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NONDESTRUCTIVE TESTING OF 

ISOTOPE CONTAINMENT CAPSULES: 

REMOTE ULTRASONIC TEST STATION UT-40 

R. W, S te f f ens ,  F, M. Coffman 

1 ,0 INTRODUCTION 

Because o f  t h e  t o x i c  n a t u r e  o f  t h e  r a d i o a c t i v e  m a t e r i a l s  con ta ined  i n  

an i s o t o p i c  capsule,  t h e  u l t r a s o n i c  e v a l u a t i o n  o f  t h e  containment vessel  i s  

most s a f e l y  performed remote ly ,  P a c i f i c  Northwest Labora to ry  (PNL), under t he  

sponsorsh ip  o f  t h e  Atomic Energy Commission,* developed t he  Remote U l t r a s o n i c  

Tes t  S t a t i o n  UT-40 f o r  i n s t a l l a t i o n  a t  Oak Ridge Na t i ona l  Labo ra to r i es  (ORNL) 

i n  coopera t ion  w i t h  t h e  Minnesota M in ing  and Manufactur ing Company and ORNL, 

The bas i s  f o r  t h e  UT-40 des ign was e s t a b l i s h e d  a t  PNL d u r i n g  t h e  u l t r a s o n i c  

t e s t  development program f o r  t h e  es tab l i shment  o f  t h e  i n t e g r i t y  o f  t h e  SNAP-21 

and SNAP-23 p e r i p h e r a l  end-cap we1 ds. 1 ,2 ,3 

SNAP-21 capsules were used t o  eva lua te  t h e  UT-40 t e s t e r ,  and t he  

r e s u l t a n t  u l t r a s o n i c  waveforms and record ings  a re  used as examples throughout  

t h i s  r e p o r t .  The t e s t  s t a t i o n  was designed t o  accommodate a wide range of 

r i g h t  c y l i n d e r  capsules and t o  p rov ide  ORNL w i t h  a v e r s a t i l e  broadband t e s t  

ins t rument .  

The remote UT-40 t e s t  tank  f a c i l i t a t e s  r i g h t  c y l i n d e r  capsules w i t h  

d iameters  up t o  e i g h t  inches and l eng ths  up t o  twe lve  inches; thus  v e r s a t i l i t y  

f o r  t e s t i n g  f u t u r e  i s o t o p e  capsule designs i s  prov ided.  The broadband u l t r a -  

son i c  t e s t e r  i s  a "genera l  use" 1 abora to ry  i ns t rumen t  w i t h  spec ia l  f a c i l i t i e s  

f o r  i n t e g r a t i o n  w i t h  t h e  UT-40 remote t e s t  tank,  

Th i s  r e p o r t  g i v e s  t he  ope ra t i ng  i n s t r u c t i o n s  and system d e s c r i p t i o n s  

o f  t he  UT-40 Tes t  S t a t i o n .  

2.0 SUMMARY 

The remote u l t r a s o n i c  t e s t  s t a t i o n  UT-40 shown i n  F igures  1 through P 

5 was designed f o r  t h e  remote e v a l u a t i o n  o f  t h e  con ta ine r  i n t e g r i t y  o f  f u e l e d  

t i s o t o p e  capsules. The t e s t e r  c o n s i s t s  o f  two p a r t s :  ( 1 )  an u l t r a s o n i c  t e s t  

tank  which i s  p laced  i n  t he  h o t  c e l l  , and ( 2 )  an e l e c t r o n i c  console which i s  

p laced  o u t s i d e  t h e  c e l l ,  The t e s t  tank  p rov ides :  (1 )  r o t a t i o n  o f  t h e  capsule, 

(*) Un i t ed  S ta tes  Atomic Energy Commission Cont rac t  AT(45-1)-1830 



( 2 )  axial translation of the ultrasonic transducer, (3)  l inear  and angular 

positioning of the ultrasonic transducer, ( 4 )  devices to  monitor the location of 
the incident ultrasonic beam on the capsule, and (5) provisions for  circulating 

cooling water. The electronic console provides: ( 1 )  motor controls fo r  the t e s t  
tank, ( 2 )  e lec t r ica l  power for ul trasoni c-beam position monitoring devices , 
(3)  broadband excitation for  the ultrasonic transducer and amp1 i f i  cat i  on of the 

resulting signals,  ( 4 )  analog synthesis of the ultrasonic signals,  and (5)  record- 

ing of defect signals as a function of circumferential and axial defect position 
on the capsule. An oscilloscope i s  used with the t e s t  s ta t ion fo r  equipment 
cal i bration and monitoring t e s t  waveforms. 

The ultrasonic t e s t  tank wi 11  readi ly faci 1 i  t a t e  r ight  cyl i nder 
capsules other than the SNAP-21 capsules by replacing the SNAP-21 col la r  with 
a co l la r  of the Froper diameter. The electronic console portion of th i s  
ul trasoni c t e s t  s t a t i  on was designed as a general -appl i cation broadband 

ul trasonic instrument with speci a1 faci 1 i  t i e s  for  integration with the SNAP-21 

t e s t  tank. Thus the electronic console can be used for  a variety of ultrasonic 

t e s t  applications in addition to  providing instrumentation for  the isotope 

capsule tes t ing.  
Operating instructions for  the t e s t  tank and electronic console are 

contained i n  sections 3.0 and 4.0. Sections 5.0,  6 .0 ,  and 7.0 describe the 

d ig i ta l  logic  and speci a1 c i rcu i t s  in the electronic console. 
3.0 OPERATION OF TEST TANK 

3.1 General Description 
The UT-40 ultrasonic t e s t  tank shown in Figs. 1 ,  2 ,  and 3 was designed 

t o  provide the "in-cell" mechanical f a c i l i t i e s  for the automated, remote 

ultrasonic NDT of fueled isotope capsules. The pertinent points of in te res t  are 

numbered in Figures 1 th rough  5. These points are referred to  throughout th i s  
report by the point and figure numbers ( p .  - , f . ) .  The capsule i s  held with 

the major axis vertical  and i s  rotated a t  3 rpm. The ultrasonic transducer i s  
t 

traversed vert ical ly  a t  0.003 inches per rev01 ution. Thus, thorough scanning 

of the t e s t  capsule i s  obtained. The rotational and axial location of the 
I 

incident ultrasonic beam on the capsule i s  monitored, a n d  when the ultrasonic 
t e s t  i s  performed with the associated electronic console, a map which shows 

defect position in the capsule can be obtained. Plumbing i s  provided for  

connection into the cell  water-exchange system, and a special f ix ture  i s  provided 

to  nrotect the ultrasonic transducer from thermal water gradients. 



Th i s  t e s t e r  w i l l  f a c i l ~ t a t e  r i g h t  c y l i n d e r  i s o t o p e  containment capsules o t h e r  

than t h e  SNAP-21 capsule by add1 t i o n  o f  s imp le  adapters (p, 2, f, 2 ) ,  The 

assembly and f a b r i c a t i o n  drawings a re  g iven  i n  Table A-1 - Appendix A, Table 1 

i s  a gu ide f o r  ope ra t i ng  t h e  t ransducer  p o s i t i o n i n g  and capsule r o t a t i o n  devices, 

S p e c i f i c  t e s t  tank  ope ra t i ng  i n s t r u c t i o n s  a re  g i ven  i n  t he  f o l l o w i n g  paragraphs, 

TABLE 1 

TRANSDUCER POSITIONING AND CAPSULE ROTATION G U I D E  

Devi ce 

Ax ia l  D r i ve  Knob 
( p .  7, f. 3)  

Traverse P o s i t i o n  Knob 
(P. 5, f "  2 )  

Radial  P o s i t i o n  Knob 
(P. 6, f. 2)  

Goniometers - Angular 
(PO 4, f o  2 )  

Adjustment Transducer T rave l  

Counterc l  ockwi se Down 
Clockwise UP 

C o u n t e ~ c l  ockwi se Back 
Clockwise Forward 

Countercl  ockwi se Toward Tes t  Sample 
Cl ockwi se Away From Tes t  Sampl e 

Countercl  ockwi se Up 
C l  ockwi se Down 

Meter Movement 

A x i a l  Po ten t iometer  Coup1 i n g  Counterclockwise Upscale 
Gear (p. 6, f, 3) C l  ockwl se Downscale 

Capsule Ro ta t i on  

Motor Contro l  Swi t c h  
(PO 6, f. 4)  

Reverse 

Forward 

Capsule Turns C l  ockwi se 
Transducer Goes Up 

Capsule Turns Coun t e r c l  ockwi se 
Transducer Goes Down 

3,2 I n t e r connec t i ons  w i t h  E l e c t r o n i c  Console 
\ Automation o f  t h e  t e s t  tank  r e q u i r e s  t h r e e  i n t e r c o n n e c t i n g  cables w i t h  

t h e  e l e c t r o n i c  console,  Each cab le  i s  15 f e e t  long,  and each i s  a d i f f e r e n t  type. 

The coax ia l  cab le  i s  connected t o  t h e  t e s t  tank  a t  p. 8, f. 2 and i s  connected 

t o  t h e  console on i t s  upper l e f t  s i d e  (p, 1, f ,  4) ,  Th i s  cable couples the  

t ransducer  e x c i t a t i o n  vo l  tage f rom t h e  console t o  t h e  u l t r a s o n i c  t ransducer  a t  

t h e  tank and couples t h e  rf rep resen ta t i ons  o f  t he  de tec ted  u l t r a s o n i c  s i g n a l s  



f rom t h e  t ransducer  t o  t h e  console.  The s i x - l e a d  cab le  i s  w i r e d  i n t o  t h e  d r i v e  

niotor (p.  4, f. 1 )  on t h e  t e s t  tank  and p lugs  i n t o  t h e  s i x - p i n  socket  

(p. 3, f. 4 )  on the  lower  l e f t  s i d e  o f  t h e  console. Th is  cab le  p rov ides  

coup l i ng  o f  t h e  e l e c t r i c a l  power from the  motor  c o n t r o l  swi tches i n  t h e  

console t o  t h e  d r i v e  motor. 

The t en - l ead  cab le  connects i n t o  t he  j u n c t i o n  box (p. 3, f. 1 )  on 

t h e  t e s t  tank  and i n t o  t he  t en -p in  connector  (p. 2, f. 4) on t h e  lower  l e f t  

s i d e  o f  t h e  console.  Th is  cab le  p rov ides :  (1 ) connect ions f o r  b i as  vo l tages  

and w ipe r  p o s i t i o n s  on t h e  r o t a t i o n a l - p o s i t i o n  mon i t o r  p o t  (p. 2, f. 1 )  and 

t h e  a x i a l - p o s i  t i o n  m o n i t o r  po t s  (p. 1, f. 3 ) ,  and ( 2 )  con tac t  connect ions f o r  

t h e  n i i c rosw i tch  l o c a t e d  on t he  v e r t i c a l  d r i v e  sha f t  j u s t  above t he  speed 

reducer.  

3.3 Capsule Placement 

The cansule i s  p laced  v e r t i c a l l y  i n t o  t h e  adapter  c o l l a r  which i s  

centered on t he  t u r n t a b l e  as shown a t  p. 1, f. 2. The c o l l a r  d iameter  i s  

s l i g h t l y  l a r g e r  than t h e  capsule diameter,  and t h e  capsule i s  h e l d  f o r  

r o t a t i o n  by  g r a v i t y .  I f  capsules w i t h  diameters d i f f e r e n t  f rom the  SNAP-21 

d iameter  a r e  t o  be t es ted ,  t he  SNAP-21 adapter  (p. 2, f. 2)  i s  e a s i l y  l i f t e d  

o f f  t he  t u r n t a b l e ,  and an adapter w i t h  a  c o l l a r  o f  p roper  d iameter  can be s e t  

i n  p lace.  

3.4 A x i a l  D r i v e  Disengage 

The a x i a l  d r i v e  s h a f t  (p. 7, f. 2) d r i v e s  t h e  t ransducer  h o l d e r  and 

t ransducer  a l ignment  dev ices up and down. Th i s  s h a f t  i s  disengaged from t h e  

motor  d r i v e  and a x i a l  -pos i  t i o n  po ten t iometer  by 1  i f t i n g  up on t h e  disengage 

r o d  (p. 9, f. 2; p. 2, f. 3) .  Disengagement i s  complete when t h e  disengage 

l o c k  (p. 4, f. 3 )  i s  p o s i t i o n e d  beneath t he  disengage h o l d  (p. 5, f. 3) .  A f t e r  

disengagement, t h e  t ransducer  ho lde r  and a l ignment  mechanisms can be r a i s e d  o r  

lowered by t u r n i n g  t he  knob (p. 7, f. 3)  on t h e  t o p  o f  t he  a x i a l  d r i v e  s h a f t .  

Clockwise r o t a t i  on o f  t he  knob d r i v e s  t h e  t ransducer  up, and coun te rc lockwise  * 

d r i  ves t he  t ransducer  down. The w ipers  on t h e  a x i  a1 -pos i  ti on po ten t iometers  can 

be r e p o s i t i o n e d  b y  t u r n i n g  t he  disengaged coupl ing-gear  (p. 6, f. 3) .  Caut ion: I - 
Ten t u r n s  on t h e  a x i a l - p o s i t i o n  mon i t o r i ng  po t s  a re  equ i va len t  t o  a  one- inch 

a x i a l  t r a v e l  o f  t he  u l t r a s o n i c  t ransducer .  The w ipers  must n o t  be d r i v e n  

aga ins t  t h e  s tops a t  e i t h e r  end o f  t h e  po ts .  A meter  which mon i to rs  the  w ipe r  

p o s i t i o n s  i s  p rov ided  on t h e  motor  c o n t r o l  panel i n  t he  console (p. 26, f. 4).  
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When the  wipers  approach e i t h e r  end o f  t h e  po ts ,  t h e  a x i a l  d r i v e  s h a f t  must be 

disengaged ,and t h e  wipers  must be repos i t i oned .  
3.5 Transducer P o s i t i o n i n g  - -  - 

P o s i t i o n i n g  of  t h e  u l t r a s o n i c  t ransducer  (p. 3, f. 2) w i t h  respec t  t o  

t he  capsule i s  accomplished w i t h  t h e  dev ices p. 4, p. 5, and p. 6, f. 2, and 

p. 7, f. 3. Tab1 e 1 , page 3, g i ves  t h e  d i r e c t i o n  o f  t ransducer  t r a v e l  when t h e  

p o s i t i o n i n g  knobs a re  ro ta ted .  Two goniometers and t ransducer  ho lders  

(p. 4, f. 2) a r e  prov ided.  The goniometers p rov ide  a +3O0 angu la r  a l ignment  

o f  t h e  t ransducer  i n  t h e  a x i a l  p lane  o f  t h e  capsule. The c ross feed  (p. 5, f. 2)  

p rov ides  t r a v e r s e  t ransducer  pos i  ti oning. The r a d i a l  ( toward  o r  away f rom the  

capsule)  t ransducer  p o s i t i o n i n g  i s  ad jus ted  w i t h  t h e  d r i v e  p. 6, f. 2. The 

t ransducer  h o l d e r  should be t i g h t e n e d  t o  t h e  p o i n t  where t he  t ransducer  i s  

secu re l y  h e l d  i n  p lace;  however, c a u t i o n  should be used t o  p reven t  excess ive 

t i g h t e n i n g  o f  t h e  ho lder .  

3.6 Water C i r c u l a t i o n  System 

Plumbing i s  p rov ided  f o r  c o o l i n g  wa te r  c i r c u l a t i o n  i n  t h e  tank  du r i ng  

t h e  t e s t i n g  o f  t h e  f u e l e d  capsules as shown i n  Drawing H-3-27974. .Note t h e  

p r o v i s i o n s  f o r  a  wate r  f l o w  across t h e  face  o f  t h e  t ransducer .  Transducer 

c o o l i n g  must be p rov ided  du r i ng  t h e  i nspec t i ons  o f  a  f u e l e d  capsule. The 

adapter  p rov ided  f o r  optimum d i s t r i b u t i o n  o f  t h e  c o o l i n g  wate r  across t h e  

t ransducer  i s  shown i n  Drawing No. H-3-28908. 

3.7 Motor - - Con t ro ls  

The d r i v e  motor  i s  c o n t r o l l e d  by t h r e e  swi tches on t h e  motor  c o n t r o l  

panel i n  t h e  console. The forward-reverse sw i t ch  (p. 4, f. 4 )  determines the  

d i r e c t i o n  o f  capsule r o t a t i o n  and t he  d i r e c t i o n  o f  t ransducer  t r a v e l .  I n  t he  

reverse  p o s i t i o n  t he  capsule w i l l  r o t a t e  c lockwise,  and t h e  t ransducer  w i l l  

t r a v e l  up. I n  t he  fo rward  d i r e c t i o n  t h e  capsule w i l l  r o t a t e  counterc lockwise,  

and t h e  t ransducer  w i l l  t r a v e l  down. Power i s  supp l i ed  t o  t h e  motor  by  t h e  

"o f f - on "  s w i t c h  (p. 6, f. 4 )  o r  t h e  " j o g "  sw i t ch  (p. 5, f. 4) .  The "o f f - on "  

s w i t c h  p rov ides  cont inuous power t o  t h e  motor  i n  t h e  "on" p o s i t i o n .  Power can 

be s u p p l i e d  i n  incrementa l  s teps by pushing t h e  " j o g "  s w i t c h  when t he  "on -o f f "  
I 

sw i t ch  i s  i n  t h e  " o f f "  p o s i t i o n .  Power i s  s u p p l i e d  t o  t h e  motor  as l o n g  as t he  

" j o g "  sw i t ch  i s  h e l d  i n .  

The " fo rward- reverse"  s w i t c h  should be operated o n l y  w h i l e  t he  motor 

i s  deac t i va ted  ( "on -o f f "  sw i t ch  i n  " o f f "  p o s i t i o n ) .  Ro ta t i on  o f  t h e  capsule 

w i t h o u t  d r i v i n g  t he  t ransducer  up o r  down can be accompl l shed  by disengaging 

the  a x i a l  d r i v e  as i n s t r u c t e d  i n  s e c t i o n  3.4. 



4.0 OPERATION OF ELECTRONIC CONSOLE 

4.1 General D e s c r i p t i o n  

Since most i s o t o p e  capsules a re  produced i n  low q u a n t i t i e s ,  t he  

e l e c t r o n i c  console was designed as a  "genera l  use" u l t r a s o n i c  broadband t e s t e r  

w i t h  spec i  a1 f a c i  1  i t i e s  f o r  i n t e g r a t i o n  w i t h  t he  UT-40 u l t r a s o n i c  t e s t  tank. 

Broadband e x c i t a t i o n  f o r  5  MHz through 15 MHz u l t r a s o n i c  t ransducers can be 

ob ta ined .  The a m p l i f i e r  has a  55 db ga in  f rom 300 Hz t o  30 MHz. Two 

independent g a t i n g  sys tems w i t h  no i  se d i  s c r i m i  n a t i o n  anal  og de tec to r s  a re  

prov ided.  The gates may be p o s i t i o n e d  a t  a  f i x e d  t ime  re fe renced  t o  t he  

t ransducer  e x c i t a t i o n  pu l se  o r  a  f i x e d  t ime  re fe renced  t o  the  u l t r a s o n i c  

" su r f ace  r e f l e c t i o n . "  For readout  v e r s a t i l i t y  t h e  analog s i g n a l s  f rom t h e  

de tec to r s  may be added t o  o t h e r  d-c vo l tages  (such as vo l tages  p r o p o r t i o n a l  

t o  t ransducer  p o s i t i o n )  by t he  use o f  two summing a m p l i f i e r s .  Al though an 

X - Y  r eco rde r  i s  i n s t a l  l e d  i n  t h e  console,  t h e  t e s t e r  can be advantageously 

used w i t h  s t r i p  c h a r t  recorders .  The console has c i r c u i t s  which c o n t r o l  

t h e  up o r  down p o s i t i o n  o f  t h e  reco rde r  pen as a  f u n c t i o n  o f  a p r e s e t  d e f e c t  

s i g n a l  ampl i tude.  Thus, both p e n - l i f t  X - Y  record ings  and o b l i q u e  X - Y  record -  

i n g s  can be ob ta i ned  (see F igures 7 and 8 ) .  

The f o l  l ow ing  c i r c u i t  schemati cs and w i r i n g  diagrams a r e  i n c l  uded 

i n  Appendix A  o f  t h i s  r e p o r t :  H-3-28903, H-3-28904, H-3-28905, H-3-28906, 

and H-3-28907. The c i r c u i t  d e s c r i p t i o n  s e c t i o n  o f  t h i s  r e p o r t  g i ves  

spec i  f i  c  i n f o r m a t i o n  about t he  B a t t e l l  e-Northwest developed c i  r c u i  t ry. The 

p e r t i n e n t  waveforms a re  shown i n  t h e  osc i l l og rams  i n  F igures 10 through 15. 

These waveforms can be used as an a i d  i n  ope ra t i ng  and m a i n t a i n i n g  t he  

e l e c t r o n i c  console. The vendor ' s  i n s t r u c t i o n  manuals f o r  t h e  commercial 

i ns t ruments  i nco rpo ra ted  i n t o  t he  system a r e  a v a i l a b l e  f rom the  vendors a t  

nomi n  a1 c o s t  . 
4.2 Transducer Exc i  t a t i  on 

Proper  e x c i t a t i o n  o f  t h e  u l t r a s o n i c  t ransducer  i s  one o f  t he  most . 
c r i t i c a l  p a r t s  o f  a  broadband u l t r a s o n i c  system. Due t o  t h i s  c r i t i c a l i t y ,  

a complete d e s c r i p t i o n  o f  t h e  pu l  s e r  c i r c u i t ,  waveforms, and waveform shaping I 

techniques a re  g iven  i n  s e c t i o n  5.1 , page 14. Sec t ion  5 , l  a l s o  shows t h e  

advantage of c a p a c i t i v e  t u n i n g  i n  t h e  e v a l u a t i o n  o f  t h e  SNAP-21 welds. The 

waveform which e x c i t e s  t h e  t ransducer  can be mon i to red  a t  p .  8, f. 2. The 

e x c i  t a t i  on pu l se  and t h e  r e s u l t a n t  u l  t r a s o n i  c  s i g n a l  s  a re  coup1 ed between 

t h e  e l e c t r o n i c  console and t he  t e s t  tank  through a  coax ia l  cab le  which connects 



p. 1 ,  f .  4 on the console to the junction box a t  p. 8, f .  2 on the t e s t  tank. 
The unampl i f ied rf representations of the ultrasonic signals are coup1 ed out 
the front panel a t  p. 7 ,  f .  4. The exciting pulse i s  clipped prior to  
p. 7, f .  4 to  protect the amplifier input c ircui t ry.  

4.3 X n a l  Amplification 

The unamplified signals may be connected direct ly  from p. 7 ,  f .  4 
t o  the amplifier input p. 8 ,  f .  4 with coaxial cable, or an attenuator 

( p .  9 ,  f .  4) may be inserted to  provide additional amplification ranges. 

The ampl i f i  ed rf  representations of the ul trasoni c signals can be monitored 

with an oscilloscope a t  the amplifier output p. 10, f .  4. The basic 
amplification can be varied in ten increments from 40 d b  to  55 d b  with the 

gain control switch, p. 11, f .  4. Since the amp1 i f i e r  has a +3 volt output 

l imi t ,  the attenuator should be inserted when aligning the ultrasonic trans- 
ducer to permit observation of the unsaturated surface ref1 ect i  on. The 

specif ic  ampl i f icat ion to  be used during an ultrasonic t e s t  i s  dependent 

on many variables unique to  tha t  t e s t .  Fifty-five d b  amplification should 
be suff ic ient  for  most ultrasonic t e s t s .  The amplifier i s  fu l ly  re'covered 

within four (4)  microseconds a f t e r  the transducer excitation pulse. 

The ampl i f ied  waveforms appearing a t  p. 10, f .  4 are r f  representa- 
t ions of the ultrasonic signals which are detected by the transducer. These 

signals,  when displayed on the oscilloscope, are used to  align the ultrasonic 

beam on the t e s t  piece, evaluate the transducer response, position the gates,  

and in the set-up procedure for  an ultrasonic t e s t .  The amplified r f  
representations of the ultrasonic signals are connected to  the signal synthesis 
c ircui t ry by connecting a coaxial cable between p. 10, f .  4 and p. 12, f .  4. 

4.4 Gate Positioning 
The two modes of gate operation available are: (1 ) normal-mode 

gates referenced in time t o  the transducer excitation pulse, and (2) gate- 

follower mode referenced in time to the ultrasonic surface reflection. Two 
independent signal gates are  available in each of the gating modes. The 

s 
gate mode of operation i s  selected with the properly 1 abeled switch position 

a t  p. 13, f .  4. 
The normal -mode gate operation i s  used: (1 ) when ultrasonic defect 

signals occur a t  a constant time a f t e r  the transducer excitation pulse, or 
( 2 )  when the ultrasonic surface reflection has insuff ic ient  ampl i tude 



to activate the gate-fol lower mode ci rcui t ry .  The gate-fol lower mode operation 
i s  used when c r i t i ca l  positioning of the signal gates i s  necessary. The 

descriptions of the gate circui t ry and waveforms are given in the signal gates 

sec t i0n~5.4 .  The pulse logic sequence description i s  given in section 7.0. 
Refer to  Figure 10 for  the oscillograms which show the time relationships of 

the delays and pedestals for  the normal mode gate operation. In the normal 
mode operation, the signal gates A and B are referenced to  the leading edge , 

of the normal gate pedestal. The normal-gate pedestal can be monitored a t  

p.  19, f .  4. The normal-gate i s  referenced to  the transducer excitation time 

with the nornial -gate variable delay potentiometer a t  p. 14, f .  4, and the pedestal 
width i s  adjusted with the width potentiometer a t  p.  14, f .  4. The signal 

gate pedestals A and B can be monitored a t  p.  17 and p. 18, respectively, 

as shown in Fig. 4. The leading edges of the signal gates are positioned 

with respect t o  the leading edge of the normal-gate with the variable delay 

potentiometers a t  p.  15 and p. 16, f .  4. The signal gate pedestal widths, 

which determine the portions of the r f  ultrasonic signal to  be detected, are 

adjusted with the variable width potentiometers a t  p. 15 and 16, f. 4. 

Refer to  Figure 10 for  the oscillograms which show the time 

relationships of the delays and pedestals for  the gate-follower mode gate 

operation. In the gate-follower mode the signal gates A and B are referenced 

to the surface reflection of the rf ultrasonic signal. To actuate the signal 
gate,  the normal-gate pedestal ( p .  1 9 ,  f. 4) i s  positioned in time coincidence 

with an ultrasonic signal which i s  over +1.5 volts in amplitude, and which i s  

present each time the transducer i s  excited. When the above conditions are 

met, the signal gate delays are referenced to  the coincident ul trasonic signal , 
and the signal gate pedestals can be positioned with the i r  respective delay 

and width potentiometers a t  p. 15 and p. 16, f .  4. 

4.5 Analog Signal Detection 

The electronic console contains independent detection circui t ry for  

b o t h  signal gates A and B. Refer to  Figure 14 for the detector waveforms. 

The detection circui t ry produces a dc voltage level proportional t o  the largest  s 

negative r f  ultrasonic signal which i s  coincident in time with the respective 

A o r  B gate pedestals. The detected-signal voltage level can be monitored 

a t  the recorder supply terminals p.  21 ,  and p. 2 2 ,  f .  4. The signal synthesis 

chassis i s  mounted on s l ides ,  and the intermediate waveforms between i n i t i a l  

gating and the analog o u t p u t  can thus be conveniently monitored. 



The detectors are reset t o  the "noise" rejection voltage level 
approximately th i r ty  microseconds a f t e r  the transducer i s  excited. The 
"noise" rejection voltage level (see oscillogram E ,  Figure 14) i s  adjusted 
with the potentiometer on the detector boards behind the signal synthesis 
panel ( p .  10, f .  5) .  The "noise" rejection increases as the "noise" 
rejection voltage level i s  made more negative. If  ultrasonic signals occur 
closer than thi rty-five mi croseconds a f t e r  the transducer exci t a t i  on pul se ,  

the reset pedestal must be proportionately shortened. Refer to  section 5.5 

for  the description of the signal detection sequence. 

Refer to  Figure 6 fo r  signal preparation for  recording diagram. 

The four available inputs to the X - Y  recorder are: (1 ) the analog signal 

from gate A,  ( p .  21 , f .  4 ) ,  ( 2 )  the analog signal from gate B ( p .  22 ,  f .  4 ) ,  
(3)  a vol tage 1 inearly proportional to the axi a1 (1 ongi tudinal ) posi t i  on of 

the ultrasonic transducer ( p .  23, f .  4 ) ,  and (4) a voltage 1 inearly propor- 

tional to the rotational (traverse) position of the capsule with respect t o  

the ultrasonic transducer ( p .  24, f .  4 ) .  The analog voltage from gate A 

and B can range from 0 to  -6 volts. The axial position voltage ranges from 
0 to +15 volts for  one-inch axial travel of the transducer. The rotation 

position ranges from 0 to +15 volts every two complete rotations of the 

capsule. The two summing ampl i f i e r s  will each faci l  i t a t e  three external 

inputs (p.  3, f .  5 ) .  Each summing amplifier has an internal input for 

adjusting the quiescent output voltage 1 eve1 s .  The internal adjustment 
voltages to each summing amplifier may be varied from -1 5 volts to  +15 
volts with the respective zero se t  potentiometers ( p .  1 and 2 ,  f .  5 ) .  The 

four available analog signals a t  p. 21-24, f .  4, may be added to each other 
in any desired combination by connecting the analog signals into the common 
inputs ( p .  5, f .  5) on one or both summing amplifiers. When the analog 

signals are connected direct ly  into the summing ampl i f i e r  inputs, the amp1 i f i e r s  

have a gain of minus one (-1).  The gain a t  each amplifier input can be 

b decreased by adding ser ies  attenuating resistance (Za) a t  the amp1 i f i e r  inputs. 

The gain of the amplifier i s  

where A i s  the gain, and Za i s  the ser ies  resistance i n  kilohms. The two 



outputs of the summing amplifiers ( p .  3 ,  p. 4, f .  5 )  can thus provide 
mu1 t i  ple-vari abl e driving vol tages for  the pen and carriage inputs on the 
X - Y  recorder. When defect indications over1 ap on the X-Y recording 
(Figure 9-A), limiting diodes D L  Figure 6 )  can be placed across the peak 
pulse outputs to obtain bet ter  definit ion of defect indications. Since the 
nominal conduction voltages fo r  a sol id-s tate  diode i s  .6 vol ts ,  the upper 
l imit  of the detector voltages can be easily limited in 0.6 volt increments 

by a ser ies  combination of diodes. 

4.7 Recorder Pen Li f t  Operation 

When the toggle switch on the back of the X - Y  recorder i s  placed 
i n  the "R"  position, the recorder i s  programled to  s e t  the pen down only 

when defect signals larger than a preset minimum are encountered and during 

every second rev01 ution of the t e s t  capsule. The pen 1 i f t  capabi 1 i ty  permits 

"pen 1 i f t "  recordings to be made in addition t o  the normal recordings 
obtained with an X - Y  recorder. Recording every second revolution of the 

capsule insures against missing defect indications during pen reset.  
The pen l i f t  discrimination level fo r  defects detected in gate A 

or gate B i s  s e t  with the respective level-set  potentiometers, p .  6, f .  5. 

The discrimination levels increase as the potentiometers are turned toward 

10. The pen will remain down during an ent i re  revolution of the capsules when 
one or both discrimination levels are se t  to  zero. If  only one gate-detector 
channel i s  being used during a "pen l i f t "  recording, the level-set  potentiometer 
fo r  the other gate-detector channel should be s e t  a t  ten (10) to  prevent 

fa1 se defect indications. 
The pen should be i n  the "up" position during the capsule revolution 

in which the rotation monitor voltage switches between the 0 and +15 voltage 
levels.  The revolution to  be recorded can be changed by pushing the reset  button, 

p. 25, f .  4. Refer to the'pen l i f t  logic and special c i rcu i t s  section, 6.0,  

for  the description of the pen l i f t  c i rcui t ry and logic sequence. 

4.8 Recordi ng 

Three of the combinations obtainable by unique adding of the four 
4 

available inputs and the pen l i f t  options are described below. 
The oblique X - Y  recording shown in Figure 7 i s  convenient for  data 

interpretation in welds which contain small, randomly spaced defects. To 

s e t  u o  t h i s  type of recording, the rotational position voltage i s  added 

with the analog defect signal through one summing amp1 i f i e r ,  and the resulting 



voltage i s  applied t o  the pen input of the recorder. The axial position 
voltage i s  added to  a portion of the rotation position through the other 
summing amplifier and i s  applied to  the carriage input of the recorder. With 
the aid of a standard, the "noise" rejection level and the pen and carriage 
sens i t iv i t i e s  are  adjusted to  obtain the desired scan. 

The "pen l i f t "  recording shown in Figure 8 i s  convenient when large 
portions of the weld are defective. Examples are: (1) lack of joint fusion 
due to  misalignment of the weld volume, and ( 2 )  welds which display areas 

with h i g h  concentration of large defects. To s e t  up the "pen 1 i f t "  

recording, the rotation nioni tor voltage i s  connected t o  the recorder pen input, 
and the axi a1 position monitor vol tage i s  connected to  the recorder carriage 

input. With the aid of a standard, the pen l i f t  discrimination levels and 

recorder sens i t iv i ty  are adjusted to  obtain the desired scan. 
Limiting diodes across the detector outputs can be advantageously 

used when superimposed defect signals hinder recording interpretations.  
Figure 9-A shows a recording of the SNAP-21 weld standard without diode 

1 imi t ing. Note the superimposed defect indications for  the .040" .through 

.0701' standard holes. Figure 9-B shows the separation of a l l  defect indica- 

t ions by use of diode limiting. 

5.0 SPECIAL CIRCUIT DESCRIPTIONS 
The fo l l  owing paragraphs describe the functions of the noncommerci a1 , 

Battel le-devel oped ci rcui t r y  contained in the electroni c portion of the UT-40 

ultrasonic tes te r .  The pertinent waveforms shown in the oscillograms are an 
aid i n  understanding the operation and maintenance of the electroni c console. 

5.1 Pulse Generators 
The pulse generators, Drawing No. H-3-28906, Appendix B ,  are sol i d  

s t a t e  c i rcu i t s  which provide the excitation pulse for  the ultrasonic 
transducer. The clock pulse from the digi ta l  logic,  oscillogram A ,  F i g .  12, 

drives the 2N3501 t rans is tor  into avalanche to  i n i t i a t e  the pulser sequence. 

Upon avalanche, the collector of the t rans is tor  i s  shorted to  ground, and a 
b 200 to 270 vol t ,  16 nanosecond r i s e  time pulse resu l t s  as shown in oscil logram 

B of Figure 12. In pulse generator No. 2 the t rans is tor  collector pulse i s  

differentiated to  produce the "spike" pulse fo r  transducer excitation. In 

pulse generator No. 1 the t rans is tor  collector voltage i s  coupled to  the 

negative side of the Shockly diode, and thereby the Shockly i s  driven into 



avalanche. A 325 t o  475 v o l t  20-nanosecond r i s e  t ime  pu lse  r e s u l t s  a t  t he  

p o s i t i v e  t e r m i n a l  of t he  Shockly as shown i n  osc i l l og ram C o f  F igure  12. 

Th is  pu l se  i s  then d i f f e r e n t i a t e d  t o  form the  "sp ike"  pu l se  f o r  t ransducer  

e x c i t a t i o n  as shown i n  o s c i l  logram D, F igure  12. 

The o u t p u t  d i f f e r e n t i a t o r s  on each board were f a b r i c a t e d  w i t h  100 ohm 

o u t p u t  r e s i s t o r s  t o  match t he  15- foo t  93 ohm cab le  used i n  t he  SNAP-21 we ld  

eva lua t i on .  Th i s  ou tpu t  r e s i s t o r  can be changed t o  match t he  c h a r a c t e r i s t i c  

impedance o f  d i f f e r e n t  cables i f  des i red.  

The r i s e  t ime o f  the  t ransducer  e x c i t a t i o n  pu l se  and t he  d u r a t i o n  

o f  t he  " sp i ke "  i s  determined by t he  a c t i o n  o f  the  t ime cons tan t  o f  t h e  o u t p u t  

d i f f e r e n t i a t i n g  c i r c u i t  on t he  c o l l e c t o r  waveforms. Vary ing t h e  t ime  cons tan t  

i s  g e n e r a l l y  done by changing t he  capac i t o r .  The t ime cons tan t  i s  made 

s h o r t e r  t o  i nc rease  t h e  h i g h  frequency c h a r a c t e r i s t i c s  o f  t h e  e x c i t a t i o n  

pu l se  and i s  made l o n g e r  t o  inc rease  t he  low frequency c h a r a c t e r i s t i c s  o f  

t he  e x c i t a t i o n  pu l  se. 

A d d i t i o n a l  e x c i t a t i o n - p u l s e  shaping can be performed a t  t he  t ransducer  

connector  on t h e  t e s t  tank  when t he  most optimum t ransducer  e x c i t a t i o n  pu l se  

i s  requ i  red.  Para1 l e l  capaci t i  ve t u n i n g  has been found advantageous when t h e  

t ransducer  a c t i v e  element i s  t he  cerami c  PZT-5. Comparison o f  o s c i  11 ograms 

A  and B, F igure  13, shows t h e  PZT-5 t ransducer  response improvement ob ta ined  

w i t h  c a p a c i t i v e  tun ing .  

The spec i  f i  c  t ransducer  e x c i  t a t i  on pu l  se se lec ted  f o r  e x c i  ti ng the  

15 MHz, PZT-5 u l t r a s o n i c  t ransducer  d u r i n g  t h e  u l t r a s o n i c  e v a l u a t i o n  o f  the  

weld on t h e  SNAP-21 i so tope  containment vessels  i s  shown i n  t he  o s c i l l o g r a m  

C, F igure  13. A 470-pf c a p a c i t o r  was used t o  para1 l e l  tune  t he  t ransducer ,  

and a  300-pf c a p a c i t o r  w i t h  a  100-ohm o u t p u t  r e s i s t o r  was used i n  t he  pu l se  

genera to r  d i f f e r e n t i a t i o n  c i r c u i t ,  The h i g h  vo l t age  power supply  was s e t  

a t  +265 v o l t s .  

I f  t ransducers  w i t h  d i f f e r e n t  diameters,  resonate f requenc ies ,  and/ . 
o r  a c t i v e  element m a t e r i  a1 s  a re  used, t h e  optimum t u n i n g  impedance ( c a p a c i t i v e  

o r  i n d u c t i v e )  wi 11 vary .  Optimum t u n i n g  impedance i s  expe r imen ta l l y  determined. 
g 

5.2 C l i p p e r  

The c l  i p p e r  and e m i t t e r  f o l  lower ,  Drawing No. H-3-28906, Appendix 

A, uses back-to-back diodes t o  l i m i t  t he  vo l tages  a p p l i e d  t o  t he  i n p u t  o f  

t he  main a m p l i f i e r .  Thus, t h e  main a m p l i f i e r  recovers comple te ly  w i t h i n  4 

microseconds a f t e r  t h e  s a t u r a t i o n  produced by t h e  t ransducer  e x c i t a t i o n  pu lse.  

See o s c i l l o g r a m  A  i n  F igure  10. 



5.3 SC-5 Pulse Shaper 

The SC-5 p u l s e  shaping c i r c u i t ,  Drawing H-3-28905, Appendix A, 

t ransforms t h e  a m p l i f i e d  rf u l t r a s o n i c  su r f ace  s i g n a l  i n t o  a  pu l se  which i s  

compat ib le  w i t h  the  DEC l o g i c .  I f  any p o r t i o n  o f  t h e  r f  s i g n a l  f rom the  

main ampl i f i e r  exceeds 1.5 v o l t s ,  t h e  pu l se  shaper s imul taneously  produces a  

s tandard  pu l se  as shown i n  osc i l l og rams  A  and B, F igure  11. Coincidence o f  

a  pu l se  f rom t h e  pu l se  shaper w i t h  t h e  normal gate pedes ta l  i s  r e q u i r e d  t o  

operate t he  g a t e - f o l  1  ower mode sequence. 

5.4 S i g n a l  Gates A  and B 

The s i g n a l  gates A  and B, Drawing No. H-3-28906, Appendix A, a re  

used t o  gate se lec ted  s i g n a l s  from t h e  a m p l i f i e d  rf rep resen ta t i ons  o f  the  

de tec ted  u l t r a s o n i c  s i gna l s .  The g a t i n g  sequence i s  ac tua ted  by t he  gate 

pedes ta ls  A and B  which a re  generated i n  t h e  d i g i t a l  l o g i c  (see F igures 10 and 

11) .  The ga te  pedes ta ls  a re  p o s i t i o n e d  as i n s t r u c t e d  i n  t he  ga te  p o s i t i o n i n g  

paragraph, s e c t i o n  4.4. 

Presence o f  a  gate nedesta l  on i n p u t  p i n  E o f  t he  gate board 

d r i v e s  the  t r a n s i s t o r  i n t o  s a t u r a t i o n .  Upon s a t u r a t i o n ,  the  t r a n s i s t o r  

c o l  1  e c t o r  v o l  tage swi tches f rom t h e  qu iescen t  -1 5  v o l  t s  t o  0  v o l t s  , the  

p i n c h - o f f  vo l t age  i s  thereby  removed from t h e  FET gate,  and f r e e  conduct ion 

between t he  FET source and d r a i n  i s  permi t ted .  The rf s i g n a l  f rom the  main 

a m p l i f i e r  i s  t h e  d r a i n  supply,  and o n l y  the  rf s i g n a l s  c o i n c i d e n t  i n  t ime w i t h  

t he  gate pedesta l  a re  passed through t he  FET t o  t he  gate o u t p u t  p i n  K. 

Osc i l lograms A, B, and C i n  F igure  14 show t h e  t ime  r e l a t i o n s h i p s  between 

t he  ga te  pedesta l  , ampl i f  i ed rf s i g n a l  , and the  gated rf s i g n a l  . 
5.5 Analog S igna l  - . De tec to r  

The analog s i g n a l  de tec to r ,  Drawing No. H-3-28906, Appendix A, 

uses a  s i n g l e  d iode t o  d e t e c t  t h e  nega t i ve  p o r t i o n s  o f  t h e  ga ted  rf s i g n a l .  

P r i o r  t o  d e t e c t i o n  t h e  gated s i g n a l  i s  f u r t h e r  a m p l i f i e d  by t h e  C-COR-3582 rf 

a m p l i f i e r  which has a  ga in  o f  ten.  The rf s i g n a l  f rom t h e  C-COR i s  ac coupled 

t o  t he  cathode of t h e  d e t e c t o r  d iode.  When a  nega t i ve  go ing  rf s i g n a l  appears 

i n  t h e  gate s i g n a l  , the  d iode  i s  fo rward  b iased  and t he  300-pf c a p a c i t o r  wi  11 

charge t o  t h e  h i g h e s t  nega t i ve  vo l t age  p resen t  i n  t h e  rf s i g n a l .  When the  

nega t i ve  s i g n a l  passes, t h e  d iode i s  reverse  biased, and the  c a p a c i t o r  w i l l  

remain charged u n t i l  t h e  r e s e t  t r a n s i s t o r  i s  t u rned  on j u s t  be fo re  t h e  n e x t  

g a t i n g  sequence. 



The e m i t t e r  o f  the  r e s e t  t r a n s i s t o r  i s  b iased  w i t h  a  v a r i a b l e  nega- 

t i v e  v o l t a g e  through t h e  e m i t t e r  po ten t iometer .  The d e t e c t o r  c a p a c i t o r  i s  

r e s e t  t o  t h e  e m i t t e r  vo l t age  l e v e l  , and t he  d e t e c t o r  d iode wi 11 n o t  be fo rward  

b iased  by t h e  nega t i ve  p o r t i o n  o f  t h e  ga ted  rf s igna l  un less t h e  s i g n a l  i s  

l a r g e r  than t h e  r e s e t  vo l tage .  Thus, "no ise"  d i s c r i m i n a t i o n  i s  prov ided.  

The d e t e c t i o n  sequence occurs each t ime t he  t ransducer  i s  exc i t ed .  

Osc i l lograms D  through H i n  F igu re  14 show the  d e t e c t i o n  sequence o f  a  d e f e c t  

s i g n a l  i n  a  SNAP-21 weld. 

5.6 Summing Amp1 i f i e r s  

The ope ra t i ona l  amp1 i f i e r  board con ta ins  two LM-201 ope ra t i ona l  

a m p l i f i e r s  which can be used t o  combine up t o  s i x  analog s i g n a l s  f o r  t he  

X - Y  recorder .  The a m p l i f i e r  board has a  10-K i n p u t  and feedback r e s i s t o r s  

and a  g a i n  o f  -1. 

6.0 Pen L i f t  Log i c  and Specia l  C i r c u i t s  

The pen l i f t  l o g i c  and spec ia l  c i r c u i t s  as shown i n  F igu re  14, 

Drawing H-3-28903 and H-3-28906,~rov ide two f u n c t i o n s .  They p e r m i t  r e c o r d i n g  

o f  every  second r e v o l u t i o n  o f  t h e  capsule t o  ensure reco rd ing  over  t h e  e n t i r e  

capsule c i rcumference,  and secondly, t hey  p e r m i t  r eco rd ing  o f  o n l y  those 

d e f e c t  i n d i c a t i o n s  which a re  over  a  predetermined ampl i tude t o  o b t a i n  "pen 1  i f t "  

record ings .  The pen l i f t  f u n c t i o n  i s  ca tego r i zed  i n t o  f o u r  ope ra t i ons  as 

f o l l o w s :  ( 1  ) t h e  microswi  t c h  con tac t  on t h e  v e r t i c a l  d r i v e  s h a f t  c loses  once 

d u r i n g  each r e v o l u t i o n  o f  t h e  capsule,  ( 2 )  t h e  ou tpu t  vo l t age  l e v e l  o f  t he  

pen-1 i f t  l e v e l - s e t  c i r c u i t s  A  and B changes when a  d e f e c t  i n d i c a t i o n  over  a  

p resen t  d i s c r i m i n a t i o n  l e v e l  i s  encountered, ( 3 )  t h e  d i g i t a l  1  o g i c  processes 

t h e  s i g n a l s  f rom t h e  m i  c roswi  t ch ,  pen-1 i f t  1  eve1 - s e t  c i r c u i t s ,  and t h e  

r e s e t  sw i t ch  i n t o  one ou tpu t ,  and ( 4 )  t h e  pen 1  i f t  c i r c u i t  SC-4 conver ts  the  

o u t p u t  o f  t h e  d i g i t a l  l o g i c  i n t o  a  s i g n a l  compat ib le  w i t h  t h e  r e c o r d e r ' s  

pen l i f t  so leno id .  Th i s  pen l i f t  c i r c u i t r y  c o n t r o l s  t he  p o s i t i o n  o f  t h e  pen 

o n l y  when t h e  loca l - remote  sw i t ch  on t h e  reverse  o f  t he  reco rde r  i s  i n  t h e  

remote " R "  p o s i t i o n .  

6.1 Pen L i f t  Level  Set  A and B 
1 

The pen 1  i f t  l e v e l  c i r c u i t s ,  Drawing H-3-28906, Appendix A, a re  

designed t o  produce minus t h r e e  v o l t s  when t h e  abso lu te  va lue o f  t h e  d e t e c t o r  

vo l t age  i s  sma l l e r  than t h e  pen l i f t  re fe rence  vo l t age  and t o  produce zero 

v o l t s  when t h e  d e t e c t o r  vo l t age  i s  g r e a t e r  than t h e  re fe rence  vo l tage .  



The negat ive  dc de tec to r  vo l tage i s  f e d  i n t o  one i n p u t  o f  the LM-201 

opera t iona l  a m p l i f i e r .  The o ther  i n p u t  t o  t h i s  a m p l i f i e r  conies from a  10- turn 

reference potent iometer  b iased w i t h  a  p o s i t i v e  voltage. I f  the de tec tor  

vo l tage i s  the same absolute value as the reference voltage, zero v o l t s  w i  11 

appear a t  p i n  2  ( t h e  a m p l i f i e r  i n p u t ) .  As the  de tec to r  vo l tage goes more 

negative, the ampl i f i e r  ou tpu t  w i  11 go more p o s i t i v e ,  and the lower diode 

w i l l  conduct. This  w i l l  cause a  l a r g e  amount o f  feedback and consequently 

low a m p l i f i e r  gain, r e s u l t i n g  i n  a  near zero output.  I f  the  de tec to r  vo l tage 

goes l e s s  negat ive, the  a m p l i f i e r  i n p u t  w i l l  be s l i g h t l y  p o s i t i v e  and the out-  

p u t  negat ive. Since the ampl i f i e r  now has no feedback, i t s  ga in  w i  11 be very 

1  arge, and the ampl i f i e r  ou tpu t  w i  11 immediately go t o  minus 3  v o l t s .  A t  

t h i s  po in t ,  the  top  diode w i  11 be forward biased, and again, the feedback 

w i l l  increase ho ld ing  the ou tput  a t  minus 3 v o l t s .  

6.2 M i  croswi t c h  and Reset But ton Funct ion 

The m i  croswi t c h  i s  1  ocated on the main d r i v e  s h a f t  o f  the t e s t  

tank, and i t s  contacts are mechanical ly closed a t  360" i n t e r v a l s .  Thus, 

the  c losure  o f  t he  microswi tch contacts s ign i f i es . .  the  .end o f  .one r e v o l u t i o n  

and the  beginning o f  another. The rese t  contacts are manually closed by 

surpressing the  r e s e t  bu t ton  a t  p. 25, f. 4. The r e s e t  bu t ton  i s  used t o  

change the  r e v o l u t i o n  t o  be recorded. 

6.3 Pen L i f t  Logic 

The pen 1  i f t  d i g i t a l  l o g i c  shown i n  F igure  15 and Drawing H-3-28903 

synthesizes the outputs o f  t he  pen 1  i f t  l e v e l  c i r c u i t s ,  microswi tch,  and 

r e s e t  bu t ton  i n t o  one command output  t o  the  pen l i f t  specia l  c i r c u i  t - f o u r  

(SC-4).  Only two vo l tage l eve l s ,  0  and -3 v o l t s ,  are encountered i n  the 

d i g i t a l  l o g i c .  The vo l tage l e v e l  from each b lock which i n i t i a t e s  the f o l l o w i n g  

d i g i t a l  sequence i s  known as the  asse r ta t i on  l e v e l  and i s  shown on the 

b lock  diagram i n  F igure 15. 

Each t ime the  microswi t c h  o r  the r e s e t  contacts are closed, the 

Schmit t  T r i gge r  generates a  0  v o l t  pu lse as shown i n  F igure 15, waveform A. 

The 0 v o l t  a s s e r t a t i o n  l e v e l  from the  Schmitt  T r i gge r  causes the f l i p - f l o p  

ou tput  t o  change vo l tage l e v e l  and i n i t i a t e s  the  -3 v o l t  asse r ta t i on  l e v e l  

i n  t he  Trace Mark Pedestal ( r e f e r  t o  F igure 15, waveforms A, B, and C) . 
The pen 1  i f t  l e v e l  c i r c u i t s  A and B produce 0 v o l t  asse r ta t i on  l e v e l s  when 

a  defect s igna l  l a r g e r  than the  d i s c r i m i n a t i o n  l e v e l  i s  encountered (wave- 

form D) . The pen 1  i f t  l e v e l  c i r c u i t s  w i l l  produce t o  0 v o l t  asse r ta t i on  



1 evel continuously i f  the discrimination level potentiometers are se t  t o  

zero ( r e fe r  to  pen 1 i f t  level s e t  A and B, paragraph 6.1 page 17). The pen 
l i f t  assertation level i s  inverted to  the -3 volt level for  input t o  the 
N A N D  (negative A N D )  gates as shown in waveform E. 

The NAND gates produce the 0 volt  assertation level for 

Inverter-3 when both assertation levels of the Inverter-1 and the f l ip-f lop - 
are present (compare waveforms B ,  E ,  and F ) .  The Inverter-3 produces the 
0 volt assertation level for  Inverter-3 during the presence of the Trace 

Mark Pedestal. Thus, the Inverter-3 ~roduces the -3 volt  assertation level 

t o  the pen l i f t  solenoid switch (SC-4) when (1) a defect i s  present in A 

or B detector and the f l i p - f l o ~  i s  in the assertation s t a t e  or ,  ( 2 )  during 

the Trace Mark Pedestal. 

Since the f l ip-f lop i s  in the assertation level every second 

revolution, the pen can be se t  down for  defect recording only during every 

second revolution. The output level of f l ip-f lop can be changed by closing 

the reset contacts,and thereby, the revolution t o  be recorded can be changed. 

When the defect discrimination levels are se t  t o  zero, the pen l i f t  level 

s e t  i s  in the assertation level continuously, and the pen will s e t  down 

during the en t i re  revolution that  the f l ip-f lop i s  a t  the assertation level.  

The Den i s  s e t  down a t  the beginning and end of each X-Y t race through the 

mi croswi tch-Trace Mark Pedestal -Inverter-2 sequence. 

6.4 Pen Li f t  Special Circui t-4 
The pen l i f t  special circui t-4 permits current to  flow through 

the pen l i f t  solenoid coil when the voltage level from the pen l i f t  logic 

i s  a t  the minus three volt level.  The 2N618 t rans is tor  i s  bias "off" 

when the voltage level from the pen 1 i f t  1 ogi c i s  a t  the zero vol t  1 evel , 
thus, current flow through the solenoid coil i s  impossible. 

7.0 Pulse Logic Description 

Digital Equipment Corporation (DEC) plug-in modules, wi re-wrap 

racks, and power supply were used to  implement the ~ u l s e  logic for  the 

gates, detectors,  system clock and the digi ta l  logic for  the pen l i f t  

sequence. Pertinent waveforms and the i r  time sequence are given in Figures 10, 

11, 1 2 ,  and 14 for  the pulse logic and in Figure 15 for  the digi ta l  logic. 

The pulse and digi ta l  logic diagram H-3-28903, Appendix A ,  gives 

the interconnections between the plug-in modules. This drawing shows the pul se 

polar i t ies  for  the pulse logic and the assertation levels for  the digi ta l  logic. 
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APPENDIX 

UT-40 Electronic and Mechanical Fabrication, 

Assembly, and Circui t Drawings 
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G a t e  P e d e s t a l  B D e l a y  and  G i c i k ,  C o n t r  
G a t e  P s c e s t a l  B Yoni t o r  . P o i n t  
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FIGURE 6 

Recorder Drive Signal  Prepara t ion  Diagram 
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FIGURE 9 

Example of Oblique X-Y Recording of SLVAP-21 Standard with and Without Diode 
Limiting 
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FIGURE 13 
Transducer Response and Excitation for SNAP-21 Weld 

Evaluation 
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TABLE A-1 

REMOTE TEST TANK FABRICATION AND ASSEMBLY DRAWINGS* 

Drawing No. Sheets 
H-3-27765 1 Goniometer Assembly and Deta i  1 s 

H-3-27974 5 Weld Tes te r  - I so tope  Heat Source Assembly and 
Deta i  1 s 

H-3-27975 2 Gear D r i  ve Assembly and Deta i  1 s 

H-3-27976 1 S l i d e  - Assembly and D e t a i l s  

H-3-28908 1 UT-40 Transducer Coolant Adapter Assembly and 
(See F ig .  A-6) Deta i  1 s 

*These drawings a re  ob ta i nab le  from B a t t e l  le-Northwest,  R i  ch l  and, Washington a t  
a nominal  cost .  
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