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DIRJ3CTIONS FOR THE FABRICATION OF A PROBE FOR TRE ME- 
OF PLATE SPACING I N  PLm-TYPE FUFL ELEDElPS 

S. E. Dismuke 

The measurement of the space between fue l  plates  i n  high-burnup 

KFR-type  ateri rials Testing ~ e a c t o r )  fue l  elements i s  made by using eddy- 

current techniques developed by Dodd and McC1ung.l The probe needs t o  

be rugged i n  order t o  endure the  rough treatment i n  a "hot cell' '  and ye t  

sensi t ive enough t o  give resu l t s  t h a t  are  r e l i ab le  t o  within 2 o r  3 mils. 

The output i s  recorded by means of a chart  recorder. This report  w a s  

written i n  order t o  describe the probe and i t s  fabrication. 

The sensing section i s  supported near the end of a f la t tened s ta in-  

l e s s  s t e e l  tube i n t o  which a rectangular hole (gage s l o t )  has been cut 

t o  receive it. The sensing section consists essent ia l ly  of two s l igh t ly  

bowed springs ( f l a t  spring s tee l ,  0.0075 in .  thick, 0.250 in. wide, and 

2.400 in.  long), t he  midsections of which protrude s l igh t ly  above the  

upper and lower surfaces of the  f la t tened tube. Each spring ca r r i e s  a 

section of a b a l l  bearing as  the contact point. ( A  very s l igh t  depres- 

sion i s  milled i n t o  the  section of the  spring t h a t  w i l l  be i n  the  center 

of the gage s lo t ,  i n  order t o  a id  i n  the  centering of the  section of the  

b a l l  bearing when it i s  soft-soldered in to  place.) It i s  these two 

s l igh t ly  bowed springs (f ixed a t  one end and f r e e  a t  the  other, with 

t h e i r  hemispherical contact points) t ha t  serve a s  expanding calipers,  

sensing var ia t ions i n  the spacing between adjacent plates .  Essentially,  

the r e s t  of the  probe i s  a long handle t o  permit probing in to  the  space 

between long fue l  plates,  and it i s  a l so  a conduit f o r  the  e l e c t r i c a l  

leads ( t h e  i n i t i a l  f la t ten ing  of the  tube is  not suf f ic ien t  t o  close it). 

One spring car r ies  the c o i l  with i t s  shield. The shield i s  an 

Armco i ron r ing (0.250 in .  i n  diameter, 0.0075 in. thick, and 0.030 in. 

long) with a small cutout on the  side next t o  the  spring i n  order t o  

bring the  c o i l  leads out. The r ing i s  centered opposite the contact 

point and soft-soldered i n  place. The c o i l  i s  then placed inside the  

r ing and held i n  place with Eastman 9-10 cement. The c o i l  i s  made i n  

the following way: a c o i l  of 100 turns, l e s s  than 0.235 in. i n  diam- 

e t e r  and l e s s  than 0.030 in.  i n  thickness, i s  made with No. 40 enameled 



copper wire wound on a Teflon form; Eastman 9-10 cement i s  applied 

during winding i n  order t o  hold the  wires together. The Teflon form i s  

then carefully cut away t o  release the co i l .  

The probe i s  made of s ta in less  s t e e l  tubing (0.313 in.  i n  outside 

diameter, 0.025 in.  i n  wall thickness, and about 27 in .  long), the  l a s t  

25 in.  of which has been i n i t i a l l y  f la t tened t o  about 0.100 in.  The 

gage s l o t  (0.260 in.  wide and 2 in .  long) i s  then cut out, the cut for  

the s l o t  being s ta r ted  about 1 in.  from the end of the f la t tened tubing. 

That terminal inch of the  probe serves as an "entering wedge" f o r  the 

probe and also a s  a "bumper" for  the  expanding cal ipers .  The entering- 

wedge ef fec t  of the terminal inch of the  probe is  ensured by the re- 

moval of 0.010 of an inch of metal from both sides of the f la t tened 

tube. A l l  sharp edges a re  rounded, and the  prepared co i l  leads are  put 

i n  place. 

The lead wires fo r  the co i l  are made from No. 26 bare copper wire 

t h a t  has been ro l led  down t o  approximately 0.003 in., using several an- 

neals. The wires are  then carefully placed on 0.006-in.-thick Scotch 

e l ec t r i ca l  tape No. 27 tha t  has been cut t o  about 0.400 in.  i n  width; 

a similar piece of tape i s  then placed on top. This "sandwiching" of 

the wires between the  two s t r i p s  of tape serves t o  insulate  the  wires. 

The lead wires are  then drawn in to  the  f la t tened (but not com- 

p le te ly  closed) tube t o  within about 0.5 in .  of the posit ion t h a t  the 

c o i l  w i l l  be in ,  t ha t  i s  t o  say, t o  about the middle of the 2-in.-long 

gage s lo t .  A t  t h e  point of entry of the wires in to  the gage s lo t ,  two 

pieces of mica (0.002 in. thick, 0.400 in.  wide, 0.500 in. long) a re  

sandwiched about the wires and pushed about 0.200 in.  in to  the  tube i n  

order t o  prevent mechanical damage t o  the  wires as the probe i s  fur ther  

flattened, a l a t e r  step. 

A shim 0.020 in.  thick and f u l l  width of the  tube i s  inserted from 

the probe end of the  tube as f a r  as the end of the tape i n  the  gage s lo t .  

Two other shims, 0.010 in .  thick, are  inserted on e i the r  side of the  

f i r s t  shim but just  barely in to  the  gage s lo t .  (Recall t ha t  the  f i r s t  

shim went halfway in to  the gage s lo t .  ) 

The en t i r e  f la t tened portion of the probe i s  then f la t tened t o  i t s  

f i n a l  thickness of 0.070 in.  The shims are  pulled out, and 0.010-in. 



recesses a t  the handle end of the gage s l o t  are  milled out on both sides 

of the probe. These recesses receive the f ixed ends of the  springs; 

they are fixed in to  place by so f t  soldering. 

The springs must be bent i n to  the s l o t  s l i gh t ly  just  a f t e r  the  a t -  

tachment point, then curved out t o  the  gage point, then back down and 

straightened out again a short distance before they go in to  the  f l a t -  

tened tube a t  the opposite end of the gage s lo t .  After bending in to  
n shape, the springs w i l l  look something l i k e  th i s :  -. 

The spring carrying the c o i l  assembly i s  mounted just  as  the  other 

spring i s ,  but a l i t t l e  more needs t o  be done, as  follows: A small por- 

t i on  of the  e l e c t r i c a l  tape i s  peeled back, connections are  made t o  the 

f ine c o i l  wires (leave extra wire here t o  allow for  flexing),  the tape i s  

then put back i n  place, and the upper spring i s  soldered i n  place. Care 

should be taken t o  posit ion the  ball-bearing sections d i rec t ly  opposite 

each other. The l a s t  0.250 in.  of the  gage section of the probe i s  then 

completely f la t tened and welded. 

A two-wire shielded cable i s  firmly attached t o  the  unflattened 

end of the probe and then attached t o  a modified Wheatstone bridge, from 

which the  output i s  fed in to  a chart  recorder. In  the  present un i t  a 

Dermitron ( r e f  2) and a Speedomax H ( r e f  3) are  used. 

The Dermitron recorder i s  modified by putting a low-resistance ten- 

turn pot i n  ser ies  with the "balance" pot, and knobs t h a t  can be locked 

are  put on both "balance" pots and the "sensit ivity" control. A switch 

i s  put on the meter leads i n  order t o  switch from the  meter t o  a con- 

nection on the back of the  instrument fo r  the chart-recorder connections. 

The chart recorder i s  modified so t h a t  the  chart  speed corresponds 

t o  the scanning r a t e  of the probe. 

The operating procedure consists i n  placing the fue l  element on a 

m i l l  table ,  inser t ing the probe between the  fue l  plates ,  adjusting the 

posit ion of the m i l l  t ab le  so t h a t  the  probe handle can be clamped t o  a 

fYxed post, then moving the  m i l l  t ab le  away from the clamp a t  a constant 

ra te .  A t  the  same time t h a t  the m i l l  t r ave l  s t a r t s ,  the  recorder-chart 

drive i s  s tar ted.  

The dimensions of t he  components of the  probe are chosen t o  give 

the most accurate resu l t s  for  a nominal p l a t e  spacing of 0.125 in .  Very 



l i t t l e  e r ro r  w i l l  r e su l t  i f  the  probe i s  not rota ted more than 10.5" 

from the  normal i n  those elements t h a t  have f l a t  p la tes  and i f  the  probe 

i s  not rota ted more than 9.25' from the  normal i n  MIX-type f u e l  elements, 

which have curved f u e l  pla tes .  

The range of t he  probe , i s  from 0.090 in .  t o  0.160 in .  Calibrate by 

using a special  gage as  shown i n  the  sketches. Inaccurate ca l ib ra t ion  

w i l l  r e su l t  unless t he  gaging area is  wider than the  probe. 

Generally, t he  p l a t e  spacing - S p a r a l l e l  t o  the  s ide  p la tes  of the  

fue l  element i s  required i n  MTR-type f u e l  elements; so a correction 

fac tor  must be applied. In  t h i s  type of element, t he  ac tua l  p l a t e  spac- 

ing - S i s  approximately equal t o  the  gage reading - G divided by the  cosine 

of t he  angle which the  center of the  probe makes with the v e r t i c a l  

center l ine  axis  of t he  lower p l a t e  as  measured a t  t he  radius of curva- 

t u r e  ( i. e., r - ~ / c o s  8 ) .  I n  t he  case when the  probe is  touching the  

s ide plate ,  t h a t  angle w i l l  be 12' 54', and t h e  correction becomes 

S E ~/0.9748. ( ~ e c a l l  t h a t  t he  probe i s  designed t o  measure t he  normal - - 
separation between plates ,  while the  spacing t h a t  i s  required t o  be 

measured i s  t h a t  which is  p a r a l l e l  t o  the  side p la tes  of t he  f'uel e le -  

ment. ) 

The author wishes t o  acknowledge the assistance of J. F. Odom i n  

the  development work of the  probe. 
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UNCLASSIFIED 
ORNL-LR-DWG 66100 

COIL: 100 TURNS OF NO. 4 0  ENAMELED 
WIRE WlTH AN OD OF 0.250 in. 
AND A THICKNESS OF 0 .030  ~ n .  FLATTENED TUBE WITH 

0.010 in. REMOVED ON BOTH 

,,.in, BALL 
GROUND SIDES BEFORE FINAL FLATTENING 

0.002- in.  MICA TO PROTECT TO 0 .022- in  THICKNESS; 
(AND SUPPORT COIL LEADS SOFT SOLDERED TO SPRING 0.070 in. 

I 

SLOT FOR COlL 
LEADS TO COME OUT 0.030- in.  LONG, 0.250-in. 0 0  , 

/ \O.OIO in. RECESS WITH SPRINGS SOFT SOLDERED IN I I 
2.0 in. --- - in. - -  - -4 

ECESS WITH SPRINGS SOFT SOLDERED IN 

0.0075-in-THICK SPRING END OF PROBE IS WELDED CLOSED 
0.250-in. WIDE x 2 400- in .  LONG 

PROBE IS MADE FROM 0.313-in.-OD STAINLESS STEEL TUBING WlTH 
0.025-in. WALLTHICKNESS; FLATTENED TO 0 .070  in., WITH COlL LEADS INSIDE 

Detail S k e t c h  No. I 

UNCLASSIFIED 
ORNL-LR-DWG 66101 

COIL 0 .030  

L---J ALL DIMENSIONS IN INCHES 

Delail S k e t c h  No .  2. C r o s s  S e c t i o n  T h r o u g h  Gage P o s i f i o n  



UNCLASSIFIED 
ORNL-LR-DWG 66102 

AMPHENOL U G - ! ~ ~ / U  SO-264  , - - - 
0 . 0 7 0  in. 

HANDLE SHAPED AS DESIRED 1 

GAGING 
SECTION n 

SHOULD SLIDE IN  TUBE WHEN 
FLATTENED TO 0 . 0 9 0  in. 

I 1 - 1  
i 

f 

c 0 . 4 0  in. r-7 

25 in. 

0 .006- in . -THICK SCOTCH ELECTRICAL TAPE NO. 27 

0 .004 - i n . -  TO 0.002-in.-THICK 
COPPER SHIMSTOCK OR 

FLATTENED WIRE -%B-in. WIDE c 0 . 2 3 0  in. 

2 in. 

L E A D  WlRE FOR COIL TO PLUG TO B E  PLACED 
INSIDE TUBE BEFORE F INAL  FLATTENING 

Ic--L 

Probe f o r  P l o t e - S p a c i n g  M e a s u r e m e n t s  

UNCLASSIFIED 
ORNL-LR-DWG 66103 

GAP (in.) 

SECTION 

0 0 

0 

- 

8 in. 

C a l i b r a t i o n  Gage ( M o t e r i o l :  A l u m i n u m )  
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