
NASA CR- 6 6 0 58!  

ELECTRO-OPTICAL SYSTEMS, INC. 
A Subsidiary of Xerox Corporation 

300 N. Halstead Street, Pasadena, California 

Dishibution of this report is provided in the interest of 
information e : i > z  4 . ~ - , . . ~  '>i!,i, ;r ,he contents 
resides in the author or organ.zation that prep&& 



c 



F i n a l  Report 
THE DEVELOPMENT AND FABRICATION OF FOUR LOW PRESSURE 
TRANSDUCERS (EOS MODEL 6081-1) 
Prepared f o r  
Nat ional  Aeronautics and Space Adminis t ra t ion 
Langley Research Center 
Langley S t a t i o n  
Hampton, V i r g i n i a  
At t en t ion :  W. E .  Hutcheson, Contract ing O f f i c e r  

NAS 1 - 4482 

EOS Report 6081-Final 

Prepared by 
H. P a i n t e r ,  Transducer Department 

Approved by 

kSg*& 
M. B. P r i n c e ,  Manager 
AEROSPACE ELECTRONICS DIVISION 

12 A p r i l  1965 

ELECTRO-OPTICAL SYSTEMS, I N C  . - PASADENA, CALIFORNIA 



ABSTRACT 

This  f i n a l  r e p o r t  covers  t he  design, manufacture, and t e s t i n g  of 

four  very  low pressure  t ransducers  f o r  NASAILangley. The t ransducers  

had a range of 0 t o  0 .1  p s i a  and an e r r o r  band of b e t t e r  than 1 per-  

cen t .  The s p e c i f i c a t i o n  d e t a i l s  are  contained i n  t h e  r epor t .  The 

t ransducers  were of t he  convoluted diaphragm type w i t h  a semiconductor 

s t r a i n  gage sensor  system. The instrument i s  r e f e r r e d  t o  as  EOS 

Model 6081-1. 
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1, TRANSDUCER DESIGN 

The t ransducer  (Figs .  1, 2 ,  and 3) used a convoluted diaphragm 

1-inch i n  diameter t o  t h e  OD of the convolut ion.  A cruciform was em- 

bossed i n t o  t h e  c e n t e r  of t h e  diaphragm t o  s t i f f e n  it i n  t h i s  a r e a .  

High energy r a t e  forming w a s  employed i n  t h e  manufacturing of t h e  

diaphragms. The t ransducer  over-pressure s t o p - p l a t e  i t s e l f  w a s  used 

as t h e  d i e ,  thereby ensu r ing  pe r fec t  n e s t i n g  of t h e  diaphragm i n t o  

i t s  s t o p - p l a t e .  Af t e r  forming, the diaphragm i s  welded i n t o  p o s i t i o n  

by two concen t r i c  spot-weld seams. This  ope ra t ion  i s  c a r r i e d  out on 

an  automatic seam-welder. The diaphragm i s  coupled t o  a c a n t i l e v e r  

beam v i a  a push-rod which goes through a h o l e  i n  t h e  c e n t e r  of t h e  

s t o p - p l a t e .  This  c a n t i l e v e r  beam h a s  a semiconductor s t r a i n  gage 

b r idge  bonded t o  i t ,  a t  t he  maximum s t r a i n  p o i n t .  The connect ions go 

t o  a header c o n t a i n i n g  g l a s s - i n s u l a t e d ,  through t e r m i n a l s .  It a l s o  

has a c a p i l l a r y  tube  f o r  s e a l i n g  t h e  r e f e r e n c e  c a v i t y  and a secondary 

s t o p  which i s  ad jus t ed  t o  s t o p  the  end of t h e  c a n t i l e v e r  beam. Th i s  

header i s  electron-beam welded in to  p o s i t i o n .  The s t r a i n  gage b r idge  

i s  e x c i t e d  by cons t an t  c u r r e n t  from an e l e c t r o n i c  package contained i n  

t h e  t r ansduce r .  

The materials used were 17-7  PH f o r  t h e  diaphragm and c a n t i l e v e r  

beam and push-rod; 410 s t a i n l e s s  s t e e l  f o r  t h e  p re s su re  and r e f e r e n c e  

c a v i t i e s ;  and aluminum a l l o y  f o r  the. c a s e .  

2 .  MANUFACTURE 

The manufacture of t h e s e  t r ansduce r s  d i d  p re sen t  some unan t i c ipa t ed  

The c a n t i l e v e r  beam was o r i g i n a l l y  welded t o  i t s  support  problems. 

p o s t ,  b u t  i t  w a s  found necessary to  change t h i s  system and s u b s t i t u t e  

a screwed-on beam t o  f a c i l i t a t e  r e p a i r .  

The diaphragms were formed a f t e r  be ing  welded i n  p l ace  on t h e  

f i r s t  models and t h e  spring-back r e l i e d  upon t o  supply t h e  working gap 

between t h e  s t o p  and t h e  diaphragm. A s  it  t r a n s p i r e d ,  t h i s  method w a s  
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FIG. 1 EOS LOW PRESSURE "SDZTCER-MODEL 6081-1 
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no t  success fu l  and t h e  system w a s  t h e r e f o r e  modified.  The diaphragm 

i s  now f i r s t  welded t o  a hold ing  r i n g  which i s  c a r e f u l l y  loca t ed  wh i l e  

forming t akes  p lace .  The hold ing  r i n g  and diaphragm toge the r  are then  

removed and t h e  working gap machined out  of t h e  s t o p - p l a t e .  A f t e r  t h e  

diaphragm i s  r e l o c a t e d ,  t h e  seam weld i s  made, t h e  hold ing  r i n g  removed, 

and t h e  diaphragm trimmed. 

3 .  TESTING 

Tes t ing  w a s  c a r r i e d  out  per  the Tes t  Procedure which, t oge the r  w i t h  

t h e  t e s t  d a t a ,  forms t h e  appendix of t h i s  r e p o r t .  The r e s u l t s  show t h a t  

a l l  of t h e  ins t ruments  had s u f f i c i e n t  ou tput  and remarkably good l i n e a r -  

i t y ,  r e p e a t a b i l i t y ,  and h y s t e r e s i s ,  t h e  wors t  be ing  serial No. 006 w i t h  

0.8 percent  n o n l i n e a r i t y .  

Temperature compensation w a s  c a r r i e d  ou t  f o r  zero  s h i f t .  Temper- 

a t u r e  compensation f o r  s e n s i t i v i t y  w a s  found t o  be  unnecessary.  

The tes t  equipment used w a s  a low p res su re  t e s t  console  manufac- 

t u r e d  by Volumetrics,  Inc . ,  Inglewood, C a l i f o r n i a ,  t o  a n  EOS s p e c i f i c a -  

t i o n .  The Knudsen system of volume r a t i o  i s  used a s  t h e  t e s t  method. 

It w a s  c a l i b r a t e d  a g a i n s t  a n  EOS micromanometer. 

Vibra t ion  d a t a  i s  a l s o  suppl ied i n  t h e  appendix and shows t h a t  a l l  

ins t ruments  have a resonant  frequency between 1,500 and 1,800 C Q S ,  b u t  

t h a t  they  do meet t h e  v i b r a t i o n  s p e c i f i c a t i o n s .  

The r e t u r n  t o  zero  a f t e r  over-pressure i s  e x c e l l e n t .  

4 .  SPECIFICATIONS 

4 .1  Range 0 t o  0.1 p s i a  

4.2 Trapped c a v i t y  volume (excluding 

4.3 Input  vo l t age  28 f 2 vdc 

4.4 Output nominal 0 t o  1000 vdc 

4.5 Output impedance 1000 ohms max. 

p re s su re  p o r t )  0.030 cu i n  

4 .6  Zero balance - i n i t i a l  -0 t o  +lo% F.S .  

4 .7  Error  ( n o n l i n e a r i t y ,  h y s t e r e s i s ,  and 

4.8 Temperature ope ra t ing  range 0 t o  + 150°F 

nonr epea t  ab i 1 i t y  ) f 1% i n c  

608 1 -F i n a  1 5 



4.9 Temperature compensated range +60°F t o  llO°F 

4.10 Temperature e r r o r  over compensated 
range centered  a t  80°F 

Zero * 5% 

S e n s i t i v i t y  f 3% 

4.11 Vibra t ion  e r r o r :  l o g ,  20 t o  2000 cps 0.25%/g 

5. CONCLUSIONS 

The Model 6081-1 i s  a good 0 t o  0 . 1  p s i a  t r ansduce r .  Its l i n e a r i t y ,  

h y s t e r e s i s ,  and r e p e a t a b i l i t y  are very good f o r  a n  instrument  of such a 

low range.  

s u r e  t ransducers  ¶ namely ¶ r e t u r n  to  zero  a f t e r  over-pressure ¶ seems t o  

have been s a t i s f a c t o r i l y  overcome i n  t h e  EOS 6081-1. 

considered should inc lude  ( a )  i nc reas ing  t h e  n a t u r a l  f requency,  and 

(b)  reducing t h e  phys ica l  s i z e  of the  t r ansduce r .  Both of t h e s e  aims 

do s e e m  poss ib l e  of achievement. 

One of t h e  major problems w i t h  very  low range abso lu te  pres -  

Future  work t o  be  

608 1 -Fina l  6 
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WA 6081 TEST PROCEDURE 

0.1 PSIA TRANSDUCERS FOR NASI-4482 

Revis ion 1 

3-12-65 

1.0 Scope 

This  test procedure covers  t h e  method o f  t e s t i n g  t h e  0 . 1  p s i a  t r ansduce r s ,  

f o r  c o n t r a c t  number NASI-4482, t o  in su re  t h a t  s a i d  t r a n s d u c e r s  m e e t  a l l  

t h e  customer requirements f o r  acceptance as o u t l i n e d  i n  f o r e s a i d  c o n t r a c t .  

2.0 Applicable  Documents 

Contract  No. NASI-4482, EOS WA 6081, Proposal  64-567. 

3.0 T e s t  Equipment 

3.1 Low Pres su re  C a l i b r a t o r  

3.2 Fluke D i f f e r e n t i a l  Voltmeter Model 825A 

3.3 Power Supply - Power Designs Model 4005 

3.4 EOS C a l i b r a t i o n  Control  Console 

3.5 Vib ra t ion  System - Mf3 Elec t ron ic s  C-50 

3.6 Cen t r i fuge  - Genisco "G" Accelerator  Model 1220-1 

3.7 Osci l loscope - Tek t ron ic s  53A 

4.0 T e s t  Procedure 

4.1 Configurat ion 

4.1.1 The t r ansduce r s  s h a l l  be inspected f o r  o v e r a l l  l eng th  and 

diameter. The l e n g t h  i n c l u s i v e  s h a l l  no t  exceed 5 inches 

nor s h a l l  t h e  diameter exceed 1.5 inches,  i nc lud ing  p r e s s u r e  

f i t t i n g  and e lectr ical  r ecep tac l e ,  and excluding mounting lugs .  

4.1.2 The vendor s h a l l  supply c e r t i f i c a t i o n  t h a t  t h e  t rapped c a v i t y  

volume con ta in ing  t h e  media t o  be measured i s  less than 0.03 

cubic  inches,  not  including t h e  p r e s s u r e  f i t t i n g .  

6,2 C a l i b r a t i o n  

4.2.1 The t ransducer  s h a l l  be cpnnected t o  t h e  t es t  equipment as 

shown i n  F igu re  1. 

Adjust  t h e  power supply f o r  28 VDC 6.1 VDC inpu t  t o  t h e  

t ransducer .  

4.2.2 

4.2.3 Adjust  z e r o  output  t o  0 +lo - mv mv a t '  z e r o  p s i a  and r eco rd .  Apply 

f u l l  scale p r e s s u r e  of 0 . 1  p s i a .  Adjust  t h e  output  t o  100 mV 

DC p l u s  t h e  recorded zero reading wi th  e x t e r n a l  a d j u s t .  

4.3 L i n e a r i t y ,  H y s t e r e s i s  and Repea tab i l i t y  

4.3.1 Connect t h e  t ransducer  as shown i n  F igu re  1. 

1 



4.3.2 Apply 0 p s i a  (50 microns approximately) t o  t h e  t ransducer .  

Record m i l l i v o l t  output  reading read  on d i f f e r e n t i a l  vo l tme te r .  

4.3.3 With t h e  t ransducer  a t  0 p s i a ,  i n c r e a s e  t h e  input  p re s su re  

i n  success ive  steps of 0.01 p s i a .  Record t h e  m i l l i v o l t  

output  reading  a t  each success ive  inc rease  i n  p re s su re  

u n t i l  f u l l  s c a l e  pressure  i s  obta ined .  

4.3.4 Repeat Paragraph 4.3 .3  with t h e  p re s su re  increments 

descending from 0 . 1  p s i a  t o  0 p s i a .  

4.3.5 Inc rease  p re s su re  from 0 p s i a  t o  0 .05 p s i a .  Read t h e  

output  and record.  

P l o t  a l l  p o i n t s  recorded i n  ca r ry ing  out  Paragraphs 4.3.3, 

4.3.4, and 4.3.5 and draw t h e  most favourable  s t r a i g h t  l i n e  

through t h e s e  po in t s .  The maximum d i f f e r e n c e  between t h i s  l i n e  

and any po in t  must no t  exceed 1% of f u l l  scale output .  

4.3.6 

4.4 Output Impedance 

4.4.1 

4.4.2 

Apply f u l l  scale pressure and no te  t h e  ou tpu t ,  

Connect a 100,000 ohm &5% r e s i s t o r  a c r o s s  t h e  output  of 

t h e  t ransducer .  

Note t h e  change i n  output and record .  

1 mV, t ransducer  has  an  output  impedance of less than 1000 ohms. 

4.4.3 

4.4.4 Remove 100,000 ohm r e s i s t o r  a f t e r  tes t .  

4.5.1 Set  power supply f o r  28 VDC 44.1 VDC. 

4.5.2 Apply 0.1 ps i a .  Note and record  output .  

4.5.3 

I f  change i s  less than  

4.5 Regulat ion 

Decrease power supply vol tage  t o  26 VDC + 0 ,  -0 .1 VDC. 

Record output .  

Compute change i n  output from 28 VDC t o  26 VDC. 

be  less than  l%/FS. 

4.5.4 Change should 

4.5.5 Inc rease  power supply vol tage  t o  30 VDC + 0.1, -0 VDC. Record 

output .  

Compute change i n  output from 28 VDC t o  30 VDC. 

be  less than  l%/FS. 

4.5.6 Change should 

4.6 Temperature T e s t  

4.6.1 Connect t ransducer  as shown i n  F igure  1, s e t t i n g  power supply 

t o  28 VDC. 

4.6.2 A t  ambient temperature  (80" 43°F) record  t h e  m i l l i v o l t  ou tput  

r ead ings  at 0 p s i a  (50 microns approximately) and f u l l  scale 

p res su re  0 . 1  ps i a .  Compute s e n s i t i v i t y  by s u b t r a c t i n g  t h e  

0 p s i a  reading  from the f u l l  scale reading  and record.  

I 
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4.6.3 Decrease temperature  i n  test  chamber t o  +60°F, S t a b i l i z e  

a t  t h i s  temperature  f o r  1 hour. Record output  r ead ings  a t  

0 and f u l l  scale pressures .  Compute s e n s i t i v i t y  and record.  

4.6.4 Inc rease  temperature  i n  tes t  chamber t o  f1lO"F. S t a b i l i z e  

a t  t h i s  temperature  f o r  1 hour. Record output  r ead ings  

a t  0 and f u l l  s c a l e  pressures .  Compute s e n s i t i v i t y  and record .  

Express t h e  d i f f e r e n c e  between ze ro  readings  recorded a t  +80"F 

and +60°F as a percentage of f u l l  scale output  a t  80°F. 

Express t h e  d i f f e r e n c e  between t h e  ze ro  readings  recorded a t  

+80"F and + l l O " F  as a percentage of  f u l l  scale output  a t  80°F. 

These va lues  of ze ro  dev ia t ion  s h a l l  no t  exceed *5% from t h e  

80°F value.  

Express t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  readings  recorded a t  +60"F 

and +80"F as a percentage of f u l l  scale output: a t  80°F. Express 

t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  readings  recorded a t  80°F and 

110°F as a percentage of f u l l  scale output  a t  80°F . 
These va lues  of s e n s i t i v i t y  dev ia t ion  s h a l l  no t  exceed *3% 

from t h e  80°F value.  

4.6.5 

4.6.6 

4.7 Overload Test 

4.7.1 Take m i l l i v o l t  ou tput  readings a t  0 and f u l l  scale p res su res .  

Record. Compute and record s e n s i t i v i t y .  

4 ,7 ,2  Remove t ransducer  from pressure  source.  

4.7.3 Connect t ransducer  t o  pressure  source and apply  0 p s i a  pressure .  

4.7.4 Repeat s t e p s  4.7.2 and 4.7.3 t e n  t i m e s .  I n  t h i s  manner, 

repea ted  overloads of 15  p s i a  w i l l  be  app l i ed  t o  t h e  t ransducer .  

4.7.5 Af t e r  completion of t e n  overload cyc les ,  t a k e  0 and f u l l  

scale output  m i l l i v o l t  readings.  

Note and record changes i n  output ,  from s t e p  4 . 7 . 1  of 0 and 

f u l l  s c a l e ,  computing s e n s i t i v i t y  changes. 

Compute percentage change of f u l l  s c a l e  f o r  0 and s e n s i t i v i t y .  

These percentages must b e  less than  1% of f u l l  scale. 

4.7.6 

4.7.7 

4.7.8 
4.8 Vib ra t ion  

4.8.1 Complete tes t  se tup  as shown i n  F igure  2, wi th  evacuat ion 

f i x t u r e  connected t o  head of exciter wi th  cab l ing  and 

plumbing i n s t a l l e d  f o r  t h e  performance of t h e  tes t  as 

requi red .  

Adjust  power supply t o  28  VDC & O . l  VDC. 4.8.2 

3 
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4.8.3 Apply 0 p s i a  (50 microns approximately) t o  t h e  t r ansduce r  

and record t h e  output  vol tage b e f o r e  v i b r a t i o n .  

4.8.4 S p e c i f i c a t i o n s  f o r  Vibration: 

1. Frequency range of 5 t o  200 cps wi th  crossover  a t  20 cps.  

2.  From 5 t o  20 cps  displacement w i l l  be $' double amplitude.  

3 .  From 20 t o  200 cps a c c e l e r a t i o n  w i l l  b e  &lo g ' s .  

4, T i m e  d u r a t i o n  w i l l  be 

t o  2000 cps and back t o  5 cps. 

5 minutes t o t a l  t i m e  from 5 cps 

4.8.5 Commence v i b r a t i o n  run, 

4.8.6 Note and r eco rd  a l l  resonances e x h i b i t i n g  a m p l i f i c a t i o n  

f a c t o r s  g r e a t e r  t han  1.5. 

Repeat v i b r a t i o n  run f o r  t h r e e  or thogonal  d i r e c t i o n s .  

S e n s i t i v i t y  should be less 0.25%/g of f u l l  s c a l e  output  

when measured on t h e  p l o t t e r  o r  o s c i l l o s c o p e .  

4.8.7 

4.8.8 

Acce le ra t ion  Test 

4.9.1 Complete test s e t u p  as shown i n  F igu re  3 wi th  t ransducer  

connected t o  t h e  c e n t r i f u g e  with c a b l i n g  i n s t a l l e d  f o r  t h e  

performance of t h e  tes t  as required.  

Transducer w i l l  have been brought t o  0 p s i a  w i th  a device 

which w i l l  be  l eak  proof. 

Adjust power supply t o  28 VDC M.1 VDC. 

Record t h e  output  vo l t age  be fo re  a c c e l e r a t i o n  tes t .  

Commence a c c e l e r a t i o n  t e s t ,  b r ing ing  c e n t r i f u g e  t o  10 g ' s  

f o r  two minutes. 

Note and record change i n  output a t  a c c e l e r a t i o n .  

S e n s i t i v i t y  should b e  l e s s  than 0.25%/g of f u l l  scale 

output when measured on t h e  DC vol tmeter .  

4.9.2 

4.9.3 

4.9.4 

4.9.5 

4.9.6 

4.9.7 

-J:>k This  t es t ,  because of complexity and c o s t ,  w i l l  b e  considered by 
EOS t o  be op t iona l .  
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Model 6081-1 Per T e s t  Spec. 6081-1 

S/N .001 Vibra t ion  3/31/65, conducted by D. P.  Torgerson 

A C  Background 4.8mV 

A C  mV (rms) LE 

20 
50 

100 
150 
200 
2 50 
300 
350 
400 
450 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

5.3 
5.2 
5 .4  
5 .4  
5.4 
5.4 
5.4 
5.4 
5.5 
5.6 
5.6 
5.7 
5.8 
5.9 
6.2 
6.8 
7.8 
9.3 

12.0 
32.0 

110.0 
14.0 
8.2 
6.2 
5 .6  
5.3 

Resonant Frequency: 1475 cps 

Sweep 20 t o  2000 t o  20 cps i n  15 min. a t  10G. 

F u l l  Scale  Output: 118 mV DC 
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Model 6081-1 Per Test Spec. 6081-1 

S/N .002 Vibration, conducted by W. Magruder 

AC Background . 7  mV 

cps AC mV (rmsl 

20 
50 

100 
150 
200 
250 
300 
3 50 
400 
450 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

3.2 
4.2 
4.0 
3.9 
3.9 
3.9 
3.9 
3.9 
4.2 
4.3 
4.4 
4.4 
4.5 
5.0 
5.8 
8 .O 

10.0 
15.0 
25.0 

140.0 
230.0 

15.0 
10.0 

8.0 
6.2 
5.1 

Resonant Frequency: 1400 cps - 1500 cps 

Ful l  Scale Output: 97 rnV DC 
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Model 6081-1  Per  Tes t  Spec. 6081-1 

S/N .005 Vibrat ion Test 3 /31 /65 ,  conducted by.D. P. Torgerson 

AC Background 5% mV 

5s 
20 
50 

100 
200 
3 00 
400 
5 00 
600 
700 

900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2 000 

aoo 

Resonant Frequency; l700 cps 

Sub-harmonic (130 CPS) - 10 mV 
Sub-harmonic (275 cps) - 16 mV 
Sub-harmonic (550 CPS) - 50  mV 

AC mV ( r m s )  

6.3 
7.2 
7.2 
7.6 
7 .a 
8 .1  
a. 1 
6.5 
6 .6  
7.3 
8 . 2  
8.4 
8.7 

14.0 
12.0 
13 .O 
18.0 
60.0 

200.0 
20.0 
15 .O 
15 .O 

F u l l  Sca le  Output: 100.6 mV DC 
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Model 6081-1 Per Test  Spec. 6081-1 

S/N .006 

20 
50 

100 
200 
300 
400 
5 00 
600 
7 00 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

Vib ra t ion  3/31/65, conducted by D .  P. Torgerson 

AC Background 3.6% mV 

Resonant Frequency: 

AC mV (nus) 

4.7 
5 . 8  
6.0 
6.4 

10.0 
6 .9  
6 . 9  
5.2 
4 .9  
5.5 

10.0 
8 .0  
9.5 
9.0 

10.0 
11.0 
14.5 
25.0 

100.0 
320 .0  

10.0 
8 .0  

1800 cps 

Sub-harmonic (450 cps)  - 80 mV 
Sub-harmonic (900 cps)  - 32 mV 

F u l l  Scale Output: 101.6 mV DC 
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