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SCOPE: 

This Aerospace In format ion Report ( A I R )  i s  the pr imary veh ic le  for  p r o v i d i n g  
the survey r e s u l t s  t o  indus t ry  and government. 

The I n s t i t u t e  o f  Defense Analysis ( I D A ) ,  has performed a study which 
concludes t h a t  computerized techniques must be developed t o  i n t e g r a t e  RM&S 
i n t o  product design i n  order t o  permi t  design in f luence from incept ion  
throughout the product l i f e  c y c l e .  
developing Computer Aided A c q u i s i t i o n  and L o g i s t i c  Support (CALS) and 
i n d u s t r y ' s  ro le  i n  i t s  evo lu t ion .  

This A I R  addresses the DoD i n i t i a t i v e  for 

A I R  4276 provides the d e t a i l e d  r e s u l t s  o f  an industry/government survey 
i n q u i r i n g  i n t o  the extent  o f  computer izat ion o f  RM&S i n t o  the design 
process. 
why i t  was developed. 
respondents, the existence and extent  o f  t h e i r  CALS p o l i c y  and plans, the 
p r i o r i t y  placed on each RM&S task,  and the extent  t o  which these tasks have 
been computerized i n t o  the design process. 
survey r e s u l t s  are included. 

Background in format ion descr i  bec the e v o l u t i o n  o f  the survey and 
The r e s u l t s  prov ide demographic in fo rmat ion  about the 

Recommendations based on the 

PURPOSE : 

The o v e r a l l  purpose o f  t h i s  r e p o r t  i s  t o  heighten i n d u s t r y  and government 
awareness as to  the importance o f  computerizing RM&S i n t o  design, p rov id ing  
in format ion on the cur ren t  s ta tus and act ions f o r  computerization, and 
i d e n t i f y i n g  the p r i o r i t i z a t i o n  o f  tasks for  automation. 

BACKGROUND: 

A DoD/Industry CALS task f o r c e  and the CALS i n i t i a t i v e  were establ ished by 
the Deputy Secretary o f  Defense i n  1985. Management for  CALS i s  provided by 
a Department o f  Defense (DoD) s teer ing  group, an O f f i c e  Secretary o f  Defense 
(OSD) CALS P o l i c y  O f f i c e ,  counterparts i n  each m i l i t a r y  department, and the 
Defense L o g i s t i c s  Agency (DLA). Current DoD CALS i n i t i a t i v e s  are def ined i n  
two phases: 
emerging DoD/Industry computer systems and deals w i t h  i n t e r f a c i n g ,  f i l e  
t r a n s f e r  standards, and computer sys tem prototyp ing;  Phase II app l ies  
advanced computing technologies and emphasizes on-1 i n e  access capabi 1 i t i e s  i n  
t e r m s  o f  DoD/Industry data exchange. Advanced technology i s  being developed 
i n v o l v i n g  subs tan t ia l  i n t e g r a t i o n  and redesign o f  cur ren t  processes, t o  take 
advantage o f  a shared data base environment. An o b j e c t i v e  i s  t o  create an 
In tegra ted  Weapons System Database (IWSDB) where RM&S i s  app l ied  e a r l y  i n  
desi gn . 

Phase I appl ies cur ren t  computer technology i n  e x i s t i n g  and 

The SAE Committee G-11, R e l i a b i l i t y ,  M a i n t a i n a b i l i t y ,  and S u p p o r t a b i l i t y ,  
recogniz ing the importance o f  the CALS i n i t i a t i v e ,  formed a Computerization 
o f  RM&S I n  Design (G-11CR) subcommittee t o  address s p e c i f i c  aspects o f  the 
i n i t i a t i v e  and t o  heighten indus t ry  awareness as t o  the importance o f  
i n t e g r a t i o n  o f  RM&S i n t o  engineer ing design through u t i  1 i z a t i o n  of computer 
resources. 
on c u r r e n t  s ta tus and a c t i o n  f o r  computer izat ion i n  a d d i t i o n  t o  i d e n t i f y i n g  
and p r i o r i t i z i n g  tasks t h a t  should be automated. 

This would be accomplished by prov id ing  indus t ry  w i t h  in fo rmat ion  
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(Continued) 

To initiate this, a survey of industry and government agencies was circulated 
to determine the existing status of CALS policies, plans and implementation. 

DISCUSSION: 

A preliminary questionnaire on RM&S computerization was prepared and sent to 
a limited segment of government and industry. 
questionnaire were used to prepare a final survey which was sent out in March 
1988 to 250 organizations. 

The responses to the 

A copy o f  the survey is included as Appendix A. 

The 92 survey responses that were returned represented the following types of 
organizations: 

a. Ai rcraf t/Aerospace 
b. Electronics 
c. Propul sion 
d. Government 

25 
35 
6 
26 

The majority o f  the responses came from companies having over 2000 employees 
and 500 engineers with 60 to 100% of their sales to the government. 
were forwarded to the Air Force Institute of Technology (AFIT) for data 
reduction. The (processed) data were analyzed and the results summarized in 
three sections (Management, Technical, and General) 'to correspond to the 
survey partitioning. 

Data 

4.1 Manaaement: The first five questions of the Management section of the 
survey addressed company demographics, e.g., product line, number of 
employees, and military sales. 
CALS policies. 

The remaining questions pertained to company 

The primary product lines of the respondents were: 

a. Electronics 
b. Aircraft 
c. Missiles 

See Fig. 1 for detailed distribution. 

It was evident from the demographics that the majority of the responses were 
from large companies having greater than 2000 employees and more than 500 
engineers (Figs. 2 and 3 ) .  

Over 50% of the companies have 80% or more of their sales to the military 
(Fig. 4). 

In the area of CALS, 75% o f  all surveyed companies either have a policy in 
place, or are in the process o f  developing a policy. 
plan (Fig. 5). 

Only 10% have a formal 
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FIGURE 2 - Number o f  Personnel i n  Organizat ion 

2 0 0 0  OR MORE 

5 0 0  TO 2 0 0 0  

100 TO 5 0 0  

UNDER 500  

10 20 30 
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FIGURE 3 - Number o f  Engineers Employed 
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4.1 

4.2 

(Continued) 

The survey i nd i ca tes  t h a t  the top three func t i ona l  groups invo lved w i t h  CALS 
are Product Suppor t / In tegrated L o g i s t i c  Support ( ILS) ,  R&M, and Design 
(F ig .  6) w i t h  the  pr imary r e s p o n s i b i l i t y  f o r  CALS implementation r e s i d i n g  i n  
Product Support/ ILS (F ig .  7 ) .  

Management o f  CALS programs was overwhelmingly assigned t o  middle l e v e l  
management (F ig .  8). 

The respondents were asked t o  prov ide the pr imary ob jec t i ves  o f  t h e i r  CALS 
program. The most f requen t l y  c i t e d  ob jec t i ves  were: 

a. Common data base f o r  R, M, S ,  LSA, and Safety 
b. Ensure new products are CALS compliant 
c .  I n t e g r a t e  R, M, and S i n t o  design processes 
d. Enhance p r o d u c t i v i t y  
e .  Enhance q u a l i t y  
f .  Enhance product support 

An at tempt was made t o  determine where the CALS programs were focused. 
F ig .  9 i nd i ca tes  t h a t  CALS has a broad a p p l i c a t i o n  t o  many func t i ona l  areas 
and i s  being addressed o v e r  these areas. 

Technical : 
determine the  p r i o r i t y  f o r  computer izat ion of  RM&S tasks and the ex ten t  to  
which computer izat ion has been accomplished. The quest ions were format ted 
I n  accordance w i t h  the tasks contained i n  the appropr ia te m i l i t a r y  standard; 
R e l i a b i l i t y ,  MIL-STD 785, M a i n t a i n a b i l i t y ,  MIL-STD 470, and Suppor tab i l i t y ,  
MIL-STD 1388 ( L o g i s t i c  Support Analys is) .  The respondents were asked t o  
p r i o r i t i z e  each of  the tasks i n  order  of importance t h e i r  o rgan iza t ion  gives 
t o  computer izat ion,  t h a t  i s ,  what task should be computerized before the 
o the r .  They were a l so  asked i f  the task was a l ready computerized. Figs.  
10, 11, and 12 show the  r e s u l t s ,  I t  should be noted t h a t  the h igh  p r i o r i t y  
tasks have been computerized t o  a greater  ex ten t  than the low p r i o r i t y  
tasks.  I n  general the most important i t e m s  are being automated f i r s t .  The 
r e s u l t s  a l s o  show t h a t  R e l i a b i l i t y  func t ions  have been computerized more 
than e i t h e r  Mainta i  nabi 1 i t y  o r  Supportabi 1 i ty. 

The Technical sec t ion  o f  the quest ionnai re was s t ruc tu red  t o  

The respondents were asked t o  p r i o r i t i z e  the importance t h a t  t h e i r  
o rgan iza t ion  places on e l e c t r o n i c  i n t e g r a t i o n  o f  the RM&S tasks i n t o  the 
design process. This was intended t o  f i n d  o u t  f o r  example, i f  r e l i a b i l i t y  
a l  l oca t i ons  were  provided au tomat ica l l y  t o  design, and whether maintenance 
task analyses were e l e c t r o n i c a l l y  i n teg ra ted  w i t h  techn ica l  pub l i ca t i ons  o r  
t r a i n i n g ,  Figs.  13, 14, and 15 show t h a t  there  i s  a minimal i n t e g r a t i o n  o f  
RM&S tasks i n t o  design. The ex ten t  o f  ac tua l  e l e c t r o n i c  i n t e g r a t i o n  does 
no t  necessar i l y  co r re la te  w i t h  the h igh  p r i o r i t y  tasks.  There i s  n e g l i g i b l e  
d i f f e r e n c e  i n  the ex ten t  o f  i n t e g r a t i o n  f o r  RM&S since most f a i l e d  t o  reach 
5% 

The Technical sec t ion  survey r e s u l t s  i n d i c a t e  t h a t  i n  general greater  
emphasis has been placed on automating h igh  p r i o r i t y  RM&S tasks w i t h  l i t t l e  
emphasis on e l e c t r o n i c  i n t e g r a t i o n  i n t o  the design process. 
compares the p r i o r i t i e s  for task computer izat ion t o  the p r i o r i t i e s  f o r  task 
i n t e g r a t i o n .  

Table 1 

I t  shows t h a t  there i s  some c o r r e l a t i o n  i n  these p r i o r i t i e s .  
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FIGURE 6 - Functional Groups Involved with CALS 
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PROD SUPTALS 

RELIABILITY/ 
MAINTAINABILITY 

DESIGN 

PURCHASING/ 
PROCUREMENT 

INFO SYSTEMS 

OPERATIONS/ 
MANUFACTURING 

QUALITY ASSURANCE 

SAFETY 

FINANCE 

OTHER 

10 2 0  30 40 5 0  

FREQUENCY OF RESPONSE 
FIGURE 7 - Responsibility for CALS Implementation 
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FIGURE 8 - Management L e v e l  R e s p o n s i b l e  for CALS 
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TABLE 1 

PRIORITY FOR COMPUTERIZATION PRIORITY FOR INTEGRATION 
RELIABILITY 

PREDICTIONS 

R E L I A B I L I T Y  MODELING 

FAILURE REPORTING (FRACAS) 

FAILURE MODE EFFECTS & C R I T I C A L I T Y  ANALYSIS (FMECA) 

ALLOCATIONS 

PARTS STANDARDIZATION 

C R I T I C A L  ITEMS TRACKING 

PARTS/CIRCUIT TOLERANCE 

SUPPLIER R E L I A B I L I T Y  TRENDS 

ENVIR.  STRESS SCREENING (ESS) 

SNEAK C I R C U I T  ANALYSIS 

PREDICTIONS 

FAILURE MODE EFFECTS & C R I T I C A L I T Y  ANALYSIS (FMECA) 

R E L I A B I L I T Y  MODELING 

PARTS STANDARDIZATION 

FAILURE REPORTING (FRACAS) 

ALLOCATIONS 

PARTS/CIRCUIT TOLERANCE 

C R I T I C A L  ITEMS TRACKING 

SUPPLIER R E L I A B I L I T Y  TRENDS 

SNEAK CIRCUIT  ANALYSIS 

ENVIR.  STRESS SCREENING (ESS) 

MAINTAINABILITY 

M A I N T A I N A B I L I T Y  ANALYSIS 

PREDICTIONS 

M A I N T A I N A B I L I T Y  MODELING 

INPUTS TO LSA 

DATA COLLECTIONS, ETC. 

FAILURE MODE EFFECTS & C R I T I C A L I T Y  ANALYSIS 

ALLOCATIONS 

SUPPLIER M A I N T A I N A B I L I T Y  CNTL 

SUPPORTABILITY 

TASK ANALYSIS 

EVAL. OF ALTERNATIVES 

SUPPORTABILITY/DES. FACTORS 

FUNC REQMTS I D E N T I F I C A T I O N  

SUPPORT SYSTEMS ALTERNATIVES 
COMPARATIVE ANALYSIS 

STANDARDIZATION IMPACT 

TECH OPPORTUNITIES 

USE STUDY 

EARLY F I E L D I N G  ANALYSIS 

SUPPORTABILITY TEST, EVAL, V E R I F I C A T I O N  

POST PRODUCTION ANALYSIS 

M A I N T A I N A B I L I T Y  ANALYSIS 

PREDICTIONS 

M A I N T A I N A B I L I T Y  MODELING 

INPUTS TO LSA 

FAILURE MODE EFFECTS & C R I T I C A L I T Y  ANALYSIS”  

DATA COLLECTIONS, ETC. 

ALLOCATIONS 

SUPPLIER M A I N T A I N A B I L I T Y  CNTL 

- 

~~ 

SVPPORTABILITY/DES. FACTORS 

FUNC REQMTS I D E N T I F I C A T I O N  

EVAL OF ALTERNATIVES 

TASK ANALYSIS 

SUPPORT SYSTEMS ALTERNATIVES 
COMPARATIVE ANALYSIS 

TECH OPPORTUNITIES 

STANDARDIZATION IMPACT 

USE STUDY 

SUPPORTABILITY TEST, EVAL, V E R I F I C A T I O N  

EARLY F I E L D I N G  ANALYSIS 

POST PRODUCTION ANALYSIS 
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4.3 

5. 

..-___ General: 
areas o f  the grea tes t  perceived improvement f rom the automation o f  RM&S i n t o  ' 
the design process. The survey asked respondents t o  i n d i c a t e  whether they 
be l ieved automation o f  RM&S i n t o  the design process would prov ide bene f i t s  
i n  a wide range o f  product elements, e.g., p r o d u c t i v i t y ,  readiness, e t c .  
They were asked t o  consider these elements f rom t h e i r  o rgan iza t i on ' s  and 
customer's percept ion.  General op in ion  on subcontractor a c t i v i t y  was a l so  
so l  i c i  ted.  

The General sec t ion  o f  the survey was s t ruc tu red  t o  determine the 

The responses t o  t h i s  survey sec t ion  i nd i ca ted  t h a t  i ndus t r y  i s ,  i n  general,  
more o p t i m i s t i c  than government about the breadth and degree o f  design 
process improvement t h a t  RM&S automation would y i e l d .  F ig .  16 shows the 
seven pr imary elements w i t h i n  the i ndus t r y  environment t h a t  could improve. 
I t  can be seen t h a t  approximately 80"h o f  the i ndus t r y  respondents thought 
t h a t ,  o v e r a l l ,  a l l  elements would be improved i n  con t ras t  t o  roughly  60% o f  
government respondents. F ig .  17 shows the f o u r  pr imary elements w i t h i n  the 
opera t iona l  environment t h a t  could improve. Approximately 82% of  the 
i n d u s t r y  respondents i n  comparison t o  66% o f  the government sa id  t h a t  these 
key elements would improve. These f i g u r e s  i n d i c a t e  t h a t  there i s  general 
agreement t h a t  b e n e f i t s  w i l l  r e s u l t  from automation. 
r o l e  of  subcontractors i n  automation the respondents (90%) s t rong ly  
i nd i ca ted  t h a t  they should a l s o  automate RM&S i n  design bu t ,  s ta ted  t h a t  
on l y  Zû% o r  l e s s  o f  t h e i r  subcontractors are c u r r e n t l y  i n teg ra ted  (F ig .  18). 

When asked about the 

I n  summary, most respondents saw grea tes t  i ndus t r y  improvement i n  the area 
o f  p r o d u c t i v i t y ,  end product RM&S, and in-process work. 
opera t iona l  improvements i n  RM&S, readiness, and operat ions and support 
costs.  

They a l s o  saw 

CONCLUSIONS: 

Upon r e v i e w  o f  the survey r e s u l t s  the f o l l o w i n g  conclusions were reached: 

a. 

b. 

C .  

d. 

CALS p o l i c i e s  and plans are emerging a t  l a rge  organ iza t ions  dea l ing  i n  
m i l i t a r y  sales, 
development o f  common company data bases f o r  RM&S and design data.  

Thei r  p o l i c i e s  and plans are b r i n g i n g  about the 

Computerization of RM&S tasks i s  being accomplished; however, there i s  
c u r r e n t l y  a 1 i m i  ted  amount of  e l e c t r o n i c  i n t e g r a t i o n  o f  these tasks.  

The respondents general l y  agreed d e f i n i  t e  improvements i n  the i ndustry  
and opera t iona l  environment would r e s u l t  from CALS implementation. 
I ndus t r y  was noted, however, t o  be more o p t i m i s t i c  on the degree o f  
improvement than government. 

I t  i s  a l s o  apparent f rom the survey r e s u l t s  the respondents perce ive t h a t  
t h e i r  subcontractors have done l i t t l e ,  i f  a n y ,  automation o f  RM&S i n t o  
design. 
proce s s .  

They f e e l  there  i s  a need f o r  subcontractors t o  automate t h e i r  
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FIGURE 18 - Subcontractor RM&S Automation 

6. RECOMMENDATIONS: 

Based on the assessment of the results of the "Computerization o f  RM&S in 
Design" survey the fol lowing recommendations are provided: 

a. Accelerate development of a formalized company CALS policy t o  provide a 
positive direction for satisfying this initiative. It is further 
recommended that CALS become part of an organization's operational 
procedures and structure. 

b.  Expedite implementation of CALS to improve competitive position and 
product supportability. 

c. Use the priorities for task computerization and task integration as 
identified in the survey (TABLE 1) as guidelines for CALS implementation. 

d. Encourage automation of subcontractor RM&S process in design. 

e. Place greater emphasis on electronic integration of RM&S tasks. 

PREPARED BY SAE SUBCOMMITTEE G-11CR, COMPUTERIZATION 
OF RMS IN DESIGN OF SAE COMMITTEE G-11, 

RELIABILITY, MAINTAINABILITY AND SUPPORTABLITY 
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APPENDIX A 

SAMPLE SURVEY TO DETERMINE 

THE 

COMPUTERIZATION OF 

RELIABILITY, MAINTAINABILITY, & SUPPORTABILITY 

IN DESIGN 
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