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~ h i ~  presentation j.3 conc~,med with ~ O W  maintenalce data  can be - 
canoc t ed  gha t  can be dcne with it and possibly 2 few argments 

f- 
xhy it should be of mjr concern. -- 

reyie-p~ing E ~ m e  of t h e  papers ~wri t ten  by others  involved i n  the ma'hte*ace 

function f ge"Uthe feeling tna t  even though the organjzational  struc5ul.e d i c i a h s  

an opcrai isn  mLa;ue within our own comr;anies, we a l l  have some common problems 

brought about by sen; fund.amntal and basic reqliren;snts. Therefore, possibly a 

n3re app~*opriat,e ttt3.e r~ould haw been @Problei:is '$ of Instrilrnent atio~ ?fkt-intenz:~ce. 

v Hoi~ever, L ZT cmtain t h e t  a l l  of o u r  problers  will not; be sclved i n  this conZsTe;rce 

=d in t h s  l i rn ikec i  t im it w i l l  be possible t o  consider 0nl.j a fe~q cf g ~ e ~ a .  

Sorrie of tile co,morz problems associated ~ i t h  Fe search & Developrfisn t Dspartrnents and 

3x1 particular - d t h  Govsrrmient contracts  a c  r e l a t e d  t o  t!ie req;t isewnls imposeci by 

t he  custon~er. Anyo~~e working on Government contracts  w i l l  ba familiar with !XI, 

Fiadbook 5 2 ,  NLSA Quality Es&lication hTC 230-2 and M I L - C - L S ~ ~ ~ A ,  I;a thesc; 

p u b l i c a t i ~ n s  a r e  contained the requirements f o r  contraztors qua l i ty  progran;s 

necessary t o  ensuse t ha t  t h s  work w i l l  meet the r e c y d r e ~ e n t s  o f  the G c v e r m ~ t  

Xrot only we the  requirercents calleci out  but these c?oc~:~ents a l s o  provide illforna- 

t i o n  and guidance t o  Depa~tment of Defense personnel concern~jd xit'n Cne evaluation 

of the  contractcrs  ed . ib ra t ion  and zaiqtenance system. 

Ftx t5s saks of those who may no t  3e fzii.iiiar with these doc'cj3~~nts I wm% t o  review 

bri~sflg some cf t he  contents of NPC 209-2: 

a l l  provide f o r  the se lect ion,  evaluation, zpproval, and 



cont ro l  of alL inspection s t andads ,  gages, measuring and B s t  equipment necessary 

to deatermine conformance with specification,  drawing and contract  requirements. 

a1 masuring andtes t  equipment s h o q d  be ca l ib ra ted  a t  scheduled i n t e rva l s  against  

c e r t i f i e d  standards which have known va l i d  re la t ionships  t o  nat ional  standards. 

The due date or other i den t i f i c a t i on  a t t e s t i ng  the  due date of the next  ca l ib ra t ion  

s h a l l  be displayed oneach item of measuring and t e s t  equipment. 

Calibration standards l abora tor ies  s h a l l  maintain temperature, humidity, and dust  

controls  comparable with the accuracy and design cha rac t e r i s t l c s  of  the  standards 

involved. 

?$Lthin state-of-the-art l X t a t i o n s  the standards used f o r  measuring and t e s t  equipment 

s h a l l  have a tolerance no @eater  than 10% of the allowable tolerance f o r  tne equippint 

being cal ibra ted.  

The contractor  s h a l l  pe r iod ica l ly  inspect, maintain and r e c d i b r a t e  diZ m a s w i n g  

and t e s t  equipment. The i n t e rva l s  fo r  each equipment s h a l l  depend upon the use, - 
accuracy, type of equipment, required precision and other conditions affect ing 

neasurement control .  Procedures s h a l l  include provisions f o r  reinoval from service  

cf m y  equipment t h a t  has  not  been maintained or  reca l ib ra ted  i n  accordance with 

eatablished schedules. 

Records sha l l  be maint ained on the  reca l ib ra t ion  s ta tus ,  con& t ion  and corrections 

o r  r epa i r s  f o r  each inspect ion of masuring and h e s t  equipment. Variables data s h a l l  

b naintained and analysis  performed t o  determine trends of wear, de te r io ra t ion ,  and 

adequacy of maintenance. Procedures sltiall be r e a l i s t i c a l l y  revised accordingly. 

To f w t h e r  e laborate  on t h i s  i t e m  Handbook 52 s ta tes :  "adjustment or assignment of 

ca l ib ra t ion  i n t e rva l s  should be done i n  such a way tha t  a minimum of 95% of equipment 

or standards of t h e  sax& type a re  wi thin  tolerance when they a re  submitted f o r  t h e i r  

regzalmly scheduled reca l ib ra t ion .  (i.e.1 I f  more than 5% of a pa r t i cu l a r  type of 



e q u i p ~ e n t  i s  out of tolerance a t  the end of i t s  in te rva l ,  the  i n t e rva l  should be 

The f ixed  i n t s r v a l  concept of r e c d l i n g  instruments for  se rv ice  and 

caZibration i s  a device which has been almost universal ly  adopted m d  which has 

~ e r i t s ,  including convenience. However, by the use of f ixed i n t e rva l s  alone I 

don't bel ievs  we a r e  going t o  g e t  the most out of our instrumentation, because i n  

sane c r i t i c a l  areas  it i s  necessary t o ~ r i f y  t he  instrumentation ca l ib ra t ion  timewise, 

as c lose  t o  the  test a s  possibla.  This i s  usually done by an on-site pre-or-post 

ca l ib ra t ion  o r  both. Yith only a f ixed  i n t e rqa l  concept, the i n t e r v d  ~ r o u l d  of 

necessi ty be so shor t  as  t o  be impractical  o r  the  v a l i d i t y  of the  meas-wement may 

not be kno7m u n t i l  the  instrumentation has been through i t s  scheduled service.  

Therefore r a the r  than f ixed i n t e r v a l s  alone, I believe it i s  going t o  take a combination 

of pract ices  t o  a t t a i n  the  rii2j~irm~t71 u t i l i z a t i o n  of our i n ~ t r ~ e n t a t i o n .  I believe 

others  are recognizing t h i s  inadequacy and are taking some action,  a s  evidenced by 

the  appearance of papers describing such systems as: 

1. APC (which stands f o r  Assured Performance Calibration).  This 

i s  a progrm i n  which t he  instrument i s  ca l ib ra ted  i n  place, 

o r  checked on the l ine ,  so t o  speak, on very shor t  in te rva l s .  

The instrument remains i n  service u n t i l  a ca l ib ra t ion  ind ica tes  

something i s  changing. Any instrument out of a pa r t i cu l a r  

' va r ie ty  t h a t  demonstrates poor r e l i a b i l i t y  i s  removed from 

service  and w i l l  not  re tu rn  t o  service u n t i l  it has been 

completely rehab i l i t a ted .  

2. knother system i s  "Selectjve Calibrationn where a piece of 

equipment i s  ca l ib ra ted  only within the range of i t s  intgnded 

use. 

3. Another is A u t o ~ a t i c  Recall f o r  ca l ib ra t ion  of measurement 

standards. 



. Another i s  On S i t e  cal ibra t ion.  

5. Another i s  YEA (~easurement S ~ s t e m s  Analysis). 

There are dlso o thers  which have been conceived i n  an atitenpt t o  improve our 

instrumentation. I believe each of these systems have rcerits but  a s  I mentioned 

e a r l i e r ,  it may take a combination of these  systems t o  do the  job. But which ones? 

That - i s  the  b ig  question. I think it can b e  answered properly only a f t e r  t he  f a c t s  

a r e  avai lable  on which t o  base decisions. These f ac t s ,  I believe can be established 

only a f t e r  ins tm@entat ion data  has been accumulated and analyzed. 

k t  Rocketdyne i n  t h e  Fie ld  Laboratories alone, over the past  15 years, we have seen 

the  number of ins t rments  increase from possibly a few dozen t o  over 35,COO on which 

Service history' cards  were maintained. Hand en t r i e s  were made by the  t e c h i c i a n .  

I n  the  b e g i n n i ~ g  when t he  f i l e s  contained only a few cards they were f a i r l y  easy to  

maintain, however a s  the  number of instruments increased, the  problem of maintaining 

t he  h i s to ry  f i l e s  seemed to  incrcaseyan sven f a s t e r  r a t e .  It gradually occurred t o  

us there  was ccnsiderable non-productive e f f o r t  k i n g  expended on making e n t r i e s  on 

t he  h i s t o ry  cards and maintaining t h e  f i l e s .  A t  t h i s  point  no doubt sone of you 

would ask the  same question we did. Itwhy are  we keeping these records?t1 These a r e  

some of the  j u s t i f i c a t i o n s  we cane up with: 

1. The i n foma t ion  can be helpful  incservicing the  instrument. 

2. The l a s t  serv-ice date can be  determined along with the 

number of times it has beenerv iced  and for  what reason. 

3. With a record of p a r t s  replaced and the man-hours spent, 

t he  cos t  of maintenance could be f igured,  

4. General def ic iencies  and inadequacies of ins t ruxentat ion 

components could be detected. 

. The h i s to ry  cards could a lso  serve a s  an inventory record. 



6. There were s e v e r d  other arguments, but probably the  most 

convincing argument, as I pointed out i n  zny opening remarks, 

was t h a t  one of our customers, the  U.S. Government, r equ i res  

t h a t  "records be maintained on t h e  reca l ib ra t ion  s ta tus ,  

and correct ive  act ion o r  r epa i r s  made f o r  each i n s t r w e n t .  

Also va r i ab l e  da ta  must IE maintained and analysis  performed 

t o  determine trends of wear, deter iora t ion and adequacy of 

m a i n t e n a n ~ e . ~  

Based on these  arguments it appeared t h a t  the h i s to ry  cards could be jus t i f i ed .  And 

generally speaking t he  h i s to ry  cards f u l f i l l e d  the requirements of We customer and 

contained the  information with which the  other arguments could ke s a t i s f i e d .  Hoxever, 

there  s t i l l  remained the problem of u t i l i z i n g  t h i s  data. It i s  not suf f ic ien t  t o  have 

the  data  available,  i t  must be processed and analyzed to  make it useful .  To process 

the  h i s to ry  card information required t ha t  each card be individual ly  handled, and each 

i tem tabu la ted  separately.  After some lengthy and tedious attempts t o  analyze t h e  da ta  

contained on the h i s to ry  cards, i t  was p r e t t y  generally agreed t h a t  soxe b e t t e r  way t o  

analyze the  d a t a  must be found. 

Follmring a thorough invest igat ion of automatic data processing systems, since t h i s  

has become such a widely accepted means of analyzing la rge  quan t i t i es  of data rap id ly  

and inexpensively, itkas dscided t o  automate our h i s to ry  card data.  Rocketdyne i s  

now i n  t he  process of adapting an automatic data  processing system t o  i t s  instrumentation 

r e l i a b i l i t y  program which w i l l  include over 80,1300 instruments. 

This system is ca l l ed  - mIS, whichstands f o r  Calibration, Recall  and Information System. 

Contained i n  C8IS are: - 
1. The method by which measuring and t e s t  equipment i s  reca l led  

' f o r  periodic ca l ib ra t ion  and/or service. 



(2) The method f o r  recording and accumulating h i s t o r i ca l  
data  such as: 

a) hours required i n  performing each type of job 
(e .g . , Calibration,  Service, Repair or other)  

b) average hours f o r  each job 

c)  p a r t s  cost  f o r  each repa i r  and average pa r t s  
cos t  per instrumnt. 

d) tolerance conditions of instrument p r io r  t o  
and a f t e r  ca l ib ra t ion  and, 

e )  the  percent of times the  instyanent i s  within tolerance. 

Weekly pe r f~~n lance  data t ha t  l is ts  the  hours and pa r t s  cos t s  on the  instruments processed 

through each laboratory during each week i s  provided. The length of time each i n s t r m e n t  

i s  a t  the  laboratory i s  compu.ted and reported a.s turn-around t ixe .  

Each week a forecast  of the follo-xing four week workload f o r  each laboratory i s  provided. 

Yearly forecasts  a re  a l so  available.  

CRIS provides the  f oliowing services: - 
1. A master inventory l i s t  of all-items requiring ca l ib ra t ion  

and/or seririce 

2. - One week advance not ice  t o  the using department 

3.  A weekly Past  Due Tabulation cf a l l  items not received 
by the  due date  

4 A hf s tory  tabula t ion of a l l  work performed 

5. A forecas t  tabula t ion of sch2duled ca l ib ra t ion  or service 

6. Special  Evaluation tabulation by instrument , type, 
c l a s s  or. model 

7. Automatic tabulation of scheduled work: 

a) By laboratory assigned t o  perform the work 
b) By department ormine; the  equipment 
c )  By category of equipment 

' d) By standards required 



8. Data f o r  forecast ing funding recpirercents: 

a) Total u n i t s  requiring c 
b) Total  hours required 
c )  Cycles per y e a  
d) Totzl  hours per year 

9 .  Data f o r  proposing new contracts: 

a) Average hours per cycle 
b) Average hours per category 
c )  Average cos t  per repa i r  
d) Average r epa i r s  per cycle 
e) Average r epa i r s  per category 

Upon request, CRIS may a l so  provide data f o r  specia l  repor t s  and s tudies ,  e.g., items 

held fo r  repair ,  items sent  t o  outside agency fo r  cal ibra t ion,  or  repair ;  items 

out-of-service, i n  shelf ,  i n  storage; items on loan; and items which cannot be located 

and need followup. 

Special  category tabula t ions  show ii%ms always within tolerance l i m i t s ,  always outside 

tolerance limits, repaired items, and repa i r  cost .  

Through data  processing repor t s  i n  the  CRIS program, forecasts  may be made. Some of 

these include information obtained from the fol lor~ing:  

b. Automatic tabulation,  de t a i l ed  l i s t i n g  of scheduled work: 

a) By laboratory t o  perform the  work 
b) 3y department owning the  instrument 
c )  By category of equipment 
d) Four-week forecas t  provided each week 

2. Tabular data  provides t o t a l  u n i t s  requiring cal ibra t ion,  

t o t a l  hours to  perform cal ibra t ion,  cycles per year, 

t o t a l  hours per year, and average hours per un i t  o r  cycle. 

3. Provides data  f o r  vendor r a t i ng  by instrument type, category 

manufacturer, and percent r e j ec t .  

4. Provides data f o r  work performance r a t i ng  including average 

hours i n  o r  out-of-tolerance, p h y s i c d  condition, and 

technician number. 



Eefore t h i s  infomation can bp, extracted from the  system cer ta in  information must be 

entered. This b r i e f l y  i s  how it i s  done. Once an instmzent has been es tabl ished 

in the  system the  basic  input  and control  document i s  the  ~ a l i b r a t i o n / ~ e r v i c e  Req~t i s i t ion  

FCMT.) (a  smple i s  shown) which cons i s t s  of 1 sheet  of card stock,  perforated t o  form 

4 separate p a r t s  o r  cards  of s t 3 n d z d  sizes.  FJhen an instrument i s  sent  t o  the laboratory 

fcr ca l i b r a t i on  or  service t h e  using department w i l l  a t t a ch  t h i s  form t o  the  instrument 

and r e t a i n  sect ion No. l a s  2 receipt.. The c d i b r a t i o n  or  servicing agency w i l l  perfom 

the  ca l ib ra t ion  or  service a s  necessary, enter ing the required information in sect ion 

Pfo. 2 i n  coded form. completed, section Xc. 2 w i l l  be forwaded t o  the  Data 

Processing d e p a r t ~ e n t  f o r  key punching. Upon completion of the ca l ib ra t ion  or service,  

the i n s t r m e n t  xi11 be returned t o  the  subxit t ing department by t he  ca l ib ra t ion  agency. 

The ca l ib ra t ing  agency w i l l  r e t a i n  rece ip t  Ido. 2. Section No. b serves as a t rave le r  

and w i l l  remain with t h e  ins t rument  u n t i l  returned t o  the  using department. 

There are two s i t u a t i o n s  t ha t  w i l l  cause the ~ a l i b r a t i o n / ~ e r v i c e  Requisition t o  be 

generated. The f i k s t  s i t ua t i on  is  when the  ins t ruxent  i s  due for  recd l ib ra t ion  o r  

rout ine  service. I n  this case all of the basic  description bf the instrument and the 

due date w i l l  be p r in ted  i n  the  appropriate spaces automatically by t he  data  processing 

system, two weeks i n  advance of the due date t o  allow f o r  processing and mailing. 

The requ is i t ions  w i l l  then be sen t  t o  the  using department which has only t o  w r i t e  i n  

the  information c a l l e d  f o r  below l i n e  3 of Section 4, a t tach  the form t o  the  instrument 

and route it t o  the  servic ing agency. 

The second s i t ua t i on  for which the  ~ a l i b r a t i o n / ~ e r v i c e  Requisi t ion w i l l  be generated i s  

when an instrument i s  sent  i n  f o r  repa i r .  I n  t h i s  case the using d e p ~ r t n e n t  w i l l  use 

a blank form and enter  only t he  property nWber of the  instrument i n  the spaces provided 

~ind eonple t e  the in f~ rma t ion  ca l l ed  f o r  below l i n e  3 on Section No. 4. When t he form 

=S thxough the  system, the  r e s t  of the ident i fying information w i l l  be added t o  the  



card by the system from the  de ta i l ed  description .associated with the property number. 

Various checks and proofs are  b u i l t  i n to  the  system so t h a t  erroneous e n t r i e s  are 

prevented. 

CRIS primarily provides f o r  the  reca l ib ra t ion  and servicing of measuring andtes t  - 
equipment. Sscondly it i s  a management t oo l  which provides f o r  monitoring various 

c r i t i c a l  areas  r e l a t i v e  t o  performance of cal ibra t ion,  service and repa i r  a c t i v i t i e s  

a l l  on a very current  bas is .  CRIS w i l l  now provide us with the capab i l i ty  of 

accwula t ing  and r ap id ly  analyzing instrumentation service and r e l i a b i l i t y  data. 

A s  1ns.trwnent Maintenaxe men, we a r e  faced with the problem of maintaining instrumeritation 

t o  a high degree of r e l i a b i l i t y  i n  order t o  ge t  b e t t e r  measarenlents with laxer costs.  

The squeeze i s  on! It i s  going t o  require t ha t  we take a close look a t  our h s t rwren t a t i on  

ma5ntenance methods. Those instruments which a re  unrel iable  and expensive t o  maintain 

a re  going t o  have t o  go. And those i ne f f i c i en t  methods of maintenance a re  going t o  have 

t o  go with them. 
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