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An eddy c u r r q n t  displacement transducer has been developed as p a r t  o f  a 
program t o  improve t h e  design and performance o f  t he  LOFT drag-disk t u r -  
b ine  transducer. 

Tests i n d i c a t e  t h a t  t he  eddy c u r r e n t  displacement t ransducer w i l l  operate 
s a t i s f a c t o r i l y  i n  the  LOFT environment. The transducer has a t o t a l  d isplace-  
ment range o f  0.140 inch. 
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SUMMARY 

An eddy cu r ren t  transducer was developed f o r  moni to r ing  the  displacement 
o f  t he  LOFT drag d i s k  opera t ing  under LOFT environmental cond i t ions .  

I n  the  development o f  t he  displacement transducer a computer program 
developed by Oak Ridge Nat ional  Laboratory was used t o  evaluate t h e  

.- proposed t ransducer 's  s e n s i t i v i t y  t o  displacement as a f u n c t i o n  o f  
frequency, temperature and the  diaptragm thickness. The r e s u l t s  o f  t h i s  

3 study ind i ca ted  t h a t  a usefu l  transducer could be obta ined using a 100 KHz 
s igna l  frequency and a 0.040 inch  d i a p h g n  thickness. The r e s u l t s  o f  t he  
computer program were v e r i f i e d  by actua,l l abo ra to ry  t e s t .  

A pro to type transducer was f a b r i c a t e d  and evaluated under LOFT temperature 
and pressure cond i t ions .  The transducer had an ou ts ide  diameter 0.625 
inch, w i t h  an o v e r a l l  l eng th  o f  1.3 inches. Associated w i t h  t h e  t rans-  
ducer are  two ta rgets ,  one a f i x e d  re ference t a r g e t  and the  o the r  a movable 
sense ta rge t .  The transducer has a usefu l  range o f  approximately 0.140 inch.  

A 100 KHz phase s e n s i t i v e  e l e c t r o n i c  system was used w i t h  the  transducer i n  
the eva lua t ion  program. The f o l l o w i n g  t e s t s  were conducted w i t h  t h e  system 
r e s u l t s  indicated:  

1. Temperature t e s t s  over  t h e  range from 3 0 2 ' ~  t o  649" y i e l d  an 
output  change equ iva lent  t o  0.004 inch  maximum. 

2. A 24 hour d r i f t  t e s t  on t h e  e l e c t r o n i c s  r e s u l t e d  i n  a maximum change 
i n  t h e  output  equ iva lent  t o  0.0015 inch.  

3. Autoclave pressure and temperature t e s t s  y i e l d e d  an output  change 
corresponding t o  l ess  than 0.004 inch.  

4. Thermal Shock Test y i e l d e d  a maximum change i n  output  corresponding 
t o  l ess  than 0.001 inch. 

I n  summary, t he  system e r r o r .  r e s u l t i n g  from changes i n  temperature, pressure, 
and d r i f t  corresponded t o  a maximum change i n  displacement o f  0.0045 inch  
over a range from 0.n30 inch  t~ 0.110 inch.  This change i r ~  t he  ou tpu t  corre-  
sponds t o  an ' e r r o r  of k 5.65% f o r  a t o t a l  range o f  f 0.040' inch. The mate r ia l s  
used i n  the  f a b r i c a t i o n  were se lec ted f o r  t h e i r  a b i l i t  t o  w i ths tand the  LOFT 
environmental condi t i o n s  as def ined i n  S .D.D. 1.4.1. (15 The LOFT r a d i a t i o n  
environment was1 considered i n  t h e  design and s e l e c t i o n  o f  t h e  m a t e r i a l s  used 
i n  the  f a b r i c a t i o n .  Radiat ion t e s t s  . w i  11 be performed on the  ceramic ma te r ia l  
p r i o r  t o  q u a l i f i c a t i o n  fo r  LOFT use. The t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  
transducer should nperate , s a t i s f a c t o r i l y  i n  the  LOFT env.lronment. 
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INTRODUCTION 

The drag d i s k  eddy cu r ren t  transducer was designed fo r  use i n  moni- 
t o r i n g  the  drag d i s k  displacement. An eddy c u r r e n t  displacement 
measuring system i s  comprised o f  a transducer and associated e lec-  
t ron i cs .  The transducer cons is t s  of two matched c o i l s  which form 
two arms o f  an impedance br idge.  The c o i l  impedance i s  a f u n c t i o n  
o f  t he  displacement between the  c o i l  and a t a r g e t ,  as w e l l  as the  
c o n d u c t i v i t y  and pe rmeab i l i t y  o f  t he  metal sensed by the  c o i l .  
When measuring diaplacement, t h e  v a r i a t i o n  i n  c o i l  impedance which 
r e s u l t s  from changes i n  c o n d u c t i v i t y  and permeabi 1 i ty  produce 
undesi rable r e s u l t s .  By us ing  two matched c o i l s  i n  an impedance 
bridge, the  changes i n  environment which a re  common t o  both  c o i l s  
w i l l  be n u l l e d  out .  The associated e l e c t r o n i c s  cons is ts  o f  a lOOkHz 
impedance b r idge  and. a phase s e n s i t i v e  demodulator f o r  o p t i m i z i n g  the  
systems s e n s i t i v i t y  t o  displacement. 

2.0 TRANSDUCERS. DEVELOPMENT 

I n  developing the  drag d i s k  displacement transducer, an i n i t i a l  
computer s tudy was made us1 'g computer programs developed by Oak 
Ridge Nat ional  Laboratory(iy t o  determine the  e f f e t t s  o f  frequency, 
ma te r ia l  c o n d u c t i v i t y  which i s  a f u n c t i o n  o f  temperature and the  
diaphram th ickness on the  transducer performance. A p ro to type o f  
t h e  transducer was then f a b r i c a t e d  and evaluated. 

2.1 Requirements 

The f o l l o w i n g  design requirements were s p e c i f i e d  f o r  t h e  drag d i s k  
eddy c u r r e n t  displacement t ran~ducer !~ )  

Tem e ra tu re  - The transducer should be operable over  a temperature 
b e m p e r a t u r e  t o  650'~. The transducer should be designed 
t o  minimize temperature e f f e c t s  over a range o f  300 t o  6 5 0 ~ ~ ~  s ince  
98% o f  a l l  data w i l l  be taken i n  t h i s  range du r ing  a LOFT LOCE. 

Pressure - LOFT maximum opera t ing  pressure: 2500 p s i g  
Maximum c o l d  ,hydrus ta t ic :  3150 p s i g  

Radiat ion - Tota l  neutron f l u x  = 7.2 X l o L 0 n v t  
Tota l  gamma f l u x  = 2 X 1010 R 

Water Chemistry -   he LOFT pr imary coo lant  system chemistry  speci- 
f i c a t i o n s  ace shown i n  Appendix A. 

Response Time - 10 m i l  1 iseconds 

Displacement Range - k0.040 i n c h ,  

. Accumulative Accuracy - .k5% o f  range (k0.002 inch )  
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Transducer Modeling 

The t ransducer 's performance was modeled using the computer program, 
( 3  CONDT) , which ca lcu la tes the normalized co i  1 impedance as a func- 
t i o n  o f  d i a p m  thickness and conduc t i v i t y  and c o i l  operat ing 
frequency. Figure 1 shows a sketch o f  the conf igurat ion and i d e n t i -  
f i e s  the parameters considered i n  the computer program. The fo l lowing 
f i x e d  parameters were used: 

11 = 0.002 inch  

12 = 0.120 inch  

r2 = 0.050 inch  

r2 = 0.190 inch  
b 

P1 = 1.12 = Fcg = 1 

The r e s i s t i v i t y  of both the ta rge t  and diaph-agm were var ied t o  simulate 
a temperature v a r i a t i o n  f o r  75O t o  800°F. Computer data was obtained 
f o r  a r e s i s t i v i t y  v a r i a t i o n  of 72 t o  122 pa cm, and a displacement 
between the diaphragm and t a rge t  ranging from 0.010 inch t o  0.110 inch. 
The f o l l ow ing  diaphmgm thickness and frequencies were considered. 

C1 = 0.040 inch  and 0.060 inch 

f = 50 kHz and 100 kHz 

The r e s u l t s  o f  the computer program have been p l o t t e d  i n  Figures 
2 and 3. These p l o t s  show the rea l  and imaginary components o f  the 
c o i l  impedance. The s o l i d  l i n e s  are a p l o t  o f  ova r2, where: 

u = angular frequency 

a = conduc t i v i t y  
- 
r2=  square o f  the mean radius o f  the c o i l  

The dashed l i n e s  represent changes i n  the displacement between the 
diaphragm md ta rge t ,  i . e. transducer 1 i f t o f f .  Areas corresponding 
t o  changes i n  both s ta i n l ess  s tee l  and Inconel 625 have been marked 
on the impedance p l o t .  

I t  can be seen by comparing the p l o t s  o f  Figures 2 and 3 t h a t  a 0.040 
inch  diaphragm provides greater s e n s i t i v i t y  t o  transducer 1 i f t - o f f  thans 
the 0.060' inch diaphram. 



TARGET 

FIGURE 1 : Coi 1 , D.i$phragm and Target Configuration 
Used in the Computer Program 
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2.3 Transducer k s  i gn 

A series of scoping tests were conducted based on the data available 
from the computer program. Two coils were prepared w i t h  the following 
approximate dimensions : 

rl = 0.050 inch 

r2 = 0.190 inch 

l1 = 0.002 inch 

l2  = 0.150 inch 

The coils each had a 144 turns of 0.010 inch diameter Secon Alloy 
406 wire. The wire w i t h  ceramic insulation had a diameter of 0.012 
inch. The coil inductance was approximately 70 v henries. A set of 
0.040 inch and 0.060 inch fnconel 625 diaphgns and 0.125 inch 
targets were prepared w i t h  a diameter of 0.600 inch. 

Using a set of exf sting 100 kHz eddy current electronics w i t h  the 
above coils, diqhragms and targets, two sets of data were obtained 
for each of the diaphgns. The first set of data was obtained by 
varying the di spl acement between d l  aphragm and target whi 1 e recording 
the RMS amplitude and phase bf the bridge voltage. 

This  data was then plotted on polar coordinate paper and a phase 
angle setting, which opttmlzes the system% sensitivity t o  displacement, 
was determined for the phase sensitive demodulator. A plot of this 
d a b  l s  sham i n  Fiigure 4. The optimum phase setting far  the 0.840 
inch d i a p m  configuration as shown by line A of Figure 4 was deter- 
mined t o  be 80 degrees while a phase setting of 95 degrees (1 ine B) 
was optimum for the 0.060 inch conffguration. 

;The second, set of data was obtained by adjusting the phase sensitive 
demodulator t o  the optimum phase setting and then recording the dc 
output from the electronics while varying the displacement. Figure 5 
shows a plot of this data for both the 0.040 inch and 0.060 inch dia- 
phrqn conf 1 guration , 

In order to  determine the degree of correlation between the scoping 
test and the computer data, an axis representing the optimum phase 
angle necessary t o  obtain displacement data was detemined. These * 

axis are identified i n  Figure 2 and 3 as A and B respectively. The 
impedance changes whi ch occurred a1 ong these axis were de ten i  ned . 
These impedance' changes were scaled such that the maxim impedance 
change corresponded w i t h  voltage output measured as the target was 
moved from 0.010 inch to 0.110 inch. These scaled values a r e  shown 
on the plots  of Figure 5. From Figure 5 it  can be seen that there is  
good agreement between the actual data and the computer data. Another 
point of agreement is noted i n  the phase angle which occurs between 
axis A and 0 of Figure 2 and 3. Th i s  angle If  approximately the same as 
the difference i n  the phase angle between A and B shown i n  Figure 4. 
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I n  order t o  f ac i l i t a t e  the fabrication of a transducer and reduce the 
def lect ion o f  the diaplragm under pressure, a d i a p h m  wi th a center 
post was considered. A 0.040 inch th ick d i a p W  wi th a 0.060 inch 
center post was prepared. The diameter of the center post was increased 
by flame spraying a 0.020 inch layer o f  ceramic on the center post. 
The flame sprayed surface provided an insulated form for the co i l .  
The insulated center post also reduces the eddy current losses by 
reducing the amount o f  metal i n  close contact with the c o i l  windings. 
An evaluation of th i s  configuration indicated that  sens i t i v i t i es  
equal t o  or bet ter  than that  of the diaphagn wi th no center post 
could be obtained. Based on these above tests, a transducer was 
fabricated per the drawing shown i n  Figure 6 t o  operate a t  100 kHz. 

The maximum def lect ion o f  a 0.5 inch diameter Inconel 625 diaphragm 
with a thickness o f  0.040 inch was determined assuming the diaptragm' s 
edges were f ixed with a uniform load of 2250 psi  over the en t i re  
surface. A maximum def lect ion o f  0.00077 inch was calculated. 
It i s  expected that  t h i s  def lect ion would be reduced somewhat by the 
addit ion o f  a center post. 

I n  selecting the items to  be used i n  the fabricat ion o f  the trans- 
ducer, the high temperature and radiat ion environment were o f  prime 
importance. Therefore, only inorganic materials were used. Inconel 
A1 loy  625 was selected f o r  the prototype transducer design because o f  
i t s  high strength, high temperature properties, good oxidation 
resistance, nonmagnetic properties and excel l e n t  weldabi 1 i ty. Figure 
7A, B, C and D shows the transducer a t  various stages of assembly. 
I n  Figure 7A the following items are ident i f ied:  

A - 0.001 inch Phlogopite Mica 

B - Flame Spray Metco # 105 

C - Secon Al loy 406 0.010 inch Diameter Wire/Type E Insulat ion 

D - A f i x t u re  used i n  winding co i l s  

The phlogopite mica can be used a t  temperatures up t o  1 5 5 0 ~ ~ .  The 
Type E high temperature ceramic insulat ion i s  a high pur i t y  A1203 
rated f o r  continuous operation a t  1 6 0 0 ~ ~ .  The Fcetco b105 i s an 
Aluminum Oxide powder ra.ted f o r  temperatures up t o  30000F. 

I n  Figure 7B the l e t t e r  A denotes Joints which were laser welded i n  
the aasembly process. 

The l e t t e r  B i den t i f i es  ceramic bonding cement used t o  encapsulate the 
co i l  windings. The ceramic bonding cement used was Dylon Grade C7, 
which has a A1203 base and useful a t  temperatures t o  3 0 0 0 ~ ~ .  This 
ceramic cement produces a strong, 100% ceramic bond wi th high mechani- 
cal  strength and d ie lec t r i c  properties a t  elevated temperatures. 
Figure 7C shows the transducer assembly nearing completion where A 
denotes areas o f  addit ional ceramic bonding cement and B denotes 
1 aser welded jo ints.  I n  future transducer fabrications, the 1 aser 
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weld made to  j o i n  the sheathed cable t o  the cable adepter w i l l  be 
made a t  the end of sheathed cable instead as shown i n  Figure 7C. 
The completedotransducer i s  shan  i n  Figure 7D. The transducer was 
heated t o  650 F f o r  several hours before the f i n a l  seal welds were 
made t o  eliminate internal outgassing. A helium leak tes t  was per- 
formed on the transducer t o  ensure that  i t  was completely sealed. 

The sheathed cable used i n  t h i s  transducer design had an outer diameter 
of 0.062 inch aitd two 0.010 inch diameter conducters. The sheath 
and conductor materials were 316 L stainless steel. I n  order t o  
reduce pickup noise the two conductors were twisted. 

3.0 ELECTRONICS 

The electronics desi ned f o r  use wi th t h i s  transducer consists o f  
two units, i .e. a 10 8  HZ frequency source and a set o f  signal 
conditioning electronics . The frequency source consisted o f  two 
separate power supplies and two 100 kHz osc i l la tors  designed t o  
provide a back-up 100 kHz signal t o  the electronics should a f a i l u re  
occur i n  the osei l  l a t o r  system being used. The frequency source was 
designed t o  dr ive up t o  ten sets o f  eddy cwrrent electronics w i th  
four addi t ional  buffered osc i l  1 ator  outputs. The buffered output may 
be used t o  provide a 100 kHz signal t o  other systems. Sfnce one 
frequency source w i l l  be used i n  conjunction wi th several sets o f  
electronics, a back-up 100 kHz signal was provided. A block diagragm 
o f  the eddy current signal conditioning system i s  shown i n  Figure 8. 
Signal condi t ioning system consists o f  a phase sensit ive demodulator 
and a four arm brfdge network. A constant current dr iver  i s  used i n  
conjunction wi th the bridge network t o  provide a constant current 
signal t o  the transducer. T h  constant current dr f  ve system i s  used 
where the transducer requires a cable wi th high lead resistance such 
as stainless steel. A bridge balance network i s  used t o  nu1 1 the 
bridge output which i s  then amplif ied and f i l t e red .  This signal i s  
then conditioned by a phase sensit ive demodulator. As the displacement 
seen by the transducer increases o r  as the transducer temperature 
changes the amp1 i tude and phase o f  the signal changes. A polar p l o t  
showing typical phase and amplitude changes i s  shown i n  Figure 4. The 
use o f  a phase sensit ive demodulator makes i t  possible t o  minimize 
temperature effects by selecting the proper phase angle f o r  system 
operation. Additional information on the phase s h i f t  network i s  
contained i n  Appendix C. 

The output ampl i f ier  o f  the signal conditioning electronics has a 
response time o f  10 milliseconds and has the capabi l i ty  o f  d r iv ing 
a 0. l w f  capact t i v e  load and a 1K n res is t i ve  load. 

4.0 SYSTEM EVALUATION 

I n  evaluating the transducer's perforhance, a le r ies  of tests were 
out l ined which included: A - High temperature effects; B - D r i f t ;  
C - Thermal shock; D - Pressure effects. 
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A t es t  plan covering these tests i s  included i n  Appendix D. Figures 
9A and 9B show the tes t  f i x tures  used i n  the evaluation. 

A preliminary t es t  was conducted t o  determine the optimum set t ing 
f o r  the reference target. An evaluation o f  t h i s  data indicated that  
a set t ing o f  0.050 inch provided the best temperature compensation. 
The data used i n  the evaluation i s  included i n  Appendix E. The 
bridge network was balanced wi th the sense target adjusted f o r  zero 
diepl acement. Thus, during operation, the normal displacement range 
w i  11 not cause the bridge balance t o  go through nu1 1. Tes t f  ng a1 so 
indicated that  the bridge network could be balanced wi th the sensing 
target a t  various 1 ocations without af fect ing the transducers sensi- 
t i v i t y  t o  displacement. 

As the f i r s t  step o f  the t es t  plan i t was necessary t o  determine the 
proper phase angle set t ing f o r  the phase sensit ive demodulator. This 
set t ing was determined by measuring the RMS amplitude of the bridge 
output and i t s  phase wi th respect t o  the osc i l l a t o r  as the displace- 
ment was varied. These values were than p lo t ted on polar coordinate 
paper as shown i n  Figure 10. From th i s  p l o t  an approximate phase 
angle was selected to  provide good sens i t i v i t y  t o  displacement. The 
dc output was also recorded as a function o f  displacement f o r  various 
temperatures. Figure 11 shows a l o t  o f  the dc output versus dis- R placement for 760F, 3020F and 649 F. The to ta l  e r ror  which occurred 
as the transducer's temperature varied f r o m  302OF t o  649O~ corresponded 
t o  a maximum displacement o f  Jess than 0.004 inch. 

A long term d r i f t  t es t  was conducted w i  t h  the electronics and the 
transducer a t  room temperature. The maximum d r i f t  f o r  a 24 hour period 
was 0.022 vol t; For an 88 hour period, the t o t a l  d r i f t  was only 
0.025 volt. The to ta l  d r i f t  corresponded t o  a maximum displacement 
o f  0.0015 inch. 

A series o f  tests were conducted i n  the autoclave t o  determine the effects 
o f  temperature and pressure on the transducer. These tests were con- 
ducted with the reference and sense targets set f o r  0.050 inch. I n  
set t ing up f o r  the autoclave tests a change i n  the optimum phase angle 
was noted. A phase angle set t ing o f  350 was used f o r  these tests. 
Additional test ing w i l l  be necessary t o  determine the cause o f  the 
change i n  the phase angle sgtt ing. I n  the f i r s t  t es t  the temperature 
was varied from 630F to 646 F while the pressure increases t o  2240 psi, 
resul t ing i n  a change o f  0.138 v o l t  i n  the output. This change 
corresponded t o  a displacement o f  0.0037 inch. A second t es t  was 
conducted i n  which the pressure varied grom 1813 to 2500 ps i  with the 
temperature i ncreasing f r o m  61°F t o  650 F. This t e s t  resulted i n  a 
0.134 v o l t  change i n  the output. The data from these two tests were 
repeatable wi th in 0.003 v o l t  f o r  a pressure var iat ion o f  1803 to 
2400 psi  and temperature change from 63OF t o  646O~. 

As a resu l t  o f  a pressure change from 0 to  2250'~ wi th the temperature 
remaining a t  63oF, the output changed 0.034 v o l t  which corresponds t o  a 
change i n  displacement o f  approximately 0.0009 inch. 
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The total error i n  the displacement measurement which occurred as 
a result of variations i n  the temperature, pressure, and d r i f t  are 
tabulated i n  Table 1. In accumulating the total error resulting 
from these changes, an approximate sensitivity was determined for the 
various displacement ranges as indicated i n  the table. The per- 
cent of error, represented by the changes i n  total displacement 
resulting from a variation i n  temperature, pressure and dr i f t ,  was 
calculated as a function of a * 0.040 inch full scale.range. 

Range Sens i ti v i  ty Tenr~ Pressure Drift* Total Percent 
Effects Effects Effects Error Displ acement 

M i  1 s Vo1 ts/Mi 1 Mils Mils M i  1 s Mils Error 
. - - -.- I 

* For 88 hour test.  

As part of the first autoclave tes t  the temperature and pressure were 
held a t  approximately 6460F and 2240 ps i  for 5k hours w i t h  a d r i f t  of 
0.005 vul t. This d r i f t  wprresents ti dlsglacement error of 0.18% 
a t  a displacement of 0.050 inch. 

I 

A series of three thermal shock tests were conducted i n  which the 
transducer was heated to approximately 6 5 0 ~ ~  snd then submersed i n  
ice water. The fixture i n  which the transducer was mounted for these 
tes ts  consisted of a transducer mounting bracket and two targets located 
0.050 inch from the ends of the transducer. The results of these tests 
are shown i n  Figure 12. Traces A and 8 resulted when the transducer was 
placed i n  the ice water such that one of the sensing ends were placed 
into the water before the other end. Trace C resulted when the trans- 
ducer was submersed such that both sensing ends went into the water 
a t  the same time. 

In order to determine the effects of pressure as a function of displace- 
ment a series of tests were conducted i n  which the pressure was changed 
a t  500 psi intervals for various displacements. The resul t s  of these 
tes ts  are plotted i n  Figure 13. The maximum change In the output for 
a pressure change of 2250 psi was 1.25% of the f u l l  scale range. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of the testing performed on the eddy current transducer 
indicates that the transducer has a useful range of approximately a 
0.140 inch. The maximum error which occurred i n  the displacement range 
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from ,0.030 t o  0.110 i nch  as a  r e s u l t  o f  temperature, pressure and 
d r i f t  v a r i a t i o n s  was k 5.65% o f  t h e  s p e c i f i e d  k0.040 i n c h  opera t ing  
range. T h e r e s u l  t s  o f  the  t e s t s  conducted i n  the  autoclave and the  
oven i n d i c a t e  t h a t  t he  t ransducer should operate s a t i s f a c t o r i l y  i n  
the  LOFT environment. Add i t i ona l  t e s t i n g  w i l l  be necessary t o  
determine the  cause o f  t he  s h i f t  i n  t h e  optimum phase angle s e t t i n g  
which occurred i n  the  t e s t  program'. 

The m a t e r i a l s  used i n  t h e  f a b r i c a t i o n  o f  t he ' t ransducer  were se lec ted 
because o f  t h e i r  a b i l j  ty t o  w i ths tand t h e  environmental cond i t ions .  
The ceramic cement used i n  t h e  f a b r i c a t i o n  process was a  100% 

. . i no rgan ic  compound and should have excel l e n t  r a d i a t i o n  res is tance.  
It i s  recommended t h a t  an i r r a d i a t i o n  eva lua t ion  be conducted on t h i s  

. ceramic cement as w e l l  as t h e  o the r  ceramic ma te r ia l  used i n  fab r i ca -  
t i o n  o f  t he  transducer. 

It would be des i rab le  t o  produce several o f  these transducers and 
evaluate them i n  order  t o  o b t a i n  b e t t e r  s t a t i s t i c a l  data on t h e i r  
performance c h a r a c t e r i s t i c s  . 
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APPENDIX A 

pH @ 25OC 

Conduct iv i ty  pmhos/cm @ 25OC 

Boron ppm . , 

L i t h ium ppm . 

Oxygen PPm 
Hydrogen cc/kg @ STP 

Tota l  Gas- cc/kg @ STP 

Hydrazine ppm ( A t  temp. <250°F) 

. .Ch lor ide ppm 

F lbur ide  ppm 

Undissolved Sol ids  ppm 

Tota l  Gross' A c t i v i t y  ~ C i / m l  

Gross Alpha 

Gross Beta 

Gross Gamma 

Iodine' - 131. p C i / m l  . 

Iod ine - 133 p C i / m l  

T r i t i u m  - p C i / m l  

4.2 - 10.5 

1 - 40 

100 - 3000 

0.2 - 2.2 

0.10 'max 

15 - 60 , 

100 max. 

1.0 m i  n. (prenucl ear operat i  on) 

0.15 max. 

0.10 max. 

1.0 max. 

250 max. 

2.45 x 10-1 max. 
1 

5.04 x 10- max. 

1.6 max. 

(a) Aero je t  Nuclear Company, LOFT Fac i l  i t y  D iv i s ion ,  P l an t  Operating 

Manual, Volume 11, Chapter 8. 
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APPENDIX B 

LOFT EDDY CURRENT PHASE 

SENSIT IVE ELECTRONICS SCHEMATIC 
, 

AND 

100 KHz FREQUENCY SOURCE SCHEMATIC 
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APPENDIX C 

Constant Amp1 i tude Phase Shi f t e r  

The constant  ampli tude phase s h i f t e r  has a phase s h i f t  ( 4 )  which 

va r ies  according t o  the  f o l  lowing re1  a t i onsh ip :  

By in terchang ing C1 and (R1+R2) the  f o l l o w i n g  phase s h i f t  i s  obtained: 

= -180 + (-2 a rc tan  [2nf(R1+R2) C1]) 

The C2 and Rr combination can be used t o  produce another 90' phase 

s h i f t .  With 11,tsC21 <0.1-R4 the  phase s h i f t  o f  t he  c i r c u i t  i s  

approximately centered on t h e  imaginary a x i s  w h i l e  I l l s c 2  1 > 10R4 

approximately centers the  adjustment range on t h e  r e a l  ax i s .  

Table C 1  1 i s t s . t h e ' r a n g e  of rphase ad jus tment .ava i lab le  as R1 va r ies  

from 1 K  n t o  0 n for  the  f o l l o w i n g  values of R2, C1, C2, R4. 
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Table C1.  Range o f  Phase Adjustment Ava i lab le  i n  the Demodulator Phase 

S h i f t e r .  

The phase s h i f t e r  associated w i t h  the br idge balance network has the  

C i r c u i t  Condit ions 

C2 = 68pf, i npu t  t o  R1 .C1  t o  
ground 

C2 = .47uf i npu t  t o  C1 R1 t o  
ground 

C 2  = 68pf, i npu t  t o  C1 R1 t o  
ground 

C 2  = ,.47 u f ,  i n p u t  t o  R1 C1 t o  
ground 

f o l  lowing va l ues : 

Phase Range (Degrees) 

(-14.3 t o  -108') + 85 = -23 t o  70.7 

(-194 t o  -288) = 72 t o  166 

(-194 t o  -288) + 85 = 157 t o  251 

(-14.3 t o  -108) = 252 t o  346 
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An eddy c u r r e n t  t ransducer  i s  be ing  developed f o r  use , i n  sensing 
drag d i s k  displacement. The t ransducer  w i l l  be used i n  a pro to-  
type drag d i s k  u n i t .  

The o b j e c t i v e s  of the  t e s t i n g  i nc lude :  

1.1 Se lec t i on  o f  the  optimum phase angle f o r  t he  phase s e n s i t i v e  
demodulator. 

1.2 Determinat ion o f  bo th  t h e  temperature and the  pressure sensi -  
t i v i t i e s .  

1.3 Determinat ion o f  use fu l  range, l o n g  term s t a b i l i t y  and repeat-  
a b f l i t y .  

2.0 REFERENCE 

2.1 Drawing : FEFPL EDDY CURRENT MODULE ( f o r  p ro to t ype  t e s t i n g )  

2.2 Manual 

3.0' FACILITIESANDEQUIPME'NT 

3.1 This t e s t  s h a l l  be performed a t  ARA I I1  by ANC personnel . 
3.2 Equipment 

a .  Oven Test F i x t u r e  
b. Autoclave Test F i x t u r e  
c. IOOK FEFPL ~ d d y  Current  Module 
d. B l  ue 'M Oven 
' e  . Au t o c l  ave 

The f o l l o w i n g  equipment requ i res  c u r r e n t  c a l i b r a t i o n :  

f. Wavetek Model 740 Phasemeter o r  Equ iva len t  
g. Fluke Model 8120A D i g i t a l  .Mu1 t i m e t e r  o r  Equ iva len t  
h. HP Model 3400A RMS Voltmeter 
i. Osci l loscope Tek t ron i c  321 o r  Equ iva len t  
j . Thermocouple w i t h  D i g i t a l  Readout 
k. Two Dual Pen S t r i p  Chart Recorder 

4.0 TEMPERATURE EVALUATION 

4.1 ~ n s t a l l  a t i o n  o f  Transducer 

4.1.1 I n s t a l  1  ' t e s t .  f i x t u r e  through t h e  ho ie  on the  s i d e  o f  t h e  
oven. . . 
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4.1.2 Mount the transducer in the t e s t  f ixture and bring 
the sheath cable lead. out t h r o u g h  hole i n  the side 
of the oven. Instal l  insulation in the holes around 
this lead and t e s t  f ixture.  

Adjust.the microme.ter on the t e s t  f ix tu re ' fo r  a zero 
reading. Position the transducer against the movable 
ta rge t  and tighten i t  i s  place. Adjust the reference 
ta rge t  a t  the required displacement from the transducer. 
Record the se t t ing  on data sheet 1. Note: a 50 mil 
.reference displacement ,may be used to  begin the eval u- 
at ion. I t  may be desirable t o  t r y  other set t ings.  
Instal  1 thermocouple on t e s t  f ix ture  near the transducer. 

4.2 Connect the transducer to  connector 51-2 on the rear of the 
NIM bin. 

4.3 Test Equipment (Figure 1) 

4.3.1 Connect the osc i l l  oscope, RMS vol tmeter and phasemeter 
' 

(Input B )  t o  the AC output (bridge) connector. . 
4.3.2 Connect the phasemeter (Input A )  t o  the osc i l la tnr  

.,reference signal connector. 

.4.3.3 Connect the multime'ter t o  the dc output connector. 

4.3.4 Connect phasemeter (Input B.) t o  demodulator reference 
signal as required to  s e t  the demodulator phase angle. 

4.4 ~ e s t  Procedure 

4.4.1 With the transducer connected t o  the electronics ,  adjust 
the amplitude and phase balance potentiometer for  a null 
a t  the ac output. The movable target  should be s e t  a t  
zero mils displacement. 

4.4.2 Set the demodulator phase angle as reqt.tired ' (see section 
4.3 .4 ) .  Record th i s  se t t ing  on Data Sheet 1. An i n i t i a l  
ptiase angle of +50°. ( i  .e. Input B leads Input A by 50') 
may be used f o r  the evaluation. See section 4.4.7 for  
a procedure to  use to determine possible phase angle i f  
an acceptable phase angle i s  not known. 

4 . 4 . 3  Adjust the gain and zero potentiometers as required. 
For evaluation these set t ings a r e  not c r i t i c a l .  Suggested 
gain: !jV/140 mil displacement. 
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4.4.4 Obtain t ransducer  displacement da ta  a t  t h e  f o l l o w i n g  
temperatures : room temperature, approximate ly  300°F 
and approximately 650°F. Record the  exac t  temperature 
on Data Sheet 1. Record t h e  rms vol tage,  phase and dc 
ou tpu t  f o r  10 t o  150 m i l  displacement. 

4.4.5 P l o t  t h e  dc ou tput  vs d,isplacement and determine the  
transducers temperature c o e f f i c i e n t  ' 

. . 

Where: 

D = Displacement 

T = Temperature 

01% I f  the  temperature c o e f f i c i e n t  i s  n o t  acceptable (-6) 
repeat  sec t i on  4.4.4 w i t h  a d i f f e r e n t  phase angle. F 
See sec t i on  4.4.7 f o r  a method o f ,  de termin ing  a new 
phase angle. 

4.4.6 Moni tor  t he  dc ou tpu t  o f  t h e  e l e c t r o n i c s . a n d  t h e  oven 
temperature on a dual pen recorder .  Set  t h e  re ference 
t a r g e t  and sense t a r g e t  a t  50 m i l s  displacement f rom 
transducer. Record t h e  i n i t i a l  dc ou tpu t  and increase 

' temperature t o  approximate ly  650°F. Record dc ,ou tpu t  
and temperature. Ma in ta in  t h i s  temperature f o r  f o u r  
hours, then reco rd  the  dc output .  A l low t h e  temperature 
t o  r e t u r n  t o  room' temperature and reco rd  t h e  dc ou tpu t  
o f  t h e  e l e c t r o n i c s .  .Al low t h e  t ransducer  t o  remain a t  
room, temperature f o r  a t  1 eas t  24 hours. Record. t he  
f i n a l  de ou tput .  Refer t o - D a t a  Sheet 2. 

0 .  

4.4.7 Phase Angle Determinat ion 

P l o t  t he  RMS vo l tage  and phase data f rom t h e  data 'sheet 
. o n ' p o l a r  co-ord ina te  paper. By v i s u a l  examinat ion 
o f  t h i s  p l o t  p ick.  a phase angle f o r  maximum displacement 
s e n s i t i v i t y  and minimum s e n s i t i v i t y  t o  temperature 

. . v a r i a t i o n .  It may be necessary t o  t ry several  angles 
i n  order  t o  o b t a i n  an optimum s e t t i n g .  'Repeat sec t i on  
4'.4.4 as requ i red .  

5.0 .AUTOCLAVE TEST . . 
. 8  

5.1 Mount t h e  transducer, i n  t h e  autoc lave t e s t  f i x t u r e .  Set  t he  
re ference and sense t a r g e t s  50 m i l s  f rom the  ends o f  t h e  
transducer. 

5,2 Use LOFT chemist ry  water i n  t h e  autoclave. 
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5.3 Connect the electr ,onics as indicated i n  sections 4.2 and 4.3. 
All e lectronic  se t t ings  should remain the same as i n  the final 
t e s t  of section 4.0. 

5.4 Test Procedure 

5.4.1 Record the autoclave pressure and the dc output of '  
the electronics  on a dual pen s t r i p '  chart  recorder. 
Also record both autoclave temperature and pressure 
on a dual pen s t r i p  chart  recorder. 

5.4.2 W i t h '  the  autoclave a t  room temperature; increase the 
pressure from 0 to  2500 psi and record the dc 'output 
fo r  pressure increments of.5OO'psi on Data Sheet 3 .  
Include a lso  the dc output a t  2250 psi .  Then release 
the 'pressure  slowly. Monitor both pressure and the 
d c  ou,tpu.t: uf the electronics on the recorder. 

5.4.3 Repeat 5.4.2 for various displacements, i n  the range 
requi red. 

5.4.4 While monitoring the i terns indicated in section 5.4.1 
increase the autoclave temperature and pressure to  - 
6500F and 2250 psi.  Maintain th i s  condition for  four 

'hou'rs then .a1 low the autoclave to  cool down. To 
determine repeatabi l i ty ,  again increase the'autoclave 
temperature and pressure to  6 5 0 ~ ~  and 2250 psi and main- 
ta in  t h i s  condition fo r  a t ' l e a s t  15 minutes for  the 
system t o  s t ab i l i ze .  

0 -- THERMAL SHOCK TEST 

6.1 Mount ttie transducer i n . t h e  autoclave t e s t  f ixture .  Set the 
reference and sense ta rge ts '50  mils from the ends of the 
transducer. 

6.2 Place the transducer and t e s t  f ix ture  in the oven. Monitor 
the dc output on the recorder. 

6.3 Heat the transducer approximately 650'~. . Remove the trans- 
ducer and t e s t  f ix tu re  from the oven and immerse in water to  
determine response t o  thermal shock. 
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DATA SHEET 1 

. 
2. Signal Condi t ioner S/N' 

' . 

3. Reference t a rge t  p o s i t i o n  . .  , . '  

4. Demodulator Phase ~ n g l e  

5 .  Gain Se t t i ng  

PERFORMED BY: . . DATE : 



DATA SHEET 2 

1. Transducer S/N 

2. Signal Condi t idner  S/N 

. . 3 .  Reference ~ a r g e t  posit ion . 

4. Demodulator Phase Angle 

5. Gain Se t t ing  

Comments : (Dr i f t  an>d Re'peatabi 1 i t y )  

Performed by: Date : 

2nd Cycle 

I 

1 s t  Cycle Temperature 
- 

Condition 

I n i t i a l  a t  R.T. 

After return t o  R.T. 

After 24 hrs a t  R.T. 

I n i t i a l  a t  650 '~  

After 4 hrs a t  650 '~  

Max Dri f t  a t  R.T. 

Max Dr i f t  a t  650 '~  
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DATA SHEET 3 

1. Transducer S/N 

2. Signal  Cond i t i one r  S/N 

3. Reference ~ a r ~ e t  P o s i t i o n  

4. Demodulator phase Angle 

5. Gain S e t t i n g  

6. Displacement -- mils 

' Comments: CYCLE 1 

Temp Pressure DC 

Performed by: 

CYCLE 2 

Temp 'Pressure DC 

Date : 



LTR 141'-54 

APPENDIX E 

TEST DATA 



EFFECTS OF REFERENCE TARGET LOCATION ON BRIDGE OUTPUT LTR 141 -54 

-3 50 

A l l  dati. 

The phase 

; .. 

C 

.488 

was taken 

values 

.- 

+4.1°ref 

w i t h o ~ t  

L recorded 

-- 

.40 

readjusting 

were 

+3.6 r e f  

the  

heasured 

.I77 

bridge 

+6.0 re f '  

balance. 

~ * e l a t ! $ . p t o e f .  

.056 

v d ~ .  

+ I64  rdf 
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DATA SHEET 1 

1. Transducer SIN 
I Proto type 

., 2. . S ignal  .Condi t ioner  S/N #9 
' ,  

3. Reference t a r g e t  po$i  t i o n  50 mils 

4. Demodulator Phase Angle 35O 

COMMENTS : 

P E R ~ ~ R M E D  R .  W .  Shur t l  i f f  . DATE: 12/8/76 

5. 

TEMP 

MILS 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 
-- . 

649 OF 

5 v o i  t 

302 OF 

D C 

1.33 

2.01 

2.59 

3.06 

3.44 

3.76 

4.01 

4.22 

4.40 

4.54 

4.66 

4.76 

4.85 

4.91 

4.97 

RMS 

.0565 

.098 

.I33 

,160 

.I82 

200 

.215 

.226 

.236 

.245 

.251 

,257 

.263 

.266 

.270 

Gain S e t t i n g  

76 OF 

RMS 

.072 

.lo9 

-135 

-165 

.I86 

-204 

.217 

.229 

.238 

.245 

.253 

.258 

.262 

.267 

.270 

RMS 

.0455 

.0899 

.I26 

.I55 

.I78 

.I97 

.213 

.2'25 

,236 

,245 

.252 

,258 

.263 

.266 

.270 

.0 

-150 

-145.8 

-145.3 

-145.7 

-146.5 

-147.5 

-148.4 

-149.3 

-150.3 

-151 

-151.8 

-152.4 

-153 

-153.6 

-154.1 

0 

-145' 

-142 

-143 

-143 

-144.2 

-145.43.69 

-146.7 

-147.64.19 

-148.6 

-149.74.53 

-150.54.65 

-151.34.76 

-151.9 

-152.54.91 

-153.1 

D C 

1.04 

1.80 

2.43 

2.94 

3.37 

3.98 

4.38 

4.84 

4.97 

,O 

-136 

-138 

-139.82.30 

-144.72.85 

-143.3 

-145 

-146.4 

-147.714.18 

-148.9 

-150 

-150.84.65 

-151.E4.76 

-152.4 

-153 

-153.6 

DC 

.82 

1.62 

3.29 

3.65 

3.95 

4.37 

4.52 

4.85 

4.92 

4.98 
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1. Transducer S/N Prototvpe 7 

#9 2. Signal Conditioner S/N : 

3.  Reference Target Posi t ion . -050'' 

4. Demodulator Phase Angle 35' 

5. Gain Se t t i ng  5 vo l t s  . 

Comments: (Drift and 'Repeatabi l i ty)  

Condi t i  on 

I n i t i a l  a t  R.T. 

A f t e r . r e t u r n  t o  R . T .  

Af ter  24 hrs  a t  R.T. 

I n i t i a l  a t  6 5 0 ' ~  

After  4 hrs a t  6 5 0 ' ~  

Max D r i f t  a t  R.T. 

Fax D r i f t  a t  6 5 0 ' ~  

*A long term d r i f t  t e s t  was conducted a t  rbom temperature a s  a separate  
test .  The sense t a r g e t  was located a t  .010". The following r e s u l t s  were 
obtai.ned: 

24 hrs - .022 vo l t .  
88 hrs - .025 vo l t  

Temperature 

76OF 

76' F 

6 8 8 ' ~  . 

6 8 5 0 ~  

Performed by: M. E. Yancey Date: December, 197.6 

1 s t  Cycle . 

. . 

3.15 vol t s  
. . 

3.16 . . 

* 
. . 

3.37 

3.. 39 

* 

.020 

. 2nd Cycle 

' 



LTR 141-54 
- 

DATA SHEET 3 

1. Transducer S/N Prototyoe 

2. Signal Condi t i 'oner  S/N #9 

3. Reference Target  P o s i t i o n  ' 50 m i l s  

4. Demodulator Phase Angle 35O 

5. Gain S e t t i n g  5 v o l t s  

6. D i  s pl'acemen t 50 m i l s  

Cornmen t s  : 

D r i f t  was 5mV f o r  
hours. (.I34 t o  .139mV) 

l i s p 1  acement 

Pressure 
PS 

0 

500 . 

1000 

1.500 

2000 

2250 

2500 

. 85 m i l s  

Pressure DC 

Performed by RWShurtl i f f  

500 

1000 

1500 

2000 

2250 

2500 

CYCLE 1 

Temp Pressure DC 

Date: 12/8/76 

-.007 

-.002 

. 000 

.003 

.003 

.004 

5 0  m i l s  

Pressure . DC 

10 m i l s  

Pressure DC 

CYCLE 2 

Temp Pressure D C 

80 m i l s  

Pressure DC 

500 

1000 

1500 

2000 

2250 

2500 

500 

1000 

1500 

2000 

2250 

2500 

.OOOV 

,021 

.055 

.I10 

.133. 

.I34 

63' F 
6 3 

30 1 

506 . 

6 35' 

646 

500 

1000 

1500 . 

2000 . 

2250 

2500 

.007 

.017 

.026 

.031 

.034 

.037 

.030 

.005 

.073 

,083 

.089 

.093 

.OOOV 

-.003 

.034 

. lo9 

.I18 

.I20 

,134 ,' 

6 1 ' ~  

132 

300 

617- 

650 

650 

6 50 

0 p s i  

1803 

i87o 
1997' 

2166' 

2238 

-.007 

,000 

.003 

.006 

. .005 

.006 

1813 p s i  

1822 . 

1890 : 

2143 

2216 

2241 

2500 
A f t e r  Four Hours 

.I39 646 2241 , 




