-EI1T REG 

RDDEESS W/¶ 1?EG CONSTfitjTS 

D ISABLE I1AJOR TALKER/LISl-ENFi? 

TALKER LLISTEHER IIDDF:ESS SEi. r O  5 

FLAGS END OF ELOCI: BY CHriii 1N REG 
OF SEUUENCF CIiRRRC'TER REG 

PR-ISU 

; P1GTi-i SUBROUTINES FUR THE OOriP 3 AFIF STDRED RS PUBLIC.9MY ROUTINE 
; CON BE CALLED USING R N  'EXTRN" STT$TEMENT. 

RCDS, :IS I H, WiiN,  QTUW , L: I JjEC , B I DFKF ti( I'RN 
EXTRN CHSD,CHSD~~CtiSF..CI-ISFO,C'IISTj,CHSSR.. COS,CDSn 
EXTRN DAD D , DCiD Dr i  ._ DR D D B  , D D I V I  D D I VI? ~ DD I VU, DECN-IO 
EXTPN D M U L ,  D t W L H ,  DPiULT?, DI'IIJU, DIIIJIJTI, DI'IIJUC, DSUR,. DSURR, DSUBE 
EXTi?N EXI" EXI'A, EXP Z 0, F$>DD, FODDfi j .  FFIDJKI, FD I V, FD I VA, FD I VB 
EXTRH F I XD, F I XDri, F 1 >,S ~ F I XSR, I-Fl. 'iU, FL.i 
EXTP.11 FF~UL,FI~ULFI. FPIULB,FSIJB,FSUi5A, F'. 
EXT3.I 
EXTRN 
E XTR 1'1 

-. .- 

F'IDRD , P GIJD ~ PDF'S I P T O D  , P TOS , PUP I . P WI ? , PLJ:ii? ,. PLJ:!:: 
S&7DD,SfiDDf4, SADDU,SD IV,SD rvn, 5I)I'IL:,s I i l ,  s It4R 
StIiJL, SI.IUL.A, SiiLlLB, SMUU, SIWJri, SPiULJR, SUl?T, SIII?TA 

UB,SSLIBH, SSUBU, 'TQN;I!ikIf3> TUS2, TO54 
T:! ~ IJI!T4, XCIID, XCMS 
OUT, COPDT, GETCM, FR IN.(, Pf: INTF, EPRHT, FPRNT, ZERO 
7 C .  r;F*t.lI-l,CU.~IMOUi-, ECHO, LETIIX, SGI.IUt? 

I !.i 
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ERR L INE 

I09 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
12 1 
122 
123 
124  
I 2 5  
126 
127 
128 
129 
130 
13 1 
132 
133 
134  
135 
136 
137 
1318 
139 
140 
141 
142 
143 
144  
145 
146 
147 
1 48 
1 49 
150 
15 1 
152 
153 
154 
155 
156 
157 
IS8 
159 
160 
161 
162 

ADDR 

3C10 
3c24 
31325 
3C4E 
3C50 
3c5 1 
JC52 
31353 
3800 
l a 0 0  

0 8 0 0  
080 1 
0 8 0 3  
0 8 0 5  
080% 
080ri 
08QD 
080F 

QB14 
0 8  17 
081A 
88 1D 
0 8 I E  
8820 
0 8 2  1 
0 8 2 2  
0 8 2 5  
8826 
0 8 2 7  
0 8 2 9  
082C 
082D 
082E 
083 1 
0032 
0 8 3 3  
0836 
0 8 3 8  
0 8 3 9  
Q83A 
083C 
083F 
0840 
8 8 4 1  
0 8 4 2  
0843 
0 8 4 4  

0 8 4 7  
OB49 
064R 

0812 

0 8 4 5  

E31 82 83 84 

F l  
DE D9 
FE 0 2  
CA 1D 08 
FE 0 1  
CA 2 7  08 

CA 33 0 8  
FE 00 

FE ia 

CA a 0  10 
CD aa 00 
c 3  00 a 0  
7E 
D3 D8 
23 
0D 

FB 
76 
DB D8 
20 4E 3 c  
7 7  
2 3  
22  4E 3c 
FB 
7 6  
3A 53 3c 
E6 0F 
87 
4F 
06 00 
2 1  85 08 
0 9  
7E 
23 
66 
6F 
E3 
3E 06 
D 3  DD 
FB 
76 

CA 45 a8 

GPUL PROGRAM VERSION 5 RUGUST 85 PAGE 3 

RAWDA 
OLDSW 
ASCDAT 
DIAD 
NCH 
CNTSM 
SHDAT 
DATIN 
RAMRDR 
INTRP 

EQU 03C10H RAW R D G S , I  B~S/CHNL.~~?C;I ,PH1, t IG2. .  HI-LO 
EOU RAtlDA+4WtdCWR CRLXBRQTIOH SWITCH POSITION FROM C0HTROLL.E 
EQU OLDSW+1 HaSCEI DQTQ,B*NCHRi-I BYTES 
EOU ASCDFiT+@*NCIIAI 1 :RDDRESS FOR INPUT DQTR 
EQU DIRD+T CHANNEL NUWEB COUNT FOR CIDC RDGS 

EQU CN’TSHi-I SRWLE FIHD HOLD DRTQ BYTE 
EQU Si4DRT+l START OF DrSTA READ PPI fT?OM GP18,32 BYTES 
EOU 38b5M ADDRESS OF RFlM PROGRFIP1,CALLED 9‘1’ CMDG 
EOU l 0B0H QDDRESS OF FRUNr PQNEL lNTERUPTS 

EQU NCH+Z SFIWLE RHD HOLD m u m  H U ~ B E R  

ENTRY POINT FOR INTERIJPTS 

B I N  

BEND 

FOP P5W 
I N  51 
CPI  BUM 
JZ BOUT 
CPI  BIM 
JZ B I N  
CPI ENDFK 
J Z  BEND 
CFI 001-1 
JZ !t+l-RP 

E CALL NMOUT 
E JMF GETCi? 

BOUT MOV Q>M 
OUT BUSPRT 
I N X  W 
DCR C 
JZ WKEND 
E I  
HLT 
I N  BUGPRT 
LHLD DIQD 

INX H 
SH1.D DIAD 
E 1  
HI-T 
LDR DnTlN 
ANI 0FH 
ODD A 
MQV C,k 
WI 8.C38 
L X I  H,CADDR 
DGlD 8 
NCIV A, M 
IMX w 
MOV t4.M 
MOV L.Q 
PCML. 

R E N D  l lVi A,BIiH 
OUT FlUXMD 
E1  
HLT 

r w  M,A 

FOP STQCK 50 wlr: IJ0N”T WWE OLD ADDR 
REQD INPUT STATUS 
CHECK FOR BYTE L1l.K REQUEST 

CHECK FOR BYTE IN REQUEST 
JUW TO BYTE IN ROUTINE 
CHECK FOR END nF TRANSHISSION 
JUMP TO END OF TRANSMISSION ROUTINE 
COMPfiRE TO ZERO 
INTERUP’T WAS NOT FROM 8291. 

RETURN TO MQNt’KlR 
L O A D  FISCIK BYTE FIDDR BY Hi INTO A 
W21iiE ONTO 6 P I 8  BUSS 
QDDRESS NEXT BYTE 
DECREMEW COUNTER 
FINISHED THRNSMISSION 
ENRBLE INTERUPT 

REFlD A BYTE I N  FROM THE BUSS 
LORD UDDRESS FUR DRTQ-Ild TO NL 
STORE DOTA READ I N  XNTn RAM 
INCREMENT FOR NEXT BYTE 
STORE NEXT QDDRESS 
ENQBLE INTERUPT 
WfIIIT FOR blEX? INlERUPT 
LORD F I R S T  BYTE WRITTEN OVER G P I B  
PUEP M I  a ITS, CL7N‘SERT TU HDDRESS 
DUUOLE VflLUE,.RDDRESSES ARE E BYTES 
LOUD IN’TO c 
ZERO B,BC CONTAIN ADDR INCREMENT 

OFFSET 711 5TkRT1NG RDDKESS OF PROGRRMS 
PU7 LD!J IIRDED CMD ADDR I N  A 
fiDDRESS HI BYTE OF CMLi ADDR 
SEND T O  H 

TRRNSFER LOMMAND TO RDDH I N  I-1L 
SEND Et l I  1Jf:Tti HEXT BYTE OUT 
SEND TO N I X  MODE REGISTER 

.JUW ‘ro OUTPUT DRTR 

PRINT A R E G i S r R  

HHLT C ~ w u r E R  LINTIL NEXT INTERUPT 

mriww RDDRESS LISTS IN HL 

w r  LOU ORRER IN L 

N T I L  NEXT INTERUPT 
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ERR L I N E  RDDR 81  R2  83 84 GPUL PROERRM VERSION 5 RUGUST 85 

163 
164  
165 
1€6 
167 
168 
169 
178 
171 
172 
173 
174 
175 
176 
177 
178 
179 
1 CB 
181 
122 
183 
184 
185 
186 
1 ai 
1 2 c  
109 

191 
192 
193 
1 9 4  
19t: 
196 
197 
198 
199 
208 
20 1 
202 
203 
2 0 4  
205 
2 0 t  
2 0 7  

209 
2 18 
21 1 
212 
213 
2 14 
2 15 
2 16 

1 9a 

200 

0348 
aD4D 
004F 
DEI5 1 
0853 
0855 
0057 

0 0 5 8  
OD5D 
0OSF 

0 0 s  
0865 
BEiSP 

0RGB 
Q86D 
08bF 
087 1 
08 73 
0975 
0077 

D37B 
0B7E 
008 1 
0 3 9 ~ ~  

a059 

ash i 

a m  

a 0 7 3  

8835 
0387 
oco9 
0CRB 
003D 
W08F 
089 I 
0893 

8895 
8996 
0897 
0893 
0899 
G 3 S i  
039C 

3E 99 
D3 CF 

D3 D7 
3E 62 
D3 DD 
3E 80 
D3 D9 
D3 DR 
3E 0 1  
D3 DC 
3E 22 
D3 DD 
SE 85 
D3 DD 
D3 DE 
3E OD 
D3 DF 
3E 84 
D3 DD 
3 E  13 
D3 D9 
3E OB 
D3 DD 
21 53 3 c  
22 JE 3c 
2 1  @El 00  
C9 

ZE a0 

D6 08 
1C 09 
I D  02, 
6fl 09 

c 3  59 

5 4  ai? 

02 a3 

aa 011 

7E 
I F  
1F 
I f  
lF- 
EG OF 
27 

E 

CFIDDR 

PAGE 4 

SET-UP 
MVI R.PR'I 1 I 
OUT POR'11 
MVI R,08BW 
OUT PORU 
rivI A , W  

OUT i N r E i  

OUT RUXMD 
M V I  R,OO 

OUT I N T E Z  
MVI  A.MODE1 
OUT ADRMD 
MY1 A,CLKRT 
OUT RUXMD 
M41 A,RDRTL 
OUT RUXMD 
O l l T  ADRB 1 
MVI R,ODN 
OIJT EOSR 

OlJT nUXMD 

OIJr I N T E i  

rivI A , D B ~ H  

r w r  ~ ,a i31 .1  

rwI R,NI 
ou-r wxrm 
L X I  H,DATIN 
SHLD DIAD 
L X I  H,SGNON 
RET 

LOAD PROGRRM WORD FOR R%C 1NPUT.B OUTPUT 
SEND Tl l  PORT 1 

LORD PRG WED, AmOU'TFU T, B&C=Ol.lTPUT 
SEND TO PORT2 
RESET THE: 82910 
SEND TO 'THE RUXULARY llODE REG 
ZERD A REGISTER 
D ISRELE I N  TERUPTS 1ENPORURiLY 
D ISRBLE SECONDARY INTERUPTS 
ENAOLE NODE 1 ADDRESSING 
SEND TO 'THE ODDRESS MODE REG 
SET THE CLOCK RRTE FUR 2 MHZ 
SEND TO THE OUX MODE REG 
LOAD TALKEWL ISTENER RDDRESS 
SEND TO AUXILIARY CRMMRMD REI; 
SEND ill C O W  9 GPIB  ADDRESSES 
LOAD F? CRRRIAGE RETURN RF; END OF MESS 
SEND TO END OF SEQUEEICE REGISTER 
LOAD END ON EOS RECEIVED DRT 
SEHD TU AUXUI-ARY PIODE REGISTER 
E N W - E  END BYTE,BYTE IN,BYTE OUT INTRPS 
ENnSLE INTERUPTS 
LOAD ZERO INTO A 
PUT 8291Q INTO iDLE MODE 
STORE RDDRESS FOR INPIJT DA1.n INTO HL 
SlXRE I N  RAM 
LORD SIGNON HESSAGE ADDRESS 

TABLE OF 9DDRESSES FDA COMMFINDS FOR I'liCROCOCPUTEF! 
THE CDi'lPJRND TRRNSFER ADDRESSES RRE PICKED UP FROM 
TI4 IS TABLE. F IRST BYTE X t l I T l E l l  BY CONTROLLER I S  CllD NUMBER 
THE SECOND BYTE DETEf?MII.IES THE DELRY TIRE UETWFEN S/H PULSES 
DW CMDO NORPIFIL PULSE REnD ING 
DW CMDI. FAST READINGS AND CONVEi?SION.ASCI I Xi I ITT 
DW CMD2 FAST RDG, SEND OLD RDG W I I  I L E  PROCSNG ClXT 
DW CMD3 FR5T CRLIBRRTOR READINGS 
DLJ CHD4 FRST RDGS & CONV,RSCII XMITT,RDG PULSE ON 
DW CMDS FRST RDG ON TUW OFF,SEND OLD RDG Wllll..k PR 
DW CMDG FnST RDG.NO DELAYS,RDGS WHILE PULSE IS ON 
DLI  CMDP FRST RDG.NO DELAYS,RDGS FIFTEi? PULSE OFF 

CONVEHIS BINRZ'C BYTE ADDR R Y  HL 
TU A S C I I  NO RDDA B Y  DE FOR C BYTES 

BQSK MW n, ri LOAD BY1k liDDRESSEJ1 BY HL 
RAT: CONVERT 4 1i1 B I T S  F IRST 
I? (7 I! ROTATE 4 I I I  B I T S  10 LOW POT, 

Ri l l?  
r7N 1 EiFll L O O K  01 ONLY ILOIJ B I T S  
DA!? DEC ADJUST QCC 

r m  



ERR L I N E  RDDR 

217 089D 
218 889F 
219 0 B R l  
228 O 8 U  
221 O8fl3 
222 O O A 4  
223 @BAG 
224 80b.17 
225 88f19 
226 00fIB 
227 BBnC 
228 R3CID 
229 08nE 
238 08fW 
231 OOR2 
2 3 2  M8B4 
2 3 3  8885 
2 3 4  
235 
236 
237 EIOBLS 
238 OD88 
239 R8D8 
24B RDUD 
211 OUDF 
242 O K 2  
243 O K 4  
244 0UCS 
245 tSCC7 
246 0ECB 
247 WOLD 
243 ElBCE 
249 ODCF 
250 URD2 
251 D8D3 
252 DGDG 
253 05D9 
254 OEDR 
255 OODC 
256 BaDE 
257 @BE0 
258 BBE2 

260 ODES 
261 OBEO 
262 OEIEE 
263 B E D  
264 08EF 
255 W8F2 
266 RBF4 
267 WBFG 
2G8 09F9 
2E9 WCII'C 
276 @OFF 

259 

a i  BE 83 ~4 

C6 F6 
CE 311 
12 
13 
?E 
EG OF 
27 
CC; F6 
CE 30 
I 2  
13 
2'3 
OD 
C2 95 08 
3E @ D  
12 
c9 

J E  05 
32 51 3c 

D J  DG 
3Q 54 3C 
D6 38 
47 
@E 00 
C5 
CD GR 138 
CD E)B OB 
C 1  
SA 5 1  3C 
3D 
32 51 xc 
C 2  CT ESE 
AF 
D3 DS 
3E 39 
D3 CF 
3E BEI 
D3 CD 
3E 90 
D3 CD 
CD 63 OF3 
06 51. 
OE 85 
CD 28 BB 
3E BO 
Ii3 CF 
CD 76 BE 
21 19 3C 
11  25 3c 
BE 14 

3~ a@ 
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R D I  OF6H 
ACI  03fqH 
STQX D 
INX D 
MOV R.-M 
A H 1  RFM 
DWl 
llDl BFGII 
A C I  83Flil 
STRX D 
I N X  D 
I N X  H 
DCI? C 
JNZ UFttiK 
t l V I  A.BDH 
STAX D 
RET 

CMD0 
: 

; 
CMD0 MVI Q,NCHFI 

STt? CNTSH 
MVI C1,988H 
OUT PIJRTX 
LDA DRTIN+l 
S U I  Q3131.I 
NO'/ W A R  
l l V 1  C,EIM 

CALL DELRY 
CZiLL SHLD 
POP a 
L D Q  CNTSH 
DCR A 
STO CNTSW 
1142 I"OPSH 
XRA A 
OUT PORTZC 

OUT PUR71 
M V I  A,086H 
OUT PORT10 
IWl A,B901i 
OlJT PORT18 
CALL ODBUS 
MVI 0 , N R D G  
PIV? C.NCEiR 
LOLL SMBOT 
W/T R,PRTlO 
W T  PR?7 1 
CI4L.L I 4 A D E C  
L'<I  l\,i?i?lJbQ 
L,iT D,I? 7CDRT 
I I V I  L.&NCHI4 

LOPSH PlJSH R 

p i v i  nAmri I 

SET CARRY FOR BYTE GT 9 
RDD REST OF VRLUE IJITH CARRY 
GTDRE I N  RHPl ADDR BY DE 
I-IDDRESS NEXT RSCIl MEM LOC 
READ H E X  B Y E  BHCK I H  
LOOK AT 4 LOW D I T S  
DEC ADJUST QtC 

UDD REST UF NUPlBER WITH CARRY 
SET CARRY FUR w r E  GT 9 

STORE IN RAM mw BY DE 
RDDRESS N w r  RSCXI  rim LOC 
RDDRE65 N E X l  NEXI' HEX BYTE 
DECREMENT COUNTER 
GO BACK FOR NEXT DYTE I F  NOT DONE 

STORE I T  It4 R R l l  AFTER THE DRTA 
RETURN TO CRLLEF? I F  DOPIE 

ADD R CRRRIAGE m-urw RS THE LAST CHRR 

LOOP 'ra - r m  RERDINGS AND SEND THEM OUT 

SET THE NUMBER OF S8.H CHANNELS I N  R A M  
STORE 
SET H I  ORDER D Y E  t l  I: ( 108B/WElOO) 
SEND PULSE uu'r 
LORD VHLUE OF SECOND BYTE TRr2NSMITTED 
CONVERT TO HEX 
STORE I N  (3 REG 
ZERO C REG 
TEIV STORE DN STUCK 
DELA'Y BY EC 
SEND SAPIPLE RND HOLD H I  
RESTORE BC DELRY VRLUE 
LOOK AT COUNTER VALUE 
DECREW'NT CCWTER 
RESTORE COUNTER 
STHY Il'f LOOP UHTEL ALL S H ' S  UN 
ZERO RCCUMUL6>TOR 
SEND OUT TO PORT 2C 

SET PORT1 FOR INPUT 
STRUBE R D C  1011/WBBO,UIT B5 ti1 

THEN STROBE 1:391/008B,BIT E35 LO 
R STGIRT COIlPlFIND HAS BEEN SENT Tc) RDC'S 
HRNG I N  LOUP UNTXN ADC REORY 
LOAD THE t4UPlBER OF REHDINGS INTO B 
LORD THE N1Jt"iBER OF CWC-INNELS IN10 C 
SUM THE REALIINGS 
SET PdI:!'f 1 F O K  rJLI'Y'PUT 

CWVERT \ - E X  T O  DECIi ' lPL 
TING F1DI)RESS ni. R i l l i l  DEST 

L O d B  STI.\i!T &PDF! OF ilT;C1[I D:rT 
16 E Y E S  OF: IifiTh TO GE CL1PIVERTED 
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2 7  1 
2 7 2  
2 7 3  
2 7 4  
275 
2 7 6  
277 
278 
2 7 9  

25 1 
282 
2 8 3  

255 
256 

288 
2 8 9  
250 
25 1 
252 
293 
294 
295 
256 
2 9 7  

235 
3 8 0  
30 1 
3 0 2  
303 
304 
3 8 5  
3 0 5  
3617 
308 
305 
3161 
311 
3 1 2  
3 1 3  
3 1 4  
315 
3 16 
3 1 7  
3 18 
3 19 
350 
32 1 
322 
31' 

324 

2a0 

284 

2a 7 

298 

-5  

RDDR 

050 1 
0984 
03Ei7 
096Q 
050c 
090E 
0511 
6914 
0 9 1 6  
09 le 
39 l k  
891B 

091c 
05 1D 
05 1F 
092 I 
0 3 2 4  
0926 
61923 
092L 
052E 
092F 
093 1 
0933 
0935 
63935 
0939 
053c 
093D 
0940 
0 9 4 1  
0944 
0547 
613LIS 
a94A 
0941: 

094E 
61358 
8 5 5 2  
09511 
B95L 
U!59 
O f i 5 B  
U95C 

41 82 83 EM 

CD 9s 0 8  
2 1  53  3C 
? 2  4E 3C 
3E FF 
D3 D5 
32 52 3C 
21 2 5  3 c  
0E 20 
3E 13 
D3 D9 
FB 
7 6  

00 
3E 01 
D3 D4 
CD 6 3  08 
3E 0 5  
32 5 1  3C 
367 5 4  3C 
D6 2Ei 
47 
aE 00 
3E 8 0  
D3 D6 
cs 
CD 6B OB 
CD 98 OC, 
C1 
3R 5 1  3C 
3D 
32 5 1  3C 
C 2  35 09 
(4 F 
D3 DG 
3E 99 
D3 CF 

3E BQ 
D3 CD 
3E 90 
D 3  CD 
2 1  2.J 3c 
3G OD 
2c1 
22 /JE 3c 
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cm I 
CMD2 

CnLL BASK 
L X I  H,DRTIN 
SHLD DIfAD 
M V I  n,OT;FH 
OUT lPORT2B 
STR SHDAT 
L X I  IH,RSCDRT 
M V I  C,.a%NCHR 
MVI A,013H 
OlJT I N T E l  
E l  
HLT 

CMD 1 

CMD2 

NOP 
MVI R.81 
OlJT PORT20 
C A L I  RDBIJS 
M V I  A.NCHR 
STR CNlSH 
1.DA DRTIN+l 
SUI  0ZDH 
MOV R,f l  
M V I  C.0H 

OIJT PORT2C 

CALL DELAY 
CfiLL SHLD 
POP B 
LDR CNTSH 
DCR A 
STf2 CNTSH 
3142 LOPSH2 
XRR R 
OlJT P O R i 2 C  
M V I  R,PRTlI  
OU 1- POR i 1 
LX1  e,ElFIOI-l 
CRLL DELAY 

rwr  A , ~ ~ Q H  

LOPS112 PUSH B 

POGE 6 

! - E X  DOT TO f lSCI I DRT 
LORD RDDRESS OF F I R S T  BYTE UF INPUT DATA 
STORE I N  RAi1,RESET COUHTEE FOR NEXT AEilD 
SET RCCUMULQTOR 'TO 11 1111 11 1 
TURN ALL SAPlP1.E & HOLD CHIPS TO SAMPLE 
RESE r SAWLE 9tID MOLD Dt>TA 
LOAD ADDRESS OF DUlH TO UE SSNT 

ENQBLE READ,lJXITE Or? EO1 

ENQBLE IHTERUPTS O N  8088 
WAIT FOR INTERUPT FROM 8291 OVER fGPXH 

LOOP FOE FAST READINGS WITIi 1.10 
STORAGE I N  THE COI"lPSB l"1ICEOPCITER 
SAME RS CMD1 EXCEPT CMD2 TAKES NEXi 

BEING PROCESSED. 

NUMUEI? OF CHARUCTERS TU EE SENT 

SEND TO 8291 INT EHH 

HEi3DING 1 J l I I I E  THE PREVIOUS ONE IS 

BOTH PROGS QRE sori= EXCEPT FOR ADT;usY 
S E 1  FOR REb'ID 
SET RELNY FOR READ 
DON'T START PULSE I F  WE 3RE STILI.. REriUING 
SET THE NUMBER OF S8W CHnNt4EL.S IN Rli i ' l  
STORE 
LOAD VRLUE OF SECOND BYTE TRiiNSMIl'rEll 
CONVERT CHR TO DELAY; " ! : =LONGES 1, " " =5iiOR-i' 
STORE I N  B REG 
ZERU C REG 
SET H I  ORDER BYTE il I ( l61061/00BO) 
SEND PULSE OUT 
TEMP S-i'ORE ON STRCK 
LERVE PULSE ON FOR fi TIME .6,.!63/R1: 
SEND SAMPLE f i N D  HOLD H I  (28.5 U5ECl  
RESTORE BC EELAY VRLUE 
imnK RT COUM-EF V ~ L U E  
DECREMENT COUNTER 
RE Sl-0 ISE C OUN TE r! 
STAY IN LOOP U I I T l L  HLL S/H'S ON 
LERIj ACCUMULATOI? 
SEND OUT TO PORT2C.. TURN PULSE OFF 

SET PORT1 FOR iNPUI '  
LORD 4 t1S DEL.RY I t i  BC FOR NOW 
TEMPRAXY DELr7Y TO flLL.OW DtTi'n TO SETIRE 



ERR L INE 

325 
3 2 6  
3 2 7  
3 2 8  
3 2 9  
3 3 0  
33  1 
3 3 2  
333 
334 
3 3 5  
3 3 6  
3 3 7  
3 3 8  
339 
340 
34 1 
342 
243 
3 4 4  
3 4 5  
346 
3 47 
3 4 8  
3 43 
3 5 0  
35  1 
3 5 2  
3 5 3  
3 5 4  
3 5 5  
3 5 6  
3 5 7  
3 5 8  
3 5 9  
3 6 0  
3 6  1 
3 6 2  
363 
3 6 4  
3 6 5  
3 6 6  
3 6 7  
3 6 8  
369 
3 7 0  
3 7  1 
3 7 2  
3 7 3  
374 
3 7 5  
376 
377 
378 

QDDR 81 E2 R 3  84 

0 9 5 F  3A 5 3  3C 
0 9 6 2  FE 3 1  
0964 CC 6 3  OB 
0967 C3 9C 0 A  

096Q 3E 00 
096C D3 D4 
096E CD 6 3  OB 
0 9 7 1  3E 0 5  
0973 32  51 3C 
0 9 7 6  3E 8 0  
0.978 03 D6 

097D D6 2 0  
037F 4 7  
0 9 8 0  BE 00 
0 9 8 2  C 5  
0383 CD 68 08 

0 9 8 9  C1 
898A 3A 51 3C 
098D 3D 
098E 3 2  5 1  3C 
0 9 9 1  C2 8 2  8 9  
0994 AF 
0 9 9 5  D3 D6 
0 9 9 7  3E 99 
0 9 9 9  D3 CF 

0 3 7 ~  3~ 54 3c 

0 3 8 6  CD 9~ 08 

0998 3E E8 
099D D3 CD 
099F 3E 90 
0 9 A I  D3 CD 
09R3 21 39 3c 
09R6 3 6  0D 
09A8 28 
89A9 2 2  4E 3 C  
09AC CC 6 3  08 
8 9 ~ ~  c 3  9~ OR 

0 9 ~ 2  a 0  
0983 3E 01 
0985 D3 DJ 
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: 

cm3 

LDR DRTIN 
C P l  O 3 l H  
CZ QDBUS 
JW RDGOUT 

CMD3 

MVI Q,ao 
OUT PORTZR 
CRLL RDBUS 
MVI A,NCHR 
STR CNTSH 
M V I  A,080H 
OUT PORT2C 
LDA DRTTN+I 
SUI  020H 
MOV R,R 
MVI C,DH 

CRLL DELRY 
CALL SHLD 
POP B 
LDA CNTSIi 
DCR A 
STA CNTSH 
JNZ LOPSH3 
XRA A 
OUT PORT2C 
M V I  A ,PRTl I  
OUT PORT1 
L X I  B,BA0H 

LOPSH3 PUSH B 

em4 
CMDS 

PRGE 7 

TEST FOR CMDl OR CMD2 
SEE IF  CNDi URS TRANSMITTED 
W I T  FQR RUG TO END BEFORE DRTQ IS REQD 
READ ADC’f,SET UP DATA FOR TRANSMITT.HALT 

LOOP FOR FAST CALIBRATION REfiDINGS W I T H  NO 
STORAGE IN M E  COMPYB MlCROPUTER 

SET FOR CALIBRRTE 
SET RELAY FOR CALZERRTE 
DON’T START PULSE I F  ME ARE S T l L L  RERDING 
SET THE NUHEER OF SBH CHANNELS I N  RQM 
SMRE 

SEND PULSE UUT 
LOAD WLUE OF SECUND BYTE TRANSMITTED 
CONVERT CHR TO DELAY; ’I I : =LONGEST, ““=SHORT 
STORE IN 8 REG 
ZERO C REG 
TEtIP STORE ON STACK 
DELAY BY BC 
SEND SQMPLE AND HOLD H I  
RESTORE BC DELAY VALUE 
LOOK AT COUNTER VRLUE 
DECREMENT COUNTER 
RESTORE COUNTER 
STAY I N  LOOP UNTIL ALL. WW’S ON 
ZERO ACCUMUL RTOR 
SEND OUT TO PORT 2 C  

SET POKl-I. FOR INPUT 
LORD 4 MS DELAY I N  B f  FOR NOW 

S E T  HI ORDER BYTE ~ 1 < 1 0 ~ 3 ~ / 0 0 0 0 )  

CALL DELAY TEMPRQRY DELAY TO RLCOW DQTR TO SETTEE 
THIS CAN PROBQBLY RE RENDVED FIND REPLACED WITH COMPUTATIONS 
MVI R7F1R0W STROBE ADC 1811/0000,BiT 55 H I  
OUT PORTlB 
MVI A,090tl THEN STROBE 1 8 8 1 4 6 8 8 , 8 1 T  85 LO 
UUT PORT18 A STRRT CUMMAND WRS BEkN SENT TO RDC”S 
L X I  HnRSCDRT+4XNCHf4:LOAD 1-11. FOR DRTR COUNIER WLUE 

DCX ti DECREWNT FOR NEXT DATR BYTE 
5HLD DIAD STORE DQTA COUNT ADDRESS I N  RRM 
CZ RDBUS L M I T  FOR RDG TO ENP BEFORE DATA IS READ 
JMP RDGOUT REQD ADC’S,SET UP DRTA FUR ‘K%NSi+ITIT,HRLT 

CND4 FAST R E R D I H G  LOOP,NO S’fOHRGF XN 

M’JI M,ODH LOAD CARRIAGE PET~JHN  IN^ MENORY Rr END OF 

COMPSR MICRO,RDGS PIRDF ON TURN-OFF 

READING IJWILE THE PREVIOUS ONE 15 
BEING PROCESSED. 

CMDS m r i E  RS C P I D ~  E X ~ E P T  CMDS ~RI:F_S N F X ~  

N UP BOTH PROGC; ARE SFillf EXIZEPT FOR RDBfJSY 
MVI I1.B1 SET FOR RERD 
OUT PORT2R SET RELQY FUR WERD 



ERR LINE 

379 
38 w 
58 1 
382 
383 
3 8 4  
385 
3 8 6  
387 
308 
389 
3 9 0  
39 1 
392 
393 
394 
3 9 5  
396  
397 
3 9 3  
333 
OB 0 
4 0  1 
402 
40 3 
404 
405 
40 6 
407 
488 
409 
410 
41 1 
412 
A 1 3  
4 1 4  
415 
416 
417 
419 
419 
438 
4 2  1 
422 
423 
4 2 4  
425 
426 
fi 27 
d3B 
4 A L l  

0 2 . W  
43 1 
,157 

ODDR 

D9C7 
Q9CI-I 
O7GC 
033F 
03C2 
09C4 
O X 5  
0 9 c 7  
03C3 
O X I !  
013CE 
01)CF 
03D 1 
@9D4 
09DG 
09D7 
03b3 
09Dn 
83DD 
03EB 
09E 1 
09E4 
03c5 
09tU 

0 9 U  
0 3 ~ e  

BnWB 
BRBD 
0AOF 
on 12 
U(11 1 4 
BHI? 
Bl i  13 
BO 1 ti 
O 13 1 D 

B 1  132 R 3  84 

CD 6 3  BB 
3E 05 
32 51 3c 
3A 54 3c 
DG 20 
4 7  
0E 00 
3E OB 
D3 DG 
CD 60 OB 
AF 
D3 D6 
3k-l 5 5  3c 
D6 2 0  
47 

c 5  
CD 6F3 OB 
CD 9 0  OB 

BE 00 

c 1  
3FI 5 1  3c 
SD 
32  5 1  3c 
C2 D 9  09 
3E 99 
D3 CF 

3E 60 
D3 C D  
3E 9L3 
D3 C D  
2 1  33 3c 
36 OD 
2 8  
2 2  4E 3 c  
3R 5 3  3 c  
FE 3 4  
CC 63 OD 
C3 9c OR 

3E 01 
D3 D4 
CD 63 0B 
3 E  05 
3 2  51 3c 

GPUL PROGRRM VERSION 5 RUGUST 85 PrXE 0 

CRI.!.. ODRUS DON’T START PULSE I F  WE RRE S T I L L  READING 
rivI n , t m o  SET THE NUi‘IBER OF SLH CI1fiHNELS I N  R A N  
S.1 i 4  CN TSH STORE 
LD9 Df lT IN+ l  L n h n  VFILUE OF SECOHD BYTE TRANSIIITTED 
SUI OZOH CONVERT CHR T O  DELAY; ” ! : =LONGEST, ““=SHORT 
l”lV R,R STORE I N  B REG 
M V I  C.011 ZERO C REG 
Il’dI fl,OBOH SET H I  ORDER BYTE HI (10BWWBB8)  
IIU I. PoRi-22 SEND PULSE U!JT 
CALL DELI>Y LEAVE PULSE ON FOR fl TIME .64U/FlC 
XRA n Z E H O  FICC!JI”lULAi”OK 
OIJT POI?T2C SEND OUT . IO POR’i2C, TUW PULSE OFF 
LDFl DfUIN+2 LOAD VALUE OF THIRD BYTE TI?RNSMITTED 
S U I  O 2 O H  CONVERT CHR TO DELFIY: ‘I ! :=LOMCEST, ” “ = S H O R l  
PlOV 0. I> STORE I N  8 REG 
t‘WI C,UH ZERO c REG 

CflLL DEL9Y LEAVE PUILSE Ut1 FOi? F! TINE .G;ZO/BT; 
CALL SHLD SEND SfWiPLE AND HOLD H I  (213.5 USEE) 
POP R RESl-ORE CC DELHY VkLIlE 
LDR CNTSH LOOl< kT  COUtdTEf? VRLUE 
DCR fl DECREPiEiiT COl.lNTER 
STA Cbl16l.1 RESTORE COUNTER 
JNZ LOPSIi.1 STAY I N  LODP IJH-I i L  ALL S/il”S ON 

0lJ.r PORT1 SET PORT1 FOR INPUT 
L X I  FLOABii LOAD 4 MS DELflY I N  EC FOE NOW 

T H I S  CflN PROBRBLY 9E REMOVED flND REPLACED WITH CGWIJTATIONS 
P W I  n,aCakl STROBE RDC 1811/OW~B,BIT BS HI 
O U T  PORTlU 

O I J 1  PURTlU R STRRI’ COPIMJND HflS REEN SCHT TO QDC’S 
LXT H,RSCDFITc41(N&HR:LOAD 111. FOR D A T H  COUtdTER C’Al.IJE 
MVI M,QDl-I LOAD CIIRRIAGE RElKIRN INTI? MEPIORY Rr END OF 
DCX H DECREMENT FOR t E X T  DFITR BYTE 
SHLD DIRD SlURE DAT9 COUNT QDDRESS I N  RRM 
LDn DQTIN E S T  FOR CMD i OR CI.ID2 
C P I  834:-i SEE I F  CMD4 WAS TRfINSMI’i’TED 

JMP RDGOUT REHD FIDE’S .SET DhTA UP FOR TRRNSI1ISSION.H 

bOPStl4 PIJSH I3 TEPP STORE ON S’IfqCK 

MVi i 4 ~ l w l ~ i  I 

CALL DEL$?Y - r E w R n R Y  DELAY ‘ro nLLciJ mm TO SE1-m.E 

nvr  n,o~!air THEN S-rRwE two imm, B IT us LO 

c z  meus 1JAI.T FOR RDG TO END EEFORE DRT4 I S  REUD 

FAST PULSE AbID RERD ING-NU DELAYS 
READINGS INSIDE PULSE,G3 U-SEC 

S E T  FOR R m  

DON’T S T ~ ~ F T  FUSE IF IE n w  STILL REFIDING 
SE-T RELF!Y FOR REFID 

SE.i TliE PIUIIEER OF SBH CtiHNNELS IN FRI.1 
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ERR LINE ADDR 

433 OQIE 
434 OA1F 
435 OR21 
436 0Q22 
437 0 R 2 4  
438 0A25 
439 @HZ7 
443 0Q2B 
441 0A2H 
442 BW28 

444 eR2E 

446 @A31 
447 BR33 
r148 m3.1 
449 OR36 
4515 an37 
451 OR39 
452 BA3B 
453 OR3D 
454 0A3F 
455 0Cl41 
4% 06243 
457 an45 
4% @A48 
459 BR4R 
460 OF148 
461 PlRLZE 
4 5 2  BW51 
463 
464 
4 6 5  
466 
4 # 7  0054 
465 OR56 

47O @A59 
471 8A5D 
472 OR60 
473 @AG% 
474 BAG4 
475 @A66 
475 OQ67 
477 On69 
478 OR60 
479 OA6C 
48ET OAGD 
451 0AGp 
482 OA7W 
403 OH72 
484 GiW73 
4 8 5  8R75 
486 OW75 

443 a h a  

445 a m  

469 a ~ 5 0  

E l  02 83 84 

BFr 
D3 D5 
87 
D3 D5 
87 
D3 D5 
e7 
D3 D5 
07 
D3: D5 
87 
D3 D5 
E17 
D3 D5 
f37 
D3 D5 
kF 
D 3  D6 
3E 99 
D3 CF 
3E BE] 
D3 cn 
3E 90 
03 CD 
21 39 SG 
36 8D 
2R 
%2 4E J C  

JE BL 
DJ D 4  

32 51 3c 
86 FE 
3E 80 
D3 If6 
PIF 
D3 D6 
R0 
113 D5 
87 
63 D5 
a7 
D3 D5 
87 
D3 D5 
87 
Ii3 D5 

PACE 9 GPUL PROGRFlM VERSION 5 WGUST 83 

ADD 9 11111'11118 I# A 
OUT PORT28 HOLD 1ST TRRCK AND HOLD 

OUT PORT28 HClLD 2ND TRFICK RHD HOLD 
RDD A l l l l / l O W B  I N  A 
OUT PORT28 HULD 3XD TRACK f l N D  HOLD 
hDD R 1111/8680 I N  A 
OUT PORT2El HOLD 4PH TRACK kb4D WOLD 
HDD p1 l l lE1/OBd9 11.1 A 
a u  P O R ~  MOLD 5XH TR?kCK ClND HOLD 
QDD f7 llG30/0110 I N  fl 
OUT P a m . #  HOLD 6TH TRACK QNI) HOLD 
a m  CI IBBEI/BQB I N  R 
OUT PORT28 HOLD 7TH TRACK RND HOLD 
nDD A E)BEi4/OB@11 I N  W 
OUT PORT2B HOLD 8TW TRACK RND HOLD 
'mu R ZERO HCCUMULRTOR 

MLEI A,PRT1I 

MVI A,000H STROBE ADC 1BI l /BB0B,BIT  35 M I  
OUT PCIRTIB 

OUT PQRTlB CI STRRT COMMUNI) HAS BEEN SENT TO ADC'S 
L X I  M.ASCDRT+4WCHA:LOAD HL FUR DATA COUNTER VRLUE 
MVI  M,BRH LORD CRRRIFIGE RETURN INTO MEMORY AT END OF 
DCX t.I DECRENENT FOR NEXT DATA BYTE 
SHLD DIRD STORE DRTH COliNT ADDRESS I N  RAM 

JMP RPGOUT RERD RDC'S .SET DHTR UP FOR TRQNSMISS1ON.H 

FIDD a i1ii/i1aa IN Q 

OUT PORT2C SEND Our TO FDRTX. TURN PULSE OFF 

OUT PORT1 SET wRri FOR IIJPUT 

M'JI  fii,098H THEN STROBE I @ @ ~ / E ~ Q E ~ ~ L B I T  BS La 

CRLL ADBUS WAIT FOR RDG TC) END BEFORE ADC'S ARE READ 

; 
: CMD? FGST PULSE QND RERDING-NO DELAYS 
; RERDINGS QFTER PULSE,7 U-SEC EACH 

CMDP MVI R,Q1 SET FOR READ 
OUT PORT2A RELW FOR READ 

PlVI R,NCHA SET NUMBER OF S ~ H  CHANNELS IN RAM 

MVI R,BBBH SET HI ORDER BYTE ~ 1 ( 1 r 3 a 0 ~ 0 0 0 a )  
OUT PORTZC SEND PULSE auT 

CALL ADBUS DQN'T STRAT PULSE I F  E ARE S T I L L  READING 

STA C N E H  S'TQRE 
MVI  B,SFEH STORE 1!11/1118 I N  0 REGISTER 

XRQ cl ZERO RCCUMULATQH 
OUT PDRfZC SEND OLJT TU P U R T X ,  TURN PULSE OFF 
ADD B 1111/1118 I N  H 
OUT PORTZB HOLD 1ST TRHCK RND HOLD 
ODD A 1 1 1 1 / 1 1 m  I N  A 

RDD A l l l l l / l 0 0 0  I N  R 

ODD R 1Il i /BE!BB I N  R 
OUT POHT2B HOLD 4TH TRACK RND HOLD 
QUD A l l l W / 8 0 B B  I N  F4 
OUT PORT29 WOLD 5TH TRHCK GldD HOLD 

OUT PORT28 IIGLD am TRHCK AND H a m  

OUT PORTEB HOLD JRD r m x K  AND HOLD 
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ER2 L I N k  

4 8  I 
488 
489 
49 0 
49 1 
49 2 
49? 
454 
455 
496 
A57 
498 
493 
5 9 0  
5E11 
5'32 
5 8 3  
5 0 4  
5 0 5  
5 0 6  
507 
5 0 8  
509 
510 
51 1 
512 
513 
5 1 4  
S I 5  
516 
51?  
5 I t 3  
51'3 

5 2  1 
5 2 2  
523 
524 
535 
536 
577 
528 
579 
5 3 0  
53 I 
5 3 2  
5 3 3  
534 
5 3 5  
5 3 6  
5 3 7  
538 
5 3 9  
543 

5 x 1  

E-IDDR 

8R78 
9079 
0A7B 
0A7L 
0A7E 
8A7F 
BUR I 
a 9 8 3  
4)RB'j 
63487 
nA89 
C3A8R 
048D 
0 2 9 0  
81952 
0A93 
0O96 
@A99 

a m  
OA9E 
OAR 1 
BAA3 
OAR5 
E1997 
0AH9 
8AAA 
BRA5 
8HAD 
OAQF 
ORB0 
ORB 1 
ORB2 
ORB3 
0985 
OABB 
ORB5 
~ R B R  
m B c  
ORBE 
0RBF 
0RCQ 
0AC 1 
0 R C 7  

0AC5 
QAC€ 
0 A C 7  
BACA 

0OCC 
OACD 

a m  

a w e  

B 1  E2 133 G 4  

87 
D3 D5 
8 7  
D3 D 5  
87 
D3 DS 
3E 99 
D3 CF 
3E 80 
D3 CD 
3E 5 8  
D3 CD 
21 39 3c 
36 UD 
28 
72 4E 3C 
CD 63 OB 
r 3  9 c  0n 

?E 05 
'37 50 3c 
C 6  9 7  
D3 CD 
D7 Ct 
E 6  OF 
0 7  
5 F  
DE CC 
E6 Ft) 
OF 
0F 
OF 
4F 

21 R P  0B 
09 
48 
DE CC 
E6 OF 
2 7  
8 5  
2 7  
5F 
23 
3E BB 
8E 
3 7  
21 C7 OB 
OS 
7 8  
86 
27 

06 a0 

GPUL PROGRQM K R S T O N  5 RUGUST 85 PRGE IS 

ADD A I l o B W a B  I M  A 
OUT PORT2B HOLD 6TH T R X K  FlElO HOLD 
ADD A 1000A3B0 I N  A 
OUT PORT28 HOLD 7TH TRRCK RND HOLD 

OUT PORT2B HOLD 8TH T H n C K  RND HOLD 
MVI A.PRT1I 
OUT PORTl SET PORTl FOR INPUT 

OUT PORTlB 
MVI A,09)%lW THEN STROBE 1081/6880,OIT B5 1.0 

L X I  H. RSCDAT-+4%kKHR; LORD HL FOR DATU COUI-ITEF: VALUE 

RDD A ooat3/0aoa I N  R 

PTV'I A,0DBW STROBE n ~ c  iaii/aaao,s:-r a5 si1 

OUT PORTlB fi STOR>- cominND I-IRS BEEN SENT Ta ADC.-S 

LORD CARRIRGE RETURN INTO MEMORY AT END OF MVI M;0DI-I 
DCX H 
SHLD DIAD 
CRLC RDBUS 
JMP RDGOUT 

RDGOUT 

RDGUllT MVI R,NCHR 

ADRDLP OD1 B97H 
SIH NCi1 

OUT PORTlB 
I N  PORTlC 
ANI  OFH 
R L C  
MOV E , Q  
I N  PORT1R 

RRC 
RRC 
RRC 
MOV C,A 
M V I  B.Q 
L X I  tl,NIB2B 
DAD B 
rSOV C.E 
I N  PORTIA 
R N I  0FH 
DRR 
ADD M 
DAR 
PiUV E,A 
INX H 
M $ I  0.0 
RDC M 
riov D,R 
L X I  H.NIf33B 
DQD !3 
MOV A,E 
ODD M 
DRA 

ANI wa:i 

DECREMENT FOR NEXl- BATH BYTE 
STORE DR'IX COUNT RDDRESS I N  ARM 
W R I T  FOR RDG TU END BEFORE ADC'S ARE REnD 
READ RDC'S ,SET DRrf2 UP FOR TRANSPlISSI0N.H 

READ EACH RDC AND CONVERT TO A S C I I  WEP OF 
SET THE SYSTEM FOR OUTPUT UVER TIE BUSS 
LOAD CHANNEL COUMT 
STORE I N  RRM,CH NO GOES FROM 0 TO 7 
CIH SEI.. NO +CD'S ON BJW4,SEL ON RDC 

HIGH ORDER BYl-E I S  BROUGHT IN. 
4 HIGHEST ORDER RI1-S RRE DUMPED 
ROTATE LEFT,DOUBLE VRLCIE,ADDR RRE 2 GYTES 

LOW ORDER BYTE IS BROUGHT I N  AND 
DUMP Lol l  N1BBI.E 

RESULT I S  2ND NIBBLE DOUSLED 
RDDRESSES OF VQLUES RRE 2 BYTES WIDE 
STORE I N  C 
817 CONTRIX OFFSET HDDF: FOR 2ND NIBBLE 
LORD BASE FIDDRESS FOR 2ND NIBBLE 
ADD OFFSET TO fiL ADDRESS 
BC NOW CONTAINS OFFSET FOR 3RD NIBBLE 
LOW ORDER BYTE I S  ENTERED W A I N  
DUM' 2ND NISBLE,HI 4 B I T S  
DEC IMRL ADJUST HrCUPlULATOR 
ADD 2ND NIBBLE DECIPlnL. VALUS FROM MEPiURY 

STORE SUt l  I N  DE 
H I  BYTE OF 2ND NIBBLE 
ZERO R 
RDD H I  BYTE OF DEC VAL OF- 2ND N I B  

BRSE CIDBRESS FUR 3RD NIBBLE 
RDD OFFSET POINTER FOR D t l :  VAL OF 3RD N I B  
BRING SUM OF 1ST 2 N I B 5  BRCK I N  
RDD LO BYTE OF 3RD 
DECIMFiL RDJUST 

SET CH. SIJIICH TO CH. NO. 

STORE I N  E IEMPEHRRILY 

ROTATE RIGHT 3 ' r m s  

DEC IrmL ADJUST AcCutwLR-rOR 

DE CONTRINS sur1 



ERR LINE 

541 
542 
5 43 
544 
5 45 
546 
547 
548 
549 
550 
55 1 
552 
553 
554 
555 
556 
557 
558 
559 
568 
56 1 
562 
563 
564 
565 
566 
567 
568 
569 
578 
57 1 
572 
573 

575 
571; 
577 
5 7R 
573 
58B 
58 1 
582 
583 
584 
585 
586 
587 
588 
529 
5913 
59 1 
59% 
593 
594 

574 

FlDDR 

0RCE 
OACF 
0HD0 
0 H D  1 
DRD2 
0RD3 
MRD4 
0AD7 
QHDB 
BRDR 
00BC 
B0DD 
BODE 
OHDF 
@HE 1 
BRE2 
OAE3 
BAE4 
ORE5 
ORE7 
O R E 8  
ORE9 
@REA 
0AEC 
@AEE 
WAEF 
OAF0 
BRF 1 
OAF3 
MAF4 
@kF5 
DRF6 
OAF? 
OFIF9 
ORFQ 
MAFB 
BRFE 
880 1 
0502 
ma5 
@Bee 
0BGlR 
BBWE 
QBlW 
@BIZ 
EIB 15 
08 18 
O H I R  
BE IC 
OB 1E 
W B  IF  

81 Bi! 83 8.4 

SF 
23 
?A 
YE 
27 
57 
2R 4E 3c: 
78 
E6 OF 
C6 30 
77 
28 
78 
E6 FB 
I F  
I F  
1F 
I F  
CG 30 
77 
26 
7R 
E 6  BF 
C6 3Q 
77 

7H 
E6 FB 
I F  
IF  
I F  
I F  
C 6  30 
77 
26 
22 4 E  3c 

3D 
32 58 3c 
C2 R 1  OA 
2 1  53 3c 
22 4E 3C 
5E PF 
D3 D 5  
32 52 3C 
21 25 3c 
@E I 4  
JE 13 
D3 D9 
F5 
Ti ;  

2a 

m 50 3c 
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GPUL PROGRRM VERSION 5 AUGUST as PRGE 1 1  

mv E,Fa 

MOQ A,D 
ADC M 
BAA 
MOV D,R 
LHLD BIFID 
MOV 0,F  
0 N I  OFW 

MOV M,A 
DCX H 
M O V  9 * E  
HNI OFBH 
RRR 
RAR 
R A R  
RAR 

MOV M,H 
DCX H 
Mov 9,D 

R D I  3OH 
MOV M,R 
DCX H 
MOV R a , D  
QNI  @FBW 
RAR 
RnR 
RAR 
KAR 
RDI 3Elli 
MOV b1-R 
DCX H 
SHLD DIFaD 
LDR NCM 
DCR A 
STQ NCH 
JNZ RDRDLP 
L X I  H,DATIN 
SHLD D I Q B  
M V I  A,c)FFH 
OUT PORT23 
STH SHDHT 

INX n 

H D I  mi+ 

R D I  3Bn 

Rt-1 o w  

L X I  i-i, RSCDAT 
rwi C,A*NCWA 
PI01 R,M13H 
OUT IHTFi 
E 1  
HLT 

5TOKE BRCK IN DE 
INCREW.NT TO HI BYTE OF DEC WL OF 3RE NIB 
BRING I N  2ND BYTE OF SUM OF 1ST 2 NIBS 
QDD HI B ' f E  OF 3KD N I B  
DECIFIIIAL ADJlIST 
STORE SLIM I N  DE 
L O A D  RDDRESS FOP A S C I I  DRTA I N  HL 

DUMP 4 H I  RYTES OF LOW ORDER BYTE 
CONVERT TO A S C I  T 
STORE IN RNM 
RDDRESS NEXT MEMORY B fTE 
BRING LO BYTE BACK 
DUEF LOW 4 D I T S  

ROTATE TO LOlJ 4 B I T  POSITIU1.I 

LUI?D LOW ORDER BYTE mnra DE 

CONVERT TO ASCI r^ 
STORE i N  RRM 
RDDRESS NFXT I1EHURV BYTE 
LORD H I  ORDER R'ITE FROM DE 
DlJMF 4 HI BITS c)F H I  DRDER BYTE 

STORE I N  R R M  
RDDRESS NEXT WMORY BYTE 

CONVERT Trj FISCI I 

O P I N G  HI wrc BACK 
DUMP t OLJ 4 B I T S  

ROTFITE 'TO LOW 4 D I T  POSITION 

CUHVERT TO W C i  I 
STORE I N  RAP1 
DECREMENT HSCI I IEEURY COIJNTER 
STORE BRCK FOR HEXT LOOP 
LORD C H w t i E L  C a L i w  FROM RHM 
DECREH-TENT CHNNNEL COUNT 
STORE I T  ROCK IN R R M  
eo BOCK TU n ~ c  RERDINGS I F  NOT BONE 
RESET INPUT DQTQ ADDRESS FDR mxr WRITE 
STORE RDDRESS I N  R R M  
SET HCCUMULRTOR TO l B l l / l l l l  
TURN HLL SAMPLE & HOLD CHIPS TO SQMFLE 
RESET SRHI'LE f i N D  HOLD DRTR 

NUM8E.R UF CHARACTERS TO BE SENT 
ENHBLE READ,*WRITE ClR EOI 
SEND TO 8231 INT ENR 
ENAOLE INTERUPTS OM 8088 

LORD UDDRESS UF D ~ T F I  Tn BE SENT 

WATT FOR INTFRlJPT FROM 8291 U M R  GPIB 



595 
596 
597 
598 
599 
6MB 
6 3  1 
6M2 
6 8 3  

6 0 5  
60C 
6 0 7  
6 0 8  

618 
6 1  1 
6 12 
6 13 
6 1 4  
615 
616 
617 
6!8 
619 
628 
62 1 
622 
623 
624 
6 2 5  
626 
627 
628 
6 2 9  
6 3 3  
63 1 
632 
633 
634 
635 
636 
637 
639 
639 
6a0 
6 4  1 
6 A2 
6 43 
6 44 
645 
6 4 6  
6 47 
6 4 8  

6 0 4  

603 

OB28 
0R23 
OR24 
OR25 
0826 
0827 
0828 
OB29 
082C 
0B2D 
0833 
0033 
8 9 3 4  
OR36 
B937 
OR3A 
RB3D 
RR.10 
BO41 
8842 
aess 
OR46 
0 8 4 7  
O R 4  

(384B 
RB4D 
OR45 
RBS 1 
63853 
8 8 5 5  
63857 
9BS9 
995n 
805C 
B85E 
0B68 
OB62 

e863 
0GS5 
B a t 7  
0BSR 

21 10 3r: 
CS 
P9 
87 

4; 
FIF 
CD BB BE; 
Cl 

2 1  13 3C 
C5 
3E 05 
3 1  
CD 48 tlB 
CD 0 0  3 0  
C D  B3 00 
19 
OD 
c 2  34 8 s  
C1 
0 s  

c9 

a7  

11 84 ao 

c z  38 BB 

cs 98 
D3 CD 
DB cc 
D3 EE 
D0 CE 
E6 0F 
D3 EE. 
hF 
D3 EE 
D3 EE 
3E sa 
D3 CD 
c9 

DE CE 
EG 10 
C2 63 OB 
C 9  

SMDQT 

F 

SPLDP 

CHLOP 

E 
E 

: QDRDG 

RDRDG 

ADBUS 

:DELAY 

F X E  12 

PUSH B 
MOV FI,c 
ADD P 
ADD f7 
MOV c,n 
XHf2 f> 
CnLL ZERO 
POP B 
L X I  D,@O84H 
L X I  H,RGWDR+B?H 
PUSH B 
MVI P.NCrl9 
SlJ8 C 
CRLL RDRDC; 
CRLL DADDR 
CRI-L T05h 
DRD D 
DCR r 
Jt47 CHLOP 

DCR 9 
JNL SMLOP 
RE ! 

pop R 

HI. I DRDFD M I  rii LRST RRM DATQ A D D R ~ S S  
C W Y  OF REGS B,C STURED O N  STCIrK 
b4L!MXR OF CHIFNNELS LOADED INTG A 

4wND OF CHfiNNELS I N  A 
.?%NO OF CHRNNELS I N  R E G  C 
A REGISTER ZEROED 

NO OF CHANNELS ( E G  C l  R T I W V C H  (131 RES 

HL LQADED lJITW r I R S 7 '  RAW TNTE7 ADDRESS 
RND CODY STORED TJM STACK A G G I N  
TUTFIL NUI'1RER O r  CHANPIELS I N  n 
NCl l  TOTAL NO. - CHR COUNT I N  REG I: 
MRKE AD CDN RDG,RNSWER O N  RP TUP OF STFICti 
32  B I T  FIXED ODD T O  DRTR RT HL.H!.,=clL-3 
Ai" TOP UF STACK SI~OKED I N  RAM 9 T  H1. 
DE :+4! ODDEB T O  IlL,POINTS TO NEXT RDDR 
ClliViNEL COUN I- DECREMENTED 

RESTORE R C  FROM STACK 

GO RFlCK TO I H E  SUM LOOP i F  NOT FINISHEI) 

3 RWI  FROil HL TO HL+C 

LORD '4 INTO DE 

JUHP BACK ' I O  CHRNNEL LOOP I F  NOT FINISHED 

DECREMENT .rt+s E~UMUER OF RDGS/CHRNNEL 

SEi-ErrS THE ADCONVERTOR NUMBFR THCIT IS I N  ~ , R E Q D S  THE 
12 B I T S  FROM THE CONVFR'rOR,ACDS 20 ZEROS AND RETURNS WITH 
A PDSITIVE 32 B I T  FIXED NUMBER GN TI4E TOP OF THE RPSTRCK. 
FUR DATEL ADC-ET12R nNRL06 'I'O D IGITRL CONVERTOR. 
4 D I  998H CH SEL NO +CD'S ON 0304,SEL ON RBC 
OlJT PORTlB SFT CH. SWITCH TO C t i .  NO. 
I N  P O R T I A  L O W  ORDER BY!'E IS tjRUUGHT I N  AND 
O l J 1  GPDAPA STOPE ON f4R I THt'tETIC PROCESSOR S'rnCK. 
I N  FORTIC H I G H  ORDER BYTE IS SROUGtlT I N .  
FlNI 0FH 4 !!IL;HEST ORDER B ITS ARE DUPIPED 
OUT FlPDnTrl C PEOCESSOW STACK. 
XRR 2 ZERO ACCIJPiULA'lOH 
OUT RPDRTR STORK OM RRITHMETIC PROCESSOR STACK, 
OUT FIPDRT:! STORE Oh RR I TUME'I IC PROCESSOR STACti. 
W I  A.098H LEAVE STQR'I' LO, DESELECT ADCONVERTnHS 
OIJ'1 P04TiB SEND Ti? POR.rlY 
RET RETURNS WI'TH POS. AblSLJEZ ON AP SI'MCK. 

ADBUS HRNG HERE UNTEL ALL BUSY L INES OF THE DHTEL 
RDC-ETIX  RNRLOG T O  DIGTTQL CCNVEKTORS GOES LOW 
DQTA FRON 'THE LRST CONVERSTOiq CAN BE RE9D FOR 
THE NkXi'  9 MILLISECONDS 

I N  PORTlC CHECK PCRTIC,DiT.", FOR BUSY (t lI) 
RNI  0 l W  DUMP ALL B ITS  EXTFPT 1C4,/0801/0B!30/ 
JNZ RDOUS STr'iY I N  LOOP IJNTXL. RllSY L I N E  LOW 
RET STRRT B I T  lW1L.L. Gn LO L!EEH l)FIIFI C!.l READ 

.- GENERRl.ES f> T I M E  DELAY.DEPEND I N G  ON THE CONSTHNT LOADED 



ERR LINE 

649 
5 5 a  
65 1 
6 5 2  
6 5 3  
654 
655 
656 
657 
658 
659 
668 
66 1 
652 
$63 
664 
565 
666 
567 
668 
669 
6 7 0  
57 1 
672 
673 
6 7 4  
675 
6 76 
577 
6 7 8  
6 7 9  
6 8 8  
68 1 
682 
683 
6 8 4  
6 8 s  
686 
687 
688 
sa9 
690 
69 1 
692 
633 
694 
6% 
696 
6 9 7  
698 
699 
7 0 8  
78 1 
702 

81 82 a3 94 

7s 

CE) 
E5 
21 OB 8 8  
09 

E l  
C9 

88 

n2 72 a8 

21 13 3 c  
BE 85 
c5 
E5 
CD ao OB 
16  a4 
CD BM BO 
E l  
11 MA 3c 
1A 
77 
28 
13 
1A 
77 

1 1  8 5  a0 
19 
C t  
DD 

c9 
CP 7~ oe 

3A 52 3C 
E6 7F 
07 
32 52 JC 
DJ D5 
C 9  

80 08 is ao 

96 B a  12 a i  
32 08 48 08 
6 4  00 80 00 

28 01 44 01 
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GPUL PROGRRM VERSION 5 QUGUST 85 PRGE 13 

: 

DELRY 

LOPSM 

; 
; 
; 
; 
HEXDEC 

CONLOP 

E 

E 

; 

; 

; 
SHLD 

; 
NIB29 

INTO BC. CYCLES 26*FFFF/CBC3 ABOUT 18 USECAOOP 
WITH 18,432 MHZ CLOCK,TIM=.648/BC SEC QR BCm.640/TIME(SEC) 
MOV A , C  MOVE CONTENTS OF C REG TO H 
RDD B CHECK REG BC FOR ZERO 
R Z  RETURN I F  BC ZERO 
PUSH H SAVE THE CONTENTS OF HL FlND 
L X I  H,@H ZERO HL 
DRD 8 ADD BC THE CUNENTS OF HL 
JNC LOPSM STRY I N  LOOP UNTIL  HL OVERFLOLlS. 

RET FIND RETURN. 
pap H THEIR a R x X w x  VQLUES 

HEXDEC PAOGRRM CONVERTS FIXED HEX ro D E C I M L , ~ ~  B 
THIS 15 NOT NEEDED I F  THE HOST COPIPUTER CAN RERD BINARY 
THE OLD HEX DQTR IS DVER WRIYTEN WITH RCD QATA 

LXI H,RRIdDR+3 STRRT LJITW LO BYTE OF IST RRW DRTR WRD 
MVI  C,NCHR LOW THE NUMBER OF CHANNELS TO BE CONVERTE 
PUSH B SAVE FI COPY DF TIE CtiRNMEL COUNTER 
PUSH 14 SNVE A COPY OF HL 
CRLL IJRT4 W I T E  THE bIUMBER TO DE COW\IERTEQ ON THE AP 
MVI D,B4 LORD NUMBER OF BYTES TO EE CONVERTED 
CALL BIDEC CONVERT THE BlNRRY NO TO DECIMAL 
POP H GET THE QDDRESS DF THE CONVERTED NO BRCK 
L X I  D,3CBRH GODRESS OF THE DECIMAL NUMBER 
LDRX a LOUD LO BYTE OF DECII-IRL NUMBER 

DCX H NEXT BYTE OF HEX NO 
INX D NEXT BYTE OF DEC NO 

nov MOR SEND I T  TO MEMORY 

L X I  D,a5 LORD OFFSET RDDKE5S FOR HL INTO DE 
DRD D HL RDDRESSES LO ORDER BYTE FOR NEXT CHRNNE 
POP B GET COUNTER BACK FROM STRCK 
DCR C DECREMENT THE CUUNTER 
JNZ CONLOP LOOP BHCK IF  NOT DONE 
RET RETURN I F  FINISHED 

MOV M,A STORE IT avm THE HEX NUMBER 

LnRx D LORD NEXT e m  OF DEC NO INTO A 

REPERT TWICE MORE FOR LARGER twriBERS 

SHLD PROGRRM TO RUN THE Sf+MPLE 
AND HOLD CIRCUITS ( 2 8 . 5  USECS) 

LDA SHDRT LOQD SRMPLE AND HOLD DRTR WBRD 

RLC ROTRTE XCUMULATOR LEFT 
STA SHDAT STORE FOR NEXT TIME 
OUT PORT28 ‘IURN NEXT SSH LOW,SWITCH TO HOLD 
RET GO BACK TO CQLLER 

DO 0, B, IGH. 0,32H, 5,43H, L3,tjCu-i O.O8E3ti,B, 113Gtl, M 12H. 1 

HNI  87FH SET HIGEST BIT ro ZERO~KEEP OTHERS SAME 



ERR LINE 

703 
704 
705 
706 
707 
708 
709 
7 10 
711 
7 12 
713 
714 
715 

RDDR 

0888 
OBBF 
OBC3 
OBC7 
0BCE 
08CF 
0BD3 
OED? 
0BDB 
BBBD 
0BE 1 
ODE5 
0Bt7 

91 82 83 84 GPUb PROGRRM VERSION 5 RUGUST 85 

66 01 76 81 
92 81 08 02 
24 02 40 02 
08 00 56 02 NIB38 DB 0.0,5611..2,l2H,5,68H,7,24H, lOH.88FYH. 12H 
12 B5 68 07 
24 10 80 12 
36 15 92 17 
48 20 84 23 
68 25 

28 33 84 35 
40 38 

is 28 72 38 

PRGE 14 

RSSEMBLER EHRDRS = 0 



Appendix 7 

C I R C U I T  DIAGRAMS 

The NDT COMP9B is a microcomputer developed at 0 m1 arowd an 
Intel 8080 microprocessor. The schematic diagrams for the processor and 

memary boards are shown in Figs. AT-1 and A7-2. The microcomputer can 

control all the peripheral equipment, using instructions stored in the 

EPROM chips, or can act as an intermediary between another computer and 

the equipment. It instructs t h e  pulser when to fire, controls the times 
at which the pulse amplitude measurements are made, and records the data; 

it can also control. the probe positioner. 

There are a number of the pulse switchi circuit modules in parallel 

Figure A%-3 shows a sche- to handle the very large peak currents needed. 

matic diagram of one pulser module, and Fig. A 7 4  shows a schematic 

diagram of the circuit to measure the pulse amplitude. 

sample-and-hold circuits that can measure the pulse amplitude fro 

pickup coil at as many as eight times, according to ~ ~ f t w ~ ~ ~ - d e t ~ ~ ~ i n ~ d  

computer instructions. Actually, we have found that five different read 

times during a pulse seem to be sufficient at present, The 

igital converter, shown sclaematically in Fig. A7-5, changes the 

sample-and-hold voltages to digital form for use by the computer. 
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. A7-4 .  Schematic diagram of the circuit to ~~~~~~~ the pickup pulse amplitude at computer- 
CCdntho%l&d times. 
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