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The s t a t u s  o f  t h e  Langley Research Centt!r ls met ro logy  program f o r  f i s c a l  
yea r  1987 i s  presented. The NASA Met ro logy  Tnformat ion System, which was 
ope ra t i ona l  f o r  t h e  e n t i r e  year,  p rov i ded  th f !  m a j o r i t y  o f  performance da ta  
d e s c r i  h i n g  work ana l ys i s ,  tu rnaround  t ime,  o t ~ t - o f - t o 1  erance ins t rument  data,  and 
o t h e r  ins t rument  s e r v i c e  data. C a l i b r a t i o n  system development, equipment 
replacement and updat ing,  s t a t u s  o f  l a s t  year- 's planned o b j e c t i v e s ,  and Reference 
Standard c e r t i f i c a t i o n  requi rements  a re  descr ibed. The s t a t u s  o f  t h e  LaRC 
v o l t a g e  and r e s i s t a n c e  measurement assurance program and t h e  agency-wide 
r e s i s t a n c e  program i s '  reviewed. Progress on f i s c a l  y e a r  1987 o b j e c t i v e s  i s  
d iscussed and f i s c a l  yea r  1988 o b j e c t i v e s  a r e  s ta ted .  

METROLOGY PROGRAM OVERVIEW 

The f u n c t i o n a l  o r g a n i z a t i o n  f o r  t h e  LaRC met ro logy  prograrn i s  shown i n  
f i g u r e  1. Metro logy and c a l i b r a t i o n  i s  a q u a l i t y  assurance f u n c t i o n  o f  t h e  
Systems, Safety,  Qua1 i t y ,  and Re1 i a b i  1  i ty  D i v i s i o n  under t h e  n i  r e c t o r  f o r  Systems 
Engineer ing and Operat ions.  The Head o f  t h e  Pressure and Flow Measurement 
Sec t i on  o f  t h e  Ins t rument  Research D i v i s i o n  has been de lega ted  t h e  Met ro logy  
Proqram Manager respons i  h i  1  i t i e s  t o  develop and d i r e c t  t h e  program. The Langley 
Research Center met ro logy  program has operated i n  f i s c a l  1987 w i t h  seven o r g a n i -  
za t i ons ,  b o t h  c i v i l  se rvan t  and c o n t r a c t o r ,  p r o v i d i n g  ins t rument  c a l i b r a t i o n  and 
r e p a i r  se rv ices .  The Tns t r~ l nen t  Research Di v i s i o n ,  suppor ted hy i t s  suppor t  
s e r v i c e  con t rac to r s ,  Wyl F! 1.ahorator ies and Modern Machine and Tool ,  p rov i des  
c a l i b r a t i o n ,  r e p a i r ,  and a p p l i c a t i o n  se r v i ces  f o r  t h e  broad spectrum o f  research  
i n s t r u m e n t a t i o n  I J S ~ ~  hy LaRC's wind t u n n e l s  and research  l a b o r a t o r i e s .  Th is  
c o n t r a c t o r  suppor t  a l s o  covers new i ns t r umen t  acceptance t e s t i n g  and d i g i t a l  
system maintrtnance and a p p l i c a t i o n s .  The F a b r i c a t i o n  D i v i s i o n ' s  O ~ r a l i t y  
Assurance and I n s p e c t i o n  O f f i c e  i s  r espons ib l e  f o r  t h e  c a l i b r a t i o n  o f  d imensional  
i n s t r ~ ~ m e n t s  and a r t i f a c t s  used i n  t h e i r  i n s p e c t i o n  o f  r iachine shop rnanufactured 
hardware. The Operat ions Support D i v i s i o n ' s  Cociponent V e r i f i c a t i o n  F a c i l i t y  
p rov ides  p ressure  vessel  c e r t i f i c a t i o n  t e s t i n g ,  p ressure  f i t t i n g  and hose 
manufactur ing,  p ressure  c o n t r o l  va l ve  t e s t i n g ,  and c a l i b r a t i o n  o f  p ressure  
i n s t r u m e n t a t i o n  r e q u i r e d  i n  t h e  o p e r a t i o n  o f  wind t u n n e l s  and research  
f a c i l i t i e s .  The Operat ions Support D i v i s i o n  u t i l  i z e s  t h e i r  suppor t  se r v i ces  
c o n t r a c t o r ,  HCA, t o  p r o v i d e  c a l i b r a t i o n  and r la intenance f o r  i n d u s t r i a l  equipment 
i n c l u d i n g  c o n t r o l s ,  r eco rde r  systems, gages, gas d e t e c t o r s ,  c l osed  c i r c u i t  v i deo  
systems, and audio  systems. Wyle Labo ra to r i es ,  under another  c o n t r a c t  , p rov ides  
s t ~ p p o r t  f o r  o p e r a t i n g  t h e  Na t i ona l  Transonic  F a c i l i t y ,  a  c ryogen ic  wind tunne l .  



A s e ! l n ~ ~ n t  o f  t h i s  Wyle c?f f o r t  recirri r ~ s  t.he cell i h rC l t .  i on and mairl t,c?nancc? o f  t h e  
oxygen gas l e v e l  monitoring systeris used i n  t h i s  t t ~ n n e l  and i n  t.he 0.3-neter 
t r a n s o n i c  c ryogen ic  t unne l  t o  ensure sa fe t y  o f  o p e r a t i n g  personnel .  Each o f  
t.hese o rgan i za t i ons  u t i l i z e !  t h e  Cente r ' s  met ro logy  prograrq c a l i b r a t i o n  l abe l s .  
C u r r e n t l y  a l l  o f  these  o r g a n i z a t i o n s  except f o r  t h e  R C A  suppor t  s e r v i c e  e f f o r t  
a re  p a r t i c i p a t i n g  i n  t h e  NASA Met ro logy  I n fo rma t i on  System (NMIY). RCA i s  
expected t o  beg in  u t i l i z i n g  NMIS i n  1988. 

A major  improvement i n  t h e  c a l i b r a t i o n  r e c a l l  program i n  f i s c a l  y e a r  1987 
was accomplished by b r i n g i n g  Center management i n t o  t h e  prograln ope ra t i on .  I lnder 
t h e  p r e v i o ~ ~ s  r e c a l l  program, p r o p e r t y  cus tod ians  and users  were n o t i  f i e d  month ly  
o f  i n s t r umen ts  due and overdue f o r  c a l i b r a t i o n .  Response t o  these n o t i c e s  r a n  
t y p i c a l l y  about 75 percent .  I n  t h e  c u r r e n t  program, s p e c i f i e d  by LHS 5330.9-- 
Langl  ey Research Center (LaRC) Me t ro l  ogy Program, t h e r e  a r e  now two more s p e c i f i c  
a c t i o n s  t h a t  can he taken i n  cases of  f a i l u r e  t o  respond t o  no t i ces .  The 
sequence i s :  (1) t h e  Met ro logy  Con t ro l  Center n o t i f i e s  cogn izan t  p r o p e r t y  
cus tod ians  o f  i ns t ruments  due f o r  c a l i b r a t i o n  30 days i n  advance u s i n g  NMIS; 
( 2 )  t h e  Me t ro l  ogy Program Manager n o t i  f i es cogn izan t  p r o p e r t y  C I J S ~ O ~ ~  ans o f  
i n s t r umen ts  overdue i n  excess o f  30 days; ( 3 )  t h e  Metro logy Program Manager 
n o t i f i e s  t h e  cogn izan t  D i v i s i o n  C h i e f  o f  i n s t r umen ts  overdue i n  excess o f  
60 days; and ( 4 )  t h e  Metro logy Program Manager n o t i f i e s  t h e  cogn izan t  
D i r e c t o r - f o r  o f  i n s t r umen ts  overdue i n  excess of  90 days. The imp lementa t ion  o f  
t h i s  overdue i ns t r umen t  fo l l ow-up  procedure has been very  success fu l  w i t h  
100 pe rcen t  compliance a t  t h e  90-day overdue l e v e l .  

LaRC u t i  1  i zes t h e  Nat iona l  Rureau o f  Standards (NHS) Measurement Assurance 
Prograrn (MAP) i n  t h e  v o l t a g e  and r e s i  s tance measurement d i  s c i  p l  i n e s  t o  e s t a b l  i sh 
t r a c e a b i l i t y  t o  n a t i o n a l  standards.  It i s  c u r r e n t l y  planned t o  per form a  MAP se t  
every  2  years .  The v o l t  YAP performed i n  1986 was n o t  v a l i d  s i n c e  t h e  v o l t a g e  
s tandard l o s t  power d u r i n g  r e t u r n  t o  NBS; t h e r e f o r e ,  i t  was performed aga in  i n  
1957. F i v e  MAP's have been completed w i t h  NRS ( f i g u r e  2) .  For  r e s i s t a n c e ,  
t h r e e  t4AP1s have heen completed f o r  bo th  t h e  1-ohm and lfl,00O-o'l:i s tandards.  
( f i g s .  3 and 4 ) .  

LaRC has cont inrred t o  develop t h e  NASA r f ?s i s t ance  Y4P t o  p r o v i d e  t r a c e -  
a b i l i t y  t o  a l l  NASA i n s t a l l a t i o n s .  Du r i ng  1987, LeYC, A 9 C ,  and VSTF completed 
MAP's f o r  t h e  1-ohm and 10,000-ohm standards.  Recause of  t h e  t ime  r e q u i r e d  f o r  
each i n s t a l l a t i o n  t o  complete a  MAP, a  second se t  o f  r e s i s t o r s  has been purchased 
t o  e s t a b l i s h  western and eas te rn  Un i t ed  S ta tes  MAP's t o  a l l o w  each i n s t a l l a t i o n  
t h e  o p p o r t u n i t y  t o  o h t a i n  c o r r e l a t i o n  each year.  I t  i s  reconi~ncrlded t h a t  t h e  NASA 
Met ro logy  and C a l i b r a t i o n  Workshop develop a  handbook e s t a b l i s h i n g  t h e  procedure 
t o  c o n t r o l  t h i s  e f f o r t  and m a i n t a i n  an accep tab le  schedule. 

The F i e l d  E l e c t r o n i c s  and Labo ra to r y  Ins t rument  C a l i b r a t i o n  System (FELICS), 
LaRC's mob i l e  ins t rument  s e r v i c e  system, con t inues  t o  be a p r o d ~ r c t i v e  element o f  
t h e  c a l i b r a t i o n  program. I n  f i s c a l  yea r  1987, i n s t r u ~ ~ i e n t s  i n  13 f a c i l i t i e s  were 



serv iced .  A t o t a l  o f  1,109 ins t ruments  were c a l i b r a t e d  r e q u i r i n g  1,691.2 hours ,  
which r e s u l t s  i n  an average of  1.64 hours per  ins t rument .  Th is  average i s  l e s s  
than  the  2.12 h o l ~ r s  per  ins t rument  average o f  f i s c a l  yea r  1986. The use o f  t h i s  
c a p a b i l i t y  has inc reased  t o  t h e  s a t u r a t i o n  l e v e l  and it w i l l  he ex t reme ly  
d i f f i c u l t  t o  s e r v i c e  a d d i t i o n a l  f a c i  1  i t i e s ,  p a r t i c u l a r l y  those w i t h  l a r g e  
ins t rument  popu la t ions .  I n  a d d i t i o n ,  some f a c i l i t i e s  a re  r eques t i ng  s e r v i c e  
t w i c e  per  year.  As a  r e s u l t ,  t h e  des ign  o f  an upgraded mob i l e  c a l i b r a t i o n  
f a c i l  i t y  i s  planned f o r  f i s c a l  y e a r  1988. Procurement o f  t h i s  new mob i l e  system 
w i l l  depend on t h e  a v a i l a b i l i t y  o f  funds. 

NASA METROLOGY INFORMATION SYSTEM 

NMIS has been i n  ope ra t i on  a t  LaRC s i n c e  May 1986. The procedures f o r  
u t i l i z i n g  NMIS i n  t h e  day-to-day ope ra t i ons  a re  c o n t i n u a l l y  be ing  r e f i n e d  t o  
m in im ize  t h e  workload impact on t h e  o v e r a l l  met ro logy  and c a l i b r a t i o n  process. 
T r a i n i n g  i s  very  impor tan t  t o  ensure accuracy o f  t h e  NMIS da ta  base be ing  
gathered and success i n  i n t e r p r e t i n g  t h e  ou tpu t  o f  t h e  system t o  ach ieve 
irrrprovements i n  metro1 ogy and c a l  i b r a t i o n  opera t ions .  Two speci  f i  c  e l  ements must 
be d e f i n e d  when NMIS i s  p laced i n  a  p roduc t i on  s t a tus .  The f i r s t  i s  t o  e s t a b l i s h  
t h e  NMIS ope ra t i on  i n t e r v a l  ( ca lendar  year ,  f i s c a l  year ,  o r  o t h e r )  and schedule 
t h e  end-of -year  c lose-ou t  and maintenance dates. The second i s  t o  e s t a b l i s h  
f i x e d  dates f o r  a l l  a u t o m a t i c a l l y  scheduled r e p o r t s  t o  ensure c o n t i n u i t y  i n  t h e  
r e p o r t s  throughout  t h e  yea r  and f rom yea r  t o  year .  LaRC i s  o p e r a t i n g  NMIS on a  
f i s c a l  yea r  basis.  One o f  t h e  cha l lenges  we a re  c u r r e n t l y  f a c i n g  i s  t o  i n t e r p r e t  
t h e  NMIS ou tpu t  and use t h e  i n f o r m a t i o n  t o  improve t h e  met ro logy  program 
opera t ion .  

The scope o f  t h e  N M I S  work load i n  ternis o f  t r a n s a c t i o n s  performed i s  shown 
i n  t a b l e  1. C u r r e n t l y ,  LaRC i s  averag ing over  5,000 NMIS t r a n s a c t i o n s  per  
month. For  t h e  NMIS o p e r a t i o n  a t  LaRC, one person has been i d e n t i f i e d  t o  
schedule NMIS repor ts .  This should  he1 p  prevent  over1 oading t h e  o v e r n i g h t  
p rocess ing  caused hy severa l  people  schedu l ing  r e p o r t s  f o r  t h e  same n i g h t .  

STAFF I NG 

The c i v i l  servant  e f f o r t  t h i s  past  yea r  i s  d i v i d e d  i n t o  severa l  
ca tagor ies .  The measurement system development a n d  LaRC Met ro logy  Program 
Manaqement r e q u i r e d  1.9 s t a f f  years  based on 2016 h o ~ r r s  per  s t a f f  year.  Cont ract  
m o n i t o r i n g  r e q u i r e d  3.8 s t a f f  years .  Ins t rument  c a l i b r a t i o n  and r e p a i r  r e q u i r e d  
4.0 s t a f f  years. The t o t a l  o f  9.7 s t a f f  yea rs  i s  2.1 s t a f f  yea rs  l e s s  than  
f i s c a l  year  1986 and i s  p r i m a r i l y  due t o  t r a n s f e r s  and r e t i r e m e n t s  w i t h o u t  
replacement. The c o n t r a c t  e f f o r t  f o r  t h e  f o u r  s t ~ p p o r t  s e r v i c e  c o n t r a c t o r s  was 



41.4 s t a f f  years  which a l s o  i nc l uded  maintenance of  approximately 2,300 i tems o f  
govern lnent - furn i  shed eqrri pment. 

WORKLOAD R Y  MEASUREMENT DISCIPLINE 

The t o t a l  number o f  j ohs  by measurement d i s c i p l i n e  and t h e  t o t a l  number o f  
c a l i b r a t i o n  hours,  r e p a i r  hours, and s e r v i c e  hours i s  shown i n  t a b l e  2. Th i s  
da ta  covers t h e  p e r i o d  o f  January 1, 1987, th rough  Yepte~nber 30, 1987, o n l y  and 
does n o t  r e f l e c t  t h e  e n t i r e  f i s c a l  yea r  p roduc t ion .  The ma,jor areas o f  work a r e  
i n  p ressure  and vacuum (Code R ) ,  e l e c t r i c a l  (Code E ) ,  coriputer and computer 
p e r i p h e r a l  (Codes P and 0) , osc i  11 oscopes, waveform, v ideo  and cornm~~n ica t i  ons 
(Code K ) ,  and e lec t romechan ica l  (Code W) .  Th is  data i nc l udes  work f rom t h e  
seven pe r f o rm ing  o r g a n i z a t i o n s  a t  t h e  Langley Research Center. 

WORKLOAD BY ACTION TAKEN 

The work load f o r  f i s c a l  yea r  1987 i s  i l l u s t r a t e d  i n  t a b l e  3. The ma jo r  
e f f o r t s  f o r  t h e  pas t  yea r  a re  acceptance t e s t i n g  (Code A ) ,  c a l i b r a t i o n  (Code C ) ,  
r e p a i r  (Code R ) ,  r e p a i r e d  and c a l i b r a t e d  (Code T) ,  ad j us ted  and c a l i b r a t e d  
(Code Q), and user  acceptance (Code E). This user  acceptance ca tegory  i s  
mon i to red  c l o s e l y  t o  determine i f  c o n t r a c t o r  c a p a b i l i t y  i s  be ing  ma in ta ined  o r  i f  
a  new c a p a b i l i t y  i s  necessary t o  meet newer, advanced ins t rument  requi rements .  
Several  t ypes  o f  i tems a re  no t  acceptance tes ted .  Examples o f  these  a r e  v i deo  
mon i t o r s  and handheld c a l c u l a t o r s .  

TURNAROUND TIME 

Turnaround t i m e  was r n ~ a s l ~ r e d  f o r  t h e  major  suppor t  se r v i ce  c o n t r a c t o r  
p r o v i d i n g  ins t rument  c a l i b r a t i o n  and r e p a i r s .  The turnaround t ime  i s  measured i n  
t h r e e  ca tego r i es ;  1-4 days, 5-14 days, and over  15  days. The da ta  a r e  
i l l u s t r a t e d  by f i s c a l  yea r  q u a r t e r  i n  t a b l e  4  and i n d i c a t e s  12.38 pe rcen t  f o r  t he  
1-4 day c l ass ,  65.76 percent  f o r  t h e  5-14 day c l ass ,  and 21.47 percen t  f o r  t h e  
over-15-day c lass .  The sample s i z e  f o r  t h i s  da ta  i s  15,335 ins t ruments .  I n  
general  t h e  workload remained s t a b l e  except f o r  t h e  J u l y  th rough  September p e r i o d  
which showed an inc rease  i n  t h e  1-4 day c l a s s  of n e a r l y  a  f a c t o r  o f  two. Th i s  i s  
a t t r i b u t e d  t o  a  l a r g e  inc rease  i n  d e l i v e r y  of new i n s t r u ~ l i e n t s  and personal  
computers r e q t ~ i  r i n g  acceptance t e s t i n g .  



OUT-OF-TOLERANCE AND INOPERATIVE INSTRUMENTS 

Reports f o r  5 month ly  per iods  f o r  ou t -o f - t o l e rance  and i n o p e r a t i v e  
i ns t r umen ts  were ob ta ined  f rom NMIS. Th i s  da ta  f o r  t h e  s i x  NMIS c o n d i t i o n  codes 
i s  shown i n  t a b l e  5. I n  general  t h e  t o t a l  number o f  i n s t r umen ts  i n  these  
s i x  ca tego r i es  d e c l i n e d  over  t h e  A p r i l  th rough  October per iod.  A lso  shown a r e  
t h e  t o t a l  number o f  i ns t ruments  completed f o r  each month. A s imp le  c a l c u l a t i o n  
shows t h e  percentage o f  ou t -o f - t o l e rance  and i n o p e r a t i v e  i ns t r umen ts  which ranged 
f rom a  h i g h  o f  24  percen t  t o  a  low o f  1 5  percen t  f o r  t h e  per iod .  The t o t a l  
number o f  i ns t ruments  completed i nc l udes  t h e  new i ns t r umen ts  which were 
acceptance tested.  Sub t rac t i ng  t h a t  month ly  number f rom each wont h ' s  t o t a l  and 
comparing t o  t h e  ou t -o f - t o l e rance  numbers i n d i c a t e s  a  range w i t h  a  h i g h  o f  
4 5  percen t  t o  a  low o f  28 percent.  These numbers more c l o s e l y  r e f l e c t  t h e  
c o n d i t i o n  o f  i ns t ruments  r ece i ved  i n  t h e  c a l i b r a t i o n  l a b s  a f t e r  be ing  used i n  t h e  
LaRC f a c i l i t i e s  and l a b o r a t o r i e s .  

NMIS DATA RASE 

As o f  September 30, 1987, NMIS con ta i ns  42,015 i tems. The reason f o r  t h i s  
l a r g e  da ta  base was t h a t  d u r i n g  convers ion  t o  NMIS, i t  was p o s s i b l e  f o r  t h e  
Metro logy Cont ro l  Center t o  i d e n t i f y  a l l  of t h e  i ns t r umen ts  i n  NEMS t h a t  would be 
i nc l uded  i n  NMIS .  I n  a d d i t i o n ,  t h e  i tems i d e n t i f i e d  by t h e  Met ro logy  Con t ro l  
Number con ta ined  i n  t h e  o l d  r e c a l l  system were added t o  t h e  NMIS da ta  base. 
Du r i ng  t h i s  pas t  year ,  t h e r e  were 671 n o n c o n t r o l l e d  i ns t r umen ts  added t o  NMIS 
(01  t r a n s a c t i o n ) ,  5,942 c o n t r o l  l e d  i ns t r umen ts  added (02 t r a n s a c t i o n ) ,  and 
134 ins t ruments  d e l e t e d  f rom NMIS (68 and 69 t r a n s a c t i o n s ) .  

CAL IRRAT I O N  SYSTEM nEVEL0PMENT 

No s i g n f i c a n t  advances were achieved i n  c a l i h r a t i o n  system development i n  
f i s c a l  y e a r  1987. However, i t  was dec ided t o  i n i t i a t e  t h e  use o f  personal  
computers f o r  automated c a l i b r a t i o n  system c o n t r o l  and da ta  a c q ~ l i s i t i o n  and 
a n a l y s i s  i n s t e a d  o f  t h e  desk t o p  c a l c u l a t o r s  used s u c c e s s f u l l ~ y  f o r  t h e  pas t  
13 years.  Seven AT s t y l e  personal  conputers  hav ing  20 megabyte hard  d i s k s  and 
I E E E  communication cards have been purchased f o r  use by one of t h e  suppor t  
s e r v i c e  con t rac to r s .  The personal  computers a r e  s i g n i f i c a n t l y  l e s s  expens ive 
than t h e  c a l c u l a t o r s .  

A system des ign has been completed t o  t r a n s f e r  p ressure  t ransducer  
c a l i b r a t i o n  data from t h e  c e n t r a l  c a l i b r a t i o n  l a b o r a t o r y  t o  one wind tunne l  u s i n g  
f l o p p y  d isks .  Hard copy c a l i b r a t i o n  da ta  w i l l  be ma in ta ined  i n  a d d i t i o n  t o  t h e  
f l o p p y  d i sk .  Th is  e f f o r t  has t h e  u l t i m a t e  p o t e n t i a l  t o  t r a n s m i t  c a l i b r a t i o n  da ta  



e l e c t r o n i c a l l y ,  mass s t o r e  t h e  data and e l i m i n a t e  ca l  i b r a t i o n  da ta  sheets. The 
f loppy  d i s k  segment of  t h i s  e f f o r t  i s  planned t o  be implemented by 
September 1988. 

EOIJIPMENT REPLACEMENT AND UPDATING 

A s i g n i f i c a n t  e f f o r t  was made t o  support  a budget augmentation request  f o r  
i n s t i t u t i o n a l  equipment modern izat ion.  Th is  a c t i v i t y  i s  be ing  l e d  by t h e  
D i r e c t o r ,  Supply and Equipment Management Off ice,  Code N I E ,  NASA Headquarters. 
Our request  f o r  $8.8 m i l l i o n  cons i s ted  of  $6.9 m i l l i o n  f o r  c e n t r a l i z e d  l oan  pool  
i ns t rumen ta t i on  and $1.75 m i l l i o n  f o r  11 c a l i b r a t i o n  systems ( t a b l e  6). Code N I E  
has made p resen ta t i ons  t o  t h e  Headquarters i n s t i t u t i o n a l  program o f f i c e s ,  t h e  
comptrol  l e r ,  t h e  Deputy Assoc ia te Admini s t r a t  i o n  f o r  Management, and t h e  
I n s t i t u t i o n a l  Management Counci l .  The request has been presented t o  t h e  
S t r a t e g i c  P lann ing  Counci l  and t h e  Admini s t r a t o r  by a Deputy Assoc ia te 
adm in i s t r a to r .  Based on these reviews, fo l lowup j u s t i f i c a t i o n s  and photographs 
have been p rov ided  f o r  f u t u r e  j u s t i f i c a t i o n  e f f o r t s .  

Two ma jo r  p ieces  o f  equipment were purchased a t  t h e  end o f  the  f i s c a l  yea r  
f o r  improvements i n  thermal r a d i a t i o n  c a l i b r a t i o n  and model ang le -o f -a t tack  
sensor c a l i b r a t i o n .  A two-degree o f  freedom ang le -o f -a t tack  accelerometer  
c a l i b r a t i o n  system w i l l  rep lace  t h e  e x i s t i n g  s i n g l e  ax i s  systen. Th is  new system 
w i l l  s imu la te  t h e  f a c i l i t y  measurement environment f o r  p r e c i s i o n  angu la r  
measurement equi  pment and angl e -o f -a t tack  (AOA) accelerometers.  This system w i  11 
be computer -con t ro l led  f o r  bo th  p r e c i s i o n  ins t rument  p o s i t i o n i n g  and da ta  
a c q u i s i t i o n .  The c a l i b r a t i o n  measurement uncer t -a in ty  requi rements o f  5 a r c  
seconds over  a 180" range i n  each a x i s  compares w i t h  c u r r e n t  s i n g l e  a x i s  
requ i  rement. This system cos t s  approx imate ly  $85,000. 

An i n f r a r e d  camera system has been purchased f o r  developrrlent o f  I R  thermal  
scanning system c a l  i b r a t  i o n  techniques. This personal comp~r te r -con t ro l  1 ed system 
has a temperature range of -20 t o  800 O C  w i t h  expansion t o  1500 OC u s i n g  a 
f i l t e r .  The s e n s i t i v i t y  i s  0.07 O C  a t  a 30 "C ob jec t  temperature and t h e  thermal 
d i s p l a y  has 2R0 l i n e s  per  frame. The es t imated  cos t  i s  $100,000. = 5 

REFERENCE STANDARO CERTIFICATION 

Dur i ng  f i s c a l  year  1988, LaRC w i l l  r e q u i r e  c a l i b r a t i o n  o f  severa l  o f  i t s  
Reference Standards by t h e  Nat iona l  Rureau o f  Standards. These are:  

I tem Manufacturer  

Standard Resi s t o r  
Megohm Standard ( 3 )  

L &N 
Kei  t h l  ey 



I t e m  Planufacturer 

Accelerometer 
M i  crophone 
Dead Weight Tes te r  
A i  r Pi  s ton  Gage 
Dead Weight Tes te r  
P la t inum Resi s tance Thermometer ( 2 )  
Shunt 
Decade Transformer Di  v i d e r  
Dew P o i n t  Hygrometer 

K i  s t 1  e r  
RRK 
Rtlska 
Ruska 
D &H 
Rosemount 
Rubi con 
Ger tsch 
E G R G  

I n  a d d i t i o n ,  one o p t i c a l  pyrometer w i  11 be c a l  i b r a t e d  by t h e  Na t i ona l  Research 
Counci 1, Canada Labora to ry  f o r  Bas ic  Standards, Phys ics  D i v i s i o n .  

STATUS OF PLANNED ACTIVITIES FOR FY 87 

Ten 1987 LaRC Metro logy Program a c t i v i t i e s  were out1 i ned  a t  t h e  
1986 Met ro logy  and C a l i b r a t i o n  Workshop. The c u r r e n t  s t a t u s  o f  these  a c t i v i t i e s  
i s :  

o  Expansion o f  t h e  NMIS t o  i n c l u d e  a l l  o r g a n i z a t i o n s  p r o v i d i n g  i ns t r umen t  
s e r v i c e  - Procedures f o r  u t i l i z i n g  NMIS a r e  c o n t i n u a l l y  be ing  r e f i n e d .  
Nego t i a t i ons  have been i n i t i a t e d  t o  b r i n g  t h e  d i g i t a l  computer maintenance 
e f f o r t  i n t o  NMIS. One s ~ ~ p p o r t  s e r v i c e  c o n t r a c t o r  (KCA) p rov i des  approx imate ly  
1100 ins t rument  se r v i ces  per  yea r  and has no t  y e t  been made p a r t  o f  t h e  NMIS. 

o Con t i nua t i on  o f  t h e  NASA RMAP c o n s i s t i n g  o f  1 ohm and 10K ohm a r t i f a c t s  - T h i s  
e f f o r t  has con t inued  s u c c e s s f u l l y  w i t h  ARC, LeRC, and WSTF p a r t i c i p a t i n g  t h i s  
pas t  year.  Turnaround t i m e  con t inues  t o  be a problem and must be so l ved  i f  
each Center i s  t o  p a r t i c i p a t e  i n  t h e  MAP every  year.  

o  Complet ion o f  documentat ion o f  met ro logy  procedures i n c l u d i n g  NMIS o p e r a t i o n  
f o r  t h e  Ins t rument  Research D i v i s i o n  - Cont inued m o d i f i c a t i o n  o f  NMIS 
procedures has slowed comple t ion  o f  t h i s  p r o j e c t .  I t i s  es t ima ted  t o  be 
approx imate ly  75 percen t  complete. 

o  Eva lua t i on  o f  f i b e r  o p t i c  thermometer f o r  measurements a t  temperatures up t o  
2000 "C - Purchased thermometer and c u r r e n t l v  conduc t inq  t e s t s .  P re l i r n i na r v  
r e s u l t s  i n d i c a t e  u n i t  may be t o o  f r a g i l e  f o r "w ind  t u n n e l  use b u t  s u i t a b l e  for 
l a b o r a t o r y  use. I n o p e r a t i v e  da ta  p rocess ing  cards i n  t h e  personal  computer 
impacted system eva lua t i on .  A d d i t i o n a l  t e s t i n g  c u r r e n t l y  underway. 



o Upgrading o f  I K  c a l i b r a t i o n  source f o r  temperatures up t o  3JUU "C - Purchased 
thermal source. Hardware r e c e n t l y  d e l i v e r e d  bu t  no t  y e t  i n  ope ra t i on  due t o  
h i  gher p r i o r i t y  work1 oad. purchased automated Ayema Model 880 I K  system. 
Upgraded Aga Model 750 !Recamera fo r  r e a l  -t i a e  data p resen ta t ion .  

d 

o Estab l ishment  o f  an o x i d i z i n g  atmosphere c a l i b r a t i o n  c a p a b i l i t y  f o r  sensors up 
t o  1600 OC - O x i d i z i n g  furnace purchased and p laced i n  operat ion.  

o Automation o f  heat f l u x  sensor c a l i b r a t i o n  system - No progress due t o  l ack  o f  
funding. 

o Development o f  t h e  des ign and s p e c i f i c a t i o n s  f o r  an expanded c a p a b i l i t y  mob i le  
c a l i b r a t i o n  system - Worked p o t e n t i a l  fund ing  through an augmentation f und ing  
e f f o r t  l e d  by NASA Headquarters, Code NIE.  Held meet ings w i t h  p o t e n t i a l  
vendors t o  d iscuss  requirements f o r  t h e  system. system-speci  f i c a t i o n s  w i  11 be 
ready J u l y  1988. 

o D e f i n i t i o n  o f  requirements t o  inc rease  low pressure c a l i b r a t i o n  c a p a b i l i t y  t o  
suppor t  LaRC wind tunne l  and f l i y h t  p r o j e c t s  - Two p r o j e c t s ,  t h e  Aeroass is t  
n i g h t  Experiment and NASP t e s t i n g ,  a re  d r i v i n g  t h i s  e f f o r t .  Cur ren t  
requirements f o r  sensor c a l i b r a t i o n  cover a range o f  0.0001 t o  0.5 p s i a  w i t h  a 
measurement u n c e r t a i n t y  o f  l e s s  than one percent  o f  magnitude. Thermal 
environment extends f rom -135 t o  25U OF. I n  a d d i t i o n ,  a c a l i b r a t i o n  
c a p a b i l i t y  niust be developed t o  perform -- i n  s i t u  c a l i b r a t i o n s  f o r  t h e  
hypersonic  wind-tunnel ins t ru rnen ta t i  on. Wind-tunnel experiments t o  eva l  ~ a t e  
f e a s i b i l i t y  o f  per fo rming  h igh  accuracy, low pressure c a l i b r a t i o n s  i n  t h e  wind 
t unne l  a re  be iny  performed. 

o Complet ion o f  NASA metro logy ca ta l og  u p d a t i n g  - A l l  Center i n p u t s  r ece i ved  
s ince  November 1986 have been updated and ma i led  t o  t he  Center 
r ep resen ta t i ves .  The updated c a p a b i l i t y  c h a r t s  a r e  f rom ARC, JSC, KSC, LeKC, 
NSTL, WFF, and NSTL. 

FUTURE OBJECTIVES 

The LaHC Metro logy Program w i l l  con t inue  t o  develop through a s e r i e s  o f  
planned a c t i v i t i e s  i n v o l v i n g  bo th  development of measure~nent techniques and 
systems and iniprovement i n  ope ra t i ona l  procedures. These a c t i v i t i e s  are:  

1. Develop performance s p e c i f i c a t i o n s  f o r  advanced rnobile a u t o ~ i a t e d  
c a l  i b r a t  i o n  system. 

2. Develop -- i n  s i t u  automated pressure t ransducer  c a l i b r a t i o n  system f o r  ve ry  
1 ow pressure w i  nd-tunnel t e s t i n g  o f  NASP model s .  



3. E s t a b l i s h  measurement u n c e r t a i n t y  o f  two-ax is  AOA accelerometer  and b r i n g  
c a l i b r a t i o n  system t o  ope ra t i ona l  s ta tus .  

4. Devel op ope ra t i ona l  procedures t o  b r i n g  a1 1  ins t rument  s e r v i c e  
c o n t r a c t o r s  i n t o  NMIS. 

5. Develop methods t o  use N M I S  da ta  base t o  promote improvement i n  
ins t rument  u s e r ' s  a t t i t u d e  toward p e r i o d i c  ins t rument  c a l i b r a t i o n .  

6. Complete Inst rument  Research D i v i s i o n  document d e f i n i n g  t h e  met ro logy  and 
c a l i b r a t i o n  system and N M I S  procedures. 

7. I d e n t i f y  and implement a  minimum o f  one improvement i n  met ro logy  program 
procedures t o  reduce hardcopy paper work. 

8. Review LaRC Met ro logy  Program Handbook 5330.9 and r e v i s e  as necessary. 

CONCLUDING REMARKS 

Dur ing  f i s c a l  yea r  1987, t h e  LaRC Met ro logy  Program has con t inued  t o  improve 
i t s  e f f ec t i veness .  Cu r ren t l y ,  t h e r e  a re  seven o rgan i za t i ons ,  c i v i l  se rvan t  and 
c o n t r a c t o r ,  from t h r e e  LaRC D i r e c t o r a t e s  p r o v i d i n g  ins t rument  c a l i b r a t i o n  and 
maintenance se rv i ces  w i t h i n  t h e  program. Th i s  yea r  Center management was b rought  
i n t o  t h e  program ope ra t i on  th rough t h e  es tab l i shment  o f  60-day and 90-day overdue 
c a l i b r a t i o n  r e p o r t i n g  t o  t h e  D i v i s i o n  Ch ie f  and Di r e c t o r - f o r  l e v e l s .  The NASA 
Met ro logy  I n fo rma t i on  System c o n t a i n i n g  42,015 ins t ruments  was operated f o r  t h e  
e n t i r e  yea r  r e q u i r i n g  over  61,000 t r a n s a c t i o n s  t o  process metro logy system 
data. The t o t a l  numb.er of ins t rument  serv ices ,  as t r acked  by NMIS,  was 22,253. 
LaRC con t inued  t o  be t h e  agency "NBS" f o r  t h e  r e s i s t a n c e  measurement area, 
comple t ing  t h e  1-ohm and 10,000-ohm measurement assurance program w i t h  ARC, LeRC, 
and WSTF. E igh t  Metro logy Program o b j e c t i v e s  have been e s t a b l i s h e d  f o r  f i s c a l  
y e a r  1988. 



NMIS TRANSACTION 

Recei p t  o f  Noncontrol  1 ed Items 
Recei p t  of  Contro l  1 ed Items 
Return from Record H i s t o r y  
Retagging 
To Serv ice ICa l  i b r a t e  (Mass) 
To S e r v i c e I C a l i b r a t e  
Awa i t i ng  P a r t s  
Return from Serv iceICal  i b r a t e  
Cost Update 
Custodi  an Account Update 
User Number Update 
Inst rument  Loca t ion  Update 
Record Data Update 
Cal i b r a t i o n  I n t e r v a l  Update 
Fac to r y  Repai r l s e r v i c e  
Reca l l  I.D. Update 
Excess 
Remove from Ac t i ve  Database 

Summary F i l e  Update 
MCD Se lec t i on  

TOTAL 

TOTAL 
AVERAGEIMONTH 
(APPROXIMATE) 

56 
495 

7 1 
7 1 

1,080 
3 7 

120 
1,107 

7 1 
13 

5 
8 

205 
378 

7 1 
159 

7 1 
11 

325 
1,123 

5,123 

Table 1. N M I S  Transact ions f o r  FY 1987 



MEASlJREMENT 
DISC CODE MEASUREtlENT DISCIPLINE 

Acoust ics ,  V i b r a t i o n ,  Shock 
Pressure and Vacuum 
Chernicnl and A n a l y t i c a l  
Dimensional 
E l e c t r i c a l  / E l  e c t r o r i i c  
Frequency Standards and Counters 
Radi one t r y  and Photometry 
Temperature and Humid i ty  
I o n i z i n g  R a d i a t i o n  
Microwave and KF 
Usc i l l oscopes ,  Waveform, Video 

and Communi c a t i o n s  
L i q u i d  and Gas Flow 
Mass, Force, Torque 
Gas n e t e c t i o n  (LaRC) 
Op t i ca l  (LaRC) 
Personal Computers (LaRC) 
Computer Pe r i phe ra l  (LaRC) 
I n e r t i a l  (LaRC) 
Word Processor (LaRC ) 
D i g i t a l  Tape Recorders (LaRC) 
Analog Tape Recorders (LaRC) 
Photographic (LaRC) 
Elect romechanica l  (LaKC) 
E l e c t r o n i c  (LaRC) 

JOBS CALIBRATION 
HOURS 
R E P A I R  SERVICE 

To ta l s  12,778 24,828.7 17,701.6 8,748.1 

Table 2. Jobs by Measurement D i s c i p l i n e  f o r  ECN C o n t r o l l e d  Inst ruments,  1-87 t h rough  9-87 



ACTION TAKEN 
CODE ACTION TAKEN JOBS HOUKS 

Acceptance Test 
Special  Test 
C a l i b r a t e d  
Decontaminated-Cleaned 
User Acceptance (LaRC) 
Func t iona l  Check 
Shipped f o r  O f f - S i  t e  Repai r  
Hold (Awa i t i ng  Par ts ,  

Manuals, e tc . )  
Returned t o  User Unserviced 
Reject-Beyond Econoni c Kepai r 

(BER 
Reject-Shipped f o r  O f f - S i t e  

Repa i r 
L im i t ed  C a l i  b r a t i o n  
Maintenance 
Modi f i ed 
Other 
Adjusted-L imi  t e d  Cal i b r a t i o n  
Ad jus ted-Ca l ib ra ted  
Repa i red  
Repai red-L imi ted C a l i b r a t i o n  
Repai red-Cal i bra ted  
C l  eaned-Adjusted-Li~ni  t e d  

C a l i b r a t i o n  
C l  eaned-Adjusted-Cal i bra ted  
Cleaned-Limited C a l i b r a t i o n  
C l  eaned-Cal i bra ted  
Cleaned-Repai red-Lirni t e d  

Cal i b r a t i o n  
C l  eaned-Repa i red-Cal i bra  t e d  
Reject-Accepted (LaRC) 
Fac to ry  Repair /Cal  i b r a t i o n  

(LaRC ) 
Cal i brate-Adjust -Cal  i b r a t e  

(LaRC ) 
Cal i brate-Repai r-Cal i b r a t e  

(LaRC) 
F a b r i c a t e d / I n s t a l l e d  (LaRC) 
Warranty Repai r (LaKC) 
Vendor I n s t a l l a t i o n / A c c e p -  

tance (LaRC) 

TOTALS 

Table 3. Workload by A c t i o n  Taken, 10-86 th rough 9-87 



I n t e r v a l  - Oct-Dec Jun-Mar Apr-Jun - --.-- Jul -Sep - O v ~ r a l l  ---- 

1-4 days 7.04% 12.05% 10.864, 19.58% 12.38% 

5-14 days 73.81% 68.67% 69.49% 53.37% 66.46% 

7-15 days 19.15% 19.28% 19.654; 26.55% ill .16% 

Sample Size - 15,335 i ns t ruments  

Tab1 e 4. Ins t rument  Turnaround Time 



NMIS CODE - 4-87 -- 

B (Opera t i ve  - Out-of -Tolerance 1X) 140 

C (Ope ra t i ve  - Out-of -Tolerance >1X < 2X) 27 

D (Ope ra t i ve  - Out-of-Tolerance >2X < 4X) 10 

E (Ope ra t i ve  - Out-of-To1 erance >4X) 11 

F (Ope ra t i ve  - Out-of -Tolerance - i n d e t )  1 

G ( I n o p e r a t i v e )  74 

263 

To ta l  Completed 1282 1081 1290 1197 1120 

X Out-of-Tolerance 20.5 24 18.4 15.1 16.7 

Less Acceptance Inst ruments ( I )  33.6 44.8 31.7 27.7 29.4 

Tab1 e 5. Out-of-To1 e rance / Inopera t i ve  Inst rument  Data 



ITEM 

1. Mobi le  Automated C a l i b r a t i o n  System 

2. Humid i t y  C a l i b r a t i o n  System 

3. Vacuum Cal i b r a t i o n  System 

4.  Acoust ic  Sensor Cal i b r a t i o n  System 

5. Cent r i fuge  Cal i b r a t i o n  System 

6. L i q u i d  Flow C a l i b r a t i o n  System 

7. Automated Dead Weight Tester  

8. Heat F lux  C a l i b r a t i o n  System 

9. A i r  Data C a l i b r a t i o n  System 

10. Two-degree AOA Accelerometer 
Cal i b r a t i o n  System 

1 .  E l e c t r o - O p t i c a l  C a l i b r a t i o n  System 

ESTIMATED COST 

$ 250K 

$ 125K 

$ 125K 

$ 90K 

9 150K 

$ 375K 

$ 200K 

$ 165K 

$ 50K 

$ 125K 

Tab1 e 6. Rudget Augmentation Equi p e n t  Requirements 



Systems Safety,  Q u a l i t y  
and R e l i a b i l i t y  Division 

- 

Metrology Program Manager 

F a c i l i t y  Research Tes t  Dimensional I n s t .  F a c i l i t y  Operation I n s t .  Oxygen Sensors f o r  
1 n s t .  NTF & 0 . 3  M TCT 
Research Lab I n s t .  F a c i l i t y  Control I n s t .  

F l i g h t  I n s t .  F a c i l i t y  Safe ty  I n s t .  
(except  0, sensors  
for NTF & 0.3M TCT) 

FIGURE 1. LaRC FUNCTIONAL METROLOGY ORGANIZATION AND RESPONSIBILITIES 
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Figure 3. LaRC one-ohm r e s i s h % ~ ~ % .  
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F igu re  4. LaRC 10 Kohm res is tance MAP 
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