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J. H. Smith, C. V. Dodd, and L. D ,  Chitwood 

Multifrequency eddy-current techniques were used to perform 
a continuous on-line inspection of the seam weld in the steel 
jacket for a superconducting cable. The inspection was required 
to detect both surface and internal weld flaws in the presence 
o f  a large, highly conductive central conductor. Raw eddy- 
current data were recorded on magnetic tape, and test properties 
such as discontinuity size and weld penetration were determined 
by mathematically fitting these data to coefficients developed 
with representative standards. A sophisticated computer- 
controlled scanning technique was applied, and a unique scanning 
device was developed to provide full coverage of the weld and 
heat-affected zone. The techniques used to develop this 
multifrequency eddy-current examination are described in this 
report along with the test equipment, test procedures, and com- 
puter programs, 

INTRODUCTION 

The Large Coil Program (LCP), a major program activity of the Fusion 

Energy Division at the Oak Ridge National Laboratory (ORNL), is developing 

and testing large coils for  use as superconducting magnets in the fusion 

energy study. Several international companies have been contracted to 

build large Superconducting magnet coils using different dcsigns and 

materials, but adhering to the same performance specification and envelope 

requirements. When completed, these coils will be tested at the OWL 

Large Coil Test Facility (LCTF). 

*Research sponsored by the Office of Fusion Energy, U.S. Department: 
of Energy, under contract DE-AC05-840R21400 with Martin Marietta Energy 
Systems, Inc. 
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A s  pari of the United States Large Coi l  Progrmu inanaged by OWPJE, 

Westinghousr and Oxford-Airco have coopcrated i n  ~ l i r :  drsign and f ab r i ca -  

i i o n  of  a large superconduct ing magrntz!.. that used  one of thc most s o p h i s t i -  

ca t ed  supcrronductors  ever ai-tempted. The vi r e  m n u f  ackuricig process a for 

example, involvcd t s m  e x t r u s i o n s ,  approximatply 20 heaL t r ea tmen t s ,  and 

over  50 separate  wire drawing opc"r,ations. After the wire was fabr icarc>d,  

it. w s  t v i s r e d  i n t o  a cable  coilLaining 486 s t r d ~ i d s .  The cable  WPS wrapped 

with a t l r i n  I n c o n e l  ? o i l ,  then  a stee? jarkP% XES formed arouriti t he  ron-  

ductor and seam aaclded a l o n g  i t s  l e n g t h .  T h i s  j a rkc t  rorrned a cryogpnio 

vacuiim vcsse:! t h a t  w?s requi red  to be h ~ l i i i r i ~  leak E igh t  ab: a temperature  

of  4 K and a pressurc of approx ima te ly  10 (100 atm). 

Thc I I I I I Y ~  probable  area f o r  l eaks  w a s  the  snmi weld; t h e r e f o r e ,  some 

t y p e  of nondes t ruc t ive  test was n x d s d  t o  eva lua te  thr q u a l i t y  of t h i s  

weld. The s i z e  and gcolutztry O E  t he  sample and the  nwc! t o  perform rhc 

t e s t  cont inuously along the v e l d  on a product ion l i n e  h a s i s  m9s eddy 

ciirrrents t h e  inost l o g i c a l  nondestiricTlve Lest-ing (NDT) met\aod L G  t r y .  

S t u d i e s  us:ng convent i or ia l  eddy c u r r e n t  techniques cncoiintered s i g n i f i c a n t  

d i f f  i c u l t i  cs  brcause  of large i r r e g u l a r  signal-s generated by the  twr is red  

rondi ic tos  arid other materials present  in the s a b l e  assembly. The large 

background s i g n a l s  and L I I P  iiimbe^i of s i g n i f i c a n t  var i  a h l e s  t h a t  change2 

dur ing  t h e  res  L w d e  t he  examination by conventdunal eddy-curren? n ~ * !  hods 

v i r t u a l l y  impossible .  T h l s  prubleh i  w a ~  brought t o  t h e  ORNL Noildestractive 

Tent ing Development Labo id to rp ,  where prior thesrrtical and experimental  

s t u d i e s  had resulted i n  a c a p a b i l i t y  t o so lve  multiparamete2 puo l r l ems  by 

U S P  o f  mult i f requency eddy-c i t~ re~ i t  techniques.  T h i s  rr'port desc r ibes  the  

a p p l i c a t i o n  of Lhese techniques t o  jnsppct the weld i n  the  s teel  s h ~ a t h  

Cor the supesconductoi- cahl P e Although i v a i l s b l e  funds and time l i m i t e d  

t h e  amount of development f o r  computer p r < ~ r e s s i n g  of da:aa, a vcrg i i s e f u l  

system w a s  developed. 

T h e  p r 0 1 ~ l e m  as i n i t i a l l y  def ined  was t o  nondes t ruc t ive ly  i n s p e c t  t h e  

seam weld of t h e  Lype J B K - 7 5  s t e e l  shcnLPi or jackec su r round ing  a siipear- 

conduct ing cable .  T h i s  s tee l  i s  aa a l l o y  s tee l  that  has p r o p e r t i c s  wery 



3 

s imi l a r  t o  those  of A-286 s t a i n l e s s  s t e e l .  The c a b l e  c o n s i s t e d  oE 484 

s t r a n d s  a€ wire t h a t  had beeu tw i s t ed  and wrapped wi th  a t h i n  [approxi- 

m a t e l y  0.05aam (0.002-in.)] Inconel. f o i l .  Each s t r a n d  of w i r e  c o n s i s t e d  

of a copper-coated composite of 2869 f i l amen t s  aP 3 . 5 - p i  Nb3Sn. 

1.7-mm-thick (0.067-in.) s teel  shee t  was wrapped around the cab le  and foil 

t o  form a b u t t  j o i n t ,  which w a s  welded autogenously by a gas tungsten arc 

technique. The welded s t e e l  j a c k e t  forms a cryogenic  vacuum v e s s e l  f o r  

t h e  cab le .  It w a s  r equ i r ed  to  be helium l e a k  t i g h t  a t  a rerngerature of 

4 K arid a p res su re  of 10 NPa (100 atm). The JBK-75 s teel  p l a t e  w a s  u l t r a -  

s o n i c a l l y  inspected be fo re  t h e  shea th  was formed; ’ t h e r e f o r e ,  t he  obvious 

area of concern f o r  p o s s i b l e  l e a k s  w a s  t h e  s e a m  weld aud beat-affected 

zone. 

h 

The i n i t i a l  requirements were CQ i n s p e c t  t h e  s e a m  weld and HkZ f o r  

d e f e c t s  o r  d i s c o n t i n u i t i e s  t h a t  could cause l e a k s  i n  the  shea th ,  The tes t  

had t o  be performed from t h e  o u t s i d e  s u r f a c e  o f  t h e  welded sbeath and i n  

t h e  presence of the l a r g e  conducting cab le ,  Ttr a lso had t o  be performed 

a t  t h e  superconductor cab le  assembly s i te  (the Oxford-Aisco pI.ant i n  

Carteret ,  New J e r s e y ) .  Personnel  t h e r e  had t o  be t r a i n e d  f o r  eddy-current 

t e s t i n g ,  and w r i t t e n  procedures were r equ i r ed  t o  d e s c r i b e  t h e  necessary 

s t e p s  to perform t h e  examination. The tes t  a lso had t o  b e  performed con- 

t i n u o u s l y  on t h e  product ion l i n e  as the  weld w a s  being made. [One of the 

assembly requirements f o r  t h e  superconductor cab le  and shea th  was that 

t hey  be formed cont inuously f o r  l e n g t h s  up t o  100 m (-328 f t ) . ]  T h e  t e s t  

was r equ i r ed  t o  d e t e c t  any crack o r i e n t e d  l o n g i t u d i n a l  t o  t h e  weld and 

having a l eng th  of 19 mm (0.75 i n . >  and a depth of 0.82 mm (0.032 i n . )  and 

t o  detect: any t r a n s v e r s e  crack having a depth of 1.62 mm (0.064 i n . )  and 

v i s i b l e  on t h e  s u r f a c e  of the sheath.  (Af t e r  t h e  mult i f requency eddy- 

c u r r e n t  i n s p e c t i o n  method w a s  developed and we had determined i t s  capa- 

b i l i t i e s ,  a d d i t i o n a l  test requirements were added.) The f t n a l  test 

requirements w e r e  t o  i n s p e c t  t h e  weld and heat-affected zone f o r  d e f e c t s  

of  the s i z e  i n d i c a t e d  above and t o  in spec t  the weld f o r  Lack of f u s i o n ,  
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lack of pene t r a t ion ,  and sag i n  t h e  we13 CPOWII. The test w a s  performed 

cont inuous ly  f o r  weld l eng ths  up t o  100 m with  the  weld ~noviug through the  

i n s p e c t i o n  s t a t i o n  a t  a ra te  CI€ 0.6 m / m i n  (-2 f t /min ) .  

The eddy-curreat i n spec t ion  station was l oca t ed  as near I O  t h e  weld 

s t a t i o n  as poss jb l e  t o  a l low f o r  quick c o r r e c t i o n s  when e K K O r b  such as 

i n s u f f i c i e n t  pene t r a t ion  o r  t h e  weld beam s t r a y i n g  o f f  t he  jo in t  were 

de t ec t ed .  Even though the  shea th  and weld  w s e  qiienched a f t e r  t h e  weld 

ope ra t ion ,  they s t i l l  had a tempera tme above ambient rdxx~ I 1ic-y reached 

t h e  eddy-current i n spec t ion  starion. Tde therseEore had t o  accofint f o r  

m a t e r i a l  property changes (e .g . ,  electrical conduc t iv i ty )  due LO hem- 

perattire vamriation dur ing  t h e  i n spec t inn .  Pfgure 1 shows a block diagram 

of t he  major ope ra t ions  and t h e  1ocat.ion of t he  variotis s t a t i o n s  used t o  

asseiihle t h e  superconducting cab le  and sheath.  Because t h e  eddy-currenh 

system Mas near t h e  gas  tungs ten  a r c  w e l d e r ,  we also t e s t e d  whc lhc r  the  

e l ec t r i ca l  no i se  gener+3ceed by t h e  welding ope ra t ion  w a s  picked up by t h e  

eddy-cizrrent ins t rumenta t ion  or t he  recorders .  No no i se  problem e x i s t e d ,  

but  we did  use  an iso1ai:ion t ransformer  i n  t h e  main power line f o r  t h e  

ins t rument .  Later i n  the program we had t o  iiiove the eddy-current inspec- 

t i o n  f a r t h e r  downstream i n  the  assembly l i n e  because of a change i n  t h e  

welding procedure. 

0RNL:DWG 85-1808 

-. . . .. . . . . . . . .. . . . . . . 
FORMlNG STANDS 

(THE STEEL SHEATH 
IS WRAPPED AROUND 

Fig.  1. Block diagram of product ion assemb1.y l i n e  f o r  t h e  supercon- 
duc to r  cable  and sheath.  

The cross s e c t i o n  of t he  cable  and sheatla a t  t h e  time of we ld ing  was 

round, having a diamel-er of about 25 m (1 in.) .  The cable  and shercth 

assembly then went  through a foriiii ng opera t ion  t h a t  compacted the  cable 

and changed t h e  cross s e c t i o n  t o  a square  (21  by PI -mi>. F igu re  2 shows 

t h e  c ros s  s e c t i o n s  of t h e  two superconductor cab le  conf igurat  i-oas. 
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P-ma749 
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Fig. 2. Cross sections of cable. Left, after forming. Right, as 
welded. 

The superconductor cable and sheath had a round cross section when 

the production line inspection was performed. Subsequent eddy-current 

inspections were performed on the cable and sheath with the square cross 

section to relocate and evaluate areas where indications had been obtained 

during the production test to determine if weld repairs were needed. An 

electromechanical circuit was developed to automatically mark areas on the 

superconductor sheath weld where the eddy-current signal exceeded a 

selected level. The areas that required weld repair were also reinspected 

to assure that a satisfactory weld repair had been made. 

THEORY OF MULTIFREQUENCY EDDY-CURRENT INSPECTION 

Many different parameters can influence eddy-current measurements; 

therefore the unique determination of a given sample property when other 



6 

properties also vary is usually difficult or impossible unless sufficient 

data are obtained to eliminate the effects of unwanted variables. In 

general, at least as many independent eddy-current readings must be made 

on a given specimen as there are properties whose variation may affect the 

readings. If sinusoidal eddy currents are used, one can determine no more 

than two quantities, such as the magnitude and phase, at a given fixed 

frequency. Therefore, if more than two properties need to be determined, 

multiple-frequency, pulsed, or swept-frequency eddy currents must be used. 

Since multifrequency techniques were applied to this particular problem, 

only that method will be considered in this report. More detailed 

descriptions of the use of multifrequency eddy-current techniques to solve 

multiple-property problems have been reported. 2-4 

No more than two pieces of information can be obtained from a given 

sample with an eddy-current instrument operating at a single frequency, 

for example, the magnitude and phase of the output voltage. However, many 

sample properties can affect the readings, and their effects are so 

interrelated that various combinations of the properties could produce the 

same pair of instrument readings. Therefore, to distinguish the actual 

properties from other possible combinations, one must make at least as 

many independent readings as there are parameters that can vary and affect 

the readings. This can be done by using magnitude and phase readings at 

N different fixed frequencies to obtain 2N pieces of information. 

Assume that N properties, such as conductivity, permeability, lift- 
off or fill factor, wall thickness, and defects, may affect the readings. 

Let P i j  be an array of properties in which j = 1, 2 ,  . . . , N gives the par- 
ticular property or parameter, and i = 1, 2, ..., M is the index giving 
the particular sample. We can write the array as 



Let us also suppose that 
for the ith s a m p l e  produces a 

( &  = 1, 2, .e.$ N " ) ,  where N" 

such t h a t ,  for the i t h  set: of  

Pi1 p- * Fl 

P i 2  F2 
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the set of properties P;j ( j  = 1, 2, 

set of N" independent readings R i k  

N ?  

N e  We want to ob ta in  a set  of f o r ~ t i l a s  

properties, 

( R i l ,  Ri29 e r e p  R,s*) 

( & l e  R i 2 ,  * * * a  q y J - 4  

F 1  II F 2 ,  

p ~ - o p e r t i e s ,  To 0btai.n goad approximations we may wish t a  expand the 

readings into polyoornials such as 

e = ,  5'pj provide only approximatmions to the corresponding 

where N1, N p l  e e - , NN' BFE the higlzest powers of t h e  readings R i 1 9  R i 2 ,  

R i ~ p  in the polynomial. To determine a l l  of the coefficients 

tPjnkT12 . * .  ~ T J "  ( s e e  above) for the jth property, one must. have  a t  least  as 

many sets of readings (i = 1, 2 ,  * * .  M )  as there are coefficients to be 
determined. If M is greater  than t he  number of coeff ic ients  to be 

determined, then  a l inear  least-squares fitting program can be used to 

determine the set of coef f ic ien ts  to minimize t h e  sum of squares 

M 

for the  j t h  proper ty .  

program, which numbers the coefficients consecutively. The first term in 

the polynomial expansion F'j is the constant Cjoo...o, which is cal led  the  

"offset." It may be equal  to ze ro .  

This is done by a subroutine in t h e  data-fitting 
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Once the po.lyiioin.i.al c o e f f i c i e n t s  have been determined t o  c a l c u l a t e  a 

g iven  properSy wi th  the des i r ed  accuracy,  they can be used t o  c a l c u l a t e  

tha t  proper ty  f o r  an unknom sample_ i f  the p r o p e r t i e s  of t h e  unknown 

s a m p l e  f a l l  w i th in  [:he range of v a l i d i t y  of t he  polynomial etrp;rns.ion. 

T h i s  i s  assured  by f i t t i n g  ihe  polyriorirfal t o  a range of v a r i a t i o n s  t h a t  i s  

a t  l eas t  as geeat  as t h a e  expected f o r  the unknown s a m p l e s .  

Thus, dropping the: index i from E q -  ( 3 ) ,  we can c a l c u l a t e  t he  

proper ty  Pj G €  an unknown s a m p l e  f r o m  the  readings R 1 ,  ‘5’2, . . . , Xw- by the  

fo r  m u l a  

A € t e r  examining this formula,  i t  appears  tha’l any d e s i r e d  p r e c i s i o n  

can be obtained b y  making t h e  polynomial large enough, and t h i s  is indeed 

t r u e .  I f  the  nunher of sets of measured propex-ttes,  W ,  i s  equal  t o  t h e  

number oT se ts  of l i inear ly  independent readings ,  N ’ ,  then a unique and 

exact fit can be obta ined  f o r  the M va lues  of each proper ty  by using only 

linear t e r m s -  However, the func t ion  F .  map f l u c t u a t e  d r a s t i c a l l y  between 

t h e  f i t t e d  p o i n t s  so t h a t  i n t e rmed ia t e  va lues  of the p r o p e r t y  would not be 
3 

fjl t tea  WII. 
Furthermore, i C  each reading R j  i s  subjcc t  t o  a c e r t a i n  amount of 

random e r r o r ,  M j ,  so t h a t  t h e  palynom-hl becomes 

then we see t h a t  t h e  raildoin errors, p a r t i c u l a r l y  in t h e  term involv ing  

h igh  powers, m y  lead t o  cons iderable  error.  The worst p o s s i b l e  corn- 

bination of errors,  i n  which a l l  t h e  e r rorb  i n  t h e  va lue  of t h e  proper ty  

are i n  the same d i r e c t i o n ,  w i l l  be c a l l e d  the  “DRIFT.“ I n  t h e  c u r v e -  

f i t t i n g  program used t o  fit t he  experimental  da t a ,  the  worst  p o s s i b l e  com- 

b i n a t i o n  o f  errors produccd by changes o f  0.01% i n  each magnitude and 

0.01” i n  each phase are c a l c u l a t e d  and p r in t ed  as the DRIFT,  sPnce e r r o r s  

of t h i s  amount are c h a r a c t e r i s t i c  of cu r ren t  eddy-current equi pinene. 
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Because most material p r o p e r t i e s  w i l l  not o s c i l l a t e  r ap id ly  i n  a 
l i m i t e d  range of any given parameter,  cubic  o r  h igher  powers of t h e  

readings  are rarely necessary or even u s e f u l  t o  €it a given property.  

Details on t h e  l i n e a r  leas t - squares  c u r v e - f i t t i n g  procedure have been 

given.2’3 

subrout ine  i n  t h e  d a t a  f i t t i n g  program used t o  minimize t h e  sum of squares  

i n  Eq. ( 4 ) .  

The c o e f f i c i e n t s  Cinln2...nN, i n  Eq. (3 )  are determined by a 

GENERAL PROCEDURE TO DESIGN A MULTIPLE-PROPERTY EDDY-CURRENT TEST 

The o v e r a l l  design of a mult iple-property eddy-current test involves  

two e f f o r t s ,  an a n a l y t i c a l  s tudy  and an experimental  s tudy of t h e  given 

problem. The a n a l y t i c a l  s tudy  is t h e o r e t i c a l ;  it involves  only the  use  of 

our  l abora to ry  minicomputer and appropr i a t e  sof tware ,  and no a c t u a l  

instrument  hardware o r  t es t  s tandards  are required.  Appropriate  computer 

programs have been w r i t t e n  a t  ORNL t o  a l low t h i s  study. The a n a l y t i c a l  

s tudy  can be descr ibed  i n  t h r e e  s t e p s .  

1. Eddy-current instrument  readings (magnitude and phase) are 

t h e o r e t i c a l l y  c a l c u l a t e d  wi th  t h e  minicomputer f o r  a number of d i f f e r e n t  

f r equenc ie s  and for a range of va lues  for t h e  test p r o p e r t i e s  that are 

a n t i c i p a t e d  t o  vary. 

2. The minicomputer i s  then  used to perform a leas t - squares  f i t t i n g  

of user -se lec ted  polynomials (cons t ruc ted  from the  t h e o r e t i c a l l y  c a l c u l a t e d  

magnitude and phase readings)  t o  o b t a i n  t h e  var ious  des i r ed  p r o p e r t i e s .  

3.  The €it e r r o r  (how w e l l  t he  chosen polynomial can be used t o  

c a l c u l a t e  t h e  s p e c i f i e d  proper ty)  is determined. The d r i f t  error i s  a l s o  

determined [haw much t h e  c a l c u l a t e d  proper ty  w i l l  change f o r  mall  changes 

in t h e  s i g n a l  readings  (magnitude and phase)] .  

The above t h r e e  s t e p s  are repea ted  €o r  d i f f e r e n t  probe des igns  and 

frequency combinations u n t i l  t h e  d r i f t  e r r o r s  are minimized o r  are accept-  

a b l e  f o r  t h e  given tes t  condi t ions .  

An a n a l y t i c a l  s tudy  i s  h e l p f u l  t o  determine t h e  c o r r e c t  probe design 

and frequency values  t o  provide optimum test r e s u l t s .  The a n a l y t i c a l  

s tudy  is  not  abso lu t e ly  e s s e n t i a l ,  but i t  is  very u s e f u l  t o  determine the  
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f e a s i b i l i t y  of t h e  examiuation, and i t  can be used to predetermine t h e  

accuracy for measurf.ng any p a r t i c u l a r  proper ty  and the al lowable t o l e r -  

ances  i n  t-he i .nst rumental  pararneters 

A n  a n a l y t i c a l  study w3.s not performed f o r  tbZbs p a r t i c u l a r  examination 

problem because of c r i t i c a l .  dead l ines  i n  the f a b r i c a t i o n  schedule  f o r  t h e  

superconductor  cable .  E s s e n t i a l l y  we i.tsed Q U ~  experierrce, anginee rLng 

j u d g m n t  , and n few experimental  measurements to de-eernizle the best com- 

b i n a t i o n  of f requencies  a d  c o i l  destgrz t o  use. I n  f a c t ,  the Zirsrr 

s e l e c t e d  c o i l  d e s i g n  d id  not  meet a11 t h e  test: requirements ,  and a d i f -  

f e r e n t  c o i l  w a s  s e l e c t e d  f o r  the f i n a l  test. 

Once the a n a l y t i c a l  s tudy  has been completed an3 the c o i l  des ign  and 

ope ra t ing  f r i q i e n c i e s  have been s e l e c t e d ,  the next s t e p  i n  des igning  a 

mul t ip le -proper ty  eddy-current tes t  I s  t o  p e r f o m  the  experimental  s tudy 

as Eollows. 

1. The optiinum ina t ramenta t  ion i s  constkucted o r  assembled €TOE 

e x i s t i n g  modules, and the optiimipem prolie i s  obtained.  The instmment i s  

assrinbled, i t  i s  ad jus ted  t o  t h c  des i r ed  f requencies ,  and c a l i b r a t i o n  

s t anda rds  that cover t h e  range of expected proper ty  v a r i a t l o n s  2rs 

obtained.  Obtaining a r e p r e s e n t a t i v e  set of t e s t  samples i s  one of t he  

most- important. and aost  d i f f i c u l t  tasks a s s o c i a t e d  w J  Lh sa lv ing  any  ion - 
d e s t r u c t i v e  examination problem. T n i s  p a r t i c u l a r  stiidy w a 5  not  a t y p i c a l  

The test requirements  changed s e v e r a l  t i m e s  before a final s o l u t i o n  was 

oht.nined, and t i l e  changes regalired new, different: or a d d i t i o n a l  t e s f  

samples  t o  be fabricatrd. Racher than be labor  t hese  p r o b l e m  Ln t h i s  

r e p o r t ,  we w i l l  d i s c u s s  on ly  the  test: sampPes that w r e  used t o  ob ta tn  the 

€ i n a l  s o l u t i o n  LO the p r o b l m ,  

2, The t e s t  insdlr:irraental-,ion is  calibreted, ailti a set of data 

(m;agnitude 2nd phase readings)  that i t e p r ~ a c n t n  t h e  concerned p r o p e r t y  

v a r i a t i o n s  i s  wtle from t he  ttss'-. samples. These d a t a  a r e  secordcd with a 

minicomputer averages and s t a n d a r d  r l rviat ions arc calculaehed, a i d  t h e  

d a ~ a  are stored i n  the connprater'b memory. 

3 .  A l eas t - squares  fit is  made of the  s e l e c t e d  p r o p e r ~ i e s  t o  t h e  

polynomials conta in lng  t h e  aceiial magnitude and phase readings recorded i n  

s tep 2 .  T h i s  is accomplished by u s e  o f  the n~nicorapLl&er and thg sof tware  
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developed a t  ORNIL. Various s e l e c t e d  polynomials are cons t ruc t ed  from the  

a c t u a l  experimental  readings,  and t h e  p r o p e r t i e s  of i n t e r e s t  are f i t  t o  

t h e s e  polynomials. The f i t  and d r i f t  e r r o r s  are c a l c u l a t e d  to determine 

how w e l l  t h e  p a r t i c u l a r  p rope r ty  can be determined- 

4 .  When t h e  optimum o r  a s u f f i c i e n t l y  a c c u r a t e  f i t  i s  obtained,  t h e  

c o e f f i c i e n t s  f o r  t h e  polynomial r ep resen t ing  the  s e l e c t e d  property de t e r -  

minat ion are recorded and s t o r e d  on a programmable read-only memory (PROM) 

ch ip .  The PROM chip con ta in ing  t h e  c o e f f i c i e n t s  is placed i n  t h e  micro- 

computer c i r c u i t  f o r  t h e  multiple-frequency eddy-current (MFEC) i n s t r u -  

ment. Se l ec t ed  p r o p e r t i e s  to be measured can now be c a l c u l a t e d  from 

a c t u a l  magnitude and phase readings by t h e  microcomputer system i n  the  

MFEC instrument.  

5. The f i n a l  s t e p  i s  t o  f i e l d  t es t  t h e  i n s p e c t i o n  system ora s i te  by 

examining tes t  samples and o t h e r  r e p r e s e n t a t i v e  samples and c a l c u l a t e  t h e  

d e s i r e d  p r o p e r t i e s ,  t o  e v a l u a t e  how w e l l  the t es t  system w i l l  perform i n  

t h e  a c t u a l  environment thae w i l l  be used. 

INSTRUMENTATION, EDDY-CURRENT PKDBE, AND SCANNING SYSTEM 

The three-f requency eddy-current i n s  trument used f o r  t h i s  s tudy is  

shown i n  Fig. 3 .  A block diagram of t h e  instrument  is shorn i n  Fig.  4 .  

This  instrument wC3.1 simultaneously measure both t h e  magnitude and phase 

of t he  eddy-current s i g n a l  a t  t h r e e  d i f f e r e n t  f r equenc ie s :  20, 200, and 

500 wdz. The eddy-current instrument can record raw d a t a  readings and 

then  c a l c u l a t e  the s p e c i f i e d  p r o p e r t i e s  with an i n t e r n a l  microcomputer. 

The instrument can a l s o  i n t e r f a c e  with a l a r g e r  minicomputer t o  permit 

more complicated data ana lyses ,  such as l eas t - squa res  f i t t i n g .  This  

instrument  w a s  developed a t  ORNL, and a thorough d e s c r i p t i o n  has been 

provided 

The extended module i n  Fig. 3 con ta ins  t h e  NUT-COPIP9A microcomputer, 

t h e  analog-to-digi ta l  conve r t e r ,  t h e  digi ta l - to-analog conve r t e r ,  and the 

t r a n s c e i v e r  u n i t .  The NDT-COMP9A is a self-contained,  e i g h t - b i t  microcom- 

p u t e r  system designed s p e c i f i c a l l y  f o r  experiment c o n t r o l  and d a t a  aaaly- 

sis  with the  modular eddy-current instrument.  The u n i t  has 16 K of 
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Y-188747 

Fig.  3. Three-frequency eddy-current instrument. 
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G i E G E T  

Fig. 4. Block diagram of three-frequency eddy-current instrument. 
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read-only memory and random access memory. It can perform 32-bit, 
f l oa t ing -po in t  mathematical  ope ra t ions  i n  hardware and it has a s o p h i s t i -  

c a t e d  input-output s t r u c t u r e  f o r  i n s t rumen ta t ion  c o n t r o l .  The NDT-COMP9 

microcomputer w a s  a l s o  developed a t  OWL, and d e t a i l s  are provided.6 

A small PROM ch ip  l i e s  i n  f r o n t  of t he  instrument  i n  Fig.  3. This  

ch ip  has a 2-K by te  memory capac i ty  and is  used t o  s t o r e  t h e  polynomial 

c o e f f i c i e n t s  (used t o  determine material p rope r ty  v a l u e s )  i n  t h e  microcom- 

p u t e r  and t h e  program f o r  c o n t r o l  of t h e  test, d a t a  ga the r ing ,  and evalua- 

t i o n .  The ch ips  are p h y s i c a l l y  l o c a t e d  i n  t h e  top  of t h e  microcomputer. 

The minicomputer (MODCOMP I V ) ,  used f o r  most of t he  d a t a  ana lyses  f o r  

tests performed i n  t h e  l abora to ry ,  is shown i n  Fig. 5. The minicomputer 

can s t o r e  and o p e r a t e  on much l a r g e r  q u a n t i t i e s  of data .  For example, t h e  

polynomial c o e f f i c i e n t s  used t o  develop material p r o p e r t i e s  from t h e  eddy- 

c u r r e n t  r ead ings  are developed with t h e  minicomputer and are t r a n s f e r r e d  

t o  t h e  microcomputer by the  PROM chips .  

P-1887 45 

I 
I 

Fig. 5 .  MODCOMP I V  minicomputer. 
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The eddy-current coil. design is selected to be able to detect the 

types of defects or to measure the properties desired. It must be small 

enough to provide the sensitivity required by test specifications, yet 

large enough to provide an area of coverage to allow the test to be per- 

formed in the time frame allowed. A flat pancake-type c,oil having a mean 

radius of 2.11 mm (0.083 in.) was used for this examination. The eddy- 

current probe actually contained driver and pickup coils arranged in a 

reflection mode. Figure 6 shows a simplified circuit diagram for a 

reflection-type probe. Details concerning reflection coils are reported 

el~ewhere.~ The eddy-current probe used for this examination can be seen 

in Fig. 7 .  (The probe is the cylinder located in the laboratory scanning 

fixture.) A nominal 25-mm-diam (1-in.) superconductor cable and sheath 

sample is located under the lower end of the probe. The flat eddy-current 

coils are located in the end of the eddy-current probe, just above the 

superconductor sample. 

ORNL-DWG 72-671 

VO 
RO 

Z D  

‘6 
R6 

M 

DRIVING VOLTAGE 
SERIES RESISTANCE IN THE DRIVING CIRCUIT 
SHUNT CAPACITANCE OF THE DRIVING CIRCUIT 
D.C. RESISTANCE OF THE DRIVER COIL 
IMPEDANCE OF THE DRIVER COIL 
MUTUAL IMPEDANCE BETWEEN THE DRIVER AND PICK-UP COILS 

D.C. RESISTANCE OF THE PICK-UP COILS 
Z,, IMPEDANCE OF THE PICK-UP COILS 

E; SHUNT CAPACITANCE OF THE PICK-UP CIRCUIT 
R9 AMPLIFIER INPUT IMPEDANCE 

Fig. 6 .  Simplified circuit diagram for an eddy-current reflection- 
type probe. 
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The three-axis  (mJ2) scanning system used t o  examine t h e  shea th  welds 

i n  the  l abora to ry  i s  shown i n  Figs.  8 and 9. The scanning motion can be 

c o n t r o l l e d  by the  ope ra to r  u s ing  the  t e l e t y p e w r i t e r  keyboard (Fig.  l o ) ,  or  

t h e  c o n t r o l  can be programmed i n t o  t h e  computer. The s t epp ing  motors t h a t  

c o n t r o l  each a x i s  of motion are d r iven  by vo l t age  pu l ses ,  and d a t a  are 

recorded i n  incremental  by te s  during scanning. 

Figure 11 shows t h r e e  of t h e  output  devices  used t o  record d a t a  i n  

t h e  l abora to ry ,  a video d i s p l a y ,  a five-channel s t r i p - c h a r t  r e c o r d e r ,  and 

a Versatec p r i n t e r - p l o t t e r .  Two o the r  output  devices  used were t h e  l i n e  

p r i n t e r  and t h e  magnetic tape recorder  shown a t  the  l e f t  i n  Fig.  5. 

F igu re  12  shows the instrument package t h a t  w a s  assembled t o  perform 

t h e  tests on s i t e .  The components in t h e  cab ine t  (from top t o  bottom) are 

(1) t h e  three-frequency eddy-current instrument ,  (2) a six-channel s t r i p -  

c h a r t  r eco rde r ,  ( 3 )  a keyboard and video t e rmina l ,  ( 4 )  a power supply and 

speed c o n t r o l  f o r  t he  scanning d r i v e ,  (5)  a remote c o n t r o l  box used wi th  

F 

Fig .  8. Three-axis scanning f i x t u r e .  
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ORNL PHOTO 1986-80 

! "4 

Fig.  11. Output devices  (keyboard-video, s t r i p - c h a r t  r eco rde r ,  and 
Versatec p r i n t e r - p l o t t e r ) .  

t h e  microcomputer t o  select d i f f e r e n t  t e s t  cond i t ions ,  ( 6 )  a magnetic tape 

r e c o r d e r  and b u f f e r ,  and (7 )  a t r a n s c e i v e r  u n i t  t o  l i n k  the  microcomputer 

and output  devices .  

F igu re  13 shows the shea th  weld scanner a t  the  t es t  s i te .  T h i s  

dev ice  w i l l  be descr ibed i n  more d e t a i l  l a te r  i n  t h i s  r e p o r t .  The marking 

dev ice ,  used t o  i d e n t i f y  areas on t h e  sheath weld where s i g n i f i c a n t  eddy- 

c u r r e n t  i n d i c a t i o n s  were obtained,  is  o r i e n t e d  about 45" t o  t he  scanner.  

Two views of a hand-held manually operated scanning device i n  posi- 

t i o n  on a superconductor cab le  are shown i n  Fig.  14. This  device w a s  used 

t o  a c c u r a t e l y  r e l o c a t e  t h e  areas where s i g n i f i c a n t  i n d i c a t i o n s  were 

obtained and t o  r e i n s p e c t  l o c a l  areas where weld r e p a i r s  were made. 
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CYN-5924 

I 

Fig. 12. Field instrument package used at Oxford-Airco. 
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CYN- 5 925 

Fig. 13. Sheath weld scanner used at Oxford-Atrco. 

CYN-5921 CYN-5922 

-- 
Fig. 1 4 .  7ho views of the manual scanner used at Oxford-Airco. 
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TEST SAMPLES 

The eight test samples used in this study can be seen in Figs. 8 and 

9 .  Each sample was approximately 0.8 m long (31 in.) and about 25 mm 

(1 in.) in diameter or thickness. Six samples had a round cross section 

and two had a square cross section. The two cross sections, illustrated 

in Figs. 2 and 9 ,  represent different stages in the production of the 

superconductor cable. The production, on-line eddy-current examination 

was performed while the cable had a round cross section. The final 

inspection for weld repairs was performed on the superconductor after it 

had a square cross section. 

Several different types of manufactured discontinuities, such as 

longitudinal and transverse notches, holes, and V-grooves, were placed in 

the weld and heat-affected zones on both the inner and outer surfaces of 

the steel sheath. Figure 15 shows the locations and orientations of some 

of the discontinuities. The manufactured discontinuities were selected to 

produce eddy-current signals similar to those produced by the properties 

we were trying to measure. The holes and notches were used for defect 

ORNL-DWG 85-1809 

Fig. 15. Locations of manufactured discontinuities in the supercon- 
ductor sheath weld test samples. 
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examination. The notches had nominal depths of 0.25, 0.51, and 0.76 mm 

(0.010, 0.020, and 0.030 in.) and were made by electrodischarge machining. 

The holes had nominal diameters of 0.18 mm (0.007 in.) and were drilled 

through the wall. V-grooves were milled in the root area of the weld to 

simulate lack of weld penetration. The test samples were fabricated in 

pairs with each pair being essentially identical. Tables 1 through 4 

describe the various manufactured discontinuities in the test samples. 

Samples C and D (Table 4) have a square cross section and represent the 

final configuration of the superconductor cable. Sample C contained five 

areas on the weld where weld repairs had been made. Each area was 

approximately 76 mm (3 in.) long. 

A brief identification system was developed for the various manufac- 

tured discontinuities in the test samples. This identification was used 

on data sheets, in computer programs, and in some figures in this report. 

Examples of discontinuity identities are ILW20, OTZ30, and HW7. Notches 

have a five-character identification number and holes a three-character 

number. The first character of a notch identification is either an I or 

an 0, representing the inner or outer surface location of the notch. The 

second character is an L or T (longitudinal or transverse), and it repre- 

sents the orientation of the notch with respect to the major axis of the 

weld. The third character is either W or Z, representing the location of 

the notch in the weld or in the heat-affected zone. The last two charac- 

ters are numbers that represent the nominal depth of the notch in 25.4-p 

(0.001-in.) increments. The first character of a hole identification is H 

for hole. The second character is W or Z (weld or heat-affected zone), 

representing the location of the hole, and the last digit or digits repre- 

sent the diameter of the hole in 25.4-p (0.001-in.) increments. All 

holes were drilled through the sheath (or weld) wall. 

We discovered after doing quite a lot of work on the test samples 

that the material adjacent to the manufactured discontinuities in some of 

the test samples had become magnetic. These areas were not highly magne- 

tic, and their field strengths could be measured only by using sensitive 

equipment such as a Hall effect device or an eddy-current instrument. We 

were mildly surprised because the JBK steel is a high-alloy steel that is 
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Table 1. Mamfactured  d i s c o n t i n u i t i e s  i n  superconductor sheath weld 
test  samples 1 and 2 

Dimensions [mail ( i n . ) ]  
Number Type" Surface Location 1-- 

L e n g t h  Depth 

Longi tudinal  

Longi tudinal  
notch 

Transverse 
notch 

notch 

Longitudinal 
notch 

Longi tudlna.7. 
no e: ch 

Hole 

Hole 

Transverse 
notch 

Inner  Ve ld  

Inne r  We1.d 

Inner Weld and 
IHhZ 

Inne r  M Z  

Inner KAZ 

ltplz 

weia 
Inne r  Weld and 

LM 

6 . 3 s  (0 .250)  

6.35 (0.2.50) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (O.2Xl) 

0.18 (0,0079 

0.18 (0,007) 

6.35 (0.250) 

0.51 (0.020) 

0.76 (0.030) 

0*51 (0,020) 

0.51 (0.020> 

0.76 (0.030) 

Through w a l l  

Through w a l l  

0.76 (0.038) 

"Transverse notxhes extend across weld i n t o  the hea t - a f f ec t ed  zone 
(CUZ). 

Table 2. Nanufactured d i s c o n t i n u i t i e s  i n  superconductor sheath wela 
test samples 3 and 4 

Dimensions [Em ( in .  ) ]  
Number Type Surface Location - 

Length Depth 
- -~ ~ 

1 V-gr o w e  Inrae r Weld 36.2 (3.0) 0.25 (0.010) 

2 V-g roo ve Inne r  We1.d 76.2 (3.0) 0.5% (0,020) 

3 V-groove Inne r  Weld 76.2 (3.0) 0.76 (0.030) 

4 Wall thinning Inne r  Weld and 38.1 (1.5) 15% 
IIA 2 

5 Wall thinning Inner  Weld and 38.1 (1.5) 25% 

6 Wall t h inn ing  Inne r  Weld and 38.1 (1.5) 35% 

HAZ 

MAZ 
I. 
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Table 3. Manufactured discontinuities in superconductor sheath weld 
test samples A and B 

Dfanenskons [mm (in. ) ]  
Numb e r Typed ~i i r f aceb  Location 

Length Degthb 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

LongLtudinal 
notch 

Longi. tudinal  
notch 

Longi sudinal 
notch 

Transverse 
notch 

Hole 

Hole 
Longitudinal 

Longitudinal 

Longitudinal 

Hole 

Longitudinal 

Longitudinal 

Longitudinal 
notch 

Transverse 
notch 

Transverse 
notch 

Transverse 
notch 

Longitudinal 
notch 

Longitudinal 
notch 

Longitudinal 
notch 

Transverse 
170 t ch 

Transverse 
notch 

notch 

notch 

notch 

notch 

llQtCh 

Inner 

Inner 

Inner 

Pnne E 

T 

Outer 
:r.nne I 

Inner 

Inner 

T 

Outer 

Outer 

Outer 

outer 

Both 

Both 

Both 

Both 

Outer 

Outer 

Outer 

wei a 

Weld 

Weld 

Weld and 
Klaz 

Weld 

Weld 
KAZ 

w 

HAZ 

MlhZ 

Weld 

Weld 

Weld 

Weld and 
MAZ 

Weld and 
HAZ 

Weld and 
HAZ 

wela 

EL4Z 

Weld 

Weld and 
NAZ 

Weld and 
w 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

5.35 (0.250) 

1.65 (0.065) 

1.65 (0.065) 
6.35 (0.250) 

6.35 (0 .250)  

6.33 (0,250) 

1.65 (0 .045)  

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

19.0 (0.750) 

12.7 (0.500) 

3.18 (0.125) 

0.25 (0.010) 

0.51 (O.OZO> 

0.76 (0.oSog 

0.51 (0 .020)  

T 

1.52 (0.060) 
0.25 (0.010) 

0.51 (0.020) 

0.76 (0.038) 

T 

0.25 (0.010) 

0.51 (0.020) 

0.76 (0.030) 

0.51 (0.020> 

0.66 (o.sa6g 

0.66 (0 .026)  

0.38 (0.015) 

0.38 (0.015) 

0.76 (0 ,030 )  

0.61 (0.024) 

1.63 (0.064) 

aTransverse notches extend across weld into the heat-affected zone 

bT = through wall. 

(NAZI 
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Table  4 .  Manufactured d i s c o n t i n u i t i e s  i n  superconductor sheath weld 
t e s t  samples C and D 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

1 4  

15 

16 

17 

18 
19 
20 

TraQSY€?rSE! 
notch 

Longitudinal  
notch 

Trans ve 1-6 e 
notch 

notch 
Transverse 

notch 

Longi tudinal  

Long i tud ina l  
notch 

Transve m e  
no 6 ch 

Hole 
Longitudinal  

notch 

notch 
Longi tudinal  

Longi tudinal  
no tch  

Longl e: txdinal.. 
notch 

Transverse 
l l Q t C l 1  

Long i t ud i n a l  
notch 

H o l e  

Longitudinal 
notch 

Longi tudinal  
notch 

V-groove 
V-groove 
V-griWve 

Outer 

Outer 

Znne r 

Inner  

Outer 

Outer 

Inne r  

T 
Inner  

Inne r  

Outer 

o u t e r  

Inne r  

Ian@ r 

T 

Inne r  

Inne r  

Inner 
Inne r  
Inne r  

Weld and 
HA% 

weia 
Weia ana 

HA% 
mz 

Weld and 
WAZ 

wela 
Weld and 

Hhkz 
MAZ 
Weld 

Weld 

HAZ 

KAZ 

Weld and 
H?Lz 

Weld 

Weld 

HA2 

HA74 

Weld 
Weld 
Weld 

6.35 (0 .250)  

6.35 (0 .250)  

6.35 (0.258) 

6.35 (0 .250)  

6.35 (0.250) 

6.35 (0.250) 

6.35 (0.250) 

0.15 (0 .006)  
6.35 (0.250) 

6.35 (0.2509 

6.35 (0.250) 

6-35 (0.250) 

6.35 (0 .250)  

6.35 (0.2504 

0.15 (0.006) 

6.35 (0.250) 

6.35 (0.250) 

25.4 (1.0) 
2 5 * 4  (1.0) 
2 5 * 4  (1.0) 

0.25 go.oao> 
0.25 (0.010) 

0.76 (0.030) 

0.51 (0.020) 

0.51 (0.020> 

0.51 (0.020) 

T 
0.74 (0.030) 

0.25 (0,010) 

0.51 (0.020) 

0.51 (0.020) 

0.51 (0.020) 

T 

0.51 (0.020) 

0.76 (0.030) 

0.25 (0.010) 
0-51 (8.020) 
0.76 (0.030) 

aTransverse notches extend a c r o s s  weld In to  the heat-affected zone 

% = through wall. 

(W) .  
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very similar t o  t h e  300-series s t a i n l e s s  s teels  and should have been non- 

magnetic.  ‘Zn fac t ,  no magnetic e f f e c t s  could be de tec ted  wi th  t h e  t y p i c a l  

gaussrneter used i n  machine shops. The electrodischargelnachining pro- 

cesses used t o  c u t  t he  notches i n  t h e  weld had apparent ly  changed t h e  

m e t a l l u r g i c a l  s t r u c t u r e  and t h e  p r o p e r t i e s  of t h e  s t ee l  i n  t h e  s m a l l  areas 

where d i s c o n t i n u i t i e s  were located.  The r e s u l t  was t h a t  t h e  s i g n a l s  t he  

eddy-current instrument  recertved from these  d k s c o n t i n u i t i e s  were a c o w  

bi.natioo. of geometr ical  and iimgnetic e f f e c t s .  The s i g n a l s  were l a r g e r  

than  normal, and t h e  e r r o r  w a s  due t o  the  magnetic e f f e c t .  A very l i g h t  

chemical e t ch  of t h e  samples a l l e v i a t e d  t h e  magnetic problem, and a f t e r  

e t ch ing  w e  re lnspec ted  t h e  samples  us ing  a s a t u r a t i n g  magnetic f i e l d  

around the  eddy-current probe and t h e  d i s c o n t i n u i t y  being measured. 

No adverse e f f e c t s  w e r e  caused by the  problem, except f o r  a s h o r t  de lay  

i n  t h e  couple t ion  of t h e  program to e s t a b l i s h  t h e  test, but t h e  sen- 

s i t i v i t y  of t he  eddy-current i n spec t ion  could have been adverse ly  a f f e c t e d  

i f  w e  had not discovered t h e  magnetic e f f e c t s  surrounding some of t h e  

d i s c o n t i n u i t i e s .  

CALIBRATION AND TRAINING OF TEST SYSTEM 

An experimental  s tudy (discussed earlier in t h e  theory s e c t i o n )  was 

performed i n  t h e  l abora to ry  t o  t r a i n  the computer t o  determine t h e  speci-  

f i e d  p r o p e r t i e s  from t h e  available magnitude and phase readings.  The 

b a s i c  s t e p s  requi red  t o  complete t h i s  s tudy were t o  produce a d a t a  f i l e ,  

record a da ta  se t ,  mathematically f i t  t h e  da t a ,  develop mathematical  coef- 

f i c i e n t s  f o r  t h e  fPt, and then s t o r e  the  c o e f f i c i e n t s  f o r  la ter  use.  

Details of how these  s t e p s  were performed are d iscussed  i n  t h i s  s e c t i o n  of 

the  r epor t .  

To produce a r e p r e s e n t a t i v e  d a t a  set, we f a b r i c a t e d  a set of test 

samples t h a t  had known proper ty  v a r i a t i o n s  of t he  type and over t h e  range 

t h a t  w e  wished t o  measure. These saap le s  are descr ibed  in an ear l ie r  sec- 

t i o n  of t h i s  r epor t .  We then arranged them i n  a three-axis  (xyz) scanning 

system so t h a t  t h e  necessary measurements could be made t o  produce the  

d a t a  set. F igures  8 and 9 show the  e i g h t  test samples assembled i n  t h e  
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scanning fixture. Leveling bars can be seen under the samples in the 

figure. We needed to level the samples so they could be scanned at known, 

uniform, fixed lift-off values til compensate f o r  the lift-off variations 

that occurred during the production line inspection. (The large lift-off 

variations were due primarily to changes in the weld crown reinforcement.) 

The eddy-current probe was mounted an the z-axis slide, and lift-off 

variation was controlled with the z-axis motion. The samples were aligned 

so the x-axis motion scanned the eddy-current probe down the length of the 

sample along the tnajor weld axPs. 

across the samples and was used to select ttie area to be scanned (weld or 

heat-affected zone) and to select the sample to be scanned. 

The y-axts motion moved the probe 

After the samples had been arranged in the scanner, a ""scan data 

f i l e "  was produced. A scan data file contains  the coordinates of the test 

samples and the areas on the sample where we w l s h  to recard eddy-current 

readingsR (The samples are physically measured, and the resultant data 

are typed into the coonputer data file.) This file then supplies the coor- 

dinates thac  the computer uses to direct the scanner to move the eddy- 

current probe to the areas where readings are recordedn The data flle 

a l s o  contains additional information about the properties bcfng measured, 

such as the dimensions of the manufactured discontinuities, thickness of 

the samples, and lift-off values. The computer later uses this infor- 

mation to identify o f  describe the specific. properties. The properties 

evaluated for this study were defect size and location, weld thickness, 

and lift-off . 
The next step in the experimental study was to modify an existing 

computer program to direct the minicomputer t~ record a data set from the 

specific test samples. This program utilized the coordinates and other 

information provided by the data file j u s t  discussed. In general, the 

modifications to the program were to correct t h e  array sizes €or  data 

storage, provide information about the specific eddy-current instrumen- 

tation and coil being used, and update the instrument calfbration values.  

Our basic computer program for recording data is referred to as a ''READ'* 

programs The n a m e  oE the program I s  RIGRDG, and f o r  this particular test 

the modified version was dubbed "SUPRDG" (superconductor read). A copy of 

BIGFGIG is included in Appendix A. This program controls the scanning 



system, maintains  il c a l i b r a t i o n  check an the  eddy-current system, records 
and averages the  d a t a  ( t y p i c a l l y  t h r e e  independent sets of data are 

recorded),  and s t o r e s  the  da t a  on a random access d a t a  (RAD) f i l e .  The 

microcomputer in the  eddy-current instrument a c t u a l l y  records  t h e  d a t a  

readings from analog- to-d ig i ta l  conve r t e r s ,  and t h e  readings are then 

t r a n s f e r r e d  t o  t h e  minicomputer through a handshake arrangement between 

t h e  two computers. A computer program c a l l e d  MICMOD c o n t r o l s  t h i s  opera- 

t i o n .  A copy of of t h i s  program i s  included i n  Appendix $. The prograni 

was w r i t t e n  i n  machine language and was s t o r e d  on one of t h e  PKOH ch ips  i n  

t h e  lnicrocomputer ( see  Fig. 3). 

It is e s s e n t i a l  t h a t  t h e  eddy-current tes t  system be proper ly  

c a l i b r a t e d  when t h e s e  d a t a  are recorded. Tf t h i s  s t e p  is proper ly  con- 

ducted,  a r e p r e s e n t a t i v e  d a t a  s e t  w i l l  be obtained,  and no f u r t h e r  d a t a  

record ing  w i l l  be required.  However, changes i n  t h e  product ion procediire 

(such as changing materials o r  t h e  welding technique) or  changes i n  t h e  

t e s t  s p e c t f i c a t i o n s  could n e c e s s i t a t e  the record ing  of a d d i t i o n a l  or new 

d a t a  sets. 

A d a t a  set can c o n s i s t  of a l a r g e  number of readings of magnitude and 

phase. These d a t a  r equ i r e  a r e l a t i v e l y  l a r g e  amount of ineniory space 

( t y p i c a l l y  about 1 megabyte), and they m u s t  he s t o r e d  i n  an orde r ly  manner 

f o r  easy r e t r i e v a l .  We can s t o r e  a da ta  set of this s i z e  in our 

(HODCOMP I V >  minicomputer, but i t  occupies most of the  a v a i l a b l e  "'free" 

memory space and t h e r e f o r e  l i m i t s  some o f  t h e  o the r  c a p a b i l i t i e s  of the 

computer. Because of t h i s  w e  u sua l ly  s t o r e  these l a r g e  sets of d a t a  on a 

d i s k  or  magnetic t ape  u n t i l  we are ready t o  use them. 

After w e  obtatned t h e  da t a  set ,  t he  next s t e p  was to  perform 8 least- 

squares  mathematical  f i t  of t he  d a t a  t o  select t h e  polynomial t h a t  bes t  

determines t h e  s p e c i f i e d  p r o p e r t i e s  from t h e  magnitude and phase readings 

recorded i n  t h e  d a t a  set .  The f i t t i n g  was done with the  minicomputer and 

a s l i g h t l y  modified ve r s ion  of another  computer program c a l l e d  BIGFIT. 

Th i s  program is  our b a s i c  FITTING sof tware and was also developed at ORNL. 

A copy of B I G F I T  i s  included i n  Appendix C. The modified ve r s ion  of t h e  

B I G P I T  program used f o r  t h i s  s tudy w a s  e n t i t l e d  SUPFIT (superconductor 

f i t ) .  This  program al lows the  type of polynomial t o  be user  s e l e c t e d  from 
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the computer keyboard. Tlir operator e m  select 1 i n e a r  o r  nonl inear  pooly- 

norn-kmls of varfous degrees, with or withnut o f f s e t s ,  Car f f t t ir ig  the data, 

In addition, he can examine the effects of o ther  parameters  on the results 

by i nc lud ing  o r  axrlaading these data i n  the  fits. Whenever a rnae'rtemacical 

f i t  1s made9 the computer calculates $he fit error (how w e l l  the spec-hfied 

p rope r ty  was determined) and t h e  d r i f t  error (how sn1aI.I changes i n  the  

magnttmde and phase readings w L l l  af feci- the prope r ty  de t e rmina t ion ) .  

Once the optimum mathematical  f t t  t o  the data is estabttshed, the computer 

WI 11 calcixlate the c o e f f i c i e n t s  f o r  thc terms i n  t h e  polynomial that 

represent thal.. f9c. These c o e f f i c i e n t s  are t h @ ~  stored in t h e  ninicom- 

p t ~ t e r ' s  aemory u n t i l  we are ready to ~ K ~ I I S ~ ~ P  them to the micraconputes i n  

t h e  eddy-current C n s t r u ~ ~ n t .  

Whenever a s a t i s f a c t o r y  mathematical f i t  is obtained,  at is u s u a l l y  

eaperhmcntally evaluated I?efolri- the c o e f f i c i e n t s  are 'trawsf erred to the 

mi.crocompueer. T M s  evaluation i s  aecamplisbed by scann ing  the test 

samples recording the eddy-current retidings and ilsing t h e  ?o?ynoinial and 

associated c o e f f i c i e n t s  LO calculate  the d e s i r e d  p rope r ty  as the t e a t  is 

hsing esnduetcd- The cornpurer program that c o n t r o l s  t h i s  operation is a 

modified version of the program PLTRDGt A copy of BJ,TRD@ is imc l .ud~d  in 

Appendix D. A hard c ~ p y  of the test r e s u l t s  i s  normally obtained ( i n  t h e  

farm 05 a p l o t t r d  C U ~ M C  01- tabular p ~ i n t t ~ t )  from t-he Versatec p r i n t e r -  

plot" ber . 
For example, Pig.  16 shows a p l o t  of the raw data readings (magnitude 

arid phase) that: were recorded for each test frequency as ahe eddy-current 

probe w a ~  scanntxl over the shcath ueld for a 381-mm ( 1 5 - i ~ p . )  'Length of 

super rondac tor  test sample 1. The s i x  C l l r V e B  represent the  mgn i  tudc and 

phase readings tX?CQrde?d for each of tkt three frequencies. These are the 

d a h  recorded l a  t he  "data set"' just discussed. In t h i s  particular case 

i t  i s  d i f f i c i i l t  to  select s igm~ks  that d i s t i n c t l y  re la te  to t h e  manatfac- 

turcd d i s c o n t i n u i t i e s  placed i n  t h e  sheath. Figure 1 7  Ls a plot; o f  L ~ W  

data  obtained wkaera the  same weld was scanned and t h e  s e l e c t e d  property o f  

d i s e o n t i n u i t y  s i z e  was calculatwl by the coilsputek from raw  data %'dentical 

w i t h  that obtained i n  Pig. 16. The calculatbns were cBe by matching the 

raw data readings t o  the appropr i a t e  polynamlal usfng coefficients t h a t  
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were developed earlier. The respective discontinuity i s  identified above 

each signal. (These identities are explained in the section on test sam- 

ples.) The distinct signals in Fig. 17 represent the various manufactured 

discontinuities in sheath weS.d t e s t  sample 1 (see Table 1). Comparing 

Fig. 17 and Table 1, it may be noted that no signal exists in Fig. 17 for 

the hole in the heat-affected zone. This is because we scanned the weld 

area, and the eddy-current probe area of coverage does not extend to the 

heat-affected zone. These data ( F i g s .  16 atid 17) provide n dramatic 

illustration of the results that can be obtained by combining and mathe- 

matically fitting the eddy-current (magnitude and phase) data obtained 

with three frequencies. 

After we completed the calibration and training of the multifrequency 

eddy-current test system in the laboratory, we developed mathematical co- 

efficients for the various properties that we wanted to monitor, such as 

lift-off, w a l l  thickness, and defect size and location. Some of our 

results, especially those related to defect s i z e ,  appeared a little ambigu- 

ous, so we did some additional investigating. Many o f  the samples eon- 

taining discontinuities manufactured by electrndiseharge machining (EDM) 

were slightly magnetic in the specific area where the discontinuities 

were hcated. The JBK steel is simflar to the 300 ser ies  stainless steels. 

It is normal.ly nonmagnetic, but apparently the EDM techniques had changed 

the magnetic permeability D f  the material in the vicinity of the discon- 

tinuities. The change was so small that it could not he sensed by typical. 

magnetic detection devlces, but a sensitive eddy-current instrument can 

easily detect changes of this magnitude. The end result vas that erroneous 

signals had been obtained from some discontinuities; therefore the mathe- 

matical coefficients developed fo r  defect size were also in error.  Not 

a l l  the samples were affected; for those that were, the entire sample w a s  

not affected, only the small areas containing some of the discontinuities, 

For this reason, only those eddy-current signals that represented defect 

size were in error. We made sure that no changes such as these occurred 

in the production cables, and we cmrrected the poblem by removing the 

magnetic variation in the samples and refitting the data to a new polyno- 

mial. We removed the magnetic changes by acid-etching the samples to 
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remove a very s m a l i  amount of material from t h e  s u r f a c e  and then inspected 

t h e  samples i n  the presence of a s a t u r a t i n g  magnetic f i e l d .  (The s a t u r a t -  

i n g  f i e l d  reduces the e f f e c t s  of changes i n  the magnetic permeabi l i ty  o f  

t h e  material.) Using t h e s e  techniques w e  developed a new set  of c o e f f i -  

c i e n t s  t h a t  r ep resen ted  the  supercondiictor shea th  weld in t he  normal 

(unmagnetized) c o n d i t i o n  t h a t  occurred a t  t h e  production s i t e .  As a 

r e s u l t  of t h e  new mathematical f i t ,  the  amplitudes of t h e  s i g n a l s  from 

some of the d i s c o n t i n u i t i e s  w e r e  reduced, but  t he  d e t e c t i o n  c a p a b i l i t y  

was not a f f e c t e d  a 

SCANNING "HE SHEATH WELD 

The eddy-current probe w a s  s e l e c t e d  t o  m e e t  two c r i t e r i a ;  it had t o  

have s u f f i c i e n t  s e n s i t i v i t y  t o  d e t e c t  t he  d e f e c t s  s p e c i f i e d  and i t  bad t o  

cover  100% of the  weld and hea t - a f f ec t ed  zone. I n  gene ra l ,  w i t h  o the r  

parameters being f i x e d ,  t he  s e n s i t i v i t y  t o  s m a l l  d e f e c t s  and t h e  area of 

coverage of a pancake type eddy-current c o i l  varyI r e s p e c t i v e l y ,  i nve r se ly  

arid d i r e c t l y  w i t h  the  diameter of t he  c o i l .  The l a r g e s t  eddy-current c o i l  

t h a t  w e  had a v a i l a b l e  t h a t  m e t  the  s e n s i t i v i t y  requirements f o r  t h i s  exam- 

i n a t i o n  had a mean r a d i u s  of 2.11 rmn (0,083 i n . ) .  When f i e l d  decay and 

o t h e r  n o n l i n e a r i t i e s  arc considered,  t he  e f f e c t i v e  area of coverage €or  

t h i s  c o i l  i s  about 2 mm (0.08 i n . ) .  T e s t  s p e c i f i c a t i o n s  r equ i r ed  t h a t  w e  

i n s p e c t  the shea th  weld and both hea t - a f f ec t ed  zones. The minimum width 

t h a t  w e  were r equ i r ed  t o  scan t o  provide i n s p e c t i o n  coverage from one 

hea t - a f f ec t ed  zone t o  the  o t h e r  w a s  8.13 mm (0.320 i n . ) .  We could no t  u s e  

a l a r g e r  c o i l  because of t h e  reduced tes t  s e n s i t i v i t y ,  so w e  w e r e  faced 

w i t h  two choices .  We could use m u l t i p l e  probes ( f o u r  o r  f i v e )  t o  scan the  

weld and hea t - a f f ec t ed  zone s imultaneously,  or  we could develop a scanning 

F ix tu re  t o  move a s i n g l e  probe ac ross  t h e  weld and hea t - a f f ec t ed  zone. 

The m u l t l p l e  probe technique would have r equ i r ed  a mul t ip l exe r  o r  mul t ip l e  

i n s t rumen ta t ion  t o  record t h e  d a t a  and would have been r e l a t i v e l y  compli- 

c a t e d  and more expetaslve t o  develop. I n  a d d i t i o n ,  w e  had a very t i g h t  

t i m e  schedule f o r  developing the  tes t  method, so we decided t o  USE t he  

s f n g l e  probe and b u i l d  a scanning device.  
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ORZ'L D W C  8 2  f 0 3 1 9 R i  

Fig. 18. Sketch of p ru3e  over sheath vel-?. 



FFg. 19. Sine scan path snd  eddy-current  read locatiran. 
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Y-181449 

Y-181448 

Fig. 20. Sheath w e l d  scanner. 
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caused t h e  eddy-current probe t o  fol low an arc path over t h e  shea th  weld 
and t o  maintain a r e l a t i v e l y  cons t an t  l i f t - o f f  during the  in spec t ion .  The 

eddy-current probe d id  not  c o n t a c t  t h e  p a r t  during t h i s  i n s p e c t i o n ,  bui  

l i f t - o f f  w a s  minimized. The weld crown reinforcement v a r i e d  as much as 

1.0 unn (0.040 i n . )  above t h e  base metal, so we placed a hard p l a s t i c  wear 
p l a t e  over t h e  end of t h e  eddy-current probe t o  p r o t e c t  t h e  c o i l  during 

t h e  in spec t ion .  The e f f e c t  on t h e  d a t a  of t h e  v a r i a t i o n s  i n  l i f t - o f f  due 

t o  changes i n  t h e  weld crown reinforcement w a s  accounted f o r  when w e  

t r a i n e d  t h e  computer on t h e  test  samples. 

The e lectr ical  o u t l e t  i n  Fig. 20(b) suppl ied power t o  t h e  marking 

pen. Electr ic  power t o  t h e  pen w a s  c o n t r o l l e d  by t h e  microcomputer using 

a s o l i d  state r e l ay .  The system w a s  ad jus t ed  t o  cause t h e  pen t o  mark 

areas on t h e  superconductor shea th  where d i s c o n t i n u i t y  s i g n a l s  exceeded a 
p r e s e t  l e v e l .  

Rather than record random read ings  as t h e  eddy-current probe 

o s c i l l a t e d  back and f o r t h  a c r o s s  t h e  weld and hea t - a f f ec t ed  zones, t h e  

r ead ings  w e r e  taken a t  s p e c i f i c  predetermined l o c a t i o n s  a c r o s s  t h e  weld 

width. This  is i l l u s t r a t e d  i n  Fig. 19. Five eddy-current readings were 

recorded a t  f i x e d  l o n g i t u d i n a l  axes each t i m e  t h e  probe t r a v e r s e d  t h e  

weld. A t o t a l  of t e n  readings were recorded f o r  each cyc le  t r a v e l e d  by 

t h e  probe. The l o c a t i o n s  of t h e  readings were c o n t r o l l e d  by computer 

so f tware  and a synchronized pu l se  generated by t h e  d r i v e  motor crankshaft .  

Readings 1 and 5 were always made i n  t h e  heat-affected zones, and 

r ead ings  2, 3 ,  and 4 were taken i n  t h e  weld area. The next consecut ive 

se t  of f i v e  readings w a s  taken i n  r e v e r s e  o rde r  a long t h e  s a m e  

corresponding l o n g i t u d i n a l  axes. These readings were s t o r e d  i n  designated 

a r r a y s  i n  t h e  microcomputer, and corresponding va lues  f o r  consecut ive sets 

of readings w e r e  averaged be fo re  t h e  d a t a  w e r e  t r a n s m i t t e d  t o  t h e  output  

devices .  This  process  w a s  r epea ted  f o r  t h e  e n t i r e  test. The d a t a  f o r  

each i n d i v i d u a l  a x i s  ( t h r e e  i n  t h e  weld and two i n  t h e  HAZ) w e r e  f ed  t o  

t h e  f i r s t  f i v e  channels on t h e  six-channel s t r i p - c h a r t  r eco rde r  shown i n  

Fig.  12.  The d a t a  on each channel of t he  s t r i p - c h a r t  r eco rde r  t hen  e f f ec -  

t i v e l y  r ep resen ted  a scan down t h e  l o n g i t u d i n a l  a x i s  where t h e  i n d i v i d u a l  

r ead ings  were recorded. The f i r s t  f i v e  channels w e r e  set t o  d i s p l a y  

d i s c o n t i n u i t i e s ,  and t h e  s i x t h  channel w a s  a d j u s t e d  t o  i n d i c a t e  t h e  worst  
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case  of l ack  of weld pene t r a t ion .  Worst case r e f e r s  t o  the  minimum pene- 

t r a t i o n  f o r  a given s i n e  wave path of the eddy-current probe. To r e s t a t e ,  

t h e  depth of weld p e n e t r a t i o n  w a s  monitored f o r  each of t h e  f i r s t  f i v e  

channels  of d a t a ,  and t h e  channel e x h i b i t i n g  the  minimum depth of weld 

p e n e t r a t i o n  w a s  displayed on channel 6 of t h e  s t r i p - c h a r t  r eco rde r .  

The e n t i r e  recording process and d a t a  handling were c o n t r o l l e d  by t h e  

microcomputer i n  t h e  eddy-current instrument and t h e  computer program 

SQRWLD. This v e r s a t i l e  computer program, included i n  Appendix E ,  w i l l  be 

desc r ibed  i n  more d e t a i l  i n  t h e  next s e c t i o n  of t h i s  r e p o r t .  F igu re  21 

shows a segment of t he  s t r i p  c h a r t  from t h e  analog r eco rde r  con ta in ing  the  

s i x  scans.  

A l l  r a w  d a t a  (magnitude and phase readings f o r  t h r e e  f r equenc ie s )  

were s to red  on magnetic tape by t h e  r eco rde r  shown i n  Fig.  1 2 .  The s ix -  

channel s t r i p - c h a r t  r eco rde r  displayed t h e  d a t a  t h a t  w e  wanted t o  observe 

as the  tes t  w a s  being conducted. The magnetic t ape  could be replayed 

through the  microcomputer t o  reproduce t h e  s i x  channels of s t r i p - c h a r t  

d a t a ,  o r ,  by s e l e c t i n g  o t h e r  polynomial c o e f f i c i e n t s  ( v i a  memory l o c a t i o n s  

i n  the  computer), w e  could c a l c u l a t e  o t h e r  p r o p e r t i e s  from the  raw d a t a  

snd d i sp lay  t h e  r e s u l t s  on the  analog r eco rde r .  

PERFORMING THE INSPECTION ON THE PRODUCTION LINE 

The superconductor cab le  w a s  assembled i n  continuous l e n g t h s  of up t o  

100 m. A block diagram of the  b a s i c  ope ra t ions  i s  shown i n  Fig.  1. R o l l s  

of t h e  486-strand tw i s t ed  cab le  and t h e  type JBK steel s t r i p  were s t o r e d  

a t  t he  feed s t a t i o n .  The w i r e  and cab le  were simultaneously f ed  through 

t h e  forming s t ands ,  where r o l l e r s  shaped and wrapped t h e  s t ee l  s t r i p  t o  

form a sheath around the tw i s t ed  cable .  The b u t t  j o i n t ,  c r e a t e d  at  the  

t o p  of t he  steel shea th ,  w a s  then welded autogenously by a gas tungsten 

a rc  technique. The weld and cab le  were quenched and fed through t h e  eddy- 

c u r r e n t  i n spec t ion  s t a t i o n  a t  a speed of 0.61 m/min (2 f t /min ) .  The 

mult i f requency eddy-current i n spec t ion  of t he  sheath weld w a s  performed 

cont inuously f o r  the e n t i r e  l eng th  of t he  cable .  A procedure,  included as 

Appendix F of t h i s  r e p o r t ,  w a s  w r i t t e n  a t  ORNL t o  d e s c r i b e  i n  d e t a i l  t h e  
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s L e p s  necessary t o  perform tint: eddy-clmxnl inspec t ion .  TIE basic s t e p s  

w e r e  (1) i i i f t ia l  check of the system9 ( 2 )  p r e c s l i b r a t i o n ,  ( 3 )  t e s t ,  and 

( 4 )  p o s t c a l i b r a t i o n .  These steps are descr ibed  in gcnri-a1 as follows. 

The system checks and c a l i b r a t i o n s  and the  da t a  r e c o ~ d i n g  and d i s p l a y  

were c o n t r o l l e d  wi th  the microcomputer by a program c a l l e d  SQRMLD. A copy 

of this program is  inc luded  i n  Appendix E- The program was w r i t t e n  i n  

machine language and was stored on t w o  of t h e  PROM ch ips  loca t ed  f n  the 

microcomputer (see Fig. 3 ) .  The opera tor  would  SF^ up the equipment arnd 

place t h e  tes t  p iece  or  a s tandard  i n  t h r  scanning d e v t c e ,  Be would then 

select  the  a c t i o n  t o  be pcrforrneE by ope ra [  i ng  a remote ewttrch to a 

des igna ted  position. The SQKYLD program would then  t a k e  co~mand and cmke 

sure that the rrecessary s t e p s  were t a k e s  t o  perform 1.1iar actioc. Rome of 

t h e s e  s t e p s  included proropts on the v1dt.o d i sp l ay  de f in ing  a c t i o n s  f o r  the 

operator  t o  Lake. The e i g h t  mjor a c t i o n s  that could hc s e l e c t e d  by the 

opera to r  t h r v @ ~  t b e  renot-<& c o n t r o l  svttches were (1) run t h e  m i n  

program, ( 2 )  read tape, (3) read standsrd tube,  ( 4 )  d i s p l a y  raw readings ,  

( 5 )  display ca lcu la t ed  readings ,  ( 6 )  perform and d i s p l a y  c a l i b r a t i o n s ,  

( 7 )  i n spec t  square  cond i t ions ,  and (8) calibrate the d i g i t a l  or analog 

converters and recorder. In add- i t ion ,  t h e  program c o n t r o l l e d  the synchro 

u ized  data record ing  with the scanning dpvice,  (A synchroniza t ion  pulse  

w a s  generated f o r  each revolur ion  o f  t h e  drive motor c rankshaf t . )  

INITIAL SYSTEM CHECK 

The f i r s i  s t e p  i s  t o  app?y pover to  all e8ectrieaJ instrumenes and 

allow a s u f f i c i e n t  w a r m  u p  t i m e  f o r  Lhe equipment t o  stabilize. DurPng 

t h i s  warm-up per iod ,  the oper-rtor mbes sesleral  checks t o  ens1xrt3 I h a t  the 

ins t ruments  are working p r o p e r l y  aid t h a t  a l l  systems are ready f o r  t h e  

in spec t ion .  POT example, a l l  elestrical connect ions and switches are 

checked, The analog ( s t r i p - c h a r t )  recorder i nk  and paper  supply are 

checkeda General checkouts arc.! made of both  recorders  (analog and mgne-  

t i c  t a p e )  and the eddy-current probe scanner.  I n  addition, t h e  microcom- 

p u t e r  is used t o  p e r f o r m  the fol lowing system checks on command by rhe 

opera tor .  

The anulrifrequency eddy--(*urrent i n s t r u m e n t  con ta ins  a c a l i b r a t i o n  
module that can be used along w i t h  t h e  microcomptzter t o  check the operat ion 
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of the  analog p o r t i o n  of t h e  eddy-current instrument .  This s t e p  is  

c o n t r o l l e d  by the computer program SQRWLU. Simulated eddy-current s i g n a l s  

of known values  are generated by t h e  c a l i b r a t i o n  module and f ed  through 

t h e  a m p l i f i e r s ,  phase d e t e c t o r s ,  and ana log - to -d ig i t a l  conve r t e r s  t o  t he  

microcomputer. These s i g n a l s  are sepa ra t ed  i n t o  t h e i r  magnitude and phase 

components and are d i sp layed  on t h e  video terminal .  The ope ra to r  can 

determine from t h e s e  magnitude and phase values  whether o r  not any ad jus t -  

ments or  c o r r e c t i o n s  are needed i n  t h e  analog p o r t i o n  of t h e  eddy-current 

instrument  . 
The ope ra t ion  of t h e  analog r eco rde r  is checked by a series o f  

v o l t a g e  s t e p s  received from t h e  microcomputer through a digi ta l - to-analog 

conve r t e r .  This s t e p  is a l s o  c o n t r o l l e d  by t h e  computer program SQRWLD. 

The vo l t age  s t e p s  are recorded i n  a staircase p a t t e r n  on t h e  analog 

r eco rde r ,  as shown i n  Pig. 22. I f  t h e  vo l t age  s t e p s  cause t h e  r eco rde r  

peas t o  move t h e  c o r r e c t  number of increments I n  the proper  d i r e c t i o n  on 

t h e  r eco rde r ,  t h e  s y s t e m  i s  ready f a r  use. I f  not ,  adjustments are made, 

The fol lowing check w a s  not p a r t  of t he  o r i g i n a l  tes t  package but w a s  

added later because of problems encountered by recording t h e  r a w  d a t a  on 

magnetic t ape  a t  the  product ion si te.  A technique w a s  developed to check 

t h e  e n t i r e  d i g i t a l  recording system. The microcomputer was p rogramed  t o  

g e n e r a t e  a set of hexadecimal numbers by counting from OOQO t o  FFFF. 

These numbers were t r ansmi t t ed  through t h e  t r a n s c e i v e r  mit and t ape  buf- 

fers and recorded on the magnetic t a p e .  To check the  t ape ,  t h e  numbers 

were then read back from t a p e  and through t h e  b u f f e r s  and t r a n s c e i v e r ,  

compared with the  o r i g i n a l  count i n  t h e  microcomputer, and then displayed 

on t h e  video terminal .  By comparison of numbers i n  t h e  microcomputer and 

t h e  r e s u l t i n g  video d i s p l a y ,  t he  ope ra to r  can determine whether t h e  d ig i -  

t a l  recording system is working p rope r ly ,  and, if no t ,  he can l o c a l i z e  t h e  

problem areas. The procedure f o r  performing t h i s  check i s  i n  Appendix G. 

The computer program t h a t  generated t h e  hexadecimal number set and 

c o n t r o l l e d  t h e  ope ra t ion  was c a l l e d  CKECK. A copy of t h a t  program is 

included i n  Appendix N. The program w a s  w r i t t e n  i n  machine language and 

s t o r e d  on one of t h e  FROM ch ips  i n  t h e  microcomputer (see Fig. 3 ) .  
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PRECAZ I KKilTI OH 

Afte r  tlhe eddy-current test system has completed the p r o p e r  warm-up 

and s t a b i l i z a t i o n  and a l l  s y s t e m s  have been v e r i f i e d ,  t he  following pre-  

test  c a l i b r a t i o n  checks w e r e  performed. 

Three different sheath weld test samples  w e r e  manually g u l l e d  through 

che shea th  weld scanner and inspec ted .  "She t h r e e  test samples were iden- 

t i f i e d  as A ,  1, and 4 ,  and they are descr ibed  r e s p e c t i v e l y  i n  Tables 3, 1, 

and 2. (These are t h e  same samples that w e r e  used t o  develop this test  i n  
t h e  labora tory .  1 Three channels  of s t r i p - c h a r t  data representing o n l y  the 

sheath weld area made dur ing  a cheek of weld tes t  sample 1 at t h e  

Oxford-Airco s i t e  are shown i n  Fig.  2.5. The predominant d i s c o n t i n u i t y  

ilad.Lcati.ons can be seen on channel 3 ( t h e  center ~lianrieI .4~ T h i s  scan was 
made dovn the c e n t e r  of the weld. Scans 2 and 4 were mde tlown the edges 

of the weld. Transverse notches should Be de tec t ed  by 

lsngi tudinal .  notches may or may not be detected because of the Pimite 

area of cuverage o f  the eddy-current probe. The d i s e o n t % n u i t f e s  a m  iden- 

i r a t i o n s  on channel  3 ,  These d a t a  can be cumpared 

w i t h  Fig.  17 ,  which r ep resen t s  a s i n g l e  scan of t h e  same saaple performed 

i n  the l abo ra to ry  at ORNL. The data from these  pretest calibrations w e r e  

recorded on the  analog r eco rde r  and were compared w i t h  previous 

rthe same samples  t a  make s u r e  t h a t  the test s e n s i t i v i t y  and r e p e a t a b i l i t y  

were saeisf ac tory .  TZae s t r i p - c h a r t  r e c ~ r d i n g s  were fdentiF1 ed arid main- 

t a ined  f a r  r e fe rence .  

The sheath weld scanner was placed on the s u p e r c ~ n d u c t o r  cable %I? tbe 

p ~ o d ~ c t i o n  l i n e  assembly .  Some initial checks were made, am3, L n  mor- 

dination with o t h e r  func t ions  stich as welding, the assembly operaticm was 

The asselmbly (welding, formliig, i n spec t ion ,  and shaping)  then 

ran cont inuously u n t i l  the. desired l eng th  of the  superconductor cable had 

beere fabricated and wound i n t o  a large c o i l .  The average contfnuoos 

fnspcc t ion  t i m e  t o  complete t h e  c o i l  assembly w a s  about  3 h.. The ~ a w  dat-a 

(magnitude and phases f o r  th ree  f requencies  1 were recorded on magnetic 

t ape ,  and c a l c u l a t e d  data ( d i s c o n t i n u i t i e s  and l ack  of weld penetration) 
were d isp layed  on t h e  s t r i p - c h a r t  recorder  The s t r i p - c h a r t  tiara WEKC? 
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F i g  - 23 .  Strip --charL record ing ,  t 12% 1: calibration (sailip: e 1). 
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observed during t h e  i n s p e c t i o n  and w e r e  found to be very b e n e f i c i a l  t o  t h e  

welder t o  help maintain alignment of t he  weld j o i n t .  Since we C O U ~ ~  not  

s t o p  t h e  superconductor cab le  f o r  a complete e v a l u a t i o n  of each eddy- 

c u r r e n t  i n d i c a t i o n  as i t  w a s  obtained,  we i n s t a l l e d  a marker pen on t h e  

sheath. weld scanner.  Whenever an eddy-current i n d i c a t i o n  w a s  obtained 

t h a t  exceeded a preset r e fe rence  l e v e l ,  t he  microcomputer extended t h e  

marker pen ( y opera t ing  a s o l i d  state r e l a y ) ,  and an ink mark w a s  placed 

on t h e  steel shea th  i n  t h e  v i c i n i t y  of t h e  d i s c o n t i n u i t y  t h a t  caused t h e  

i n d i c a t i o n .  These areas were later r e inspec ted  with t h e  manual scanner t o  

determine whether weld r e p a i r  w a s  needed. 

POSTCALIBRATION 

A f t e r  t h e  completion of t h e  production l i n e  in spec t ion ,  a pos t i tes t  

c a l i b r a t i o n  was performed on t h e  WEC system. The t h r e e  weld test samples 

desc r ibed  under t h e  p r e t e s t  were rechecked, and the  d a t a  w e r e  compared 

w i t h  t he  pretest  d a t a  t o  make s u r e  t h a t  no s i g n i f i c a n t  changes had 

occurred i n  the test sys t em.  These d a t a  w e r e  i d e n t i f i e d  and recorded on 

both analog and digital r eco rde r s .  

Af t e r  the p o s t c a l i b r a t i o n ,  t h e  d a t a  on t h e  t apes  ( s t r i p  c h a r t  and 

magnetic) w e r e  reexamined by a manual scanning technique to determine what 

areas, i f  any, needed t o  be r e inspec ted .  A more thorough i n v e s t i g a t t o a  

could be =de wi th  t h e  manual technique, and t h e  d i s c o n t i n u i t y  could be 

pinpointed more a c c u r a t e l y  fo r  r e p a i r ,  i f  needed, The hand e v a l u a t i o n  

provides  more information about t he  d i s c o n t i n u i t y  than does t h e  r e g u l a r  

product ion scan. This  w i l l  d i scussed  i n  more d e t a i l  i n  t h e  next s e c t i o n ,  

XWAL INSPECTION FOR WELD REPAIRS 

A f t e r  t h e  product ion l i n e  i n s p e c t i o n  o f  t h e  superconductor shea th  

weld was completed, those areas where s i g n i f i c a n t  eddy-current i n d i e a t i o n s  

had been obtained needed r e inspec t ion .  (The number of s i g n i f i c a n t  eddy- 

c u r r e n t  i n d i c a t i o n s  w a s  t y p i c a l l y  fewer than t e n  per  product ion m u . >  The 

g e n e r a l  areas where the  i n d i c a t i o n s  occurred could be determined 'by ~ W Q  

techniques,  by examining the  recorded data and by looking f o r  i n k  marks on 
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the steel sheath. In all cases the strip-chart recordings were reexam- 

ined, and a second inspection was performed to examine the area causing 

the indication to determine if weld repair was necessary. 

The technique for inspecting for weld repairs was similar to that for 

the production line inspection. The major difference was that a hand-held 

manual scanning device was used, and sheath weld sample D (having a rect- 

angular cross section) was used for the pre- and postcalibration inspec- 

tions. The data obtained during the manual inspection were recorded on 

the analog recorder but not recorded on magnetic tape. 

The manual scanning setup is shown in Fig. 24. The same instrumen- 

tation and eddy-current probe were used with both scanning devices. 

time lapse usually occurred between the completion of a production run and 

the inspection for weld repair; therefore, the four basic procedural steps 

A 

CYN-5923 

1 

-- e c 

w 

I I '  

1 

Fig. 24. Manual scanner and instrument. 
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were normally repeated:  (1) i n i t i a l  system check, ( 2 )  p r e c a l i b r a t i o n ,  

( 3 )  perform test ,  and ( 4 )  p o s t c a l i b r a t i o n .  The manual i n s p e c t i o n  proce- 

du re  w a s  very similar t o  the  production l i n e  procedure,  and many of t he  

s t e p s  w e r e  dup l i ca t ed .  The i n s p e c t i o n  procedure i n  Appendix I d e s c r i b e s  

t h e  s t e p s  necessary t o  perform t h e  manual i n s p e c t i o n  f o r  weld r e p a i r .  

The i n i t i a l  system check w a s  i d e n t i c a l  except t h a t  a f e w  switches 

were changed on the  c o n t r o l  box and microcomputer t o  select d i f f e r e n t  

so f tware  f o r  t h e  analog d a t a  a n a l y s i s .  The manually c o n t r o l l e d  motion of 

t h e  eddy-current probe produced only a s i n g l e  scan of r a w  eddy-current 

d a t a  along one a x i s  of t h e  shea th  weld. These d a t a  were recorded,  ana- 

lyzed by t h e  microcomputer, and displayed on fou r  channels of t he  s t r i p -  

c h a r t  r eco rde r .  Channels 1 through 4 on t h e  recorder  r ep resen ted ,  

r e s p e c t i v e l y ,  d i s c o n t i n u i t i e s  on the  o u t e r  s u r f a c e ,  l i f t - o f f ,  discon- 

t i n u i t i e s  on t h e  inne r  s u r f a c e ,  and l a c k  of weld p e n e t r a t i o n .  The opera- 

t o r  made as many scans of t h e  suspect  area on the  weld as w e r e  necessary 

t o  r e l o c a t e  the  i n d i c a t i o n  obtained during t h e  production run. The area 

w a s  then thoroughly examined t o  determine i f  a weld r e p a i r  w a s  necessary 

and t o  determine the s i z e  of t h e  area t o  be r epa i r ed .  The weld r e p a i r  

w a s  made by l o c a l l y  g r ind ing  t h e  weld t o  remove the  bad area and then 

rewelding. Af t e r  the weld r e p a i r  had been completed, t h e  manual eddy- 

c u r r e n t  i n s p e c t i o n  w a s  r epea ted  t o  determine i f  t h e  r e p a i r  w a s  s u c c e s s f u l .  

The manual i n s p e c t i o n  w a s  a l s o  used t o  r e l o c a t e  the  copper l e a d e r  and 

t ra i le r  t h a t  were swaged t o  each end of t he  conductor of t he  superconduc- 

t o r  cable .  These areas w e r e  not  v i s i b l e  a f t e r  assembly because they were 

encased by the  steel shea th ,  but  t h e i r  p r e c i s e  l o c a t i o n  ( f o r  removal) w a s  

e a s i l y  accomplished w i t h  t h e  eddy-current i n s p e c t i o n  system. 

SUMMARY AND CONCLUSIONS 

We have shown t h a t  mult i f requency eddy-current techniques can be used 

t o  s e l e c t i v e l y  suppress  the  l a r g e  s i g n a l s  generated by a l a r g e  c e n t r a l  

conductor and perform t h e  continuous on-line i n s p e c t i o n  of a seam weld i n  

a s tee l  sheath.  A unique scanning device was developed t o  provide f u l l  

i n s p e c t i o n  coverage f o r  t h e  seam weld and hea t - a f f ec t ed  zones. The r a w  
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eddy-current data were recorded on magnetic tape, and properties such as 

discontinuity size and location as well as lift-off and lack of weld 

penetration could be determined from these data. The various properties 

were determined by applying the appropriate mathematical fits to the raw 

data by use of a microcomputer. The coefficients for these mathematical 

fits were predetermined by the use of test samples in the laboratory. 

This study provided another example of how multiple-parameter problems can 

be solved by the use of multifrequency eddy-current techniques. Further 

significant improvements could (and should) be made through development of 

additional computer-based data processing for decision making (e.g., via 

pattern recognition). Limitations in available funding restricted the 

amount of data processing development to only the minimum required. 

This successful test was applied on the welding line of the 

Oxford-Airco plant and assured the welding quality of the superconducting 

cable used in the large coil superconducting magnet made by Westinghouse. 
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Appendix A 

P R O G W  BIGRDG 

A d a t a  f i l e  must be e s t a b l i s h e d  t o  use t h i s  program, The progranc 

BXGRDC; reads the property and p o s i t i o n i n g  d a t a  from t h e  d a t a  f i l e  through 

t h e  logical.  input  devic.e (LID) .  It c o n t r o l s  t h e  mechanical scanners  and 

t h e  multifrequency eddy-current (MFEC) instrunlent t o  p o s i t i o n  the  eddy- 

c u r r e n t  c o i l  a t  t h e  s p e c i f i e d  coord ina te s  on t h e  tes t  sample(s) and then  

reads and records the magnitude and phase da t a  for each frequency, These 

magnitude and phase d a t a  are s t o r e d  along wi th  the corresponding property 

d a t a  provided i n  t h e  d a t a  ftle. Subrout ines  provide the a b i l i t y  to 

c a l i b r a t e  t h e  equipment p r i o r  t o  beginning t h e  runl A b r i e f  summary of 

t h e  program fol lows.  

Lines  
CII 

1-3 4 

35-50 

50-58 

59-70 

7 1-90 

91-156 

1.5 7-1 6 5 

16 6-1 8 5 
184-196 

19 7-2 14 

215-252 

253-260 

2 61-2 7 0 

271-277 

27&-306 

Act ions 

Information and d e f i n i t i o n  of parameters.  

Assign dimensions. 

Dei'ine d a m  files. 

Assign d a t a  values .  

P r i n t  t i t l e ,  t i m e  and d a t e ,  

Co i l ,  ins t rument ,  and tes t  p r o p e r t i e s  are recorded from t h e  

data file. 

Property values  and p o s i t i o n i n g  d a t a  are read from the  d a t a  

f i l e .  

The p r e t e s t  instrument c a l i b r a t i o n  is performed. 

Voltage readings are recorded from t h e  eddy-current coil 

( u s u a l l y  placed a t  a r e fe rence  posttion an t h e  s t anda rd  test 

sample). 

I n i t i a l i z a t i o n  and se tup  f o r  t he  s ta r t :  of t he  tes t .  

Actual  eddy-current readings (magn-itude and phase) are taken. 

The scanner  is re tu rned  t o  the i n i t i a l  o r  start pos i t i on .  

The p o s t t e s t  instrument  c a l i b r a t i o n  check i s  made. 

The eddy-current readings are averaged, and s tandard 

deviations are c a l c u l a t e d .  

The data are s t o r e d  on t h e  designated RAD f i l e .  
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Lines  A c t  i ons  

301-365 J o b  statis t i c s ,  c a l i b r a t i o u  readings, and t he  eddy-cuurefit 

readings are p t i n t e d  out  on the l i n e  pr inter .  

366- mH” The subroutine “POSITION“ (written iii FOKIKAN and machine 

language) i s   sed to c o n t r o l  the scanners o r  p o s i t i o n e r s  that 

move the  eddy-currect  c o i l  t o  the ,meas on the test sample 

specified by the c o o r d i n a t e s  i n  the d a l a  f i l e .  
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Appendix B 

PROGRAM MCMQD 

The program MfCMOD ( w r i t t e n  i n  machine language) coordinateq opera- 

t i o n s  between t h e  microcomputer i n  t h e  multifrequency eddy-current (MFEC) 

instrument  and the laboratory computer (MODCOMP I V ) .  A c t u a l  eddy-current 

data are recorded . f rom the a n a l o g - d i g i t a l  conve r t e r s  by the  microcomputer 

on  command from t h e  MODCOMP computer. The d a t a  are then t r a n s f e r r e d  to 

t h e  MODCOME' through t h e  handshake arrangement. The microcomputer w i l l  

t a k e  readings from e i t h e r  t h e  probe or t h e  instrument c a l l b r a t o r  on con- 

mand from t h e  MODCONP. 
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Appendix C 

PROGRAM BIGPIT 

The program BIGFIT performs a mathematical  ( l e a s t  squares)  f i t  t o  t h e  

d a t a  set obtained with the  program BIGRDG, The program a l s o  c a l c u l a t e s  

t h e  f i t  e r r o r ,  a measure o f  how w e l l  the  f i t  matches t h e  d a t a  and vfce- 

versa, and t h e  d r i f t  e r r o r ,  an e s t ima t ion  of how small v a r i a t i o n s  i n  eddy- 

c u r r e n t  s i g n a l  w i l l  a f f e c t  t he  proper ty  determinat ion.  The ope ra to r  

selects the  type of mathernat-ical f i t  t o  be performed and the  program 

calculates the c o e f f i c i e n t s  f o r  that fit.  O n  opera tor  cowand, the coef- 

f f c i e n t s  are s t o r e d  i n  a des igna ted  memory Location. The c o e f f i c i e n t s  are 

l a t e r  programed i n t o  a PROM ehLp f o r  use i n  the  mult i f requency eddy- 

c u r r e n t  (MFEC) ins t rument ' s  microcomputer. A b r i e f  summary of t he  

f O l l Q W s  

Lines 

1-2 a 
28-61 

6 2-7 4 

75-79 

80-87 

88-108 

109-114 

a 15-118 

119-172 

18 4-2 11. 

Actions 

Information and d e f i n i t i o n  of parameters. 

Assign dimensions, 

Define data fi les.  

Assign d a t a  va lues .  

Determine t i m e  and d a t e n  

Read tes t  equipment, p roper ty ,  and c a l i b r a t i o n  d a t a  recorded 

by B I G W G  program. 

P r i n t  t i m e  and da te .  

Kead eddy-rurrent c o i l  p r o p e r t i e s  from t h e  appro 

Operator selects ( v ia  computer prompts) t h e  proper ty  to  be 

f i t t e d  and t h e  type o f  mathematical  Eft t o  be performed, 

Read trhe eddy-current d a t a  (magnitude and phase) recorded by 

BIGEU)G - 
The p r o p e r t i e s  t o  be f i t t e d  and the data p o i n t s  used i n  t h e  

f i t t i n g  process  are s e l e c t e d  and/or modified by t h e  s ta tements  

i n  t h i s  s e c t i o n  of t he  program. T h e n  a leas t - squares  f i t  of 

t h e  eddy-current readings t o  t h e  s e l e c t e d  p r o p e r t i e s  is made 

by the subrout ine  "ALSQS . 'I 



244-260 

269-302 

3 0 .>3 2 3 

3 24-3 3 3 

3 34-3 5 6 

357-375 

376-406 

407-432 

433-448 

449-7464 

Act ions 
_I_____ 

The properties to he fit and the  data points used in the 

fitting proc.ess are selected andlor d i f : k d  by the statements 

in this section (similar to lines 184--211), and the fit error 

and maximm drifts are calculated- 

The polynomial for the mathematical fit. :'cs calculated, 

On command, the elitire fit is printed m a t .  

On command, the coeffielents and other  information are written 

on the designated data file. 

Properties are calculated froiii the eddy--current readings 

(magnitude and phase) and displayed OR the video terminal. 

T h e  eddy-current readings (masnitude and phase) are expanded 

(via the poI-yuoniial) into property rendingo e 

New readings can be made f r o m  the eddy-current instrument to 

check the mathematical fit obtained. 

"P~is section provides a ineans t o  stop the program action by 

operating a f o o t  switch. 

Test equlpmenr and p ~ o p e r t i y  data (recorded by BIGRDG) are 

printed out OR the l o g i c a l  output unit (J.,OU). 

Calibration data (recorded by BIGRDG) are pr inced  out on the 

X"0U. 

The actual eddy-current readings (recorded by BXGRDG) and 

properties are printed out  on the LOU. 
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Appendix D 

PROGRAM PLTRDG 

The program PLTRDG i s  used t o  p l o t  eddy-current d a t a  on a Versatec 

p r i n t e r - p l o t t e r .  P l o t s  are uade as the  test sample I s  scanned and as d a t a  

are recorded. Using prompts, the  ope ra to r  may select e i t h e r  t h e  r a w  d a t a  

o r  a c a l c u l a t e d  proper ty  t o  be p l o t t e d .  The r a w  d a t a  c o n s i s t  of a magni- 

tude  and a phase va lue  f o r  each d a t a  po in t  recorded a t  each frequency. 

For  example, a r a w  d a t a  p l o t  f o r  a three-frequency test w i l l  c o n s i s t  of 

s i x  curves.  The c a l c u l a t e d  proper ty  scan  uses  t h e  c o e f f i c i e n t s  provided 

by t h e  program BIGFIT t o  perform a mathematical  f i t  t o  the  r a w  d a t a  t o  

determine the  desired proper ty .  A c a l c u l a t e d  proper ty  scan usua3ly con- 

sfsts of one curve f o r  each proper ty ,  but i n  s p e c i a l  cases more than one 

p rope r ty  can be represented  by a s i n g l e  curve; f o r  example, s a m p l e  

t h i c k n e s s  and de fec t s .  Gal-culated p r o p e r t i e s  are usua l ly  examined one a t  

a t i m e ,  but ,  with a s l i g h t  program nlodi f ica t ion ,  more than one proper ty  

( o r  curve)  can be d isp layed  s imultaneously.  The prompts provided make 

running t h e  program almost se l f -explana tory .  It is  necessary t o  execute  

o p t i o n s  1, 2,  and 3 ( r a w  readings ,  c a l c u l a t e  p r o p e r t i e s ,  and r e c a l i b r a t e )  

i n  numerical  o rde r  before  making a p l o t .  

The program provides  t h e  a b i l i t y  t o  c o n t r o l  t h e  scanning devices  

a s s o c i a t e d  wi th  t h e  tes t .  The ope ra to r  can s p e c i f y  the  s tar t  p o s i t i o n  and 

s c a n  increment f o r  each scanner  used- 

A s e c t i o n  of t h e  program provides  a curve-smoothing c a p a b i l i t y  by 

averaging  success ive  c a l c u l a t e d  values .  The opera to r  may spec i fy  t h e  

number of success ive  d a t a  p o i n t s  t o  average. The number of po in t s  

averaged should be as small as poss ib l e  t o  minimize computer ope ra t ing  

t i m e  . 
The ope ra to r  can spec i fy  t h e  ga in  and o f f s e t  va lue  f o r  each curve.  

The i n d i c a t i o n  s i z e  and curve p o s i t i o n  (on t h e  c h a r t )  can be c o n t r o l l e d  

w i t h  these  two parameters.  



82 



c;
 

Lc
! 

P
 

m
 

M
 

rn
 

I3 

3
)
 

w
 



4
 

03 

'
.

 



85 



86 



87 

c 



88 



89 





91 

Appendix E 

PROGRAM SQRWtD 

The program SQRWLD ( w r i t t e n  i n  assembly language) c o n t r o l s  t h e  e n t i r e  

i n s p e c t i o n  process  of t h e  seam weld i n  t h e  s teel  shea th  €or  t h e  supercon- 

duc t ing  cab le .  The program c o n t r o l s  t h e  c a l i b r a t i o n  of a l l  instrumen- 

t a t i o n  ( inc lud ing  t h e  magnetic t a p e  r e c o r d e r ) ,  and t h e  recording of t h e  

c a l i b r a t i o n  data .  It provides  prompts t o  t h e  ope ra to r  t o  remind him t o  

perform t h e  necessary s t e p s  i n  t h e  c o r r e c t  o rde r  to perform t h e  examina- 

t i o n .  The program c o n t r o l s  the recording of r a w  d a t a  on magnetic t ape  and 

c o n t r o l s  t he  c a l c u l a t e d  p r o p e r t i e s  t h a t  are displayed on t h e  s t r i p - c h a r t  

r eco rde r  as the  tes t  is conducted. It also al lows the  playback of t h e  

magnetic t a p e  through t h e  microcomputer i n  t h e  t r a n s c e i v e r  u n i t  t o  de t e r -  

mine a d d i t i o n a l  p r o p e r t i e s  not determined du r ing  t h e  on-line examination. 

The program provides ope ra to r  prompts t o  c o n t r o l  t h e  c a l i b r a t i o n  and 

o p e r a t i o n a l  procedure r equ l r ed  t o  perform t h e  manual i n s p e c t i o n  f o r  weld 

repair. 

The program performs t h e  fol lowing f u n c t i o n s ,  depending on t h e  posi- 

t i o n  of t he  switch on t h e  computer module o r  t h e  remote c o n t r o l  box. A 

remote c o n t r o l  box was used t o  select t h e  test func t ions  €o r  t h i s  par- 

t i c u l a r  examination. The switches on t h e  computer module i n  t h e  mult iple-  

frequency eddy-current instrument were used t o  select t h e  c o r r e c t  PROM f o r  

t h e  p a r t i c u l a r  eddy-current probe being used. 

Switch 
p o s i t  i o n  

0 

1 

2 
3 

4 

5 

6 

7 

Function 

Main running loop 

Read t a p e  

Read s t anda rd  tube 

Display r a w  readings 

Display c a l c u l a t e d  readings 

Perform and d i s p l a y  c a l i b r a t i o n s  

Inspec t  square conductors 

C a l i b r a t e  t h e  digi ta l - to-analog 
conve r t e r s  and r eco rde r  
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P o s i t i o n  0 is used f o r  t he  automated on-line ex,imftiation o f  t h e  

superconductor cable (see Appendix F). In p o s i t i o n  0, the microcomputer 

con t ro l s  the  f ixed  l o c a t i o n s  across ?Iw scan p a t h  where eddy-currmf: 

readings  are taken. (The readings arc synchron ized  xqith t h e  mechanical 

scanning s y s ~ e m  by a p u l s e  generated from t h e  crankr,hafi- d r i v e  mechanism.) 

Thc program also maintains  t h e  varlotis readings  i n  sepa ra t e  d a t a  arrays. 

T h i s  a l lows the o u t p u t  da ta  t o  be represented  i n  the  form o f  continuous 

scans  a t  fixed axes on the ve ld  and hea t -a f fcc ted  zones- 

P o s i t i o n  1 provides  a means to read the magnetic: t ape  back through 

the microcomputer i n  t hc  t r anscc ivev  i i i n i t .  The opera tor  can dcslIgraarie 

o t h e r  parameters  io be c a l c u l a t e d  from t h e  raw data and d isp layed  on. t h e  

analog reco-rde~- (Appendix P) .  

P o s i t i o n  2: I s  used f o r  c a l i b r a t j o n  and caiibration eorreetjons ( see  

Appendix F) .  

P o s l t i o n  3 provides  a means t o  observe the raw phase and magnitude 

d a t a  on t h e  vidco te rmina l  during t h e  i n i t i a l .  s e tup .  T h i s  p o s i t i o n  i s  

used t o  check the phase d e t e c t o r s  and the b a d p a s s  a m p l i f i e r s  i n  the 

mi l t i f r equency  eddy-current instrument  ( s e e  Appeadix P)  . 
P o s i t i o n  4 provides  a means t o  oloaerve c a l c u l a t e d  d a t a  on the video 

terminal. T h i s  func t ion  w a s  not  used f o r  t h i s  examination. 

I n  p o s i t i o n  5, t lre  v ideo  terminal d i s p l a y s  s i g n a l s  t h a t  are generated 

by the  c a l i b r a t o r  mcdule and Eed through t h e  baodpasr, a m p l i f i e r s  and phase 

dekectors. This  a l lows the optrator a means t o  ehecb the  calibraiion OF 

t h e  m i t i f r e q u e n c y  eddy-ciix-rent inst rument  (see Appendix F ) .  

P o s i t i o n  6 i s  used f o r  t h e  manual i n spec t ion  of t h e  superconducf~or 

c a b l e  ( see  Appendix G ) .  

P o s i t i o n  7 i s  used t o  check the o p e r h t i o n  of ~lne digLtal-to-analog 

conver t e r s  and t o  check t h e  ca l ib raL ion  of the analog recorder  ( see  

Appendix F )  
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Appendix F 

PROCIEDU'RE FOB PERFORMING TELE AUTOMATED MULTIFREQUENCY EDDY-CURRENT 
KNSPECTION OF THE SHEATH WELD ON THE SUPERCONDUCTOR CABLE 

This procedure d e s c r i b e s  t h e  techniques used t o  perform t h e  

eddy-current i n s p e c t i o n  of t h e  shea th  weld on t h e  product ion l i n e  as t h e  

superconductor cab le  is being f a b r i c a t e d .  The procedure provides  guide- 

Pines  for t h e  necessary s t e p s  and t h e  o r d e r  of performance r equ i r ed  t o  set  

up and c a l i b r a t e  t h e  equipment, v e r i f y  t h e  test s e n s i t i v i t y ,  and perform 

t h e  i n s p e c t i o n  t o  e v a l u a t e  t h e  q u a l i t y  of t h e  gas tungsten a r c  weld i n  t h e  

s tee l  shea th  f o r  t h e  superconductor c a b l e  f o r  t h e  Fusion Energy Program. 

The procedure w a s  w r i t t e n  with the  assumption t h a t  t h e  o p e r a t o r  is famil-  

i a r  with t h e  tes t  equipment and i t s  ope ra t ion .  

1. EQUIPMENT 

Multifrequency eddy-current instrument  

Eddy-current probe and c a b l e  

Probe d r i v e  mechanism 

Transce ive r  u n i t  

Video t e rmina l  and keyboard 

Remote c o n t r o l  box (RCB) 

Six-channel analog r eco rde r  

Magnetic t a p e  r eco rde r  

Assorted nonconducting shims i n  t h e  25- t o  250-pm (0.001- t o  0.010-in.) 

range 

Reference s t anda rds  

I s o l a  t ion  trails f o r  m e  r 

2 .  ELECTKICAL POWER 

2.1 Before connecting power t o  t h e  eddy-current instrument ,  make 

s u r e  t h a t  t he  t h r e e  togg le  switches on t h e  phase c a l i b r a t o r  module are i n  

t h e  "down" p o s i t i o n  (i.e., "MAG-LO," "PH-LO," and "OPERATE" p o s i t i o n s ) ,  

and make s u r e  t h a t  an eddy-current probe i s  connected t o  t h e  c o r r e c t  jacks 

on the  c a l i b r a t o r  module. 
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2 2 Connect e lec t r ica l  power L O  a12 ins t ruments  [eddy cIlrrect (only 

on i s o l a t i o n  transformer) , two recorders , trainscedver, video te rmina l  and 

probe d r i v e  mechanism], t u rn  t h e  equfpment on, and al low at  least  4 h f o r  

the  ins t rumccts  t o  warm up and s t a b i l i z e .  

3 .1  Check a l l  cables and electri.ca1 connect ions t o  uiake s u r e  t h a t  

they  are c o r r e c t  ( see  Pig. F.1) .  

3.2 Check che swttches on a l l  modules and ins t ruments  t o  a s su re  t11.c:y 

are  i n  l:he normal position, per 'rabies P.l and F.2. 

3 * 3  Place standard tube 1 (with inme-r s u r f a c e  defects)  i n  t h e  probe 

drPve amit.  [Under mo-e:ml cond i t ions  the  probe has a 88.9--ppiaa-Lhick 

(0.0035-fn.) t apc  011 face. ] Place  a 76.2-pm-thick (0.0030-in.) nomcon.-- 

duc t ing  shim between t h e  probe face and the tube and m c h a n i c a i l y  a d j u s t  

t h e  J- iXt-of f .  Connect hold-down sp r ing  t o  V-block. 

3.4 Turn on the probe d r i v e  u 'riatiism and l e t  i t  run for a b r i e f  

per iod  t u  that i t  operz t  f r e e l y  and correct1.y. 

3.5 D i s p l a y  Raw Nead%qs.  Sec the remote c o n t r o l  box (RCB) functlom 

swdtch  t o  p o s i t i o n  3 .  When the @UTSOZ' sy&ml appears  on t : k w  video 

d i s p l a y ,  press t he  "reset" s w i ~ c 1 - t  on the RCB. The statement "NDT COF1Y9" 

should appea r  on the video d i s p l a y .  Next, press the  "interrupt"' switch on 

the 'KCH, and the r a w  r w d t n g s  w i - l l  be continnausly d isp layed  011 the video  

te rmina l .  Check t h e  raw readings t o  see if any are e i t h e r  zero os 4.999. 

If so ,  there 1s probably something wrong wl:h t h e  eddy-current ins t rument ,  

and i t  should be co r rec t ed  before proceeding. P r e s s  t h e  "reset" swi tch  on 

the  'RCH t o  s t o p  the  readi-ngs,  and go to the c e w t  s t e p .  

3.6 Cheek the analog mcord,ing system. Se t  t h e  (RCB) finnction 

swi tch  t o  p o s i t i o n  7. Press a chairt speed. swttch to s t a r t  the ana log  

r e c o n k r  c h a r t  d r ive .  IJSP a slow chart speed (5 m/s or l e o s ) .  Press the  

~ n t e r r ~ l p t "  switch oi? t h e  RCR a d  s e t  all recorder  pens t o  t h e  ze ro  r e f e r -  

ence value on each c h a r t  scale by use of ze ro  adji istments on the recordec.  

The zero r e fe rence  va lue  for the  f i v e  de fec t  charine1.s ts 10 mi r io t -  divi- 

s ions  to the l e f t  of the righ.t-kraiid chart margt1-i. [Each iiaT.nor d i v i s i o n  

represents 51 pm (0.0020 i n . ) .  The chart range is  -4 .51  to +2.03 m 

( -0.020 to W.080 i n . ) . ]  The z e r o  r e fe rence  value f o r  t he  Back-of- 

p e n e t r a t i o n  channe1 is  t h e  right-hand chart margin. [Eac.tr minor d i v i s i o n  

I S  . 
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Table F . l .  Normal instrument  settings 

Instrument: Switch 
i d e n t i t y  

Eddv-Current Instrument  Power on-off 

Power O s c i l l a t o r  M I  

Bandpass AmpIfsTier M4 
M6 
M8 

M3 
M3 

b D iscr iminat  o r s  

Analog Recorder 

Probe Drive Control  

M5 
M 5  

M7 
M7 

High frequency ( t o p )  
Median f requency (middle) 
XJXJ frequency (bottom) 

Low frequency 
Wid frequency 
High frequency 

Coarse l i f t - o f f  
Coarse balance 

Coarse l i f t - o f f  
Coarse balance 

Coarse l i f t - o f f  
Coarse balance 

Power on-off 

S e n s i t i v i t y  - coarse 

Chart speed 
S e n s l t i v i t g  - f L t 1 e  

Power on-off 

Speed ad ju s  tment: 
Sca le  se1ect:or 

Direct 1 011 
(torque/speed) 

(CW/stsp/CCk.l) 

500 k€lz 
100 kHz 
28 wz 

20 kHz 
100 kHz 
500 Mlz 

518 
714 

512 
682 

507 
920 

100 mV/div 
Maximum CN 
5 m d d i v  

"The eddy-current instrument  c h a s s i s  has 10 unacsdailar pos i t i ons .  They are 
i d e n t i f i e d  as M I  t o  M1Q from r i g h t  t o  left when fac ing  t h e  i n s t r m e n t .  The 
computer module occupies  two p o s i t i o n s ,  M9 and M 1 0 .  

may S Q ~ E ~ ~ I W S  be necessary t o  c a l i b r a t e  t he  eddy-current i n s t r e a m e n t  . These 
ad jus tments  should be made by us ing  only t h e  f i n e  c o n t r o l s  (screwdriver 
adjustments) .  I f  a change i n  t h e  coarse  e o n t r o l  sctt i txg becomes necessary ,  
n o t i f y  your superv isor .  

bAd justments  of t h e  l i f  %-of€ and balance c o n t r o l s  on t h e  d l sc r io l ina to r s  
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Table P.2, Instrument switches and f u n c t i o n s  

I n s  t rurnenr Switch P o s i t i o n ( s )  Function and cormnents 

Eddy Current Funct ion 
Cont ro l  Module 

I n t e r r u p t  

R e s e t  

Magnetic Tape 
Reco r de r 

Transpor t e r  

T ranspor t e r  

T ranspor t e r  

T ranspor t e r  

T ranspor t e r  

Buffer  

Buffer  

Buffer  

Buffer  

Buf fe r  

Buffer  

Transceiver  

Video T e r m i n a l  

Bower 

Load 

On-Line 

Rewind 

Write r i n g  

Power 

EOF 

Mode 

Mode 

Mode 

Mode 

Power 

S e l e c t o r  

S e l e c t o r  

Function 

Power 

Key boa r d 

0-9 

On-0 f f 

On-Of f 

On-Off 

On-Of f 

On-Of f 

On-Of f 

Record 

Read 

Continuous 

Remote 

On-Of f 

nx 

Local 

3-9 

On-Off 

S e l e c t s  c o r r e c t  PROM t o  
match t h e  eddy-current 
probe (00 f o r  4 5 4 ,  01 fo r  
460, and 02 f o r  459)  

DO NOT USE 

DQ NOT USE 

Used t o  load t a p e  

Use for recording and reading 

Used t o  rewind t ape  

See Appendix A 

See Appendlx A 

Used t o  record d a t a  

Used t o  read t a p e  

DO NOT USE 

DO NOT USE 

S e l e c t  e x t e r n a l  computer, 
used t o  record da ta  ( i n  
eddy-current instrument)  

S e l e c t  i n t e r n a l  computer, 
used t o  read t a p e  

Always set on 1 
Located i n  back of 

instrument  

Transmits information and 
c o m n d s  to computer 



represents 51 kiln (0.0020 io.) .  The c h a r t  range is  0 ta 2.54 m (0 t o  

0.1 i n - ) . ]  'The actual -val\ic recorded on each recorder channel i s  a l s o  

d i sp layed  on the  video monitor. A f t e r  zero ing  a l l  pers, press t h e  

" r e tu rn"  k-ey on t h e  keyboard. All rec:c)rtler pens shou1.d s t e p  f i v e  mi.nur 

chart  d iv is i -ons  t o  t h e  7.eft on the respective chart scales, r ep resen t ing  

an  i n c r e a s e  of 0.25 m (0.010 in . ) .  P r e s s  t h e  "'return"' key a total. of 

e i g h t  times, r ep resen t ing  an i n c r e a s e  of 2 .03  m (0.080 in.) .  A l l  f i v e  

d e f e c t  channel recorder  pens should now be a t  the l e f t  margin o f  t h e i r  

r e s p e c t i v e  c h a r t  scales. T f  any of t hese  recorder  pens are not: at  the  

l e f t  margin, check the recorder s e n s i t t v i .  t:y adjustments  f o r  t h a t  recorder 

channel  (see Table F.1) .  Note t h e  v a r i a b l e  s e n s i t i v i t y  adjust-[writ must  be 

set  a t  maximum ( f u l l y  clockwise) for t h a t  recorder channel  t o  be 

c a l i b r a t e d .  Press t h e  "return'* key twice more to check  the c a l i b r a t i o n  on 

t h e  lack-of-penctratfou c.hannel. [If the i.asrear;ented s t e p s  between zero  

and maximum are no t  l i n e a r  ( i .e . ,  f i v e  d i v i s i o n s  per s t e p ) ,  something is  

wrong wi.th t h e  recorder . ]  Press t h e  "reset" s w i t c h  on the R@B t o  s t o p  

i:.his check, p r e s s  the ''S'~UP'* s w i ~ c c ' n  on the analog recorder ,  and go t o  t h e  

next  s t ep .  

3.7 Check the mgmetic t a p e  recorder  according t o  t h e  procedure 

descr ibed  i n  Supplement 1. 

4.1 Set the t rdnsce ive r  s e l e c t o r  swttch t o  "UX." Set t he  

t r a n s c e i v e r  func t ion  swil ch t o  "I.'* 

4.2 Check the azaZog recordl:ny syslem. Set t h e  (RCB) func t ion  

swi tch  t o  posit  I o n  7. P r e s s  a chart speed  switch t o  start the  analog 

r eco rde r  chart drive.  use a slow Chart  ( 5  rr~ds  or  l e s s ) .  Press t h e  

" i n t e r r u p t "  switch on t h e  RCH and t a11 recorder pens t o  t h e  z e r o  refer- 

ence va lue  on each cliart scale by use O F  zero  adjustnencs on the r eco rde r .  

Thp  ze ro  peferenee va lue  f o r  t h e  f i v c  de fec t  ehannr l s  is 10 minor d iv i -  

s i o n s  t o  the l e f l  of t h ~  r-ight-hand c h a ~ t  m r g i n .  [Each minor d i v i s i o n  

r e p r e s e n t s  51 pm (0.0020 in.). T h e  chart range is -9.51 t o  +-2.03 min 

( 4 . 0 2 0  to t0.080 j n . ) . ]  Thz ze ro  reference va l se  f o r  the lack-.of- 

peiaetrar ion channel i s  the  right-hand chart wrgi  [I. [ Fach rnl nor d i v i s i o n  
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r e p r e s e n t s  51 vm (0.0020 i n . ) . ]  The c h a r t  range .is 0 to 2.54 m (Q t o  

0 . 2  i n . ) .  The a c t u a l  va lue  recorded on each recorder  channel is also 
d i sp layed  on t h e  video moaitor. A f t e r  zeroing all pense  pres s  the  

"retarrn" key on the keyboard. 

c h a r t  d i v i s i o n s  t o  the l e f t  on the respective c h a r t  scales, r ep resen t ing  

a n  i n c r e a s e  sf 0.25 IIM (0.010 I n e ) *  Press t h e  " r e t a r n "  key a t o t a l  o f  

e i g h t  t i m e s ,  r ep resen t ing  an i n c r e a s e  of 2,03 mn ~ 0 , ~ 8 Q  i .n*)* A l l  f i v e  

defect channel r eco rde r  pens should now be at  t h e  l e f t  margin 0;s t h e i r  

r e s p e c t i v e  c h a r t  scalesn I f  any of these recorder pens are not at the 

l e f t  tnargin, check the recorder  s e n s i t i v i t y  ad j w t n e n t s  f o r  t%iat recorder 

c.hnanne1 (see Table P.S.), Note t h a t  t h e  v a r i a b l e  s e n s i t i v i t y  adjustment 

must be set  a t  mximurn ( f u l l y  c lockwise)  f a r  that recorder  channel t o  be 

c a l i b r a t e d .  Press t h e  '*reLurn*' key t w i c e  nore t o  c eck the  c a l i b r a t i o n  

1:he lack-of-penetration channel.  [If the incremented s t e p s  between zero 

and maximum are not l i n e a r  (ieem9 f i v e  d i v i s i o n s  pe r  step), something I s  

wrong with the recorder . ]  Press t h e  "reset" switch on t h e  RCl3 t o  s t o p  

t h i s  check, press t h e  "STOP'" s w i t c h  on t h e  analog r eco rde r ,  and go t o  the  

next s t e p  e 

Ail r eco rde r  pens should s t e p  f i v e  minor 

4 . 3  Perform arid Display Cal ibra t ion ,  Set the RCB f u n c t i o n  switch to 

p o s i t i o n  5 .  P r e s s  t h e  " i n t e r r u p t "  swftch on t h e  RCB. You should hear  

relays c l i c k i n g ,  and about  10 s l a te r  the computer w i l l  d i s p l a y  four  Lines 

of d a t a  on the  video monitor. L e t  t h e  d i s p l a y  repeat about: fou r  OF f i v e  

t i m e s  and p r e s s  the "reset" switch on t h e  BCB to stop. Evaluate t h e  slats. 

High magnitudes (columns 1, 3, and 5) should be 4.50 ?I 0.02 V. 

e s  (even columns) should be 4.00 -+_ 0.02 V ,  except PH3 = 4.50 V .  The 

phase d i f fe rence  between h i g h  magnitude and low magnitude readings on t h e  

f i r s t  two l i n e s  of phase d a t a  should be less than t10 mV.. If n u t ,  refer 
t o  -the instrztment eaZibrat ion procadwe.  {Important:  DO not l eave  t h e  

c a l i b r a t i o n  system running f o r  long pe r iods  of: t i m e  because the  relays 

could be damaged.) 

4.4 Read Reference Standard. [The probe should have t h e  

88.9-pm-thick (0.0035-in.) Teflon t a p e  on its face.] Using t h e  square 

tube s tandard D ,  p o s i t i o n  the probe over t he  r e f e r e n c e  reading mark 

[ c e n t e r e d  over t h e  weld and 76.2 m (3 i n . )  from the  end toward defect: 11. 



130 

Select  a l i f t - o f f  shim to ob ta in  a Mag 2 readfag wi th in  +0.1 V of the 

Mag 2 reading i n  Table F . 3  ( readings  from nomi.-taal. tube sample, t h i r d  

colu-mi) f o r  t h e  c o i l  being used. This  i s  done i n  t h e  func t ion  3 p o s i t i o n  

of t he  K C 3 .  Exaznp1.e: Probe 454-00 should read 3.6 V (3.5 L 0.1 V )  w i t h  a 

0.102--m (0.004-in.) shim. P res s  reseL on RCB. 

Select func t ion  2 on t h e  RCB. Using t h e  shim s i z e  dete.nmined above, 

hold t h e  probe over t h e  r e fe rence  reading inaT;k. wLth t h e  shim between the 

probe face and sample. Press the " i n t e r r u p t "  switch on the RCB. One I . 1 . r ~  

of data should be shown on t h e  video d i sp lay .  Press t h e  " i n ~ e ~ ~ ~ p t "  

swi tch  aga in  ami, another  Pine of daca w i l l  appear. Repeat u n t i l  a t  Peast 

f i v e  l i n e s  of d a t a  arc obtained or u n t i l  t he  l a s t  t w ~  l i n e s  of d a t a  agree  

t o  wi th in  22 mV. Check the Mag 2 reading  ( t h i r d  column) and compare with 

t h e  Mag 2 reading f o r  t h e  nominal tube  sampie f o r  the probe being used. 

See Table P . 3 .  

4.5 Place probt? i.n scanning fLxture  with a 76.2-pm-thick (O.O03---in.) 

shim between the  probe and 'cube and t h e  shim n o t  touching t h e  nylon V- 

block. F IX the probe a t  t h i s  lift:-wff and remove the  3$.2-~irii (0.083-in.) 

shim. Kecord the  k i s t  set of readl.ngs obtained i.n t he  test log book. 

Press the "reset" swi tch  on t h e  KCB t o  retairii t he  computer  t o  normal 

opera t ion .  

4.6 D i s p l a y  Yaw Readings. Set: t h e  remote c o n t r o l  hox (RCB) func t ion  

switch t o  p o s i t i o n  3 .  P r e s s  the "reset" swi2:cl-n" on the  BCB. The s t a t e -  

meat "NDT COMP9'* shou ld  a p p e a r  on t h e  vldeo d i s p l a y .  Next, p r e s s  t h e  
-1 . i n ( r t~ r r t ap t "  switch on the WCB, and the  raw readings  w i 1 . l  be cont inuously 

displ-ayed. on the video te rmina l .  Che& the raw readings  to see i f  any are 

e i t h e r  ze ro  o r  4.999. If s o ,  checlr the eddy-current probe to see i f  it is  

p rope r ly  sea ted  on t h e  s tandard  t e a t  tube.  I f  i t  i s ,  something i s  prsb- 

a b l y  wrong w i t h  t l i e  eddy-current ins t rument ,  and i t  should be cor rec t ed  

before  you proceed. Press the  "ri%et" ,sw!.ti:Pt on the RCB t o  s t o p  the 

readings  and go t o  the! next s t e p .  
4.7 Main Running Loop. C a l i b r a t i o n  and test  d a t a  are recorded 

dur ing  t h i s  sequence, which i s  descr ibed  i n  gene ra l  as f o l l o w n :  

a. P r e c a l i b r a t i o n  -- Eun each of the round calibration Standards and 

record  t h e  da t a  on the  analog r eco rde r  and magnettc tape.  
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Table F.3. Eddy-current probe, PROM code, and 
c a l i b r a t i o n  readings 

Average and standard deviations of c a l i b r a t i o n  
readings (V)  for  each frequency 

20 M z  100 Mz 500 u z  

MAGI FHA1 MAG2 PHA2 MAG3 PKA3 

S .D. 

S.D.  

a 

S.D. 

S*D. 

U 

S.D. 

S.D. 

a 

4.5004 
0.0000 

2.4591 
0 .0O23 

4.2220 

4.4977 
0.0045 

2.4601 
0.0016 

4.3142 

4.4974 
0.0045 

2.4592 
0.0000 

4.5155 

Probe 454, code 00 

4.0004 4,5022 3.9945 
0.0000 0.0000 0.0023 

3.9989 2.3132 3.9933 
0 *0032 0 s 0000 0 *OD00 

2.5743 3.5361 2.8298 

Probe 460, code 01 

4 0047 4.4985 4.0118 
0.0032 0.0032 0 .a032 

4.0047 2.3095 4.0103 
0.0032 0,0000 0.0045 

3.0158 3.8659 2.9747 

4.5023 4.4958 
0.0000 0.0032 

2.4104 4.4956 
0.0016 0.0045 

3.6230 1 .Ox96 

4.5007 4,4878 
0.0000 0.0064 

2.4042 4.4864 
0.0000 0.0064 

3.7303 1.0510 

Probe 459, eode 02 

4.0006 4.4976 4.0190 
0.0045 0.0000 0.0084 

3 9997 2.3090 4.0176 
0.0032 0.0016 0.0055 

2.9760 4.1346 2.9136 

4.5197 4.4953 
0.0032 0.0084 

2.4158 4.4947 
0.0016 0.0084 

4.1158 0.9058 

aReadings from nominal tube sample. 
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C .  

5. 

- PerTurin _. . . . . . .- 
magnetic tape  rt~eorders. 

Pos tca l . ib ra t ion  .- C h s &  the cal i b r a t i o n  standard and record the daLa 

on Is01:li analog and magnetic tape  re:caatlc:rs. 

TesC on Sheath Weld - R C G O T ~  the d a t a  on both analog and 

- -111 

These steps a m  described in detai i !  in L-he fo2Zowing sec t ions .  

the t r a i l i n g  end o f  the  B 9 7  marktar wm'th I."' 
5.2 Place t h e  inner  s u r f a c e  e a l i b r a t i o u  s ' i m d a r d  ( tube  1) i n  t h e  

probe d r i v e  un i r  a d  cehnter t he  pzohe over the area m t k e d  "start. ' 

5.3 Operate the "reset" switch on the RCB. (Check f o r  the c o r r e c t  

c o ~ f f i e i e n t  code on the  r o n t r s l  modulc.) 

5.4 S e t  t h e  RCB fuiac:tion switch t o  @. S w i t ~ * h  the  nagncf i c  Tape 

recorder b u f f e r  to "record"  a d  p l a c e  the t r a n s p o r t e r  '-on l i  ne-.' 

5.5 Oprrate  the Fn te r iup t "  s w d t r h  on the  i X B .  f h e  i n s t r n c t i o n  

' C R ~ P ~  rn' will appear on the  v ideo  d i s p l a y .  Enr1-r tlie foPloving i n f o r  ~ 

iiiation f r o m  t he  keylioacd: PRE-GAL, s tmdard number, d a t c ,  supe fconduc to r  

number, pi-obe number, and code. 

5.6 Operate the 5 m / s  char t  spced swi tcli on t h e  analog recorder. 

5.7 Press t h e  'rcturrncC key on t h e  keyboard. The eddy -currei ' t  corn 

p u t e r  w i l l  perform a rccal ibrat ion axl d i sp lay  ihe raw magnitude and phase 

readings along ~3Cth  the  c a l e d a t e d  c o e f f i r i c n l  s on t h e  video terminal. A t  

t h e  end of t h e  d i s p l a y ,  t h e  computer erakers the "running'* node, and t h e  

eddy-cuTreat system s t a r t s  record ing  data. Xatw data are p r e s e n t e d  to the 

m a p e l  L c  tape recordel, atid caLeuPated d a t d  are presented t o  ~ i i e  a n a l s g  

(strip.chart) ree*order.  (The d a t a  wj 11 he recorded on ly  i f  t h e  r e s p e c t i v e  

r eco rde r  i s  a c t i v a t e d . )  

5.8 S i d s t  the  probe d r i v e  uwchanism. 

5.3 Using a slow and steady speed,  m n u a l l y  pull the Gtanaard tuhc  

through t h e  probe d r i v e  unit. Mainrain the alignmenlt o f  the v e l d  on top 

of  the tube and centered i inder  the eddy-cuiren: probe. 
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5,PO Observe t h e  analog recorder  as you p u l l  t h e  s tandard  tube 

through t h e  d r i v e  u n i t .  
w r i . t e  between 5 and 2.5 minor divisions f-93.25 to H . 7 6  nrm (9 .010 to 

CO.038 in . ) ]  t o  tlie Left of the rlght-hand margin QQ t he  recorder chart: 

except when defec t  i n d i e a t i o n s  are obtained (Xnside-surface d e f e c t s  are 

recorded on t h e  analog r eco rde r , )  Hote: S i g ~ i a k s  g r e a t e r  than 0176 111311 

A l l  five d e f e c t  channel recorder  pens should 

(0.030 in.) (15 d i v i s i o u s )  on t h e  recordel: c h a r t  should aperate 'she ind i -  

c a t i o n  marlier t h a t  i d e n t i f i e s  t h e  area on t h e  superconductor shea th  where 

t h e  i n d i c a t i o n  i s  located * 

5-11 I d e n t i f y  this record ing  0x1 the analog recorder as the 

" P r e c a l i b r a t i o n  Tes t '*  and record the? da t e ,  rhe examinerq B I n i t i a l s ,  an. 

t he  i d e n t i f i c a t i o n  of t h e  supercan U C ~ Q ~  shea th  being examined. 

5,P2 When the p r ~ : c a l f b ~ a t i o n  o f  tube E is complete: 

is. Set the ICCB func t ion  swi tch  t o  1, 

b.  Stop t h e  analog chart recorder  and the  probe d r l v e  mechanism. 

After the ElPF mi the  buf fer  illuminates, switch t h e  magnet ic  cape 

recorder to " " o f f  P i n e , "  Operate reset an t h e  1t .c~~ 

8.. Add a new BOT marker a t  " t a p e  c l eane r "  and t h e  o u t s i d e  edge of t h e  

tape.  Turn t h e  t r a n s p o r t e r  o f f ,  rewind t h e  t a p e  reel about 3. turn, 

sard t u r n  the  t r anspor t e r  on. O p e r a k c ?  t h e  "lolaad'" switch; the 

t r a n ~ p ~ r t e r  should advance the t ape  t o  the  new BOT marker, Label. t h e  

BOT marker "As" and repeat s t e p s  5,3 through 5 - 1 2  using t h e  i~kltier sur-  

face s tandard .  B e  s u r e  t o  add a new BOT marker after s tandard  A. 

Remove t h e  t ape  reel arid Label a s  follows: "Standard Readings f o r  

I U P ~ O ~  raerltity D 2 f . 2  -, and Probe I d e n t i t y  

4-1 Place t h e  probe d r i v e  unit on t h e  superconductor cable, position 

t h e  drive u n i t  a g a i n s t  t he  s t o p  on t:he m i l l ,  and reconnect V-black and 

spr ing .  

6 . 2  Turn on t h e  probe drive mechanism and let jt run f o r  a br ie f  

per iod  t o  assure t h a t  i t .  opera t e s  freely and. correctly. 

6 . 3  Operate t h e  "reset" switch on t h e  RCB. 
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<a . 
b”  

c.  

a. 
e -  

6.4 Se t  t he  BCB func t ion  swi tch  t o  @. 
6.5 Prepare magnetic t ape  recorder: 

I n s t a l l  a new tape  reel-. 

Ver i fy  “ w r i t e ‘ w  enable.  

Check f o r  c o r r e c t  ‘‘BOT‘‘ pos i t i on .  

Se t  sei-ectar switch on b u f f e r  t o  ’“record.‘6 

Set t r a n s p o r t e r  to “on l i n e “  and verify. 

!Joke: 

on-line and in the  “ r e c o d ”  node- 

Never opepate a ‘ ‘ ~ y ” ~ o e l ~ ~  switch &en the  mgne t i c  $ape m c m d e r  

4 . 6  Operate the  “interrupt” switch on the RCB. The Instr i ic t  i on  

''enter ID“ w i l l  appear on the  v ideo  d i sp lay ,  and t he  R O F  enable  i n d i c a t o r  

w i l l  go out .  

6 . 7  Type i n  t h e  t e s t  i d e n t i f i c a t i o n  (ID) on the keyboard as follows 

and i n  order: (date, APKCO 4- tube number, and eddy-current probe s e r i a l  

number and PROM c o e f f i c i e n t  code). 

Probe s e r i a l  number 454 460 459 

PRO14 coeff ic icnL code Or7 01 02 

6 . 8  Manually hs ld  t h e  eddy-current probe off  the  Lube u n t i l  t h e  plug 

at the  start  o €  the superconductor  1s about 0.30 m (12  fn.1 away froin t h e  

f i r s t  d r i v e  u n i t  rollers.  Then seat the probe holder  and 

a .  turn on t h e  probe dr-iwc? control, 

b. p r e s s  the  “ r e t u r n “  key on t h e  keyboard, 

cI operate the 5-mm/s chart speed s w i t c h  on t h e  analog recorder .  

The eddy-current computer w i l l  perform a r e c a l i b r a t i o n  and d i s p l a y  

t h e  magnitude and phase readings  along wi til the  c a l c u l a t e d  coefffcients on 

t h e  video terminal .  

A t  t h e  cnd of the d i sp lay ,  t he  computer enters the  “running“ niode, 

and the  eddy-current system s tar ts  record ing  da ta .  Raw da ta  are recorded 

on t h e  magnetic t ape  recorder ,  and c a l c u l a t e d  da ta  are recorded on t h e  

analog ( s t r i p - c h a r t )  recorder .  

6.9 Observe t h e  analog r e c ~ r d e ~ .  A l l  six recorder  pens should n 8 t e  

o n  s c a l e  on t h e  recorder chart.. If t h e  pen on one o f  the defec t  channels 

goes off  scale and stays, press the “ x ~ r o ’ @  switch on t h e  RCB t o  br ing  a l l  
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d e f e c t  channels back t o  t h e  zero r e f e r e n c e  l i n e  on t h e  recorder .  Record 

t h e  t i m e  of t h i s  "zero" s h i f t  a long wi th  t h e  o p e r a t o r ' s  i n i t i a l s  on t h e  

analog r eco rde r  c h a r t  and i n  t h e  eddy-current log book. 

6.10 Observe the  equipment as the  test is being conducted t o  make 

s u r e  t h a t  a l l  systems o p e r a t e  c o r r e c t l y .  Watch f o r  probe w e a r .  Check 

both r eco rde r s  p e r i o d i c a l l y  t o  see t h a t  they are recording properly and 

t h a t  t h e  r eco rde r  pens remain on scale. I f  test i n d i c a t i o n s  are obtained,  

check t h e  i n d i c a t i o n  marker t o  see t h a t  i t  c o r r e c t l y  i d e n t i f i e s  t he  area 
on t h e  sheath.  Record any unusual even t s  (such as power outages and 

equipment breakdowns) on t h e  c h a r t  and i n  t h e  log b o k .  

6.11 When t h e  test is complete, do t h e  following: 

a ,  S e t  t h e  RCB func t ion  switch t o  1. 

b. Turn off t h e  analog r eco rde r  d r i v e  and probe d r i v e  mechanism. 

c. Remove t h e  probe d r i v e  u n i t  from t h e  superconductor cable.  

6 . 1 2  Check t h e  magnetic tape r eco rde r ;  t he  end-of-f i le  (EOF) 

i n d i c a t o r  should be lit. 

a .  If t h e  EOF i n d i c a t o r  s t a y s  l i t ,  you are ready t o  perform a post-  

c a l i b r a t i o n  test ( s t e p  7 .0 ) .  

b. I f  t h e  EOF i n d i c a t o r  does not: s t a y  lit, t h e r e  may be problems w i t h  the  

r eco rde r  or eddy-current computer, or both. I n  e i t h e r  case, make a 
reco rd  i n  the  log book* 

c.  Rewind t h e  t ape ,  remove i t ,  label  t h e  t a p e  reel, and remove the  w r i t e  

r i n g  . 
7. POSTCALIBRATION 

7 . 1  Replace t h e  c a l i b r a t i o n  tape made i n  s t e p  5 .  

7.2  Advance t h e  t ape  beyond t h e  second BOT marker. Turn t h e  

r e c o r d e r  "o f f ,  " t hen  "on, '' and o p e r a t e  t h e  "load" switch.  The t r a n s p o r t e r  

shonld advance t h e  t ape  t o  the  t h i r d  BOT marker and s top .  

7 .3  Repeat t he  c a l i b r a t i o n  s t e p s  descr ibed i n  Sec t ion  5 .  

7.4 Place  t h e  c a l i b r a t i o n  s t anda rd  ( i d e n t i t y )  i n  the  probe d r i v e  

u n i t ,  and c e n t e r  the probe over t h e  area marked "start." 

7.5 S e t  t h e  RCB func t ion  switch t o  8 .  



7.6 Operate the " i n t e r r u p t "  s w l t ~ h  on t h e  RGB. The i n s t r u c t i o n  
'"enter  I D ' x  w i l l  appear on t h e  video d isp lay .  

7.7 Typc in the tes t  i d e n t i f  Pcat ton (ID) on t h e  keyboard as follows 

and i n  o r d e r :  (da t e ,  AIRCO +- tube ~iuulber, and eddy-current probe. ser ia l  

number). Nore: D o  noL opera t e  a '"reset"" s w j t c h  @hen the magnetic t ape  

recorder i s  "on-line" arid In  ahe '*record*' mode. 

7.8 Operate t h e  5-mm/s c h a r t  speed switch on t h e  analog recorder. 

7.9 Fress t h e  " re turn"  key on the keyboard. The eddy-current 

computer will perform a r e c a l i b r a t i o n  and d i s p l a y  t h e  r a w  magnitude and 

phase readings  along with t h e  c a l c u l a t e d  c o e f f i c i e n t s  on she video  ti^^ 

n i n a l  s i m i l a r  t o  s t e p  4.7 of t h i s  procedure. At t he  end of t h e  d i s p l a y ,  

the c o m p ~ t e r  W I L C ~ C S  the "running"  le and the eday-cuKrent sgrs~ern star ts  

record ing  data. 

7.10 Starl the prohc dr ive  mechanism. 

9.11 Usfng a slow and steady s p e ~ d ,  inanuaIly pi i l l  the s tandard tube 

through t h e  probe d r i v e  mechinism. H a i n t a l a  the n l ignment  03 the weld on 

t o p  of thg t u b e  and ccntered under t he  eddy-current probe. 

7.12 Observe t h e  analog recorder  as you pull t h e  s tandard  tube 

through the  d r i v e  u n i t .  All f i v e  de fe r i  channel  recorder  pens should 

w r i t e  between 5 and 25 minor divisions [ - 8 . 2 5  t o  N . 7 6  m (--0.019 t o  

+0.030 i n . ) ]  t o  t h e  l e f t  of t h e  r igh t -hand margin on the recorder chart 

except  when de fec t  i n d i c a t j o n s  are obtained, I f  i i o t ,  recheck the recorder  

c a l i b r a t i o n  and z e r o  reference s e t t i n g s .  

7.13 I d e n t i f y  t h i s  r e c o r d i n g  on the  analog rccoicder as lhe  

" P o s t c a l i b r a t i o n  T e s t " -  and record the  da te ,  the exaniner's i n i t i a l s ,  and 

t h c  iden-t l r i c a t i o n  of t he  superconduclor  sheath being exanal wtrd, 

8. WHEN TWE POSTCALIBRATION TEST I S  CQHPLETE, DO THE FOLLOWING 

8.1 S e t  the RCB func t ion  s w t t c h  t o  1. 

8.2 Stop t h e  analog recorder  drive and the proha d r ive  mechanism. 

8 . 3  Check the  magnetic t ape  recorder. The EOF i n d l c a t o r  should be 

lit. I f  it is ,  proceed t o  t h e  next  step. If i t  does not- light, wai t  a 

b r i e f  per iod.  If i t  stlill does not  light, check for problems arid mention 

t h i s  i n  t h e  log book. 
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8.4 Opera te  "rewind" swi tch  on t r a n s p a r t e r .  A t  t h i s  po in t ,  e i t h e r  

remove o r  read the  t ape  per i n s t r u c t i o n s  i n  Supplement 1. To remove t h e  

tape ,  opera t e  t h e  "rewind" swi tch  again and remove t h e  t a p e  reel when 

rewinding is complete. Remove t h e  "write" r ing  from the  t a p e  reel and 

save. P lace  a p r o t e c t i v e  c o l l a r  over the t ape  reel. Identify t h e  t a p e  

reel. 

If t he re  are no more tests t o  perfarm, tu rn  a l l  power off and secure  

t h e  equipment. 



Supplement: 1 ( t o  Appendix P )  

TAPE RECORDER OPERATTON 

1. GENERAL 

The read and record operz t ions  of t h i s  t a p e  - t e c o r d ~ r  are pel-formed 

wi th  the  a i d  of computers. The read computer is locattrd in the 

t r a n s c e i v e r  u n i t ,  while t h e  record computer i s  i n  t h e  eddy-current 

instrument .  I n  order  t o  read a tape ,  the read computer must have the  same 

program (EPROPI 0800 and l.000) i n  I t  t h a t  was i n  t h e  record computer when 

t h e  t a p e  was wri t t en .  Do not operare the "reset" ~ w 8 t c h  on the remote 

c o n t r o l  box (RCB) o r  t he  control.  module i n  the eddy-current instrument  if 

t h e  t r a n s p o r t e r  i s  "on-line" and the  b u f f e r  mode swftch i s  on "record." 

This  causes the  record computer t o  l o s e  synchronizat ion wi Lh the tape  

posigion.  T h e  tape. beyond the po in t  where t h e  '"reset" switch is  operated 

cannot. be read from t h i s  t a p e  recarder. 

2. LOAD TAPE ON THE TRANSPORTER 

2 . 1  Turn on the power co the t r anspor t  and buf fer .  A 30-mln warui--lap 

per iod  is  recomended. 

2 - 2  Remove .c~-rice r i n g  I f  reading a p ~ e s e c o r d e d  tape. 

2.3 I n s t a l l  the w r i t e  r i n g  i f  w r i t i n g  on a prerecorded t ape  o r  leave 

t h e  write r i n g  i n  p lace  i f  w r i t i n g  on a tiew t a p e .  (The w r i t e  r i n g  is  a 

p l a s t i c  i n s e r t  on t h e  back of the r e e l . )  

2.4 Seat the t a p e  reel on the  supply hub, push the huh i n ,  and 

thread  the  t ape  as shown on the t r anspor t e r .  The power t o  t he  traiisporter 

should be Q ~ I  and the  "load" lamp o u t  rAeu the cape i s  being threaded. 

2,5 Operate the  "load" swlt:ch t o  advance t h e  tape t o  the beginning 

of tape  (BOT) marker. The BOT mrker i s  a piece of r e f l e c t i v e  tape, 25 by 

6 mna (1 x 1/4  i n . ) ,  on t h e  ou t s ide  edge of the t ape-  

2.6 The "write enable" 01 "wr i te  r ing"  lamp will be on i f  the  w r i t e  

r i n g  is  i n  place. 
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3. RECORDING ON TAPE 

3 . 1  Do no t  o p e r a t e  the  ''reset" switch on t h e  RCB o r  on t h e  c o n t r o l  

module i n  t h e  eddy-current instrument i f  t h e  t r a n s p o r t e r  i s  *'on l i n e "  and 

t h e  b u f f e r  mode switch is on "record." 

3 . 2  Se t  t h e  s e l e c t o r  switch on t h e  t r a n s c e i v e r  u n i t  t o  "DX." 

3 . 3  Operate t h e  "reset" switch on the  RCB ( t r a n s p o r t e r  "off  l i n e " ) .  

3 . 4  S e t  the f u n c t i o n  switch on the  RCB t o  "9." 
3.5 S e l e c t  "record" on t h e  b u f f e r  mode switch.  

3 . 6  S e t  the f u n c t i o n  switch on t h e  c o n t r o l  module i n  t h e  

eddy-current instrument  according t o  the  eddy-current probe being used 

(see Table F.3). 

3.7 Operate the  "on l i n e "  switch on t n e  t r a n s p o r t e r .  The EOF switch 

should I l l umina te ,  t h e  "on l i n e "  l i g h t  should i l l u m i n a t e ,  and t h e  tape 

should advance smoothly. I f  a l l  t h r e e  a c t i o n s  do not occur,  o p e r a t e  

"rewind" and t r y  again.  Th i s  i n d i c a t e s  t h a t  t h e  EOF is enabled, both 

b u f f e r s  are empty, and t h e  t ape  r eco rde r  is ready t o  r ece ive  da t a .  

3.8 Operate the  "INT" switch on the  RCB. The EOF enable  should go 

o u t ,  and " e n t e r  I D "  w i l l  be p r i n t e d  on t h e  video d i sp lay .  

3.9 Type one space,  then e n t e r  t h e  c o r r e c t  tes t  i d e n t i f i c a t i o n  d a t a  

and probe serial  number. 

3.10 Operate the  keyboard " re tu rn"  key when you are ready t o  start 

r eco rd ing  on t h e  t ape .  The record computer i n  the  eddy-current instrument 

w i l l  be a c q u i r i n g  and r eco rd ing  t h e  d a t a .  The t r a n s p o r t e r  should advance 

t h e  tape i n  smooth rhythmic s t e p s .  

3.11 To s t o p  t h e  test, select "1" on the  RCB. The computer w i l l  

f i l l  t he  l a s t  b u f f e r  and t r a n s f e r  t h e  b u f f e r  con ten t s  onto the tape.  The 

EOF enable  w i l l  Llluminate t o  i n d i c a t e  t h a t  both b u f f e r s  are empty. The 

computer w i l l  then i s s u e  a w r i t e  end-of-fi le (WRT EOF) command. 

r e c o r d e r  w i l l  record an EOP. The EOF enable  l i g h t  w i l l  go o u t ,  t h e  tape 

w i l l  advance, and EOF enable w i l l  i l l u m i n a t e  again,  and v e r i f y  w i l l  be 

l n d i c a t e d  w i t h  a per iod f o l l m e d  by t he  c u r s o r  on t h e  video d i s p l a y .  The 

t a p e  r eco rde r  w i l l  s t o p  and await f u r t h e r  i n s t r u c t i o n s .  

The tape 

3.12 Operate the "on l$ne" switch t o  "off l ine."  
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4*1 Operate ebhe "rev?ind" switch.  The t r a n s p o r t e r  wlll ~ 1 3 3 1  rid  he 

tape until the BOT marker is Located and then s t o p .  

4.2 Operate the "rewwfnd" switch again. The t ranspori-er  ulP31 r e w i n d  

t h e  remaining po r t ion  of t hc  tape arjd s t o p .  

4 - 3  Full t h e  supply hub out  t o  unlock the reel and remove t h e  tap?. 

4 - 4  Place the  protec-ir-ive c o l l a r  around the peel. 

4 ,5  l d e n t f f y  t he  reel. 

4 * 6  Remove t h e  w r i t e  rlng, 

5.1 Equipment required : 

a. Transpor t e r  

b. B u f f e r  

c.  Terminal 

a. TKanS4:e~Ver ~ ~ l i z l  

e. Strip-chart recorder 

5.2 Ketnove the  s t r i p - c h a r t  recorder  cable  f;-oni ihc eddy-current 

instrument  and conneci- t o  C2 o f  t h e  t r a n s c e i v e r  u n i t .  

5.3 Reuiove the wstte r i n g  from ihe reel. 

5.4 Seat t h e  reel  on the s u p p l y  hub, paish t h e  Iiub i n ,  and thread  the  

t a p e  as shown on the t r a n s p o r t e r .  The power to t h e  t i a i i s p o r t ~ r  should be 

on end [ f i r  n*loado' lamp out  when t h e  tape is  being threaded.. 

5.5 Operate the  "J.oadoa s w F t c h  on t h e  t r a n s p o r t e r  t o  advance the t a p e  

t o  t h e  beginning of tape (HOT)  marker. 

5 -6  Select " l~e ia l"  on the t ra ikscciver  uni t  selector switch. 

5.7 S e t  t h e  fumr*'ri.on s w i t ~ h  on the t r a n s c e i v e r  u n i t  t o  "1." 

5.8 Operate the  "reset" swi t rh  on t h c  L L a a s c e i u e r  :xiit. "NDT COMP3" 

should  be d i s p l a y e d  on t h e  tcnrminall. 

5 . 3  Operate t h e  ""IT"" swi tch  on the tran~~zi~er unit. The followbng 

u i l l  be disp layed  on t h e  video screen:  "switch t i lpe t o  ~ e d . ,  on l ine. '2 

5.10 S e l e c t  'readqo on the  b ~ f r e r  mode swbtc lr .  

5.11 Operaie tbc "on line" swi tch  on the t r a n s p o r t e r .  T i e  "on Pine-' 

l i g h t  sliocild i l lurninate.  The t ape  should advznce sjjao~thiy.  
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5.12 Respond t o  statement p r i n t e d  on the CRT. Type i n  one of f o u r  

codes - Q, 1, 2 ,  3 - and opera te  the r e tu rn  key on the  keyboard. 

5.13 The tape w i l l  be read, and c a l c u l a t e d  d a t a  w i l l .  be f e c ~ r  

t h e  strip-chart recorder. 

5 - 1 4  To prevent damage to t h e  tape ,  remove it from the transporter 

and replace the! p r o t e c t i v e  col lar .  

5.15 Turn off  equipment. 
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Appendix G 

PROCEDURE TO CHECK DIGITAL RECORDING SYSTEM 

Thi s  procedure desc r ibes  t h e  ope ra t ion  of t he  d i g i t a l  record ing  

s y s t e m  f o r  t h e  superconductor shea th  weld i n spec t ion  and desc r ibes  t h e  

s t e p s  necessary t o  check the  ope ra t ion  of t he  system before  performing the 

eddy-current inspec t ion .  The computer program CllECK a s soc ia t ed  with th i s  

t e s t  is descr ibed  i n  Appendix H. The procedure i s  se l f -explana tory  lout 

should be read completely before  a t tempt ing  t h e  check. 

1.8 GENERAL 

The fol lowing is a d e s c r i p t i o n  of t he  d i g i t a l  record ing  system and 

t h e  s t e p s  necessary t o  check t h e  ope ra t ion  of t h e  system. 

Refer  to Fig. 6.1, block diagram of t he  d i g i t a l  record ing  system. 

Each mi l t i f r equency  eddy-current (MFEC) test system has two i d e n t i c a l  

microcomputer c i r c u i t  boards,  one loca ted  i n  the c o n t r o l  mcdule o f  the  

eddy-current instrument and one i n  t h e  t r a n s c e i v e r  un i t .  A computer 

program designed t o  check the  ope ra t ion  of t h e  d i g i t a l  record ing  system i s  

s t o r e d  on PROM ch ips  in each lmicrocomputer c i r c u i t  board. The two PROM 

c h i p s  are i d e n t i c a l  and in te rchangeable .  

I n i t i a t i o n  of t he  program starts a counting program i n  each computes 

t h a t  counts  ( i n  hexadecimal) from QOOO t o  PFFP, 'I'he four -d ig i t  

hexadecimal number t h a t  is generated is  descr ibed  i n  Fig. G.2 ,  The low 

by te  (Xi and X2) r ep resen t  t h e  count (from 00 t o  FF), and t h e  h igh  byte  

( X 3  and X4)  r ep resen t  t h e  number of t i m e s  t he  count has been repeated.  

The low by te  is t r ansmi t t ed  through t h e  t r a n s c e i v e r  u n i t  and through 

the mwrite" por t ion  of t he  l o g i c  package t o  t h e  t a p e  t r a n s p o r t e r ,  where it 

i s  s t o r e d  on magnetic tape .  When t h e  tape i s  played back, the d a t a  bytes  

are t r ansmi t t ed  from t h e  magnetic t ape  through the *'read'' po r t ion  0f t he  

logic package t o  the  computer board I.ocated in t h e  t r ansce ive r .  

The computer program in t h e  t r a n s c e i v e r  u n i t  genera tes  a fou r -d ig i t  

hexadecimal count i d e n t i c a l  t o  t h e  one generated by t h e  c o n t r o l  module 

microcomputer. When t h e  d a t a  bytes s t o r e d  on magnetic tape are rece ived  

by t h e  computer i n  t h e  t r a n s c e i v e r  u n i t ,  they  w i l l  be compared with the  
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corresponding low byte  generated by the count program i n  the  t r a n s c e i v e r  

microcomputer, and e i t h e r  one o r  two columns of d a t a  will be d i sp layed  on 

t h e  video t e rmina l  .I 

I f  t he  two by tes  a r e  i d e n t i c a l ,  then only the  one column set  o f  four 

hex numbers ( t h e  t r a n s c e i v e r  computer count number) w i l l  he displayed con 

t h e  video terminal. .  I f  t h e  received byte  i s  not i d e n t i c a l  w i th  the  %ow 

by te  generated by t h e  t r a n s c e i v e r  ~ i m p ~ t e r ,  a second column set of two lasx 

d i g i t s  ( t h e  d a t a  b y t e )  w i l l  be displayed on the video terminal .  The 

appearance of t he  second column set o f  d a t a  i s  a p o s i t i v e  i n d i c a t i o n  t h a t  

something is  wrong i n  the d f g i t a l  recordlag system. The manner iln wlrrieh 

t h e  numbers are presented i n  t h e  second column set: af d a t a  provides  

information t h a t  can be used t o  determine the general l o c a t i o n  rsf the  

p soblela rn 

To use t h e  information presented i n  the seeorid column set, the 

o p e r a t o r  must understand hexadeciinal and b ina ry  numbers and have a general. 

knowledge of haw t h e  r eco rd ing  system works. The fol lowing i s  a b r i e f  

d e s c r i p t i o n  of how t h e  system works ( r e f e r  t o  Pig.  G . 1 ) .  

The d a t a  by te s  (XI. and Xz) are t r ansmi t t ed  f ~ : o m  the  c o n t r o l  module 

over  t he  r e s p e c t i v e  d a t a  l i n e s  (Fige 6 . 3 )  t o  the  m o  r eco rde r  b u f f e r s ,  A 

and B. The same b u f f e r s  are used t o  “ w r i t e * ’  d a t a  on the  magnetic t a p e  and 

to “read“ d a t a  o f f  t he  tape. The kwo b u f f e r s  are l i k e  one-way s t reets ,  

and d a t a  always t r a v e l  through t h e  b u f f e r s  i n  t h e  same d i r e c t i o n  whether 

t h e  recorder  is reading o r  w r i t i n g .  

QRNL-DWG 85-1855 

HEX 

BINARY 

DATA LINES 

BYTE 

Fig.  6.3. Eigh t  d a t a  l i n e s  used t o  t r ansmi t  ~ W O  hexadecimal d i g i t s .  



A s i n g l e  b u f f e r  has a l i m i t e d  capacity f o r  da ta .  When a buf fe r  is 

f i l l e d  wtth da t a ,  it m i s t  damp those data on to  the next ~ ~ Q C C S R  I n  the 

system b e f o r e  it can accept more darla. If only one b u f f e r  is used, 1x3 

data can be ?ransferred i n t o  or  out  of the recozdes ~ & C l e  the buffer i s  

dmiping.  i f  t a m  b u f f e r s  are used, then  onc b d f f e r  can bc r!z.:-t.ivlng d a t a  

whlale t h e  o the r  is dimping, and t ’ rw rgarording p r - o c ~ s s  is con t lnuous .  The 

multiplexers select w h C c l ~  bclffer r ece ives  d a t a  according t o  t he  amount c~f 

d a t a  receivnd. The program alweys starts with b~r ‘1ee  A; when t h a ~  buf fer  

i s  f i l l e d ,  t h c  ml t ip l r?xs*r  w i l l  i t c h  ti, b u f f e r  B. i3y the time b u f f e t  E 

i s  f i l l e d ,  hi i f fer  k w i l l  be ready t o  x c e i v c  data .  Each bu f fe r  <-an bo’Pcl 

4K of memory (OFFF i n  h decimal). Cable G.1 slio the fou r  - d i g i t  

h~xadec i rna l  count and ~ ~ r h i c h  bdfferr  ill be used. If one o f  Lh.’ h i f - i e r s  is 

n o t  operacing, f o r  txamilple, then  a l l  the dzka  b y t e s  praasrni t ted through 

that. bur fer w i l l  be iJ.icorrec(; and w l l l  d i f f e r  f rom the count number- 

Incorrect hex numbers w i l l  be p r i n t e d  i n  t h e  second eolumrn set on the 

video d i sp lay .  

‘fable S.I. Kecarder bu f fe r s  used f o r  p a r t i c u l a r  
sei;s of hexadecimal mmmbers 

Hexadecimal Buffer 
c 011 II t used 

Four  tiinany d i g i t s  are required t o  expres s  each h e x d i g i t  ( S C P  

Fig. G . 3 ) ;  therefore, s i g h t  data l i n e q  are peqt i i  t e d  t o  trauwmbi one d a t a  

b y t e  through t h e  recording system. These data l i n e s  are f i x e d  (hard 

w i r e d )  and w i l i  always represent  t h e  same binary d i g i t ;  therefore ,  i f  a 
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p a r t i c u l a r  b inary  d i g i t  i s  missing i n  t h e  output  d a t a ,  we can trace it  

back t o  a p a r t i c u l a r  d a t a  l ine ,  and t h i s  w i l l  he lp  l o c a t e  t h e  problem. 

By examination of the data i n  t h e  second column s e t  d i sp layed  on t h e  

v ideo  screen ,  t he  ope ra to r  can determine if t h e  d i g i t a l  record ing  system 

i s  ope ra t ing  proper ly  or  n o t ,  and, if not ,  he can determine whether t h e  

problem is i n  one of t h e  b u f f e r s  o r  a d a t a  l i n e  and can i s o l a t e  which buf- 

f e r s  or  which d a t a  l i n e  is  not  ope ra t ing  properly.  I n  add i t ion ,  t h e  

program w i l l  le t  t h e  ope ra to r  know i f  t he  problem i s  caused by an  ope ra to r  

e r r o r .  

2. EQUIPMENT REQUIRED 

Eddy-current instrument 

Transce iver  u n i t  

Remote c o n t r o l  box (RCB) 

Tape t r a n s p o r t e r  

Tape buffer l o g i c  package 

Video t e rmina l  

3 ,  I N I T I A L  SETUP 

3.1 Apply power t o  the equipment. 

3.2 Operate t h e  select swi tch  t o  "DX" on t h e  t r a n s c e i v e r  un i t .  

3 . 3  Operate t h e  reset: swi tch  on t h e  RCB and v e r i f y  response 

CNDT-COMJ?9) on t h e  video te rmina l .  

4 .  SET UP TAPE KXORDER 

4.1 Select a new reel  of magnetic tape ,  make s u r e  t h e  w r i t e  r i n g  i s  

proper ly  i n  place, and i n s t a l l  t he  reel on t h e  t r anspor t e r .  

4.2 Operate the  select  swi tch  t o  "record" on t h e  bu f fe r  l o g i c  

package. 

4.3 Operate  t h e  "load" switch on the  t r a n s p o r t e r  ( t ape  w i l l  advance 

t o  BOT marker). 

4.4 Veri fy  t h a t  t h e  "WRITE ENABLE" lamp is  i l lumina ted .  

4.5 Operate t h e  "ON LINE'' swi tch  on t h e  t r a n s p o r t e r  and v e r i f y  t h a t  

t h e  EOF lamp on t:he bu f fe r  l o g i c  package is i l lumina ted .  
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5. STORE THE DATA ON MAGNETIC TAPE 

5.1 Type 61548 and c a r r i a g e  r e t u r n  on the keyboard. T h e  EOF l a iq  

should g;;hp euL; Che t.eriiiinak w i l l  d i s p l a y  t h c  prompt "Hi: carriage r e t u r n  

to srar i .  "* 

5.2 Kesposd so t he  prouxpt trn t h c  video tcrmznd ( type  a carriage 

returrn).  The t r a n s p o r t e r  should heg-ln advancing rape i n  rl~yr i ~ m i c  sl.c:ps 

and k r i l l  coiltitiue €01  I t o  2 inin. Data generzted 3y the  count ing program 

i n  t h c  c o s t r o l  module campiiter are stored on t-he rmgnetlc t a p P .  When ~ I I P R  

prcigiaui l oop  i s  eompletcd, t h e  t r a n s p o r t e r  w-i 1 1  s c o p  advanring and the EOF 

lamp on the buf fe r  v J i P  illuminate. The l i n e  "rewind, SW t:, loca1,  rcnd, 

Ck58F ,  on line, CR t o  start  w i l l  be d isp layed  on the t e r m i n d .  B o  not 

respond at t h i s  t ine;  go to t h e  nest  step. 

6 .  IDENTIFY AND E V I N U  "HE TAPE 

7.1 .  O p e r a t e  t he  sel-ect switch t o  "READ" on the brrffer l o g i c  package. 

7 .2  Opera te  the select  s ~ i t ~ h  to "LOCA.T4" on the t r a n s c e i v e r  unPt .  

7 . 3  Opesa'se the 3'lNSErl'co swL!:cb on t h e  1:ratisc:eivzr u n i t  and v e r i f y  

response (NDT-COW9) on t h e  video teriainal. 

' 7 .4  Type G158F and a car:iage r e tu rn  on the  keyboard. 

7.5 Operate the "ON LINE" s w i t c h  on the t ranspor te r .  

7.6 Press t he  "CCSP%RIAGE RETUmi" key on the  keyboard. A check of tire 

digital record ing  system w.Ji.3.1 begin.  A column s e t  o f  four lrerradecima8 



numbers count ing from 0000 t o  FFFP w i l l  be disp layed  ora the  vFdeo ter- 
minal. The total d i sp lay  will. t a k e  about: 9 min. The count can be stopped 

by press fng  any c h a r a c t e r  on the keyboard and can be resumed by pres s ing  

liilae ‘*CAKRIAGE WTIJM” key. 

The manner in  which these d a t a  are disp layed  on the video  t e s m i r l a l  

l e t s  the operator know whether the digital recarding system i.s opera t ing  
p rope r ly  o r  no t .  I f  the digital record ing  is not ope ra t ing  proper ly ,  a 

second column set of two  hexadecimal numbers will be d isp layed  ora the 

vlideo terminals Perform t h e  f o l l o w i n g  data checks In the order  listed to 

P oca I. i z e  the proh1i.6?m area D 

a* If the LSHD ( X I >  i n  t h e  second C O ~ U I D ~  set inc reases  consecut ive ly  

f rom 0 t o  P ,  an the  number is one h i g h e r  than the r e spec t ive  hex d i g i t  In 

the first column !;et, the problem i s  o p e r a t i o n a l ,  Return t o  s t e p  3 - 2  of 

t h i s  prosedexrr? and repeat ~lae procedure. 

la. I f  the LSHD i n  t h e  second column set does not  i nc rease  eon- 

secutively or  i f  c e r t a i n  numbers are skipped,  deterniirie whLch nambers are 

skipped and go to check 3. 
NOTE: If the  d a t a  byte  i s  proper ly  t r ansmi t t ed  through the  digital 

recording system and if it proper ly  matches the  l a w  byte  in t h e  count 

genera ted  by the t r a n s c e i v e r ,  110 data will be d isp layed  In t h e  second 

column s e t .  This  will be t r u e  f o r  a l l  OF p a r t  of the data t r ansmi t t ed ,  
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CHECK 3 :  EXAMINE 'THE MOST SIGNIFICANT D I G I T  (MSND) (LEFT NUMBER) IN 
COLUrn  2 

a. Iletermine whether t h e  MSHD ( X 2 )  i n  t h e  second calixmn set matches 

the corresponding hex d i g i t  (X2) i n  t h e  f i r s t  column set;  a l s o  determine 

i f  any d i g i t s  are skipped* 

5. Arb i t r a r i1 .y  select  t w o  OK t h r e e  va lues  of X2 and XI from t h e  

f i r s t  column set and t h e  second column set  and w r i t e  them down on a shee t  

of paper,  

e .  Convert the two sets of hex numhers inl-o the i r  b inary  equ iva len t s  

i n  the manner shown in Fig. G.3. 

d. Examine t h e  b inary  d i g i t s  t o  see iE m e  OF w o ~ e  remain set AL 0 

o r  3 throughout t he  count. Also dctcrmine i f  t h a t  d i g i t  can exp la in  the 

d i f f e r e n c e  i n  the  count between t h e  two column sets. Z f  so, the  problem 

i s  i n  t h e  d a t a  l i n e  corresponding t o  t h a t  b inary  d i g i t  (Pig. (2.3). 

CHECK 4 :  CHECK TIE RIJFPEKS 

I f  one of the buffers  is bad, t h e  data in LEE second column set w t l l  

be d iscont inuous ,  and. Large sets of numbers w j l l  appear t o  be d s s i n g .  

The missing numbers w1:l-l correspond t o  t h e  good b u f f e r .  (If data are pro- 

p e r l y  t rausml t ted  through the digital record ing  s y s  ten, nu values w-8 I1 

appear i n  t h e  second column set .)  The bad b u f f e r  can be determined by 

r e l a t i n g  t h e  hex d i g i t  ( X 4 )  i n  tho  secand coliluira set t o  t h e  correspondtng 

hex d i g i t  ( X 4 ) .  If X4 i n  t h e  second column set is z e r o  or an  even number 

(hexadecimal),  the problem i s  i n  b u f f e r  A. If Xr, i s  an odd number, the 

problem i s  i n  b u f f e r  B .  

To check the  b u f f e r s ,  l e t  t h e  d a t a  count rim long enough t o  make s u r e  

t h a t  soinc numbers are (or are n o t )  g e t t i n g  through each bu f fe r .  

I F  any n ~ ~ b e r s  g e t  through a p a r t i c u l a r  b u f f e r ,  that b u f f e r  ean be 

assuued t o  be opera t ing  properly.  
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PROGRAM CHECK 

The program CHECK ( w r i t t e n  i n  machine language) gene ra t e s  count ing 

programs i n  t h e  two microcomputers l oca t ed  i n  t h e  c o n t r o l  m d u l e  and t h e  

t r a n s c e i v e r  u n i t s  ~f t h e  HFEC inst rument .  Each count ing program genera tes  

8 set of hexadecimal numbers from 0000 t o  FFPF. The hex numbers generated 

i n  t h e  c o n t r o l  module microcomputer are t r ansmi t t ed  through the t rans-  

c e i v e r  u n i t  and t ape  b u f f e r s  t o  the t ape  t r a n s p o r t e r ,  where they a r e  

recorded by t he  magnetic t a p e  recorder .  The numbers are then read back 

from t h e  magnetic tape  through the  tape b u f f e r s  and t r a n s c e i v e r  u n i t  and 

are compared with t h e  number set generated by t h e  t r a n s c e i v e r  u n i t  micro- 

computer. The r e s u l t s  of t h e  comparison are d isp layed  the  video ter- 
minal.  If t h e  two sets of hex numbers are e x a c t l y  i d e n t i c a l ,  then only 

one column set of fou r  numbers (0000 t o  PFFF) W i l l  be displayed.  If t h e  

two sets of numbers are not i d e n t i c a l ,  a second column set  ~f two numbers 

(00  t o  FP) w i l l  be d isp layed .  This  procedure provides  a means to check 

the opera t ion  of t h e  d i g i t a l  record ing  system, inc luding  t h e  magniettc t a p e  

recorder .  The procedure t h a t  o u t l i n e s  the  s t e p s  requi red  t o  perform t h i s  

system check is provided i n  Appendix G. 
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Appendix 1 

PROCEDURE FOR PERFORMING TNE MANUAL EDDY-CUBRENT INSPECTION 
OF THE SHEATH WELD OM THE SUPERCONDUCTOR CABLE 

This  procedure d e s c r i b e s  t h e  techniques used t o  perform t h e  manual 

eddy-current i n s p e c t i o n  of the  shea th  weld a f t e r  t h e  superconductor cab le  

has been f a b r i c a t e d .  The procedure provides  g u i d e l i n e s  f o r  t h e  necessary 

s t e p s  and t h e  o rde r  of performance r equ i r ed  t o  set  up and c a l i b r a t e  the 

equipment, v e r i f y  the  tes t  s e n s i t i v i t y ,  and perform t h e  i n s p e c t i o n  ro 

e v a l u a t e  those  areas on t h e  shea th  weld where i n d i c a t i o n s  w e r e  obtained 

du r ing  t h e  on-line in spec t ion .  This  procedure and technique can a l s o  he 

used t o  determine whether o r  not  t h e  weld r e p a i r s  were success fu l .  The 

procedure w a s  w r i t t e n  with the  assumption t h a t  che ope ra to r  is f a m i l i a r  

w i t h  t h e  test equipneut and i ts  ope ra t ion .  

1 (4 EQUIPMENT 

Multifrequency eddy-current instrument  

Eddy-current probe and cab le  

Probe holder  f o r  manual scanning 

Transce ive r  u n i t  

Video terminal and keyboard 

Remote c o n t r o l  hax (BCB) 

Six-channel analog r eco rde r  

Assorted nonconducting shims in t h e  25 t o  254 p (0.001 ta 0.010 in.> 

range 

Reference s t anda rds  

I s o l a t i o n  t ransformer 

2. ELECTRICAL POWER 

2.1 Before connecting power t o  t h e  eddy-eurrent instrument ,  make 

sum t h a t  the t h r e e  togg le  switches on t h e  phase c a l i b r a t o r  module are l a  

t h e  "down'* p o s i t i o n  (%.e. * a ~ ~ G - L O , "  "PH-LO, and "OPERATE" p o s i t i o n s ) ,  

and make s u r e  t h a t  an eddy-current probe i s  connected t o  the c o r r e c t  jacks 

on t h e  c a l i b r a t o r  module. 



2.2 Connect e l e c t r i c a l  power t o  a11 inst ruments  [eddy c u r r e n t  (only 

on i s01  a t  ion t ransformer 3 analog r eco rde r ,  t r a a s c e i v e r  ~ and video 

t e r m i i i a l ] ,  t u r n  the equipment on, and allow a t  least  4 h for  the i n s t r u -  

ments to  warm up and s t l ahd l i ze .  

3 .  DURING THE WAKY-UP PERIOD 

3.1 Check a l l  cab le s  and e l e c t r i c a l  conaeet ions t o  make S U K ~  they 

a r e  c o r r e c t  (see Fig. 1.1). 

3.2 Check the swttches on i f . ? .  modules and i .nstruments  t:o assure 

they  are i n  t h e  normal p o s i t i o n ,  p e r  Tables  1.1 and 1 . 2 .  
3 . 3  Check the analog r e c o r d i n g  system. s e t  t+ae RCB func t ion  switch 

t o  p o s i t i o n  7.  P r e s s  a c h a r t  speed switch t o  s t a r t  the  analog r eco rde r  

c h a r t  d r lve .  Use a slow c h a r t  speed (5 mm/s o r  less). Press t h e  

"€nterriipt'~ .wi tch on I:he RCB, and set a l l  recorder  pens t o  the zero 

reference value on each chart: s c a l e  using ze ro  adjustments on the 

reisorder. A f i - ~ r  zero ing  a l l  pens,  press the " r e tu rn"  key on the keyboard. 

All r eco rde r  pens should s t e p  f i v e  minor chart d i v i s i o n s  t~ t he  l e f t  on 

the  respective chart: scales, rrprczwenting an inc rease  of 0 . 2 5  m 

(0.010 i n .  ) . Press the  "retsirn" key e i g h t  tiTaes, r ep resen t ing  an i nc rease  

of 2.03 m (0.080 i n . ) .  I f  any of these recorder  pens are not a t  the l e f t  

margin ,  cheek the  recorder  s e n s i t i v i t y  ad justmenl:s f o r  t h a t  rcxorder 

Ffg. 1.1. Block diagram of the d i g i t t a l  recording system. 
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Table 1.1. Normal instrument s e t t i n g s  

Instrument  Modular a 
posit-lon 

Switch 
i d e n t i t  J 

Correct  
switch 
s e t t i n g  

Eddy-Current Instrument Power on-off 

Power O s c i l l a t o r  M 1  High frequency ( t o p )  SGSO kIiz 
Median frequency (middle)  100 kHz 
Low frequency (bottom) 20 kHz 

Bandpass Amplif i e r  M4 Low f requency 
MS Mid frequency 
M8 High frequency 

Di sc r imina to r s  b 

Analoe: Recorder 

Probe Drive Control  

20 mz 
100 mz 

M3 Coarse l i f t - o f f  518 
M 3  Coarse balance 314 

M5 Coarse l i f t - o f f  
p15 Coarse balance 

512 
682 

M7 Coarse l i f t - o f f  
M7 Coarse balance 

Power on-off 

S e n s i t i v i t y  - c o a r s e  100 m V / d i v  
S e n s i t i v i t y  - f i n e  Maximum CW 
Chart speed 5 rmn/div 

Power on-off 

Speed adjustment 124-128 
Sca le  s e l e c t o r  Speed 

D i r e c t i o n  cw 
( torque/speed)  

(CW/StQp/@cW) 

aThe eddy-current instrument c h a s s i s  has 10 modular p o s i t i o n s .  They are 
i d e n t i E i e d  as M I  t o  F l l O  from r i g h t  t o  l e f t  when f a c i n g  t h e  instrument .  The 
computer module occupies two p o s i t i o n s ,  M9 and M 1 0 .  

may sometimes be necessary t o  c a l i b r a t e  t h e  eddy-current instrument .  These 
adjustments  should be made by using only t h e  f i n e  c o n t r o l s  (screwdriver  
ad jus tmen t s ) .  I f  a change i n  t h e  coa r se  c o n t r o l  s e t t i n g  becomes necessary,  
uotiEy your supe rv i so r .  

bAd justments  of t h e  l i f t - o f f  and balance c o n t r o l s  on t h e  d i s c r i m i n a t o r s  



Table 1 . 2 .  lnstruroent- swttcbes and functions 

II. Eddy _- Cur ren t  .............._ll Func1:ioll 0-s 
Control. T4od.ule 

Magnetic ~ ‘J’aE ~ 

Rerordc i n  

T T d E  8 p o r t e T 

T r a n s  p o r t e r  

Transporter 

T r a n s p o r t e r  

Transpn t -1-e~ 

B u f f e r  

Buffer 

Bvf f e r  

Buffer 

Rr*f  f E! r 

Buff e+ 

Transcsiver 

Video Terninal 

Fixnc tr f on 

Power 

Keyboard 

On-0 f f 

011-0 f f 

O i l - O f f  

On-Off 

G-9 

On-Off 

Used t o  load  tape 

Use fo r  recoxding 2nd reading  

Used to  rewind tape 

See AppendtK A 

See A p p e n d i x  A 

Used t o  record daira 

Used to read tape 

DO NOT TJSE 

DO NOT USE 

Sc IC c t  ex^ e rna 1 compu L er , 
used  ro  record data ( i n  
eddy-current i i i s t rument  

Se lec t  l ix te rna l  computer ,  
uscd t o  rend tape 

A l w a y s  sez on 1 

Located i n  back of 
i a s t  rument 

Transmits information and 
conam-nds t o  computer 
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channel ( s e e  Table 1.1). Note t h a t  t h e  v a r i a b l e  s e n s i t i v i t y  adjustment 

must be set a t  maximum ( f u l l y  clockwise) f o r  t h a t  r eco rde r  channel t o  be 

c a l i b r a t e d .  P r e s s  t h e  " r e t u r n "  key twice more t o  check t h e  c a l i b r a t i o n  on 
channels  1 through 4 .  [If t h e  incremented s t e p s  between z e r o  and maximum 

are not l i n e a r  ( i . e . ,  f i v e  d i v i s i o n s  per  s t e p ) ,  something is wrong w i t h  

t h e  r eco rde r . ]  Press the  "reset" switch on t h e  RCB t o  s t o p  t h i s  check and 

p r e s s  t h e  "STOP" switch on the  analog r eco rde r  and go t o  t h e  next  s t e p .  

4 .  AFTER TRE EDDY-CURRENT TJ3ST SYSTEM HAS COMPLETED A 4-h WARM-UP 
PERIOD, COMPLETE THE FOLLOWING CIECKQUT SEQUEMCE 

4.1 Se t  t h e  t r a n s c e i v e r  s e l e c t o r  switch t o  "DX." S e t  t he  

t r a n s c e i v e r  f u n c t i o n  switch t o  "1." 

4.2 Check t h e  analog recording system. S e t  t h e  (RCB) f u n c t i o n  

swi t ch  t o  p o s i t i o n  7 .  P r e s s  a c h a r t  speed switch t o  s t a r t  t h e  analog 

r eco rde r  c h a r t  d r i v e .  U s e  a slow c h a r t  speed (5 m/s o r  less). Press the  

" i n t e r r u p t "  switc.h on t h e  RCB, and set a l l  r eco rde r  pens t o  t he  z e r o  

r e f e r e n c e  value on each c h a r t  scale using z e r o  adjustments on t h e  

r eco rde r .  Af t e r  ze ro ing  a l l  pens, p r e s s  t he  " r e tu rn"  key on the keyboard. 

A l l  r eco rde r  pens should s t e p  f i v e  minor c h a r t  d i v i s i o n s  t o  the  l e f t  on 

t h e  r e s p e c t i v e  c h a r t  scales, r ep resen t ing  an i n c r e a s e  of 0.25 m 

(0.010 in . ) .  P r e s s  t he  " r e t u r n "  key e i g h t  t i m e s ,  r e p r e s e n t i n g  an i n c r e a s e  

of 2.03 mm (0.080 in . ) .  If any of these  r eco rde r  pens are not  a t  t h e  l e f t  

margin,  check t h e  r eco rde r  s e n s i t i v i t y  adjustments  f o r  t h a t  r eco rde r  

channel (see Table 1 .1) .  Note t h a t  t h e  v a r i a b l e  s e n s i t i v i t y  adjusrment 

must be set  a t  maximum ( f u l l y  clockwise) for t h a t  r eco rde r  channel t o  be 

c a l i b r a t e d .  Press t h e  " r e tu rn"  key twice more t o  check t h e  c a l i b r a t i o n  

on channels 1 through 4. [ I f  t h e  incremented s t e p s  between z e r o  and 

maximum are not  l i n e a r  ( i - e . ,  f i v e  d i v i s i o n s  per  s t e p ) ,  something i s  

wrong w i t h  t h e  r e c o r d e r . ]  Press t h e  "reset" swltch on the  RCB t o  s t o p  

t h i s  check and p r e s s  the  "STOP" switch on the  analog r eco rde r  and go t o  

t h e  next  s t ep .  

4.3 Perform and Di.splay Calibration. Se t  t h e  RCB f u n c t i o n  switch t o  

p o s i t i o n  5. P r e s s  the  " i n t e r r u p t "  switch on the  RCB. You should hear 

r e l a y s  c l i c k i n g ,  and about 10 s l a t e r  the  computer w i l l  d i s p l a y  fou r  l i n e s  

of d a t a  on the  video monitor. Let  the d i s p l a y  r e p e a t  about fou r  or f i v e  

times and p r e s s  t h e  "reset" switch on the  RCB t o  s top.  Eva lua te  the  da t a .  
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High magnitudes (colennns 1, 3 ,  and 5) should he 4.50 3 0.02 V .  High 

phases (even coluraiis) should be 4.00 2 0.02 V ,  except  PH3 = 4.50 V. The 

phase d i f f e r e n c e  between high-magnitude acld low-magni~mde w a d i n g s  on the 

f i r s L  I.wo linea of phase data should be less than  k10 mV. 1J" no t ,  r e f e r  

t o  Lhe iiilstruiirgrzt mi! i b m t  ion procedure. 

(Lmp029Caxt. D o  not  leave  t h e  c a l i b r a t i o n  system running f o r  long 

periods of t i m e  because t h e  r e l a y s  cou ld  be damaged.) 

4 4 Read %ference k%2~dflW?. [ ' c h ~  p i  obc should i . 1 ~  88.9-juri 

thick (0.0035 i n . )  Tef lon  tape on i t s  face. ]  Uslrig t h ~  square tube 

s l a r i d a r d  D, p o s i t i o n  tihe probe OVCT the i k fe rcace  reading  mark [centered  

o v r r  Ltip w e l d  and 7 .52  cm ( 3  in.) f T o m  Lhc ccd tovard de fec t  number I]. 

S e l e c t  a lif o f f  sh in  t o  o b t a i n  a M.zg 2 readtng  w i  t l d n  20.1 V of t h e  

Mag 2 reading  i n  Table  i.3 ( readings  from nominal tabe s a m p l e ,  third 

r o l u m n )  f o r  t h e  r o i l  being used.  T h i s  i s  done i n  cht. f u n c t i o n  3 posir:inn 

of the RCR. Example: Frohe 4 5 ~ ~ 4 0  shoiild rgnd 3.6 V (3.4 1 0.1 V )  w i t h  a 

101.6 pm iO.004-in.) shin. Press r e s e t  on R e s .  

S c l z c t  func t ion  3. on the RCB. Using t h c  sh im s i z e  dctc:rminc=d above..-, 

ho ld  ~ i i e  probe over 11br3 rcfprerncp reading  mark wdth the  shim between the  

probe f a c e  and sample. Press the " i n t e r r u p t "  swikrch on the RCB. One l i n e  

of data should be p r i n t e d  ou t  on the video  d i sp lay .  Fress the " i n t c r r u p t "  

switch aga-in and another  l i n e  of d a t a  dll appear.  Repea t  un t i l  a5 l e a s t  

f i v e  l i n e s  of d a t a  are obta ined  or' u n t i l  t h e  last two l i n e s  of da ta  ag rcc  

t o  wi th in  22 mV. Check the Mag 2 kclading ( t h i r d  column) and compdre wii-11 

t h e  ?lag 2 reading  f o r  t h e  nominal tube  sample f o r  the probe being used. 

See Table 1 . 3 .  

5.1 Sec up eddy-current equipment as j u s t  descr ibed  i n  s t eps  l = J  

through 1 , 4  above. 

5.2 P lace  the eddy-current proue i n  t h e  imnual s e a m i n g  f i x t u r e .  

A-djust the  probe p o s i t i o n  u n t i l  t h r  Mag 2 rcadi.rxg i s  t he  saw as i n  

s t e p  4.4. F i x  the probe a t  t h i s  l i f t - o 2 f .  P r e s s  t h e  "reset" switch on 

t h e  KCB. 
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Table 1 . 3 .  Eddy-current probe, PROM code, and 
calibration readings 

Averages and standard deviations o f  calibration 
readings (V) f o r  each frequency 

---. --____ ~. 

20 kHz 100 & 500 kHz 

MAGI. PHAl MAG2 PHA;! MA63 PHA3 
--_l.l_--l-- __..__I_.___- -- 

-l_--_l__._.____ ____I _____I_I.-I-I__L_-il-__ 

S .D. 

s .o* 

a 

S . D .  

s .D. 

a 

s .D. 

S .D. 

a 

4.5004 
0 e 0000 

2.4591 
0.0023 

4.2220 

4.4977 
0 "0045 

2 +4681 
0.0016 

4.3142 

4 "4974 
0.0045 

2 e 4.592 
0 .  OthOO 

4.5155 

Probe 454, code 

4.0004 4.5022 3.9945 
0 .0000 0 .00O(B 0 AI023 

3.9989 2.3132 3.9933 
8.0032 0.0000 0.0000 

2 e 5743 3.5361 2.8298 

Probe $60, code 81 

4.0049 4.4985 4.0118 
0.0032 0 ,0032 0.0032 

4 .0047 2.3095 4 .m03 
0,0032 0 a 0000 0.0045 

3.0158 3.8659 2.9747 

Probe 459, code 62 

4 s 0006 4.4976 4.01 10 
0 .OQ45 0.0000 0.0084 

3.9997 2,3090 4.0176 
0.0032 0.0816 0.0055 

2.9760 4.1346 2.9136 

4.5023 
0 .oaoo 
2.4104 
0.0016 

3 6230 

4.5007 
0 e 0000 

2.4042 
0.0000 

3.7303 

4.5197 
0.0032 

2.4158 
0 .OOL6 

4.1158 

4.4958 
0.0832 

4.4956 
0 .OO45 

1.0296 

4.4578 
0.0044 

4.4864 
0 .OO64 

1.0510 

4.4953 
0*0084 

4.4947 
0.008% 

0.9058 

nReadings from nominal tube sample 
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5 . 3 .  D i s p l a y  Raw Readings. Se i  t h e  RCB func t ion  swi I ch t o  

p o s i t i o n  3 .  Press  t h e  " r e s e t v n  switch on t h e  RCB. The statement 

"NDT COMP9" should appear on t h e  video d i sp lay .  Next, p r e s s  the 
I C  . i n t e r r u p t "  switch on t h e  RCH, and t h e  r a w  readings w i l l  be esn t in imusly  

d isp layed  on the video te rmina l .  Check t h e  rag readings t o  see i f  any are 

e i t h e r  ze ro  or  4.999. I f  s o ,  a problem e x i s t s .  Check the  eddy-current 

probe to  see i f  i t  is properly sea t ed  on t h e  s t a n d a r d  lest. tube.  If it 

i s ,  something i s  probably wrong wi th  the eddy-current ins t rument ,  and it 

should be co r rec t ed  before  proceeding. I f  tile readings  are a l l  r i g h t ,  

press the  switch on the RCB "LO s t o p  t h e  readings atid go t o  t h e  

next  s t e p .  

6.1 Place rhe manual  scanning f i x t u r e  on c a l i b r a t i o n  s tandard  D and 

p o s i t i o n  t h e  probe over t h e  weld c e n t e r l i n e .  

6.2 Operate. the "reset" swi tch  on t h e  RCB. 

6 . 3  Set t he  KCB func t ion  switch t o  6 and check that the  PROM s e t t i n g  

on t h e  c o n t r o l  module i s  correct fo r  square C O ~ I ~ U C ~ Q ~  t e s t i n g  (04  fo r  

eddy-current probes 454 and 459 and 05 f o r  probe 460) .  

6 . 4  Operate the " i n t e r r u p t "  swAT4tch on the RCB. The i n s t r u c t i o n ,  

'"enter ID" w l l i l  appear on thc  video d i sp lay .  E n t e r  t h e  fol lowtng infor- 

mation from t h e  keyboard: probe ser ia l  number and coding ( ~ . g . ,  459-04) ,  

6 - 5  Operate the Z-m/s  chart speed switch on the analog recarder. 

6.6. P r e s s  t h e  " r e tu rn"  key on t h e  keyboard. The eddy-current com- 

p u t e r  w i l l  perform a r e c a l i b r a t t o n  and d i s p l a y  the  raw magnitude and phase 

readings  along wS th the c a l c u l a t e d  c o e f f i c i e n t s  on t h e  video terminal .  A t  

the end o f  the d i sp lay ,  t h e  computes e n t e r s  the "running" mode. 

6.7 Using a slow and s teady  speed, moue che manual scanning f i x t u r e  

and probe along the standard conductor.  Maintain the alignment of the 

weld on top  of the tube and centered  u n d e ~  t h e  eddy-current probe. Scan 

each defecr: by moving t h e  probe back and f o r t h  a c r o s s  t h e  de fec t  a t  least  

t h r e e  t i m e s .  

6 . 8  Observe. the analog r eco rde r  as you scan the square s tandard .  

The four-channel recorder  pens fmar Lhe l e f t  shoiild write between 5 and 25 



1 7 3  

minor divisions -25 to 4-76 m (---0.010 to M.030 in.) to the left of the 

right-hand margin oil the recorder chart except when defect indications are 

obtained. The four channels identified from left to right are outside 

surface defects, lift-off, inside surface defects, and lack of penetration 

o r  wall thickness. 

5 .9  When the calibration I s  complete, stop the analog chart recorder 

and identify the recording as the "Precalibration Test ." Record the date, 
the examiner's initials, and the identification of the superconductor 

sheath. being examined on the recording. 

dy-current system is now ready to manually scan 

conductors. The scanning of a conductor is performed by starting tlhe 

chart recorder at 2 tm/s and slowly pulling the probe and fixture uni- 

formly along the conductor. The fixture must be kept level with the cow- 

ductor surface to avoid lift-off effects. 

7 - 2  Three scans of a given area are required: one along the weld 

centerline, and one at 2,29  mm (Q.090 in.) on either side of the weld in 

t he  heat-affected zone. Each scan is initiated by starting the chart 

recorder and terminated by stopping the chart recorder. 

7.3, Indipations obtained during manual scanning are to be compared 

with the indications obtained on the calibration standard. Indications of 

defects exceeding the tolerances defined in Westinghouse Specification 

90P744, Spec. 1, Rev. 2, require repair. Areas needing repair are to be 

indicated on the multifrequency eddy-current report. and noted on the con- 

ductor inspection follower sheet. 

7 .4  When all manual scanning has been completed, resean the ealibra- 

tion standard according ta steps 6.7 through 6.9 of this appendix and 
label as the "Postcalibration." 

7.5 After all testing is completed, set the RCB function switch to 

5 .  When the display on the video terminal is completed, press the reset 

button on the RCB. 
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