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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 

A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights: or 

B.) Assumes any liabilities with respect to the use of, 
or for damages resultinq from the use of any informa- 
tion, apparatus, method or process disclosed in this 

1 s  used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, or employee of such contractor, 
T6 the extent that such employee or contractor of NASA, or em- 
ployer of such contractor prepares, disseminates, or provides 
access to, any information pursuant to his employment or contract 
with NASA, or his employment with such contractor. 

report. \ 
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Scientific and Technical Information Facility 
P. 0. Box 33  
Colleqe Park, Maryland 20740 
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ABSTRACT 

Continuing development of a thermionic diode pressure trans- 

ducer for liquid metal applications is described. Final ex- 

perimental results on the transducer test models using the 

electrical signal conditioning breadboard indicate an expected 

sensor operating life of more than 2500 hours. Successful 

operation of the heater control loop of the signal condition- 

ing system was achieved by using a thermocouple input in 

place of the secondary reference collector current. 

for the 80 psia and - + 5 psid transducers and the electrical 
signal conditioning system have been finalized and fabrica- 

tion work is in progress. Implementation of a test proqram 

to demonstrate the operational characteristics of the trans- 

ducers is underway. The test program has been detailed and 

construction of the necessary test facilities is well along': 

Study and evaluation of the metal-ceramic seal techniques 

developed for use in the transducers continued with the 

completion of a potassium compatibility test. 

Designs 
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1.0 Introduction 

The objective of this program is to develop pressure trans- 

ducers which can be used in advanced Rankine Cycle space 

power systems using liquid metals such as mercury, sodium, 

potassium and other alkali metals as working and heat trans- 

fer media at elevated temperatures. Accurate pressure 

measurements in the high temperature liuuid, vapor, and two 

phase streams are required for research, design and control 

purposes. In addition, space flight-requires lightweight 

systems capable of endurinq long periods of unattended 

operation. 

Liquid metal pressure measurements at elevated temperatures 

pose many design problems demanding the best from available 

materials. To establish a firm design base for the trans- 

ducer equipment, four diaphragm materials and two trans- 

ducer systems were chosen for evaluation. The selected trans- 

ducer system using a thermionic diode sensor is being devel- 

oped for use as either ground or flight hardware for measur- 

ing absolute and differential pressures. 

differential pressure instruments are being developed for 

full scale ranges of 80 psia and - + 5 psid respectively. 

The absolute and 

-1- 



2.0 Summary 

Testing continued on transducer test units T-6 (FS-85 pres- 

sure capsule) and T-7 (C-129Y pressure capsule). Substan- 

tial improvement in expected operating life was indicated 

by the fact that T-6 and T-7 accumulated 2700 and 2000 

hours of operation respectively. 

The electrical signal conditioning breadboard was tested 

with both T-6 and T-7. Satisfactory emitter temperature 

control was demonstrated by stabilizinq the emitter temper- 

ature at 21OOoF, within 10°F, over an ambient temperature 

range of 1000 to 18000F. Control was achieved by using the 

output of the W-5Re/W-26Re thermocouple mounted on the 

emitter housing as the input to the heater control loop. 

Final designs for the 80 psia and - + 5 psid pressure trans- 
ducers and the electrical signal conditioning system were 

completed. 

placed on preparation and assembly of the pressure capsules 

and sensors. 

Fabrication work is underway with emphasis being 

A comprehensive test program to evaluate the performance 

of the pressure transducers has been developed. 

tests are planned: 500 hours and 2000 hours. One absolute 

and one differential pressure transducer will be tested 

for 500 hours, after which they will be used for testing in 

Two time 

b 

U 

c’ 

i 
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an operational liquid metal loop. The second set of trans- 

ducers will undergo the 2000 hour test and be used as back- 

up units for the loop testing. Additional test chambers and 

pressure cycling systems are needed for the testing and their 

preparation is well underway. 

Potassium compatibility testing of the metal-ceramic seal 

assemblies was completed. There were no visible signs of 

failure. The test assemblies have been shipped for removal 

of the potassium prior to preparing the seals for  metallo? 

graphic inspection and evaluation. 

-3- 
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3 . 0  Thermionic Diode Pressure Transducer Test Units 

At the conclusion of the previous report period (Reference 

11, transducer test units T-6 (FS-85  pressure capsule) 

and T-7 (C-129Y pressure capsule) had been in continuous 

operation at temperatures up to 180O0F for about 1 3 7 5  and 

1125 hours respectively. Testincr perEormed during the 

report period increased the total hours of operation to 2 7 0 0  

(T-6) and 2 0 0 0  ( T - 7 ) .  

The main objectives of the test program were to determine 

the effect of the secondary reference collector on operating 

life and to check the operation of the heater control loop 

of the electrical signal conditioning system. Test data 

did not indicate any definite effect of the secondary ref- 

erence collector on operating life. However, tests perform- 

ed with the signal conditioning breadboard showed that the 

secondary reference collector could not be used to accur- 

ately control the emitter temperature. 

Originally it was intended to have the secondary reference 

collector current serve as an indication of the continuous 

operation of the thermionic diode sensor in the space-charge 

limited mode. Initial tests run on the signal conditioning 

breadboard with T-7 showed that the secondary reference 

collector current actually consisted of two components. 

The first component was the expected current flowing between 

i 

* 
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the emitter and the secondary reference collector. The 

second component was a current flowing between the refer- 

ence collector and the secondary reference collector due to 

the difference in the voltages applied to the two elements. 

mile the imltaye applied to tne secondary reference col- 

lector was constant, the voltage applied to the reference 

collector varied. Its value was determined not by emitter 

temperature, but by the constant sum-of-the currents (ia + ir) 
condition. This second component therefore prevented accurate 

operation of the heater control loop with the secondary ref- 

erence collector current as the input. 

Rather than undertaking a re-design to eliminate the current 

between the reference collector and the secondary reference 

collectQr, the testing was continued using the output of 

the W-SReD-26Re thermocouple mounted on the emitter housing 

(Reference 1, page 6 )  as the heater control loop input. 

Use of this thermocouple to maintain a 2100oF emitter temp- 

erature also assured continuous space-charge limited opera- 

tion since the thermionic sensor operated at supply voltages 

for which the onset of emission-limited conditions occurs at 

temperatures well below the 2100°F level. 

Using test transducer T-7, operation of the heater control 

loop was checked with the W-SRem-26Re thermocouple as the 

input. The emitter temperature was programmed to 2100°F 

-5- 



and h e l d  w i th in  10°F ove r  an ambient temperature range of 

1000 t o  1800OF. 

Unfortunately,  tes t  t r ansduce r  T-7 developed an open-c i rcu i t  

hea t e r  s h o r t l y  a f t e r  t h e  emitter temperature  tests.  

t i o n  of t h e  T-7 sensor showed t h a t  t h e  open c i r c u i t  occurred 

i n s i d e  t h e  c a s t i n q  i n  t h e  emitter housing, making r e p a i r s  

impossible. I n  a l l ,  T-7 had accumulated about 2 0 0 0  hours 

of  operat ion.  The open-c i rcu i t  appeared t o  r e s u l t  from a n  

inadve r t an t  h e a t e r  c u r r e n t  surge  which took place while  

adjustments  w e r e  beinq made on t h e  s i g n a l  condi t ion ing  bread- 

board. 

Examina- 

The s i g n a l  condi t ion inq  breadboard was . then  connected t o  

t e s t  t r ansduce r  T-6 and t h e  emitter temperature  t es t s  repeated.  

The heater c o n t r o l  loop achieved s a t i s f a c t o r y  emi t t e r  tempera- 

t u r e  c o n t r o l  ( a t  2100OF with in  10°F) over  an ambient tempera- 

t u r e  range of 1000 t o  1800OF. A t  t h a t  p o i n t ,  it was decided 

t o  suspend t e s t i n g  because t h e  emission l e v e l s  of t h e  T-6 

sensor  had decreased from about  30  m a  t o  less than  15  ma. 

This  w a s  no t  s u r p r i s i n g  s i n c e  T-6 had been removed from i t s  

t e s t  chamber t w i c e  f o r  adjustments .  The r e s u l t a n t  handling and 

exposure t o  atmosphere most c e r t a i n l y  had a de t r imen ta l  e f f e c t  

on t h e  emission c a p a b i l i t i e s  of  t h e  sensor .  I n  a l l ,  T-6 

accumulated about 2700 hours  of ope ra t ion .  

b 

t 

4 
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4 . 0  Thermionic Diode Pressure Transducer Design 

During the report period, the designs for the 80 psia and 

- + 5 psid transducers were completed and fabrication work was 
started on the pressure capsules, thermionic diode sensors 

and housing components. The designs for the pressure trans- 

ducers were established around the use of a double housing 

concept: a main housing of Nb-1Zr surrounded by an outer 

shell of L-605 cobalt-based alloy. The thermionic sensor 

is installed in the low vapor pressure Nb-1Zr and the outer 

shell of L-605 allows the transducer to operate in air. 

The space between the Nb-lZr and the L-605 will be evacuated 

to prevent oxidation damage to the Nb-1Zr. 

Figure 1 presents a 2 : l  scale sketch of the absolute pres- 

sure transducer design. Figures 2 and 3 are 2:l scale 

sketches of the differential pressure transducer design. 

Two of the main design problems, the pressure capsule and the 

differential beam assembly, have been discussed in detail in 

previous reports. Reference 2 presents the design calcula- 

tions and fabrication procedures for the absolute and differ- 

ential pressure capsules. References 3 and 4 contain the 

design calculations and experimental results applicable to 

the differential beam assembly. 

Referring to Figures 1 and 2 ,  all points exposed to the liquid 

metal environment will be electron-beam welded. The main 

-7- 



welds in this category are: 

1. the pressure capsule assembly welds, 

2. the pressure capsule/main housinq weld, 

3 .  the welds connecting the Nb-lZr/L-605 transition 

piece to the main housing and the outer shell, 

4 .  the main housing/housinq cover weld and 

5. the differential beam assembly and installation welds. 

The final closure Velds will not be exposed to the liquid 

potassium environment and may be either electron-beam or 

heliarc type. It is planned to use the heliarc weld since 

this type of weld can be done by this company. The main welds 

in this category are: 

1. the sensor vacuum shell assembly welds, 

2. the thermal expansion diaphragm assembly weld, 

3 .  the swaged cable assembly and installation welds and 

4 .  the L-605 outer shell assembly welds. 

The use of a Nb-1Zr housing inside an L-605 outer shell re- 

quired the use of a pressurization connection weldable to 

both Nb-1Zr and L-605 (Figures 1 and 2). The transition 

originally designed for this purpose used a tapered slug of 

L-605 forged into a tapered cavity in a piece of Nb-1Zr. 

Problems encountered with the temperature and pressure require- ~ 

ments of the forging process made a re-design necessary. 

While the transition piece dimensions were not changed, a 

V 
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vacuum diffusion joint will be used between the Nb-lZr 

and L-605. 

fabricated and in all cases, the joint has been found to be 

sound. 

Several test assemblies have been successfully 

A Nb-lZr/Lucalox seal is used to seal the thermionic diode 

sensor chamber and preserve the high-vacuum environment. 

The sensor vacuum shell is made up of Nb-1Zr components, 

including a vacuum pinch-off tube. For the absolute pressure 

transducer, the pinch-off tube is inserted in the sensor 

vacuum shell (Figure 1). The differential pressure trans- 

ducer has the pinch-off tube inserted into the main housing 

(not shown in Figure 2 ,  but in Figure 3 ) .  

A Nb-1Zr thermal expansion diaphragm was incorporated into 

the design to absorb stresses set up by the difference in 

linear thermal expansion between the L-605 outer shell and 

the transducer Nb-1Zr inner structure. 

The outer structure of the transducer, up to the swaged 

cable assembly, is L-605. All assembly welds will be 

heliarc type of similar metals, resulting in maximum relia- 

bility. 

made above the thermal expansion diaphragm with an L-605 

tubular section. The Nb-lZr/L-605 vacuum diffusion joint 

mentioned previously is used to accomplish the transition. 

The transition from the Nb-1Zr inner structure is 

-9- 



A design was developed for the electrical cable and connector .' 

set-up used to deliver power to the transducer and connect 

it to the electrical signal conditioning system. The cable 

is of a swaged design about 2 feet long. The internal 

insulation is a two-piece crushable magnesia ceramic. One 

piece is tubular and the other is shaped like a sprocket. 

The wires are placed in the sprocket grooves and the tubular 

section is slipped over the sprocket assembly. The outer cable 

shell is stainless steel tubing to give the cable a certain 

amocnt of flexibility needed for loop installation. The 

cable is internally pressurized with argon and a metal-ceramic 

seal is used at both ends. Figure 4 is a pictorial section 

of the end of the swaged cable. A weld. connection is made 

to the transducer while a minaturized multi-pin connector at 

the cold end of the cable allows the use of a standard 

design flexible cable to the signal conditioning equipment. 

Prior to the start of fabrication of the transducers, tests 

performed on assemblies configured according to the actual 

transducer parts have demonstrated the feasibility of the var- 

ious welds and metal-ceramic joints used in the design. 

L. 

Fabrication was started on the four transducers. Figures 

5 and 6 show two views of the first absolute and differential i 

pressure transducer main housings. 

noted along with the capsule installation port and the 

The pressure ports are 
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c a v i t y  i n t o  which t h e  the rmion ic  sensor  i s  i n s e r t e d .  

Along w i t h  t h e  main housings,  work was concentrated on t h e  

p re s su re  capsules  (sensing element) and t h e  thermionic diode 

sensors .  A t  the  conclusion of t he  r e p o r t  pe r iod ,  t h e  f i r s t  

d i f f e r e n t i a l  t ransducer  w a s  near  completion and prepara t ions  

w e r e  being made t o  i n s t a l l  t h e  u n i t  i n t o  t h e  tes t  chamber f o r  t h e  

p r e - t e s t  adjustments  (see Appendix A) . Problems encountered 

i n  t h e  g r ind ing  and electron-beam welding of t h e  pressure  cap- 

s u l e s  delayed work  on t h e  abso lu t e  pressure  t ransducers .  Work 

w a s  done t o  improve t h e  gr inding  procedures  f o r  t h e  W-25Re 

capsu le  m a t e r i a l  and r e f i n e  t h e  electron-beam welding tech- 

niques.  

-11- 



5.0 Thermionic Diode Pressure Transducer Test Program 

Of the four pressure transducer systems beinq built, two 

systems (one absolute and one differential) will be tested 

for 500 hours, after which they will be installed in an 

operating liquid metal loop for further evaluation. The 

other two transducers will be tested for 2000  hours, after 

which they will be used as back-up units for the loop test 

program. 

operating characteristics of the pressure transducers with 

the following optimum criteria. 

The time tests are designed to compare actual 

1. The absolute pressure transducer will have a range 

from 0 to 80 psia. The differential pressure trans- 

ducer shall have a range from -5 to.+5 psid. 

2. The transducers will operate at ambient and fluid 

temperatures up to 1800°F 

3 .  The transducers will have an accuracy of at least 

5% of full scale. The accuracy shall include the ef- 

fects of linearity, hysteresis, sensitivity, change 

with temperature, zero shift (other than that caused 

by temperature), dynamic response characteristics up 

to 100 cps, and repeatability. The zero shift with 

temperature shall not exceed 0.001% of full scale per 

degree. 

-12 - 



4 .  

5 .  

The transducers will have an operating life of 2000 

hours at maximum fluid temperature with pressure cy- 

cling or 40,000 pressure cycles, whichever is reached 

first. 

The transducers will have a frequency response of at 

least 100 cps to fluid pressures. The lower limit is 

preferably dc. 

Appendix A contains the test schedule for the 500 and 2000 

hour tests. To implement this program, additional facili- 

ties, aside from the existing Vacuum Test Facility, are 

necessary. 

To accommodate one of the differential pressure transducers, 

the compatibility test chamber (Reference 4 ,  figures 6 and 

7) was modified following completion of the metal-ceramic 

seal compatibility testing (see Section 7.0). Electrical 

and thermocouple feedthroughs along with pressure and vac- 

uum connections were added to the vacuum flange head. A 

second test chamber, similar in size and construction to the 

compatibility test chamber, was fabricated and installed 

on the Vacuum Test Facility. Initial pump-down and bake- 

out was started. The absolute pressure transducers will 

be tested in two of the original chambers of the Vacuum 

Test Facility. 

-13- 



A design was developed for the pressurization systems needed 

for testing the transducers. Four systems will be built, 

one for each transducer. All the systems have a pressure 

cycling capability of 20  cycles per hour. A timer-actuated 

solenoid valve is used to pressurize the pressure capsule 

for 1 1/2 minutes, followed by evacuation of the pressure 

capsule for 1 1/2 minutes ( 3  minute pressure cycle). The 

valving allows connection of a pressure gauge and a room- 

temperature transducing cell into the system to monitor 

the pressure and obtain an electrical signal for the X-Y 

recorder. In addition, the two systems for testing the dif- 

ferential pressure transducers are valved so that the pres- 

sure and vacuum ports can be switched, allowing pressuriza- 

tion of either side of the pressure capsule. Fabrication 

work was well under way at the conclusion of the report 

period. 

expected about the middle of July. 

Completion of the additional test facilities is 

-14- 



6.0 Transducer Signal Conditioning 

During the report period, design work on the electrical 

signal conditioning system was completed, The system de- 

sign is based on the block diagram presented in Reference 

3 .  Fabrication and assembly work was started on the first 

of three systems planned for construction. A breadboard 

of the signal conditioning system shown in Figure 7 was 

assembled and tested with T-6 and T-7. Before discussing 

the breadboard test results, a brief description of the 

operation of the control system will be given. 

Input power to the conditioninq equipment is supplied via 

a transformer (Tl), which in conjunction with the full wave 

bridge circuit produces an unregulated 30 VDC operating 

potential. The control system is comprised of four basic 

modules, part numbers TA 1913, TB 1913, TD 1913 and TE 1913. 

Module TA 1913 contains a series d regulator (QlOl and 

Q1021, a voltage reference (CR 1011, difference amplifier 

(01031, and a constant volt/second device (L101). Turn-on 

current for the series regulator is supplied by RlOl and 

feedback from potentiometer (R103) sets the regulation 

point. In this manner a regulated 15 VDC potential is 

supplied to the volt/second device. 

and Q105 are considered as switches, the operation of this 

circuit is quite easily understood. If 9104 is saturated, 

If transistors Q104 
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t h e  r egu la t ed  p o t e n t i a l  w i l l  be  impressed a c r o s s  one-half 

of t h e  primary winding, i . e .  ( 3  and 4 ) .  

Since t h e  app l i ed  vo l t age  is propor t iona l  t o  t h e  t i m e  r a t e  

of change of f l u x  i n  t h e  c o r e ,  a c o n s t a n t  r a t e  of f l u x  

change w i l l  induce a vo l t age  i n t o  windings 5 and 6 causing 

a t o t a l  primary vo l t age  of t w i c e  the supply vol tage .  T h i s  

p o t e n t i a l  i s  seen by t h e  collector/emitter of Q105 which i s  

c u t  o f f  dur ing  t h i s  per iod .  When t h e  f l u x  has changed f r o m  

-@ max t o  +pl max, t h e  core w i l l  s a t u r a t e  and t h e  f i e l d  a c r o s s  

winding 3 and 4 w i l l  c o l l a p s e .  T h i s  a c t i o n  w i l l  r eve r se  t h e  

p rocess ,  t u r n i n g  on Q105, c u t t i n g  off  Q104, and causing a 

f l u x  change from +pl  max t o  -$ max. The per iod  of osc i l la -  

t i o n  ob ta ined  w i t h  t h i s  system i s  about 650  cps.  

I n  t h i s  manner, s i x  i s o l a t e d ,  r egu la t ed  power s u p p l i e s  a r e  

generated f o r  t h e  three a d d i t i o n a l  modules i n  t h e  s i g n a l  

condi t ion ing  system. 

Module TB1913 con ta ins  a c u r r e n t  r e q u l a t o r  t o  main ta in  a 

cons tan t  sum-of-the-currents i n  t h e  thermionic  diode, and a 

computing a m p l i f i e r  t o  produce an ou tpu t  s i g n a l  which i s  

p ropor t iona l  t o  t h e  t r ansduce r  p re s su re .  The c u r r e n t  reg- 

u l a t i o n  f u n c t i o n s  are performed by Q201, Q202 and 9203 and 

the  r e f e r e n c e  l e v e l  i s  es tab l i shed  by CR 213. The vo l tage  

drop across R206 and R207 due t o  load c u r r e n t ,  i s  compared 

t o  t h e  vo l t age  developed across t h e  reference diode and t h e  

-16- 



d i f f e r e n c e  i s  app l i ed  t o  t h e  base emitter loops of t h e  regu- 

l a t i o n  t r a n s i s t o r s .  The c u r r e n t  r egu la to r  is  e s s e n t i a l l y  a 

v a r i a b l e  resistor i n s e r t e d  i n  series with a vol tage  source 

and load. Because the  t ransconductance of t he  c i r c u i t  i s  

high,  any change i n  load impedance w i l l  cause an almost equal  

and oppos i t e  change i n  the r e g u l a t o r  r e s i s t a n c e ,  t hus  main- 

t a i n i n g  an  e s s e n t i a l l y  cons tan t  output  cu r ren t .  Two sensing 

resistors, R212 and R217, a r e  i n s e r t e d  i n  series w i t h  t h e  

r e fe rence  and a c t i v e  c o l l e c t o r s  of t h e  thermionic  diode and 

serve a s  s i g n a l  sources  t o  d e t e c t  t h e  (ia-ir) c u r r e n t  w h i c h  

is  p ropor t iona l  t o  system pressure .  

i n  t h e  t w o  collector c u r r e n t s  of the  thermionic  diode i s  

nu l l ed  by a d j u s t i n g  R217 under zero  pressure  condi t ions .  

The i n i t i a l  unbalance 

The  computing a m p l i f i e r  (LA 201)  i s  connected t o  ope ra t e  i n  

a d i f f e r e n t i a l  mode where el = i a ( R 2 1 7 )  and e2 = i r ( R 2 1 2 )  

a r e  t he  s i g n a l  vo l t ages ,  ef i s  t h e  feedback vo l t age  and 

eo is  t h e  ou tpu t  vol tage.  The following express ions  r e l a t e  

t h e  el and e 2  s i g n a l  vo l t ages  t o  the  c i r c u i t  parameters.  

iR215 = el - ef = ef - eo 
R215 R 2 1 6  

r 1 
+ - R 2 1 6  el 

e, = e f p  R 2 1 6  kJ izm 

ef = R205 e2 
R214 + R205 
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Substituting and rearranging yields the following expression 

for output voltage. 

t R205 p215 + R2161 e2 - R216 el 
R214 R214 + R205 R215 

When R214 = R215 and R205 =-.R216, the output voltage becomes 

of the following form 

eo = Ro (el - e2) - 
Ri 

The output voltage represents the current unbalance in the 

collectors of the thermionic diode sensor multiplied by the 

gain of the amplifier. 

The above analysis neglects the effect of the input current 

from the modulus zmplifier, which will be discussed when 

that amplifier is considered. 

The TD1913 module consists of a single ended amplifier, 

isolation amplifier and control circuitry for the thermionic 

sensor heater. The input signal for the heater circuit is 

derived from the W-SReD-26Re thermocouple located on the 

emitter housing. 

The thermocouple signal is a 1 to 22 mv signal which cor- 

responds to lOOoF to 2220°F emitter temperature. This sig- 

nal is amplified by LA 301 (Av = 325) and coupled to the 

isolation amplifier. 

Using standard operational termlnology, the output voltage 
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. 
may be determined as f o l l o w s :  

l o  

eo = R o  e i  
Ri -r 

eo = 220 x 103 121.0 x 10-3) 
6.80 x l o 2  

I s o l a t i o n  is  requ i r ed  i n  t h e  h e a t e r  c o n t r o l  c i r c u i t  because 

t h e  emitter thermocouple is  a t  emitter p o t e n t i a l  which i s  

programmed when p res su re  is  appl ied  t o  t h e  system. 

The output  voltage of LA 301 is coupled t o  0306, an e m i t t e r  

follower which performs an impedance matching funct ion.  

The secondary voltage of L301 is .compared with a re ference  

voltage suppl ied  by CR 3 0 1  and t h e  d i f f e r e n c e  c o n t r o l s  

t h e  base c u r r e n t  of Q301. 

As t h e  emitter temperature  i n c r e a s e s  above 2100oF, t h e  

t r ans fonne r  secondary vol tage  inc reases  and shunts  c u r r e n t  

from the  base of Q1 which reduces t h e  c u r r e n t  i n  t he  hea te r .  

As the  emitter temperature  decreases ,  less vo l t age  appears 

i n  t h e  secondary winding and t h e  c o n t r o l  t r a n s i s t o r  supp l i e s  

more c u r r e n t  t o  t h e  heater .  

Current  l i m i t i n g  of t h e  hea ter  i s  accomplished by connect- 

i n g  t h e  collector of Q303 t o  a low-voltage r egu la t ed  poten- 

t i a l  which clamps t h e  hea te r  a t  l2VDC when over-program con- 

d i t i o n s  e x i s t .  T h i s  f e a t u r e  is  intended t o  l i m i t  t h e  c u r r e n t  
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surge  through t h e  heater when t h e  system i s  energized a t  room 

temperature .  

The i n i t i a l  e f f o r t s  dur ing  breadboard t e s t i n g  were devoted 

t o  analyzing t h e  i n d i v i d u a l  c o n t r o l  func t ions  and determin-  

i n g  t h e  i n t e r a c t i o n  between them. As a r e s u l t  of  these ef-  

for t s ,  t h e  probe c u r r e n t  approach t o  d e t e c t i n g  t h e  emitter 

temperature w a s  found t o  be inadequate .  When p res su re  was 

appl ied  t o  t h e  a c t i v e  c o l l e c t o r ,  t h e  n e t  probe c u r r e n t  was 

found t o  $e i n v e r s e l y  p ropor t iona l  t o ' t h e  diode p o t e n t i a l  

and d i r e c t l y  p ropor t iona l  t o  t h e  probe p o t e n t i a l .  T h i s  

c h a r a c t e r i s t i c  prevented t h e  use  of t h e  probe f o r  s teady  

s t a t e  and per turbed  p res su re  measurements (see Sec t ion  3 . 0 ) .  

T h e  problem w a s  reso lved  by us ing  t h e  W-5Re/W-26Re thermo- 

couple on t h e  emitter housing t o  sense  t h e  emitter tempera- 

t u r e .  

Some e a r l y  emitter temperature  d a t a ,  taken on tes t  u n i t s  

T-6 and T-7 ,  are shown i n  F igure  8.  The reason f o r  t h e  shape 

t o  t h e  T-7 curve i s  no t  known and T-7 reached i t s  end of 

l i f e  before  it could be determined. The T-6 curve i s  char- 

a c t e r i s t i c  of approximately twenty p l o t s  which w e r e  run 

on t h i s  u n i t  and modi f ica t ions  t o  t h e  breadboard during t h e  * 

t i m e  accounted for  minor v a r i a t i o n s  i n  t h e  curve.  Figure 9 

shows t h e  c o n t r o l  c h a r a c t e r i s t i c  of t h e  h e a t e r  loop w i t h  t h e  
- 

f i r s t  d i f f e r e n t i a l  t r ansduce r  (completed and i n s t a l l e d  a f te r  
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the conclusion of the report period) and indicates a + 10°F 
emitter temperature change when the chamber varies over a 

800°F range. While Figure 9 presents data obtained after 

the report period, it is presented here as preliminary 

- 

data so that corre la t ion  with Figure 8 may be obtained. 

Figure 10 is typical of the input/output characteristic of 

both the T-6 and T-7 test units when subjected to input 

pressure. In this case, the input pressure was limited to 

50 psia in order to produce a 0.001 inch travel of the 

active collector. 

The breadboard control circuit did not have a potentiometer 

in the (ia-ir) amplifier and as a result the null voltage 

could not be eliminated. (An approximate null was achieved 

by using fixed resistors). 

The stability of the emitter temperature with line voltage 

variation is shown in Figure 11 and is fairly representa- 

tive of all the test transducers which have been tested 

to date. 

Investigation into the drift characteristics of the trans- 

ducer is continuing to determine if a cold junction is re- 

quired in the control system. The- present test configura- 

tion has a continuous tungsten/rhenium thermocouple system 

which is terminated at the top of the test stand and is 
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not representative of the final configuration. 

In the final units, two metal-ceramic seals will introduce a 

change in the materials of the thermocouple system and may 

introduce some contact potentials in series with the emitter 

readout thermocouple. This problem is now under investigation. 

At the present time, the drift characteristic of the emitter 

temperature does not introduce deleterious effects to the 

system. Fiqure 12 shows typical magnitudes of drift which 

are about lOOF over a 30 hour period. The system remained with- 

in this envelope for a 7 to 8 day period before the program was 

changed manually. 

The dynamic control characteristic of the emitter temperature 

with chanqe in chamber temperature is shown in Figure 13. The 

dashed line of the chamber temperature-time curve does not repre- 

sent the actual chamber temperature with time, but represents 

a change in the chamber power level. The change in power level 

took place in approximately 10 to 15 seconds. At point A on 

Figure 1 3 ,  the chamber heater was drawing 100 amperes and the 

chamber temperature was stabilized at 140O0F. Then the current 

in the heater was reduced to 65 amperes and the emitter temper- 

ature was monitored until a stable emitter temperature was 

achieved. 

was increased from 6 5  amperes to 145 amperes and the emitter 

temperature monitored until a stable emitter temperature was 

again achieved. 

k 

At point B in Figure 13 the chamber heater current 
.. 

In Figure 13, the dotted lines show the assumed 
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I . 
chamber temperature  w i t h  t i m e .  

A t  s teady  s t a t e  t h e  following d a t a  w a s  determined: 

Chamber Current  Chamber Temperature 

65 amperes 986OF 

100 amperes 1404OF 

145 amperes 1820°F 

Work began on t h e  f a b r i c a t i o n  of three s i g n a l  condi t ioning 

systems. The system w i l l  be housed i n  a r e l a t i v e l y  small ,  

p o r t a b l e ,  s l a n t - f r o n t  cab ine t  of s tandard design. The s i g n a l  

condi t ion ing  breadboard w i l l  be used t o  test  one of t h e  t r a n s -  

ducers ,  b r ing ing  t h e  to ta l  number of s i g n a l  condi t ioning systems 

t o  four .  
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7.0 Metal-Ceramic Seal Compatibility Prograrr, 

During the report period, five compatibility test assem- 

blies, each containing four metal-ceramic test seals, were 

charged with potassium and installed in the compatibility 

test chamber. Potassium compatibility testing was completed: 

and the test assemblies shipped fo r  removal of the potassium. 

No potassium leakage was observed during the test. Exam- 

ination of the test assemblies after completion of the test 

showed no visible signs of failure. . 

Detailed sketches and information on the test seals and com- 

patibility test assemblies were presented in Reference 2 

(table 3 and figures 11 through 19). The procedure that 

was followed for the compatibility testing of the metal- 

ceramic seals was the same as that used for the compatibil- 

ity testing of the four candidate pressure capsule materials 

(Reference 4 ,  page 18). 
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APPENDIX A 

OBJECT 

. 

PRESSURE TRANSDUCER TEST PROGRAM 

The test program will establish the operating characteristics 

of the 8 0  psia and + 5 psid pressure transducers developed under 

contract NAS 3-4170. The transducer ambient temperature range 

will be 1000-1800°F. 

- 

GENERAL 

The transducers will be pressurized with high-purity argon. 

Transducer test pressures will be monitored by a room tempera- 

ture transducing cell using interchangeable pressure diaphragms 

(output of 16 millivolts per volt excitation, accuracy better 

than 0.2% of full scale). The transducer output signal (0-5 

volts) will be obtained from the transducer electrical signal 

conditioning system. Test pressure and transducer outDut data 

will be correlated by an X-Y recorder (accuracy of 0.2% of full 

scale with maximum sensitivity of 100 microvolts/inch). The 

transducer ambient temperature will be monitored by a thermo- 

couple inserted in the argon pressurization line and placed 

adjacent to the pressure capsule. 
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PRE-TEST PROCEDUFES : 

The p r e - t e s t  procedures  are  intended t o  e s t a b l i s h  t h e  proper  

ope ra t inq  cond i t ions  f o r  t h e  thermionic  diode sensor .  

1. 

2 .  

3 .  

4 .  

Pre -ac t iva t e  t h e  emi t t e r s ,  a f t e r  i n s t a l l a t i o n  i n  t h e  moly- 

bdenum e m i t t e r  housing, i n  vacuum (about t o r r )  a t  

2280°F for  25 minutes before  assemblinq t h e  thermionic 

diode sensor .  

Assemble t h e  thermionic  diode sensor .  I n s t a l l  t h e  sensor  i n  

t h e  t ransducer  and a d j u s t  t h e  ac t ive  c o l l e c t o r  d i s t a n c e  

about  0 .006  inch.  

I n s t a l l  t h e  t r ansduce r  i n  a vacuum t e s t  chamber. Raise 

t h e  t e s t  chamber temnerature  u n t i l  t h e  thermocouple ind 

a t ransducer  ambient temperature  of  1800OF. The chamber 

p re s su re  should no t  be allowed t o  exceed 5 x l o - *  t o r r .  

t o  

cates 

Energize t h e  sensor  h e a t e r  and ra ise  t h e  emi t t e r  temperature 

t o  228O0F a s  measured by t h e  W-5 Re/W-26 R e  thermocouple 

i n s t a l l e d  on t h e  e m i t t e r  housinq. Apply 15  v o l t s  t o  t h e  

diode t o  draw act ive and r e fe rence  c o l l e c t o r  c u r r e n t s .  For 

an emitter-collector d i s t a n c e  of about 0 . 0 0 6  inch ,  t h e  cur- 

r e n t  l e v e l  i s  4 5  mill iamperes  minimum. Vaintain sensor  

ope ra t ion  a t  22800F emitter temperature  and 15  v o l t s  for  

20 minutes,  a f t e r  which lower t h e  emitter temperature t o  i t s  

ope ra t ing  level  of 2 1 0 0 ~ ~ .  
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. 
5. Determine t h e  diode space-charue c h a r a c t e r i s t i c s  by measuring 

t h e  a c t i v e  and r e fe rence  c o l l e c t o r  c u r r e n t s  a s  a func t ion  of 

increased  vol tage .  Vary t h e  vol tage  from 5 t o  20  v o l t s  i n  

1 vol t  increments.  

with ernitter-collector d i s t ance  as ii Daraiiieter related throuqh 

t h e o r e t i c a l  space-charqe formulae. 

D l o t s ,  determine t h e  a c t i v e  c o l l e c t o r  and re ference  c o l l e c t o r  

d i s t ances .  Also determine  whether  anv emission l i m i t i n g  effects 

(poisoninq)  occur  a t  appl ied vo l t ages  up t o  about 20  v o l t s .  

P l o t  t h e  r e s u l t s  on log-loq coord ina tes  

Using t h e  space-charqe 

Since t h e  thermionic  sensor must ope ra t e  i n  t h e  space-charge 

l i m i t e d  reg ion ,  any emission-l imited condi t ion  w i l l  in t roduce 

error i n t o  t he  outDut s i q n a l  and must be avoided. 

6. I f  t h e  18OO0P space-charge c h a r a c t e r i s t i c s  i n d i c a t e  t h a t  t h e  

a c t i v e  and reference c o l l e c t o r  d i s t a n c e s  a r e  no t  eaua l ,  so  

t h a t  i a f i r ,  remove t h e  t ransducer  from t h e  t e s t  chamber 

and r e -ad jus t  t h e  a c t i v e  c o l l e c t o r  d i s t a n c e  so t h a t  it i s  eaua l  

t o  t h e  r e fe rence  c o l l e c t o r  d i s t a n c e  a s  determined by t h e  

space-charge data. I n s t a l l  t h e  t ransducer  i n  t h e  tes t  chamber 

and perform t h e  space-charqe tests of ( 5 )  above t o  determine 

t h e  a c t i v e  c o l l e c t o r  and r e fe rence  d i s t ances .  Repeat t h e  pro- 

cedure u n t i l  t h e  a c t i v e  c o l l e c t o r  and r e fe rence  c o l l e c t o r  

d i s t a n c e s  a r e  shown t o  be equal  ( i a  = i r )  by the  space-charge 

da t a .  
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7. When the 1800OF space-charqe characteristics indicate that 

the active and reference distances are eaual, so that ia = ir, 

connect the transducer signal conditioning system and obtain 

a set of pressure-output data by varving the transducer Dres- 

surization from zero to full scale and back to zero. Full 

scale pressure fo r  the absolute unit is 80  psia. For the 

differential unit, full scale pressure is - + 5 psid. Simu- 

late positive and negative pressure operation by performing 

the pressurization cycle twice; pressurize one port to 5 

psia while the other is evacuated, then exchange the ports 

and repeat the Dressure cvcle. The nressure-output data will 

be used to correlate the data obtained durinq the main part 

of the test nrogram. 

8. Remove the transducer from the test chamber. Install the 

protective cover and electrical header connections on the 

sensor chamber. Evacuate the sensor chamber through the 

pinch-off tube to a pressure below torr. Perform the 

pinch-off operation. The transducer is now ready for the 

main part of the test program. 

TEST PROGRAY 

1. Following emitter activation, adjustment of the active col- 

lector distance and sealing of the sensor section of the 

. .  

-42- 



I -  

I -  

t -  

t r ansduce r ,  i n s t a l l  t h e  t ransducer  i n  a vacuum tes t  chamber. 

During t e s t i n g ,  t h e  pressure  should n o t  be allowed t o  exceed 

10-7 torr .  

2. R a i s e  the test  chamber temperature  u n t i l  t h e  thermocouple 

i n d i c a t e s  a t ransducer  ambient temperature  of 180O0F. 

form a space-charge run t o  v e r i f y  proper  operat ion of t h e  

thermionic  sensor  (see Step 5 of t h e  P r e - T e s t  Procedures) .  

Per-  

3 .  Vary t h e  t ransducer  p r e s s u r i z a t i o n  from zero t o  f u l l  scale and 

back t o  zero. Perform three p r e s s u r i z a t i o n  cyc les .  F u l l  

scale p res su re  f o r  t h e  abso lu te  u n i t  is 80 pa ia .  For t h e  

d i f f e r e n t i a l  u n i t ,  f u l l  scale p res su re  i s  + - 5 ps id .  

p o s i t i v e  and negat ive  pressure opera t ion  by performing t h e  

three p r e s s u r i z a t i o n  c y c l e s  t w i c e :  p r e s s u r i z e  one port and 

evacuate  t h e  other f o r  three p res su re  cyc le s ,  t h e n  exchange 

the  p o r t s  and r epea t  t h e  three Dressure cyc les .  

Simulate  

Monitor 

the  p res su re  and t ransducer  output  w i t h  t h e  X-Y recorder .  

F r o m  t h e  test  r e s u l t s ,  determine t h e  t ransducer  accuracy. 

The accuracy s h a l l  include t h e  effects of l i n e a r i t y ,  hys te re-  

sis, s e n s i v i t i t y ,  z e r o  s h i f t  and r e p e a t a b i l i t y .  

4 .  Repeat ( 3 )  above a t  capsule temperatures  of 1 6 0 0 ,  1 4 0 0 ,  1200, 

1000, 1 2 0 0 ,  1 4 0 0 ,  1600,  and 180O0F. I n  add i t ion  t o  t r ans -  

ducer  accuracy, eva lua te  t h e  zero s h i f t  due t o  capsule  temp- 

e r a t u r e  chanqe. 
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.. 

5. Using a so lenoid  opera ted  va lve  t o  switch t h e  t r ansduce r  f r o m  
.I 

t h e  argon p r e s s u r i z a t i o n  l i n e  t o  t h e  vacuum l i n e ,  p re s su re  c y c l e  

(vacuum-full s c a l e  pressure-vacuum) t h e  t r ansduce r  once every 

t h r e e  m i n u t e s .  For t h e  500 hour l i f e  t e s t  program, cont inue 

t h e  pressure  cyc l ing  f o r  1 0 0  hours.  For t h e  2 0 0 0  hour l i f e  

t es t  program, cont inue  t h e  p r e s s u r e  cyc l ing  f o r  4 0 0  hours.  

The  abso lu t e  u n i t  i s  cyc led  between 0-80 p s i a .  The d i f f e r e n -  

t i a l  u n i t  i s  cyc led  by applying 0-5 p s i a  t o  one p o r t  and vacuum 

t o  the other for  h a l f  t h e  cyc l ing  t e s t  t i m e  ( 5 0  or 200  h o u r s ) ;  

t h e  ports t hen  a r e  switched f o r  t h e  second ha l f  of t h e  t es t .  

Perform pressure-output  spo t  checks dur ing  t h e  t e s t  us ing  t h e  

X-Y recorder .  Evaluate  t h e  t ransducer  accuracy a s  a func t ion  

of t e s t  t i m e .  

6 .  Repeat s t e p s  2 ,  3 ,  4 ,  and 5 above f i v e  t i m e s  f o r  t h e  500  hour 

l i f e  test  program and f i v e  t i m e s  f o r  t h e  2 0 0 0  hour l i f e  t es t  

program. 

t e s t ,  apply  continuous f u l l - s c a l e  p re s su re  t o  t h e  t ransducer  

fo r  2 0 0  hours t o  e v a l u a t e  c reep  c h a r a c t e r i s t i c s  w i t h  t i m e .  

A f t e r  t h e  f irst  1 0 0 0  hours of t h e  2 0 0 0  hour l i f e  

For t h e  d i f f e r e n t i a l  u n i t ,  apply 5 p s i a  t o  one p o r t  and vac- 

uum t o  t h e  o t h e r  f o r  1 0 0  hours:  t h e  p o r t s  t h e n  a r e  swi t ched  

f o r  a second 1 0 0  hours .  Following t h e  200  hour f u l l  scale 

p res su re  tes t ,  cont inue  t h e  p re s su re  cyc l ing  tes t .  
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7 .  After completion of the life test program, remove the trans- 

ducer from the test chamber. Remove the test pressurization 

fittings in the transducer and install the loop test fittings 

and associated piping. 

test assembly by installing the transducing cell and monitor- 

ing the cell output on an oscilloscope using a triggered cal- 

ibrated sweep. 

to first pressurize the transducing cell and then vent the 

cell to ambient atmosphere. 

iation of the venting operation and the time needed to vent 

from full scale pressurization to ambient is set at 10 milli- 

seconds as measured by the calibrated oscilloscope sweep. 

A set of springs is used to vary the venting speed of the 

frequency response test assembly. A 10 millisecond ramp 

pressure change corresponds to a pressure perturbation of 100 

cycles per second. After calibrating the frequency response 

test assembly, remove the transducing cell and install the 

test transducer. Using the signal conditioning system, moni- 

tor the output of the transducer on the oscilloscope and eval- 

uate the transducer capability to follow the 100 cps pressure 

perturbation created by venting the transducer from full pres- 

sure to ambient in 10 milliseconds. A full scale calibration 

pressure of 80 psia will be used for the absolute transducer 

test. For the differential transducer, a full scale calibra- 

tion pressure of 5 Dsia will be used and the test will be 

Calibrate the frequency response 

The frequency response test assembly is used 

The scope is triggered by init- 
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performed t w i c e ;  f i r s t  p r e s s u r i z e  one p o r t  and vent  t h e  

other t o  room atmosphere, then r e v e r s e  t h e  p o r t s  and r epea t  

t h e  t e s t .  The frequency response tes ts  w i l l  be performed 

under koom ambient cond i t ions .  

8.  I n s t a l l  t h e  t r ansduce r  on a v i b r a t i o n  t a b l e  and perform 

vibrat ion tes t s ,  a long three axes ,  i n  accordance w i t h  the  

fol lowing schedule:  

0 t o  10 cps ,  0 .20  inch double amplitude 

1 0  t o  20 cps ,  - + 1 . 0  g 

20  t o  90 cps ,  0 .05  inch double amplitude 

90  t o  2000  cps ,  - + 2 0  g 

During t h e  v i b r a t i o n  t e s t i n q ,  apply f u l l  s c a l e  p re s su r i za -  

t i o n  to  t h e  t r ansduce r  and monitor t h e  ou tpu t  us ing  t h e  

s i g n a l  cond i t ion ing  system and t h e  X-Y recorder .  

sweep w i l l  be used on one a x i s  of t h e  r eco rde r  and t h e  t r a n s -  

ducer  ou tpu t  w i l l  be monitored on t h e  other  a x i s .  

check-frequencies  w i l l  be noted on t h e  r eco rde r  char t  t o  he lp  

e v a l u a t e  t h e  t e s t  r e s u l t s .  

w i l l  be used f o r  t h e  abso lu te  t r ansduce r  t e s t .  

d i f f e r e n t i a l  t r a n s d u c e r ,  a f u l l  s c a l e  p re s su re  of  5 p s i a  

w i l l  be used  and t h e  t e s t  w i l l  be performed t w i c e :  f i rs t  

p r e s s u r i z e  one p o r t  and vent  t h e  o ther  t o  room atmosphere, 

t hen  reverse t h e  p o r t s  and r e p e a t  t h e  t es t .  The v i b r a t i o n  

A t i m e  

Various 

A f u l l  s c a l e  p r e s s u r e  of 8 0  p s i a  

For t h e  
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tests w i l l  be performed under room ambient condi t ions .  Note 

any resonant  peaks exhib i ted  by t h e  t ransducer  during t h e  course 

of the v i b r a t i o n  tests. 

t i o n ,  t h e  t r ansduce r  w i l l  be s u b j e c t  t o  g r e a t l y  increased damp- 

ing  cond i t ions  due to  t h e  presence of liquid metal i n  t h e  

It must be remembered t h a t  i n  opera- 

t ransducer  i n t e r i o r .  
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