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AB STRA CT

This report presents the results of a review of approximately

600 Equipment Performance Reports generated during developmental

testing of the AN/TSQ-112 Tactical Communications and Emitter Iden-

-tifiaation System (TACELIS). The methodology for developmenting

reliability values from a data base of incident reports is

explained. Reliability values are given for the entrie system ,

its major assemlies , and the Line REPLACEABLF Units of the system .

Formulas are developed for computing reliability values

coresponding to any defined state from operation of the TACELIS

system . The reliability growth of the system components during th

e test period though represented by the particular data base

studied is analyzed. Recommendations are given for improving the

hardwaTe-related reliability of the TACELIS system . Suggested

improvements to the information-gathering practices and data

analysis procedures employed during developmental testing are

outlined .

/

~~~~~~~~~~
S S - - --c~~ -—. -~

-_ —

~~~~~~~~~~~~~

— - — -- . .

~~~ 
-

~~~~~~~~~
-

~~~~~
-— — 

~~~~~~~~~~~~~~~~~~~~-S ~5_ — •S__ 
~~ _~~_~~ — — —— ~~~-. -•-——S-•S-- ~SS_ — 

5—— — ~~~~ — ~~~~~~~~~~ ~~~~~~~~~



SE C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAGE (Nlin D.i• Ent.r.d)

S I • REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

L 

I REPO RT NUMBER 2. GOVT AC CESSION NO. 3. R ECIP IENrS  C A T A L O G  NUMBER

1087-01-1-1905 _________________________
4. T IT LE  (wid Subtltl.) 5. TYPE OF REPORT & PERIOD COVERED

Tacelis Ram Evaluation

6. PERFORMING ORG. REPORT NUMBER

1. A UT HOR( .,  8. CONTRACT OR G R A N T  NUMBER( I)

N. K. Matthis W . E. Thompson
T. J. Motin

9. PERF ORMING O R G A N I Z A T IO N  NAM E AND ADDRESS IC. PROGRAM ELEMENT . PR OJECT . T A S(
A R E A  & WOR K UNIT NUM BERS

AR INC Research  Corporat ion
2551 Riva Road
Annapolis , Mary 1~~nd ? 1 4 f l 1  

_________________________

I I .  CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Signals Warfare Laboratory
Warrenton , V i rg in i a  ‘3 .  N U MB E R O F P A GE S

14 , MO N I T O R I N G  AGENCY NAME 4 A ODR ESSOI ditfer.nt from Controlling Off I ce) 15. SECURITY CLASS.  (of (hi. report)

sam e as above
IS.. DECLASSIF ICATION D O W N C . R A D I NG

SCHEDULE

16 D ISTRI BUTION S T A T E M E N T  (of this Report)

UNCLASSIFIED-UNLIMITED documont has been approved
Io~ pi~~~:!~~~ rE! : c i ~~ c~d solo; i~s
c~i~~t r L ~tiC~~ is unlimited.

Il. DISTRI BUTI ON S1 AT EMENT (of th. .b.ir.ct ent.r.d in Block 20. j f  dilf.r.nt from Report)

IS .  SU P P L E M E N T A R Y  NO TE S

19. ‘(EY WOR DS (Conhinu. on rev.,,. side if nec.Isary mid identify by block number)

20. A B S T R A C T  (Continue on rever se aid. if n.c.aIaiV and identify by block number)

on reverse side

F

DD ~~~~~~~~~~ 1473 EDITION OF I NOV 65 IS OUSOLETE

SECURITY C L A S S I F I C A T I O N  OF THIS PAGE ( W?,en Data Entered)

S — —  - -S
~~~~~~~~~~~ — ~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 



S

This report presents the results of a review of approximately
600 Equipment Performance Reports generated during developmental
testing of the AN/TSQ-112 Tactical Communications and Emitter
Identification System (TACELIS). The inethofo
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Reports generated dur ing  developmental  t e s t i ng  of the  AN/ TSQ- 112 Tactic.il
Communications and Emit ter  I d e n t i f i c a t i o n  System (TACELI S) . The work
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This report presents the results of a review of Equipment Performance

J Reports generated during developmental testing of the AN/TSQ—112 Tactical
Communications and Emitter Identification System (TACELIS). The work
described in this document was performed for the U.S. Army Signals Warfare
Laboratory , Vint Hil l Farms Station , Warrenton , Virgin ia , under Contract

I DAEA 1B—72-0005—D302.
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ABSTRACT

This report presents the results of a review of approximately 600
Equipment Performance Reports generated during developmen tal testing of
the A~/TSQ—ll2 Tactical Communications and Emitter Identification System
(TAcELIS) . The methodology for developing reliability values from a data
base of incident reports is explained . Reliability values are given for
the entire system , its major assemblies, and the Line Replaccable Units
of the system. Formulas are developed for computing reliability values
corresponding to any defined state of operation of the TACELIS system.
The reliability growth of the system components during the test period
represented by the particular data base studied is analyzed . Recommenda-
tions are given for improving the hardware—related reliability of the
TACELIS system. Suggested improvements to the information-gathering
practices and data analysis procedures employed during developmental
testing are outlined .
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CHAPTER ONE

IN TRODUCTION

1.1 BACKGROUND
—

L 
The U . S .  Army is in the process of developing the Tactical Communica-

S tions and Emitter Identification Systen (TACELIS) . The TACELIS system is
part of a larger intelligence-gathering and communications-jamming complex
designated TACOM-EW . The ThCOM-EW system is deployed in several Army
vehicles and shelters near the Fot~ ard Edge of the Battle Area (FEBA) to
gather intelli gence from the interception of enemy communications and to

— control active j amming of these signals. The TACELIS system hardware
includes more than 130 different Line Replaceable Unit (LRU ) types, con-
sisting of both Government Furnished Equipments (GFE) and contractor-
developed items. Several different software applications packages hosted
by various computers control the operation of the system.

The TACELIS system , at full equipment strength , is composed of:

A Control and Processing Center (CPC) , which includes 23 operator
stat ions , each se rv ed by a Cathode Ray Tube (CRT) display . The CPC S

equipment is contained in four large vans. S

• 
• Two Remote Master Stations (RMSs), each deploying sheltered elec-

tronic equipment and an antenna support vehicle carried in four 
S

trucks and a cargo van.

Eight  Remote Slave Stat ions  (RS Ss)  , each inc lud ing  e lect  ren ic
equipment and other hardware  sh e l t er e d  in a tracked vehicle.

The TACELIS communicat ions int e l l igence -ga the r ing  system is current ly
undergoing developmental testinq at the U.S. Army Electronic Proving Ground
at Fort Huachuca, Arizona. Table 1-1 lists the seven Army agencies involved
in the materiel development process for the TA~ELIS system .

The U.S. Army Signals Warfare Laboratory , as Materiel Developer for

L the TACELIS system , has placed ARINC Research  Corporation under contract
to review the hardware maintenance data from the first 11 months of develop-
mental testing.

0 5

1-1

I
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Table 1-1. U.S. ARI4Y AGENCIES PARTICIPATING IN ACQUISITION OF THE
TACELIS SYSTEM

Agency Function U .S .  A rmy Agency

Mater ie l  Developer Siqnals  Warfare Laboratory (SWL)
Vin t  H i l l  Farms Station
Warrenton , V i r g i n i a

Developmental Tester U.S. Army Elec t ron ic  Proving Ground
(USAEPG )

Fort Huachuca , Arizona

Developmenta l Evaluator  Test and Eva lua t ion  Command (TECOM)
Aberdeen , Maryland

Combat Developer T r a i n i n g  and Doct r ine  Command (TRADOC )
Fort Monroe , V i r g i n i a

Combat Developer/ U.S. Army Intelligence Center and School r
Proponent (USAIC S)

Fort Huachuca , Ar i zona

Operational Evaluator  Operational Test and Evaluation Agency
(OTEA)

Bailey ’s Cross Roads , Virginia

S 
RAM/Logistics Advisor U.S. A rmy Logistics Center (USA LOGC)
to Combat Developer Fort Lee , Virg inia

IS Army Regulation 70— 10 states the c mceI’t , assig ns res~ ot i s ih i l i t  ies ,
establishes polic ies, and prescribes procedures for test and evaluation ,
and provides information for use at decision reviews during the materiel
acquis it ion process , in implementat ion of DoD Directive 5000.3 and in
consonance with the provisions of Army Regulation No. 1000-1.

Testir is conducted ( 1)  t o  demonstrat e how well the materiel system
meets its technical and operationa l requirements; (2) to provide data for

S assessing developmental and operational risk in decision—making ; ( 3 )  to
verify that the technical , operational , and support problems identified in
previous testing have been corrected; and (4) to ensure that all critical S

issues to be resolved by testing have been adequately considered . 
S

Testing is divided into two basic categories -- developmental testing
and operational tes t ing -- as described in Army Regulations 1000-1 and 71-3 , t
respectively. Developmental testing is the testing and evaluation conducted
to demonstrate that the engineering design and development process is corn— ‘I
plete , that the design risks have been minimized , and that the sys tem wil l
meet specifications - —  as well as to estimate the system ’s military utility
when it is introduced . S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5_ 5 5 _ __ 5 _ _~~~~~ _ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
Developmental testing is planned , conducted , and monitored by the

Materiel Developer and is accomplished in a proving ground environment.
It includes enqineerinq design testing and human factors testing to
demonstrate a satisfactory technical man—machine interface , using qualified
and experienced operators , crews, and maintenance support personnel.

• As Materiel Developer for the TACELIS system , the Signals Warfare
Laboratory is tasked with demonstrating that the Reliability , Availability ,

-- and M a i n t a i n a b i l i t y  (RAM) goals for the system can be achieved . These
goals are defined in terms of the total system and the three major assem-
blies constituting the system. Quantitative RAM requirements for the

- TACELIS system are specified in Appendix A of the TACELIS Purchase Descrip-
tion AS-0l1-72 , Revision A , 1 June 1972. These requirements are presented
in Table 1-2.

The data base for determining whether the assigned goals can be

• achieved consists , in part , of detailed Maintenance Request forms that
are generated for every controlled maintenance action and for each modifi-

• S cation incorporated during developmental testing . Data from these forms
are compiled on Equipment Performance Report forms, which are evaluated at

S a scoring conference attended by the participating Army agencies. RAM
S statistics are derived from the evaluated data in accordance with Army

5 
Regulation 702-) and MIL-STD-721B.

I .

S Table 1-2. TACELIS RE QUIREMENTS

S Mean Time Mean Time . .
S S Av a i l a b i lit y

Assembly Between Failures to Repair
(HoursL  fflours~ 

( I n h e r e n t)  
—

Total System 100 100 .9680

• . Control and 400 60 .9975
Process ing

• Cebter

Remote Master 200 100 .9825

- Station

S - Remote Slave 200 100 .9825
Station

1.2 OBJECTIVE

The objective of thi s study is to calculate RAM statistics for the
total TACELIS system , its major assemblies , and its Line Replaceable Units
(LRUs). Candidate LRUs for increasing s~’stem reliability are identified .
Changes to improve reliability documen ta t ion  during further testing are
recommended. In addi t ion , c e r t a i n  a n a l y t i c  techni ques tha t  may extend the

5~~

1—3
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i ~.t cal p!odict ions and assessments o t TACELIS RAM per formanct~ a r e
Jove 1 oped and ova 1 ua t e’d. These same t echn i qut•s wi 11 provide the means
t o r  i d en t i  t y i n g  ~- r i t  i c a i  s v st e n ~ deficiencies and evaluat inq design
a lt  t ’rnat  ivt.’s

1 • APPROAC H

For deve lop m e n ta l  test  m c i  c t  the TACI2LI S system , the  m a l or  assembly
types were dep l oyed in the t e l  low iiq q ua n t  i t  i es

• Cont r5o 1 and I’ r eces s i ng  Cent  or (CPC) 1

• Remote Mas t  er Stat ion (R M S) .
• Remote Slave Stat :en (R5S) 4

App rox imat el y ts~~
) Eq u ipm en t  Per foi 0.IiiCt’ R ep or t  t ~ IO~ had .11 ready been

gent’ rated diii~ i ng  de velopmental  test i nci o t the TACELI S svs tern at the start
of  t h i s  st udv . This  bounded s’ t i the dat a l’ ise t c r t lie r e su l t  presented S

in t h i s  report .

The RAM values  a ssoc iat e d  w i t h  TACELIS sy stem elements have been S

developed from an analysis of the data base. Re I iabi 1 itv  block d iagram s
S tei the major assemb i ies  have been used for  comput j ng assemb ly  r e l iab i  1 it ~

and for st udy l ug  assemb l y son s i t iv i t  y to selected units. The r e l  iabi Ii ty
ct the t o t a l  system has been st udi ed on t he  b as i s  of a t ime h i s t o ry  of
assemb ly f a i l u r e s .

1. 4 REPORT OR~ AN l~~AT l CN

This  repor t is o gan i :~ed so t h a t  the a n a l  y~ is o t5 RAM s t a t i s t  i cs beg ins
at the s implest  leve l • t he  L i n e  Repi . i ceable  U n i t s ;  i n c r eases  ir~ complexi ty
w i t h  an ana ly s i s  of  the ma jo r  a s s e m b l ie s ;  and f i n a l l y ,  d ea l s  w i t h  t he to t al
sy s t e m . The concepts  and de f i n i t i o n s  t o  be used are described in Chapter
‘No . In Chapters  Three , Four , and F I Vt ’ , th e RAM an a l  ys is proceeds th rough
the three svs t o m 1 eve is . Chap t e r Six p r e s e n t  a method fo r  q u a n t i t a t i ve  lv
d iscuss  t u g  svst  00 st at es h ying degraded opera t ion a  1 capab i I i t y  . R e l i a b i l i t y
growth is anal yzed in Chapter  Seven. Chap te r  E igh t  suq 51e5 t s changes fo r  F

m a x i m i z i n g  RAM a n a ly s i s  o p p o r t u n i t i e s  d ur in q  system t e s t ing . Chapters  N i n e
and Ten pr e sen t  t h e  cone 1 us i o ns  and recommendat ions , respect iv ely  . S

1— 4
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CHAPTER TWO
S

CONCEPTS AND DEFINITIONS

• ‘5

T hi s  ~ h~I F ~t~~i p r e s e n t s  the conceptua l f ramework  w i th i n  wh ich  r e l i a b i l i t y
parameters  are d e f i n e d  as used in th i s  r ep or t .

2. 1 AREA S OF RE SPONSIBILITY

All agencies that  p a r t ic i p at e  in the developmen t , use , and maintenance
of a system contribute to the effectiveness of the deployed system . There-
fore , two steps must be taken to give numerical descriptions and make
quantitative p red i c t  ions about system e f fe c t i v e ne s s .

The r e spons ib i l i t i e s  of each p a r t i c i p a t i n g  agency w i t h  respect to
S 

the system must be i d e n t i f i e d .  
S

• - Parameters that can be derived from data describing system response I:
in operat ional  s i t u a t i o n s  must  be def ined  to serve as f i gures  of- merit for the success of participating agencies in contributing to

• - system effectiveness. S

The following areas of r e spons ib i l i ty  may be i d e n t i f i e d  in the develop—

f - 
ment and operation of a system : L

- S Definition of system requirements

- Technical specifications

• Engineering design

To meet functional requirements 
S

. 5
. To facilitate use

To allow convenient maintenance , repair , and replacement

• Manufacture

— Assembly

L. Definition of logistic support

• Use
• a

Maintenance and repair

a,., 2-1

a.
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M e e t i ng  these resi on s ib i  l i t  i t ’s  i S ~
; t sctnt i a l  to the  dep loymen t of dii

eftective system . The requirements t e l  t he s y s t e m  must  be a c c u r a t t l
identified . Techni~~a 1 s I t c .l f i c - i t  ions mu st  be F r e !a r t s l  so tha t  a system
meet ing  those sp e c i f i ca t i on s  w i  11 in d e e d  be capable ot fulfi 1 l in g  o l e r  a—

t e r r a  I r e qu i r e m e n t s .  The des ign mus t  g i r a r  a n t  ~~~~ tha t  the  f u n c t i o n a l  require-
ments  o r  the  sys tem a r o  m e t .

Ease of maintenance , r ep a i r , and rep lacement c on s i d e r a t i o n s , as we l l
is conven 101150 o C use , should  in t 1 ut rice the  d e si gn  of the system . The

h a r d w a r e ~on C
5 qu rat  ion should  be coriveri I - n t  t s e r vic e  du r i n g  scheduled

tTki t n t  ‘OhiO ,‘ . L a  it s I i k e  lv  to re~~u ii e the most requent  repa i r  OI re } l ace —
mont  should be des t q~ i t d  t o  ho t ls most accessible.

S y s tem  des ign  sari a lso i n f l u e n c e  the ea se of m a n u f a c t  u r i ng  and assembly
prose; con ; . These two processes have l oon addressed separa te l y in th i s  see—
t ion; to p er m i t  a d i s t  i i h t i O f l  h~~t w ~~, r ;  a r t s  cre ated s p e c i f i c a l ly  for  s y s t e m
use and o t t  —t —sh~~1t i:i.l i . k ’ n  c;; ct — fu r nrn ;ts~ h equi~ no-nt i - r p ~ ~rat~-d
into the syst em . The m an u f a t or  i r o n  and assembly  processes must  be success-
f u l  in act i  i ev t r i g  the design spec i i c at  ions t~ r t h e  system.

F i n a l l y , the  e f f e c t  ive ness of an ex i  s t i n g  sy s tem depends on the  situa-
t ion in wh ’ ch i t  is  used , ma i n t a i n ed , and supported.  The users of the
syste m must  be t r a i n e d  t o  use i t  prope r 1\ - M ain tenan ce  personnel must
also have ap~~r o p r  t a t e  t r a i n i n g ,  an ; w e l l  as a l l n e c e s sar y  tools , s u f f i c i e n t
spar e l a rt s , and an adequate work a r e a .  The logis t ic  support of the  sy s tem
must be d e f i n e d  to m a x i m i z e  t h e  e f t e c t  iv e n ess  of the ma in tenance  personne l .

Du r i n q  developmental  t e s t i n g  of t h e  TACELIS system , the  a r eas of
r e spons ib il i ty  must be met by the vendor , t he Deve lopm enta l  Tester , and

S the Ma t e r iel Developer . h o w  w e l l  each area of res~’e n si b i 1i t y  is met can
be dete rm in ed by an ana l ys is  of  d at a  d e s c r i b i ng  sy s t e m  cl e r at  i o n .  Cf

S p a r t i c u l a r  in t e res t  a re  311 t h c n n t ’ eccas ions  on wh ich the  s y s t e m  f a i l s  t o
meet operat iona l demands.  S

The i~ paet  of a l l  t hese  at  e o n  of  r e s pon s  ib i i i  ty  can be measured in
terms of two v a r iab l e s  —— cost and t ime . It is not w i t h i n  the  scop~ of
this  r e p o r t to deal w i t h  coflco} t of cost  — e f f e c t  iver iess . The f o l l o w i n g
d i scuss ion , t h er e f o r e , w i l l  deve lop  L I r in~~te rs d e s c r i b i ng  sy s t e m  e f f e c t i v e -
ness in term s of calenda r t i m e  that  e l apses  d u r i n g  the ex i s t ence  of the
completed system.

2.2 PARAMETERS RE LATING TO TIME

The t i n e  r e 1 at i ou ch  i ps t ha t  may be desc r i be d  f or t h e  pu rpose of def in-
ing parameters  r e h i t i r ig t o  sy s t em  e f f e c t  x v en ee r ;  are  p r e s e n te d  in  M I L—STD—
72lB , 25 August  lOig ( w i t h  Change N ot i c e  1, 10 Ma r c h  1970) . F igu r e  2—1

S i l lus t ra tes  these t ime d i vi s i o n s  and shows a l l  t h a t  t i m e  in wh ich  the
fo l lowing c o n d i t i o n s  p r e v a i l :

• Use of the system is not required

• The system is on a l e r t  s t a t u s

L. — S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Active Tune

Uptime Downtime

Alert Reaction Mission Modification 
Maintenance TimeTime Time Ti r e  T une

Preventive Ma intenance Time Corrective Ma intenance Time

Fault- Item Fault- Adjus t me n t -
Servicing Inspection Preparation 

~~catiofl Obtainment Correction Calibration Check Oi~Time Time Time Time Time T ime Tir *

Figure 2-1 . SYSTEM CALENDAR
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I

The system is being brought into operation
The system is performing its function , or mission , successfully

• The system is down

From Figure 2-1, the following time-related parameters can be defined :

• Mean Time Between Fai lures 
— 

Uptime
(MTBF) 

- 
Number of Failures

- - Corrective Maintenance Time• Mean Time To Repair (MTTR) = -Number of Corrective Maintenance
Actions

• Mean Time Between 
= 

Uptime
Maintenance (MTBM) Number of Preventive and Corrective

Maintenance Actions

- - Maintenance Time• Mean Maintenance Time (MMT ) = — . S

- Number of Preventive and Corrective
Maintenance Actions

Inherent (or Intrinsic ) 
= 

Uptime
- Availability Uptime + Corrective Maintenance Time

S . . . . Uptime• Achieved Availability = —
~~~ - -Uptime + Maintenance Time

• - - • Uptime
S Operational Availability = • - S

Uptime + Downtime

(All of these concepts have been presented for the sake of completeness.
S Sufficient data are not available under this contract to develop all of

these parameters for the developmental testing of the TACELIS system.)

These foregoing definitions are composed as closely as possible in
accordance with the following publications:

MIL— STD—72lB, “Definitions of Effectiveness Terms for Reliability ,
Maintainability ,  Human Factors and Safety”

• TM 38-750, “The Army Maintenance Management System (TAMMS)”
• AR 702—3, “Product Assurance : Army Materiel Reliability , Availa—

• S bility,  and Maintainability”

• AR 70— 10 , “Test and Evaluation During Development and Acquisition

I of Materiel”

However, some areas of ambiguity exist among these publications. In addi-

I tion , the concepts and definitions presented in these documents do not
I - correspond exactly to the data collection situation for developmental test- S

ing of the TACELIS system. Therefore , some d i f f e rences exist between the
- standard military definitions and their usage in this report. S

One obvious area of difficulty is that during developmental testing
both uptime and downtime constitute the total demand time for the system.

2—5
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Fire demand t irnt ’ ~‘ecu r s dur- i nq the  r 1- i j U  l , i i  t e s t  ii.iy w ork  s h i f t  et about H
h t i u i  r ; . Mod i t  r i -at  ion t irne (a 1 t h o u g h t  it may be i ’ o r l n ;  j dered act i ye I irne)
u s u a l l y  occUr  :1 it n igh t , when r I i ’  demands a t  t -  hI S’ i nq made on t he system ,
arid t h e r e f o r e  i n ;  r iot  t o i l S  i dt ~i t i l  a p a r t  c t  dewitt  Ime

In  all h o p  Ioymt ’nt n ; I t u1it Olin ; , do I ~iy time , mod it i cat ion time , and , to
some ext &‘ti t , I ’r e v e t i t  j V t ’  nra h i t  e t t , i i i cc  t int o a t e  d e f t - i  i t - il w her e v e r  possible to
t hat  segruen t t’ t the ca 1 et~ l~i i i n  wh i cii tie demands a t  e be ing  made en the sy s—
tern. Since t h e  i i e t t ’r r n i n a t  loll ot  f1 t i  l u r e  i n  pr  act  ict ’ frequentl y r-ent s on
t h e  demand n t  ~i t  i i  i ’t  I lie sys t em , t h e  I ime d i v  i n ;  i t I i i S  }) i t ’Sentt ’d in MIL—STD—

H at  e h o t  cenip le t  el y r e p r esent . tt  ye • Ity d l v  i din q  act  i Vt’ t ime i n to
ih’matrd and i iontlemand t ime , some d i  f t  i c u l t  y m i g u t be re s t )  I ved . C l , i r  i f  i i’d—

ion ~~lu l d  • t i ;~’ r e e t i l t  f r o m  p . i r t  j tj o i t j ilii j j r j ~~t I ’St I 1 7110 i n t o  ( i t t ’ tj f l l t ’ and

~( F u J I  t imi .

T~1t’ del i i i  i t  ions ~i i  von i n  ‘~M tO — 1~~0 t o t  I’rc -v e r r t  ;
S 

~~
- , - m,i I nte’niurco ma n—hour - s

and .~ - ( r i  r , r i  i t  mji r rt t ’rr , lr ;1 , n i • i r r — h 1 ’u r - ;  t ; ’ r r e : ; p o l l t l  c l o e t - l y to t ir e  !ittn’ir t it’ c ’

tiLl 1 r l t t  tr ir;1 ’c - t imo  and -
~ ‘ t t e ~ - (  i i ~~’ ttt , i j Fit t idth 0’ t ins ’ o I Mi L—ST[)— 721 H and have

been cotis idt ’ t e~l t o  be et lU i va l en t  t o t  eva l  tr ,r t  r o n  oh  dat  a i n  f i t  i s  n ;t ud y
Howeve r , t h e  d e f i n i t i on s  t o n  i t - t i  I a ! - , ( r i n k ’ , z r o z rj vj I l • 1 l ’l l ’ timt ’, and j~~’s s I ! ’l e
dar j s  ii i ven  in ‘l’M i t t— 7 ’~O do tr ot  cor  r t ’r ;p o i n l  t o  a i ry  of the time eat  eqor les in
M IL—SP1 — 711 ii .

o~r re  a t  ea t h r • i t  r e i r r a i r i n ;  ~~~~~~~~~~~~~~~~~~~~~~~ i n ;  t h e  me i i r i n q  01 s t . i z i ~il n; t into an ;
S used in  t h e  dot  r n i t  ion o f  i , t or ~i t  ien ,i l iva i i  a b i l i t y  i i i  AR h i .’— 3 . For t h i s

repor t , i t  h an ;  been equat  eti t o  a l e  i t  t i me a n ;  t r e t -~i i n  Mi  L— S TD— 72 1  Ii . flowevei
some ar ia  l y n n  t n ;  may } ‘ i t ’  t oi t o ext  end t ir e t ime t l it ’ ; ;yst em is  ass tim ed oj ’e t a b  I t
i n t o  i r r i~~t I to’ t i me. l i i  • i ih ; l  i t  i on  , t her  e i n ;  no f o r m u l a  i e por t e d  in t i re  A r m y
puhI i ca t  i O t l n i  l e V i  OWed fo r  fir i n ;  r ~~~~~ t thea l i n t 1  w i t  ii uncomp le ted  r e}’a i i
a c t ion;; . l ’o t l e et  i ve  r e p ~i i  r act  ions f o r  w h i c h  vomp h ’t e doo-umt ’t r t a t  ion i n ;
r iot  av a i l a b l e have bet ’ir em it tOil t r em t he M’t’PR c•r 1 cu it ;~ ‘n o - i i i  t b  is r oper

2 . 3 LEVELS OF ANA 11Y SI S

The ti i c c i i ;;  S i  on of t i n t o —  t e l  a t  i’d i ’a t . imt ’t t ’ r n  app I ies to  any tI e t itred ny ;; —

tern. The same aur a l y n n  i n ;  c 1iir  be app I Oil t is  t ir e  o ut  i i t ’ TACE11 I 0 r~y st (Sm , I o

each of t h i t ’ ma j ot  ar;semh I i en ; , • i i i t i  t o  each i’ t t lie I - i tie Rej ’ I act ’ab 1( 1 Un i t  s
with in the system . It i n ;  err 1 y i i t t t  n ; n s i  r y t 0 e h i r o r r e  t h a t  what  ever  i s  r eper t ed
as a f a i l u r e  , ma j u t on~urce ~~t t  ion , upt  i me and t l t swtr t  ime • t ’ t e. , is a pi’rolsr i ate
to the leVe l he i tig t ud i t - 11

Dur ing  dove Io p m v t rt a  1 t t n ;  I i 1111 i’ t the  TACELI S ; ;ynt  em , t h a t  a a r t - be t  rig
recorded for  ur n -  in comput 11111 tire t i mt’—r I’ I at t ’d pa r 1tmet e rs at  two i t ’vt ’ i s  — —
the ma j i s  i asseml-r I y and t iit ’ L no Rep Iaceab i t ’  liii i t  ( IRU ) . Tire di  neil;;;; ion of
incident i -a t ego r - i o n ;  app i i  t ’ ; ;  I i’ d.rt  a , r t  t i r e  l.RU I eve I

S ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - S



‘ .4 INC IDENT i’A i’E; o’OIES

I t a unit within a ; \; - t l’rn ; l se r n; ’ r t e n , t i - - l t , iil; ; is, ~ow a p r e v i o u s ly u t ’—

r ned a t i O l  t ai’ It ’ 1 eVe 1 o h o} t i  i t  t o i l , t i l t ’ tile i i le t r t  I ;;  r c -cot dt ’d ;; ub sequent
e v a l u a t i o n  may I I~i i t t in - iriciih’ t ;t l i i  otto oh t hose t y p i c -a l  i - a t  t i l ; s t i t ’;; :

S A .  Tire unit t a t  led I o meet t i lt ’  l s } o t  ~t t  t o t a l  t equi t-emerrts 1p 1’ t eS l’ i l a t e
is i t  S I Ot~~it  t oti  a t r u l  f u nct  ion  w i t h r  iii I it e  n y ; ;  I em

B. Tir e u n i t  i i i  d t rot  meet  t t ’chrt i ca l  n S j I i  t t i a t  r o i l ; ;

C .  The t in i t  i t t  l i i  o h  a t ~i i 1 lIl t u h i  r id , 1 ; I i~~
- oh I l i t  st  a t i n t  i cal

d r n : t  i I bu t l u s t ;  u t  fa i  m r  n ;  w i  t lr  t i ris - t ~ m t h a t  - n - r l t ’r  i i  I ypt ’

I) . Tht’ u n i t  was imj ’ro ~’et 1 v t i n t - s i  (r n c  111th i i ;  in t akasit’ 1

E . Tire’ t in  i t  W an ;  poor 1 y m a  inta t i t O h  ta t  r i v  it ’ll; ; l y trot ~ilt ’ijuat el y
i t-p a m red

1’. The tin i t w 1mr ; dt’ t t ’c I i ye

o .  The u n i t  W a n ;  ~nt~~ i 0~~ t i  l y m ; ; n eiiil l i ’d 01 m i m I  a l i ,~~i .
S 11. Ti r e inc joletrt was improp e r l v  ii i a u l r S ’ n ; t ’ ti d S n ~ a t  t m i hu t  . t b lt - t o  t i r i s  u n i t

when , in  t a c t , i t  was t i r e  r e su l t  i s t  a m a l  fu n c t  i o n i i l u n  sw i t ch , f use ,
}‘isWO 1 ;;ir ~’p I y , t - t  c . , ci i t  i l - a l  t o  t hi t ’ tin i t  but  h o t  p ar  t is i t

These i no’ ider it  i’~i tet jom i o n -  nr i ’1’ bc n t  h u h  t ’il I a n - n ;  11111 i t ’ n ; p u ’ i i n ;  i t s  i I i t y
For examp le , t h e  n s o l su L r t  i on  oh  i ; i de ~t t t  ;; i i i  Ca t  l u t i s t  C wou ld  si t - f i n i  I e l y
be counted an ;  t a i l  ute ; ;  i n  an a n n ; , - ; ;  n ; i i i o n ; t  t a t  how n h oot ’ ;; ; ;  I rn ly  •r vt ’ i i d u s r  had
met unit mean l i t  t ’ n n l ’ e ; ’ i f i c •r t  j o l l a ;  I h i i ’n n e  i t r i - i ~t e r t  n;  i t t  Cat  e i l i s r  y H w o u l d  not
be cons 5r doted. I n t e r  d en t  n ; ii, ;;; 1 boil isv P , F , and o m i q ir t  he count Oil a;;
failures in a vender - i n n n ; , n s m t ’ i i t  f t hey  r e s u  1 ted from mir ikt ’ul l y }~~s is i  dt’s 1gm
All incident t a t e g i s t ies ir e  ;~ t j u t  i i  , ‘ n t  to t i r e ’ t m t ’ l u l  use ! of t he  sys tem ,
who simply wants t ~s know how o t t en he can de ’p etrd err t h e  sy st em wiren he
needs it.

It  cdi i  i l l - S€ ’Oit t r& s nt I ii i ;; ~t ; IS;;; r~~ r \  t h a t  t i t ’ t rme—rt ’latt’d p a t  amet ei
previously ~~ t~ i nod i -a r t  h1r~’ t ’ ; ;evt - c al o’a 1 Ut ’;; u i t ’ j se ’t r d  i rig ‘i i  c~ya I ua t  ion is t t iie
rel~~rted tri o - i-de~ir t s . The rul P h r i -  v rltu ’ t t ’ } s , s i t t - d  Ii ’ a j s u s t e n i t  i i i  r r n n ’ r  of t he
system would be q u i t e  ii i t  t e r  t ’ii I t rem t lie v1r l i re ’  t i n ; ,  si t o dot  erm i ir e the  me r i t
of a verrdor ‘s m ar r u f a c t  t i n  i ’d u r r . j t

2 . 5  REt~IAB I LI TY , AVA I I A I t l l ITY , ANP 1’~F i A i  kAlt I l i  l’Y

One f u r t  he r  st e~s may be t ak e r ;  i n  1~-v~ l t s j s i  imq t ; u i i i t  , - n o h  me ’m i t  1 rem t h e
• time—re Lit iii pa rameter -s . I f  t h e  iiirri ihe i is t rm n ; ; i i ieul u  l , ’~l t a i l  i i i  t ’;; is t ,rketr

to be e’ i ju r 1 to t h e  rruniber u s t  ~ s i  t~~-~ t i vt ’ m i  i i i  I t ’ i i~t i i i ’t’ 1ii’t jOlts , t hen t h e
definition of i r r h e r e n t  a v a i l  at’ i i  i t  y can ise i t ’;; t •r I oil as I t ’ l l  ows

- - - I tc h HIS ______Inherent Avail~rbr l i l y  - S S _____
S - I pt  I flit ~~& ‘  i o t t  r ~~t ’  Mar ntenance Time

• —..
-S
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Let U uptime
N — n umber of failures, which is assumed equal to the n umber of repair - s
C corrective maintenance time

Then

Inherent availability —
~~U + C

li/ N S

U,’N + C/N

MTBF
- 
MTBF + MT’F R

In the same way,

- MTESF’
Achieved avatlabUity =

and

Operational Availability = 
MTBF

where

MDT = mean delay time (see Figure 2-1)

If the time—related parameters , MTBF and MTT R , are assumed to become
constant with time as a system or a populat ion of LRUs matures , then the
following mathematical definitions r n , - t i - tn t ’ :

• Reliability. The’ probability that a system will perform satisfac—
toril y tot at leas t a given period of time , T, when used under
sI’ei’ifieil conditions . Thus S

Reliability = exp — ‘I’ Ml’IIF

• R e p a i r a b i l i t y .  The probability tha t  a f a i l e d  system will be
restored to operable condition in a specified active repair time T.
Thus

Repairability = t ’xp ~ — 1 ’  MI’htF’

Iii this study ,  the definitions specified in Sect ions 2.2 and 2.5 have
been used in the analysis of TACELIS dev elop~nen tal t e s t  data. L
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S

ANALYSIS  ~ 5}-’ TIlE L I N E  R ‘IACEABI E UNITS

Thi s c hap t er  I ’ r e ; ; e n m t  s t h e ’ anr t I yn ; ~S i l l  t h e  data il t’scr i b ir r q  the  Line
Rep laceable ’ U n it s ;  a cornj ’ut at  i i n s t  I mt ’thod t o t  improv i ng t ire en~i 1 ys  is is
also su gge st e d .

3.1 REQUIRED DATA

The following info rmation should  [se available to calcu la te ’  the t ime—
related lsar rm e’t t ’r ; ;  a t  t h e  t m n r i t  lt ’ve I f - st  flit TACE1IS system:

• A complete l i s t  in g  of t ho 1.1W I Y l t ’;; t h a t  c o n s t i t u t e  the  system

• An tcu h m r c r t e ’  s t a t e men t  i s t  t he  nttimrilsc ’r t a t  in d i v i d u a l u n i t  s of each
t yp e  bei ng iise ’d ~i t a i ry t into in t a d ; ;sf  t i r e ’  mit a l i S t  asceiub l i es of
the system

• A history of the t imes t i s l  wit i cli e -ai ’hr ma is n as somb 1 y Was “ t u rned
S Ofl ” 01 r eceiving I’OWIS’r

S A history of i l l  r , - i i s n u r , - ii i n - r u m ; ;  i n v o l v i n g  u n i t s  in the TACELIS
system , m d  uil i rig preve ’nit  i ~~~~ ant i !  eu sr n oct  i Vt ’ ma inrteirance

S The maintenranci - time ’ r ;o ;u ’c j . i t t ’ I  w i t h  t ’achi i n i . i d e h r t

3.2 ASSUMPTIONS

• . Certain assumptions have be’e’t i made I is ilt~t t ’Vnt~ lie t ire List ’ 01 t hese dat a:

• Malfunction of a on it i - r n  u s  - c r r  t i t  ar ty  t into dur ing wh ich  t ir e

• S assembly containin g tha t  u n i t  I;; n cot’ iv intl power , i .0. , Unit
S - 

mal function is d e f i n ed  iii ’ t i s i r  ly  t i ’  r the  dtmm a t ion  of opera t ional
-- demand but for all t he t i me I h it  un it in ; powe red (opt ime) • S

S All units that  f a i l e d  LIUI Ut -I  t i t e ’  i i i  qh i t  ( b e f o r e ’  OHOO hours on t i re
next test day ) have ’ be’e ’ii i t ’coi d c ’ ii ~i ; n  fa  i ii r q  e’x r i ’t 1 y at t i r e ’  b e g i n n i n g

- of the next test d~ v . A l l  ir n i  t n ; t ha t I au eel dtri irs; a weekend have
been recorded as fail Oil ~rt OHOO t - n i sh m r ;; t ’i i  Monday morn inq . (Ph 5

S f a i l u r e — r e p o r t i n g  1 s n i s i - e ’ d u n  t~~~til I n ;  i i i  an opt imi st ii - est imat oil val tie
of MT RF. )

i - I  
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• Af t e r  some’ t t ine has e ’I .i1 n ;,si l i i  I l ie t est I Ing ta t a i~ t i’u I at  It ’ll ‘I a
given unit type , n epa i i  ansi r op I . iceme’ntt  wi I I ~i t  t O u  I t h e  ~- t i an  , t i ( ot
of tire popul ~at ion , so t h at  t he I a i lut i’ i a to and I itt’ ii i ‘.i i i  r a t  ‘ I
the urn t type’ becewre coilS I al it wit it t tUle’ . i ’ u S u i ~~t . t i n t  t .i I t ’ ;; t r . t v e t ’e ’ e ’n i
assumed in this anal y s i s .

r . ~t t ’ALCll1J~’l’ION OF TIME -RE LATED PARAMETER S

The n i t  at  j u t  i i  MT1I I’ t o i  a q it- e r r  on it I ~-pe ’ t a t  t i me ’ TACEI,1 sy st  em c ant  1st ’S 
c a l c u lat e d  fi-om t he’ ii~ ve’ lopme ’nit at t o ; ;  t dat ~i as l u s h  e5Ws

• Let the ma ~ i t  assemb l i t ’;; be des Igura t o - i  am ; ‘l’C , RMS I , RMS2 , RSSD
RSSE, RSS? , and RSS’;.

S Let ND, Ci,C be the n umber ~ f on its of a ii i V ent vi’e fun ic t  j ott i ng in
the’ CI5C at the beg i m ir i n g  u ’I u~a I ‘‘usIa t day 15 . Let N1-1 ~ isi Np , ~ ts.’
N D, R SS L)  N~~, RSSE N p , ~~~~~~~~

. : ,Oid N 1) , RSSt; ~epresenit 5 nn m m i i  i .~ n t iqures
e~ i tire’ tat l~ ’i ma ~it  t a;;se ’huIt’ I i t ’;;

• Lot T1~, C~’~ 
T~ , ~~s i T1, RMS 2 et c .  , tOI’te’se’ti t t he ’ t i i ’u t I or wit ich

1~ we’i- was applied to each of t ir e ma i o n  ,rsSe’mb l Ion; on i - .ilt’nilar day P. 
5

Then if no unr it tail tires oi ’i-u t  r e d , tire ’ ; ;h i . -~ - t ’; ;-;  t u l  ott it — hoit in; ae’h i ey ed  by
the q iveir unti l t yç’e d u r i n g  ca l  ,‘nui~ n n day P wou ld be ’ g m ~‘en by

(ND,CPC T~ ,ç.pç ) + (Nl,~~~sl 
\ T1-1,~~ 51 1 4 . . . ( N p, RSSL~

If  Rp, is the remedy time I t a m  t lit’ tit 
~~ i dt’irt inv o lv i  r ig t h i s  on i t

S 
t~~)t Ofl t I i iy D , wh o t e  remedy invo l Ve’S t ’ it ItOl r e}tt ~tct’mflt ’ti t tat o n — s i  to i epai 1 , S

then t he  sum of tire remedy t inc’s h-s m tire’ ih ay

must be subtract Oil lion the ox is te ’;;;; ionr for “ n ;u i i ’t ’Si; Cu l irni  t h o u m s  i f ntis
failures occur  i t ’d” to  compute act  tia I ; ; hne ~i ’e ’;;s to I on it h ou r s .

If the r omedy t itt’ (i s r air i ni ’ idenrt eXt ends beyond onto calendar day,
the number of functioning em it ; ; , Np, i l l  I he’ at 1 oct ed assembly must be’
rOdUce’eI Idu ’OFul  i itg i v  f o r  ~u1sst’ejttc ’nr t  u L i y s  tint Il t tie’ ~nt it is n est u s i t ’d .
Similarly, if a unit tirat was not isl’e ’ia t i ntel a t tite ’ bt’t~ i nnt i rtu i of a i l , t~~’

is restored dur i nq I )i.rt c~i1 e t rd , i r  ula y ,  t h e  ti umbev is 1 n ;hmcce ’n ; S fu  I on i t— h ou r s
for tira t day must be’ Inc n e’nte ’ni It’d I u ’ n e  ft ect t ime ’ n e ’;; I or at i on • S

For any spec it  it’d ca l en d ar  pt -i  itad , t li e ’ MTI1F t t a r  t he’ t I l t  i t t y p e  can 1st ’
found by comput inrq the’ sir coesufu I t in t  i t — h o u r s  aceumul  ,it i ’d for •ill tire’ ma ~on
assemblies throughout a ll t itt’ cal e’niciat day;; I in t hat  ~st ’i h a i l  and d i v i d i ng  by
the failures re ’i’oi uleil ton that ott i t  t y~’~ d t mt ( liii t he same’ ~‘er joel. 
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The statistic MTTR for a given unit type is calculated by dividing the
stunt of all completed repair times by the number of all completed repairs

• (Section 2.2, Chapter Two) .

Since the failure rate and repair rate for a population of one unit
type are assumed to be constant w i t h  t ime , the  times between failure and
tines to repair for that population are taken to be exponentially distrib—
utt ’d . Therefore.;, tIr e c i i i  — s ilu a t i S torm iru l  a i n ;  U:;,- ;~ for t h e  i-n m ;  f i it-m;ce—
interval computations for the MTBF ’ and r4TTR e s t imates .  The values  presented
in this report are given with s\m iimi trical , 80 percent confidence limits.

Chapter Nine lists the LRUs of the TACELIS system identified in this
study by ARINC Research in cooperation with the Test Engineer for the 

S

Developmental Tester. For each identified unit , it presents estimates of 
S

MTBF , MTTR, and unit reliability (for a time period of 24 hours), together
with 80 percent symmetric c o n f i u l e m i c e  l i m i t s .  These data are reported to
demonstrate the methodology for l iii RAM assessment of the TACELIS system ,
but they must be used only to indicate general  trends. These data were
extracted from Equipment Performance Reports , which represent an edited
version of the original data record (the Maintenance Request), omitting
much useful information . Failures were categorized by calendar days only;
thus the t ime of day at which f a i l u r e  occurred could not be accounted for.
An accurate record of the actual numbers of each type of uni t  deployed in
the various major assemblies could trot be obtained from the Developmental
Tester. As a resul t , the computations in several cases may not accurately
ref lec t  the test situation-i . Records descr ib ing  uni t  modi f ica t ions  during
the course of developmen tal testing ~ire l ikewise not available for  th is
study. Therefore , caution must be exercised in drawing inferences from
the values presented in this report.

3.4 ELIMINATION OF BIAS

S In conducting the RAM analysis for developmental testing of the TACELIS
S system , the data—collection personnel for the Developmental Tester will have

the actual time—of—clay failure information for all observed failures , which
was not available for the analysis described in this study. Therefore , the
statistic MTBF can be computed as described in Section 3.3. However , under
the current data—handling methods , units that fail unobserved (i.e., during
the night and on weekends) are reported as failing at 0800 hours on the
first subsequent test day (demand t ime). This practice will systematically
introduce a bias in the calculated estimate of MTBF from developmental test
data. A method for improving th i s  e s t ima t e is presented here. r

S The exact time at which the unit failure occurs between the end of one
test shif t and the beginning o f another is not observed . Therefore , for
each case the operating hours between the end of the previous test shift
and the time of unit failure must be estimated . The procedure reconunended
is to increment the operating hours credited to the failing unit prior toS 
failure by the expected time tas failure for  the uni t , given tha t failure
did indeed occur be tween the test shifts.

3—3
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Let the variable T represent Time To Failure for a population of a given
unit type .

The density function , g(T), of Times To Failure for the unit type is
exponential , i.e.,

g(T) = Ae~~
T

where

1
— 

MTBF

If  the constant T5 is defined as the elapsed time between test shifts , then
the Time To Between-Shift Failure , 0 , is a random variable such that

0 < 0 1 Ts

The density function of 0 is given by the truncated exponential

F(0) = 

1~~:i~~~s

The density function of 0 will now be explained with reference to
Figure 3-1.

The area under the curve g(T) = Ae~~
T represents the population of failures

for the given unit type . S

The shaded area represents the population of between-shift failures and is S

expressed by

pT5 — AT)ue dT 
S

To derive a density function F ( 0 )  for the population of between—shift
fai lures, we use the fac t tha t the shad ed area mus t be equal to uni ty if S

S it represents a total population ; i .e., the ori ginal dens ity function for
Time To Failure must be normalized to describe Time To Between-Shift
Failure . Then

Ae~~~
T d T :  

~::A~~~~~e A.o)

= _e_AT5 + 1

= i _ e ~~
Ts

represents the shaded area.
3 4  
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The C n a c t  ion of be ’t w t ’ t ’n m — s h i  t t  t an 5lures u.s ’currinq in the  i n t e r va l  ~~
is un ly on by

-

Then S 
-

~T5 ~~~~~ iti F ~
-
~~

‘

~~~] 
‘F5

~~~\T S. 
- - \-r . V \ I0 1 — e  ~

‘ 1 — t ’ ~~ L J e)

i r —\ ‘r . — \ ‘ i~

~~~~~~~~~~~~~ 
L~’ ~ 

+ ~- ]

1 — t-
= ~~~~~~~~~~~~~~~ =

1 — t ’

Therefo; e the funct iorm

S \e,
F ( t )  = ,

~~~~
-

1 — c  ~

has the des i r e’l  p n o} se n t  y

The expecteil value of T i n t ’ To Be ’t w e e n — S h i i  t F a i l u r e ’ is

E ( t ~) = f t~~~ r ( 0 )  d O
i

s
) 

~S S

This expec ted  value cami be.’ i’onrput e’d as fta l lows :

0 Xe~~~~~dO 
= ~~~~~~ .~ ~~~~~~~

- ~~~~- ~ [e~~~ (~ +

Si — e s
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S Thts re’sul t shows t h a t  the ex~s e.’cte ’d v a l u e  of TimC To B et w e e n — Sh i  f t  F a i l u r e  S
can be e’xpressed in t e r m s  t a t  t h e  st  .rt  i s t i c  ~TrBF’ fo r  the  ge ’n or i  c LRU t y p o

i 
as

= MTBF — _______

4 o

1
Stn~’o ‘ç = M’l’BF. S

— The oiseratinq hours c i e d i  ted to u n i t s  f a i l i n i g  ;mmrobs er v ed  i-an ; be i n-
cremented by the MTBF value c a l c ulat e d  tot t h a t  u n i t  type from test  d a ta
col lec ted up to that t ime reduced l~v t he  conn ect ion term:

— 1

Al thu~su gim the t a m  lure’ du ~ta pi ov i ~led to  A RIN C Research diii ni~t i n c l u d e
enough in fo rma t ion  to p ermi t  ;zs - - s t  t i n i s  i~~s t n  u - ct  ion f a c tor  in computing
MTBF f o r  the TACELIS Li tie Re’p laceal ’  I t ’ U n i t s , i t  is reconr~r;enrded t ha t  the
Developmental  Tester  use t h i s  c e s m r e c t  ion term . Tire.’ da ta  hank avai l aisle to
the Developmental  Tester t s r  RAN an a ly s i s  o f  the T A C E LI S  sy s t e m  c o n t a i n s
enough i n f o r m a t i o n  to appl y t h i s  P n o c e - l u m e  . S
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CHAPTER FOUR

ANALYSIS OF THE MAJOR ASSEMBLIES

Is

- This chapter presents the reliability block diagrams for the major
assemblies of the TACELIS system , together with the corresponding mathe-
matical models.

4.1 RELIABILITY BLOCK DIAGRAMS

Chapter Three presented the calculation of reliability values for all
the Line Replaceable Units in the TACELIS system . The methodology for
using these LRU reliability values to compute the hardware reliability of
the major assemblies is explained in this chapter. Three major assemblies
were studied :

The Control and Processing Center (CPC )

The Remote Master Station ( RMS )

The Remote slave Station (RSS)

Each TACELIS major assembly performs a variety of tasks relating to
the information-i collection , transfer , processing , and recording capabilities
required to accomplish the total mission of the system . Theoretically , at
any given time the level of operatio’m of a TACELIS m a j o r  assembly cou ld vary

I_
from “ fu l l  up ” (with every LRU f u n c t i o n i n g  to s p2 c l f i c a t i o n’) ,  through all
possthle combinations of degraded s ta tes  of th e s e  capabi l i t ies, to the
failure of all the LRUs. A block diagram con uigured for the determination S

of assembly reliability is entirely dependent on the definition of assembly

I failure chosen from this spectrum of possibilities . A minimum level of
• acceptable assembly operation must be stated for each capability. All

states exceeding this level are def ined to he system success. If any

I capability degrades below its defined minimum level , the assembly is con—
sidered to fail.

L 
The concept of redundancy is fundamental to the discussion of assembly

failure. To develop this concept , redundancy is defined as the existence
within the assembly of more than one means , or path , for accomplishing a
given task. The functional diagrams of the TACELIS major assemblies --

L CPC, RNS , and RSS -- have been examined in detail by ARINC Research to

1 4-1
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determine all possible paths for successful assembly operation. Wherever
more than one path exists for the accomplishment of a specific task , the
reliability diagram is drawn to show parallel paths. Those elements which
are essential to assembly operation and whose failure would cause assembly
failure are shown in series with the other system elements . The reliability
block diagrams for the CPC, RMS, and RSS are shown in Figures 4-1, 4-2, and
4-3 , respectively .

The following assumptions have been made in determining the le ‘el of
system operation below which failure is considered to occur:

The Maintenance Operator Position (MOP) is essential for system
initialization and for any necessary reconfiguration. While it is
true that the system could function for a short time without this
position once it has been initialized, the next critical incident
requiring reconfiguration would represent certain failure. With
the MOP in operation , however , several kinds of critical incidents S

can be successfully resolved. Therefore, the MOP must remain
operative for success. S

S • In def ining system success , Line of Bearing (LOB) ~nfonnation is
required . Therefore , at least one Location Analyst “osition nn’rst
remain operative.

• Mult i—channel  information is not considered essential.

Only one BMS branch is required to remain in operation .

• The panoramic (pan) displays are not considered necessary ; there-
fore , the pan display and pan preprocessor hardware is not con—
sidered essential. [i

• The fault monitor function at the MOP is not considered essential.

• System success is said to occur if only one of the four frequency
bands is available. 5

4.2 ThREE-STATE MODELS

Each of the three major assemblies has been diagrammed in such a way
that three states , or levels , of operation can be defined for the assembly .
This has been done (1) to show how the state concept is implemented in the
reliabili ty block diagrams and ( 2) to provide examples for the discussion
of a three-state model in Chapter Six.

For the Control and Processing Center three states are defined as r i
follows:

• State 1. All units essential to successful system function (as
defined in Section 4.1) are operating.

• State 2. A manual mode of operation is still possible. The auto-
matic signal-collection capability of the TACELIS system has been 

S
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1

lost , and bandwidth coverage is obtained by tuning the system
.,_ receivers manually .

• State 3. Not enough equipment is operable to permit collection
and analysis of signals.

The three states defined for the RMS show the RMS (1) functioning
fully in communication with the associated RSSs , (2) functioning as an
RMS but unable to communicate with the RSSs, and (3) failed .

• Up to four Remote Slave Stations may be “daisy-chained” together so
that each communicates only with the two immediately adjacent in the chain.
All have the fun ction of collecting LOB information for the system. There—
fore, even if an RSS loses its LOB capability , it is left in the chain to
relay information between its two neighbors. The three states chosen to

- - define RSS capability reflect this fact:

• State 1. The RSS is capable of collecting LOB data, in addition

- - 
to relaying communications between its two adjacent neighbors in
the “daisy—chain” .

• State 2. The RSSS has lost its LOB data—collection ability but is
left in place to function as a repeater set.

• State 3. The RSS cannot relay information.

4.3 MATHEMATICAL MODELS

In developing a mathematical representation for the reliability of
each of the major assemblies from the block diagrams , the following notat ion
will be used :

- S = the probability of success, or reliability ,  of the ~th Line
Replaceable Unit

= the probabil ity of fai lure , or unreliability , of the ~
th Line

• Replaceable Unit

• . For all units + Q1) = 1

S The reliability of n units in series is P 1 P 2 - . .

The reliabili ty of k units in parallel is 1 — Q1 Q2

• - These concepts will be expanded to develop the mathematical descrip-
S tions of the CPC , RMS , and RSS. r

S - 
It is emphasized that the expressions for assembly reliability devel-

oped in this chapter relate to hardware reliability only. The major assem-

• • blies of the TACELIS system are also vulnerable to incidents of software
failure , which have not been included by the customer within the scope of

• this study. Assembly reliability values for a 24—hour mission time are
given in Chapter Nine .

4—7
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4.4  RELIABILITY OF THE CPC

The formula for the reliability of the Control and Processing Center
is given here with reference to Figure 4-1 (it is emphasized that this
description of the assembly considers hardware only):

RCPC 
= (i - 

~~~RC-i44) (i - 
~~TDDM ) (“MIu )(”KG-3o) (“~~ IU)(”COM MUX )(”ACDU )

- - 
[~ (~~~~

_
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4.~ ’ REL IABILITY OF THE RSS

The equa t ion  t o t  the r e l i a b i l i t y  ot t he  Remote Slave Station is
~1eVt’ 1 o1’ed w i t h  re fer et s c t ’  to  Ft  qu t  t ’ 4—
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For t he LOB d a t a — c o I l  ect t on  t unct  lots , t hos e  addi t t o n a l  f a c t o r s mu st be
ttc  1 ~dt’d in the i’ oduct
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4. 7 SENSITIVITY ANALYS i S

i t  obv ious  that the pr5oces s 0 t ~- a 11-u i  at  i no RI~PC,  R RMS , and RRSS
f r o m  the o vet s  for-mu la s  is a t e d t  ens one . To i e~-a 1 cu I a t e  each t. m e  i t  is
desir ab l e  t o  .ssse so the  t ’t f eet  01 modi t s c at  t on s  en assemb l y tel i abi  l i t y
would be ut ineces  oar  ii v t ime— consum I nq - Howevt ’ r , c o n v e n i e n t  1 y chosen seg— 

S

met it s  i’ F the block di aq t am  may l~ ’ exam i nod independent  1 y . S

For any assembly cons t intl 0 t t hr ee  u n i t  s A , B and C connect  t’d in

sot tt ’~, 
, the t e l  t ab  1 1 i t  y of the asst’mb l v RAIk_ is q ~‘en b~-

R = R  \ R  ~~ R
ABC A B C

Similarly, the rt’liabil i t y  of any TACELIS assemb ly  can be cons ide i e d  to  be
the product  of the rd ial~i lit it’s of  ~~-ve t  al  seqments co ns t i t u t i n g  t h e  as—
sembi y,  i f  the se’llm( ’rt t.’~ j T I  - so i ’hu ‘sets tha t f h,’s: a Se ..ill : fl SOT SOS . Thi s
approach wil l be ~~~~ 1 ope~1 in t hal’t  ‘t  Seven t o  show the  sens it iv it y of
assembly re i i  at’ i i  it i e:; to mod it i cat ion . This approach permits the effect
of modi fica t  ion ott  one t etm o I t h e  }‘l-oduct t e be observed . The e f f e c t  on
the product , or total assembl y rel  sab i l  i t  y , i s  1i t oct  ly  proport ional

-1— 10
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I S
A N A L Y S I S  CF 11F F’ ‘rACELIS SYSTEM

This  chap t e r  tIt ~sci l iS t ; t h e  t e l i..sl’tl s t y u ’ t  tliu ’ t o t a l  TACE1SI S , ;v stem as
a f un ct  ion o t m i s s  ion  t ime . S 

-

u 
~ THE t IA rA BASE

In Ch apt  ~5 5 5 Font t ~~ I t ’ I i  .tl’ i 1 i t v o F  t he nsa sot  .issornb I I OS was model e~1 S

a lqt’h r a i c a l lv  from t h e  stud s ’  of t u - l i a l ’ i l t t v  b l ock  d i a g r am s des~- t  ib i n g  t he
LRUs , ot  h a r d w a r e  e lements , u ’~-sc nt  s a l  t o  as ,s-sni’ l v  ope 1,1 t ion . T h i s  3t101 1 V S i

was I’er t ermed  t o demons t r a t e  t h e  use O S  I’ 1 o K  di  .iq i .uns , but  i t  does not
g i ve  01 com~’l ot t ’ desc t t pt i s ’Tl  01 ,ssst ’mb l v  t o  ii il~ s l i t V s 1 n u ’t’ it 5Foe,; nu~ t
account  t o t  sot t Wa S O  t a 1 1 i i i  05 - S~’ t

5 
t wa i~~’ t - s i I u re  t i l t ’ ide t it  1 t ’po i t  h ave

not been inc luded  b~- the u~U st  ones i t s  t hi~ ,;c~’pu ’ u ’t t Is is  st u~ly -

The i’ll 10110 l OtS i c a l  r u n  logs I t 0fl1 t he ‘r~~’t- ’ 1 1 S ~levt ’ 1 o1~~~n t al t est i ng t
5
oi

the ca l e n d a r  t”- r tod covet ed b~ the F1qu i pmet lt  Pu - i  t o i n sance  Ret~ ’rt  ,- de 1 ive it -d
t o  ARINC Research have be esi  s t o o d  t o  d ev elop  assemb ly  s~~1 tab i l i t  y t t o u t  es
A sample in n  log s beet  is shown in  F-’ i ont o “—1 . These r u n  1 ego show upt  h Ilt’

and downt ime’ fot  o.~ - h of  t ise ma j o t  asst ’mb l tot ; t h i - ot to ho t it  t he  I i t  ot  u _ i t

dove lopment a 1 test i t ig  . A I t  hougli  so t t  w a t  t ’ t a t  t u t u ’ l nc i dent  u - pot t t ; w et  o

• not a par t  of t h i s  s t u dy , t h e  ~lot  s u i t  tors o os sssornb 1~ - success  t h a t  t iet  0 1 —

mined whe ther -  an as semb lv  was cons d& ’t 1-d to  be -- up 0! “down ’ t o t  F is-
chx-ono log i c,i 1 i-tm 1 ogs fli’ 1 tided so t W i  I t u ’~ ’ I5 , i i h I ~t ,l t S i S I S ;  i n  t a c t  , a ln~os t
all of t he  assembl \‘ t a s  I t i l e s  ~u ’t t I ,It;t i t  t o u t s  to t i t u ’ “down ” st  . it  e l  wet  ~

-

so f t w a r e — i n d u c e d.  The’ t O  f o re , a i t  h~’;s~sh t he s e  i’a 1 ssu -~ ; cannot  l’~- compas - ’d
S with the mtide Is deve l o t -o i l  in  t ’ i s , s t - t  u t  Foui  , t tscv hs , sve ’ been used t o t  t h e

~— a l c ul a t  lois o F  t o t a l  sv st  ~-SU i o u  it ’ s l i t  \ 5 5  1155’ t h~’v a t ~ - mt’s 0 o}-tesont a t  t v o
• S of the t e a l  s t t  na t ion i . e . , t hey I t I ~ I t ide s o f t wa r e — t e l  a t  ed , isse ’mi’ 1 v s t  a t e

trans it iO 1)s~

5 4 — The ~ t at l o t  l i ;  M-rBF’ and M 1’ 1’l~ ha ve t ’ee ’ti dove loped t o t  t h e  CPC , RMS , and
RS S ifl a manfle’ r aisal ogous t o t h a t  d u ’sct i bed in  Ch.ipt e i Tb l e e’ t o t  t h i ’ I HIts .

— . The total assemb l y b o u t s  t o t  t - i i i ’ , t t s ;t ’iPst ’l t vpe have beets d i v  i~1ed b~’ t h e
n umber of u p — t o — d o w n  t r aits i t  i oiss to t t h a t  t ~~~‘u t O  t’~ ~‘diict ’ M’rBF’ v a l u e s .  The
t ot  ..sl downt t m ’  t o t  eat -h .15 semi’ I v  t vpt ’ has t’t ’u ’ti dii- i dod by t h e ’ n umber o

S 

— 
doW n— t o — i l l ’  t t a i l s  i t  I Ou ts t i ~ t t hat t 

~T0 
to ~‘onsput e M’l’TR t s gis t O s  . These s e o ul  t 5

F art5 p r t ’st ’u l t  o~I in  Tab l e  5 — I

S ~
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T~ b I o  5-1 . MTBF AND M’117R FOR TIlE
MAJOR ASSEMBLIES

S Assembly MTBF ( H o u r s )  MTTR ( H o u r s )

CPC 3 .10 .37

RMS 1 .00  . ~‘1

RSS L60 1.00

Ru -l i a b i l i ty  value s dov,-l i1e.1 for t s- m i  u a ssembl i es  f rom these
- s t a t i s t i c s  1 1 u ’ given  in Tab le  ~~~~~~~~

Tabl e ~~ — _‘ . RFITAIF IL ITY \‘Al ttES FOR THE
M .t t i iR A: S : • ~~o 1 I l : s

M i s s i o n  T ime
Assembly

1 Hour 2 Itous s 3 Hours

CPC .7,1 .38

. 3 3  .19

RSS .53  .2~ .15

The major a s s emb l i e s  of the TACELI S i n t e l l i g e n ce -g a t h e r i n g  system can
- be combined in several w ay s .  Th e total number of possible co n f iq u ra t i o n s  S

is determined by the number of “building blocks ” available to the field
user of the system: S

• 1 Control and Processing CoIl tt ’l

• 2 Remote M a s t e r  S t a t i o n s

S 8 Remote Slave S ta t ions

The allowable assembly  interfaces are governed by the  fo l l owing  rules :

S The Con trol and l’ r e c o s s i s s g  Center can be l i nked  to 0 , 1 , or .7
S Remote M a s t e t  S t a t i o n s , as shown in F i g u r e  5— 2 .
• — Each of the t ight Remote SI ave ot at ions is equipped w i t h  three

data links, two of which a si - resu ised for norma l operation . The
third data l i n k  is used it n i i- wl~ t’u; t h is ssoeml’ly type is designated

S as a Mas te r Re mote  S l a v e  S t a t i o n  ( i ~I R S S )  an d assigned the role of
i n t e r f a c i ng between i ’ t h - u  R e m o t e  S lave  S t a t  ions  (RSSs) and the

• - Remote Master  St a t  ~‘is ( IC-is) . L’ommslts icat ion between an RMS and any
PSS must a lways be made’ through an MRSS -

a-.

S 

5-3

a

—~~~~~
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H]
Conf i g u r a t i o n  1

CpC

Configuration 2

CPC

Configuration 3 P215

S Figure ‘~-2 . CPC-RtIS LINKS

• Up to t ight Remote Slave S tat i o n s  (one a de s igna t ed  Master Remote
Slave S t a t ion) can be slaved to tine Remote ~t aste r S t a t i o n .

• Each Remote Master Station can ru -la y signals from onl y one M a s t e r
Remote Slave Station to the Control and Processing Center.

- Each Master Remote Slave Station can have no more than two links
to Remote Slave Stations .

• Remote Slave Stations can be “daisy-chained” .

5.2 OPTIONS FOR THE CPC-RMS LINK

All possible options for the CPC—RMS link are illustrated in Figure 5-2
The CPC can stand alone , be linked with one RMS , or be linked with two RMSs .
Selected reliability values f o r  Cost~ iqurat i ;~n .7 at ~- as fol lows :

Mission Hours Reliability

1 .41

2 .17

3 .07

5 — 4

-S -— -~~~~~~ -
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The t-ru ;b5ilii 1 ity of t u - t a i t l i n u j  at l e a st  u g i ~ - Ci’C — RNS l i n k  in (‘onfiqurat ion 5 t
is as t o  i le iw ;;  :

M i  ts ;i on l l s s t s  S I-t i 1 i ahi l i t  ~ F

I 5 )

S . 1 1  -
~

5. 1 Rl- 1 lAD I L I  TY i ’ l ’  TII I - ~ TO’I’A l - SYS’l ’l:M

The ’ est  imates i ’ t  m i s s  l u l l S  t e l  i~ i h i i  l i t  \ I or t h e -  t o t a l  syst i -In depend on
S t isu - sys tem ci. ’t i t 1 5 1 S t  i t  l o l l.  M i s s i o t i  N I  i i h ’ i  I i t i i - s - s  ~tre giv en i i i  Table’ 5 — 3  for

S the’ vat i ’ S I t ;  i~oI1t  i q u i t  a t  l u l l S ;  t;hown i t t  F i q u t u -  5— 1 _ ‘rile’ definit I on  of success S

is t h a t  at  least ~‘us ’- i — R M : t — L : t : t  1o t  Ft must la-main avai l~ bli ’. Its addition ,
two ~~ Ss m u s t  r e—ma i t s  f un i - t  ioiia 1 osd in  ( -ommut i i ~a t ion w i t  Is an 1-1145 so that r
LOB i n f o r m a t i o n  i s ;  oht  a i t ied Sil l  I t l t t ’ l i u ’ l t ~u l S i  qt t a l  is . The’ e f fe c t  of RSS
r edundancy in improvin g it ’I i als I l it y is al l iS nt - ‘rho re-I i obi ii ty of any
d o t ;i  rod cor if i qu r a t 5 i on ~- 1 t 1  bu - i - o n l i l l i t  id by II,; i u i u ~ t h e’ met  hods-s u h e s n i j beu l  i n
Chapte ’ r Four -

• ‘1th I~~- ~- —  - ON 1 — I I i i I I L  H F  55 I ON Ri-~l , l  —

Ab I L  i ’i’ i 1-’(~ R - t ’ F I h - t I - : E
I t  Cu )N F- ’l l5UlIA’I ’l ON S S

(‘ >lit j ’ I S l S  oF  l u l l s  Ri ’I i a b i  I i  t \

Series ; . I I’-

PIu S R e d u t i u l a t i u ’i’ ~2 1 2

RSS Redundausi -y - _ ‘qg S

If difficulties i i  atiSIl\’ e t l i ot i l i t  e t u -d in improving the MTBF v a l u e s  
S

for the Remote Slave St at ion assse’rnls Iv , iii up) if i s u i t  Impi ove ’me’nt in  s y s t e m  S
rd iab i 1 i t y  s a t i  ot  i l l  tn u sht i i  t i O u l  by i i : ;  j ug u ’ousf  i qu r at  j o i s t ;  i n  wh j i - h i  the
M at ;  t i - i  Remote  SI ave St  at jots i s  1 i tiku ’d F o I wi - Re-mote’ SI ,ivi ’ S t a t  10155 - I t i  S

fact , for f u l  t — s ; t r u - t su ~~t h u h u - } i I i - y m - l l t  i l l  t i n ’  - I’Acl-:L TS s vs ;t em , w i t h  fou r  PSOss
reporting Ii ’ otto RMS , t lie i t s  I F - l i t  

S

• - ~~~~F S t t— R SS

(‘F ’C — P145 — M LSt ;  ‘
P55

ire al ways I 1 t e ’ f i ~ t ab l e ’ , f rom a t e l  i a i ’ i l  i t i ’  viewpoint , to

— RM~; — MR:t:t — P55 — P55 — P55

— •  c C
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Series Configuration

RMS Redundancy Configuration

RSS

RNS MRS S

S 
RSS

CPC

S RSS

RMS MRS S

RSS

RSS Redundancy Con f i qu ra t  ion

F i q ur u - 5-3. POSSIBLE TACELIS CONFIGURATIONS
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THREE-STATE MODEL FOR RESOLVIN G
DEGRAI)ED OPERATION

The TACELIS system s~ai5 c ot it  i nut ’  t o  F ’Io \ ’  i do uSe ’ Ic i l I act i cal support  a t
var i ens 1 eve It; us f deq rada t 5 i (Sn - To pt u’v t u t u ’ a RN-F 0 ; ; u  - ;  ; ;;rni - t s t u S I TA(’EI - I S
beyo nd the usual t wo—s ;t , st  e ’ avail als j I it v s-otl cu -pt , a t I s i s - c - — s t a t e ’  mode l is
developed in this chapt i’s . The tis te ’e— s ; I i t  mode’ 1 ~-ati hi’ genera ii Z Oul  to a

more des s -r spt  lye N s t a t  o modt’1 at a l at e ’r t into if m e i l o l i ta- it - Tiit ’ thre e ’—
s t a t e  model p resen ted  he’ t u ’  is s Ot  F l i e  j o i st  I u s I ’ s ov  t i i i ’  t he  basis; f i s t  quan t  it a—
tive evaluat jots of the s i t  u - o i l y — s t  a t e ’ a v u i  lab i li t  i u ’t ; e’O t t e ’n pen d i n q  to t he
t h r e ’ levels  el  TACEI T S u } ~u ’ sa  I StIll as; j u t  s educed its Chapter Four of t i s i
report.

~. 1 MODEL DEVI-: F Ol’MENT

S To ii lust  t a t e ’  the  f o l l o w i n g  i i i  s ;u -U s ; s ;  j o t s , Figure ’  ‘—l de1’i s - I s ;  t h e  three
operational states i d e t t t i t  i t ’d I u s r  TACELIS :

• Automated Mode’ — SEACS I in l et  ion O F - u -tat jolla I

• Manual Mode — Manu a l  t u n i ng  lsu ’ -oo sot  ry

• Sy s ;t u ’m Dowti Cu i tica l I in set ion I u u ; t

Ill S

I l l )  v s. ’Au to 7 Manual S\-oteun
Mode Moh Mode’
Al 

\~‘F A .’ ~ , A l

•

F I gum-c’ ~i - TACEI l S STATI-: TRANS tTl ON III 1\GRAM

i — I

—~~~~ S 
— - ~S A~~~~~~~~~ - - ‘ -



Over a lonq calendar pc-n od , the fractions of time that TACELIS will
S be in states 1, 2, or 3 (as shown in Figure 6-1) ar e  given by state availa-

bilities A1, A2, and A 3. These availabilities are determined by the failure
and repair rates of all system components (“ components” general ly means
LRUs).

These component failure and repair rates enter into the formulas for
the A 1, A 2, and A 3 in terms of state transition rates A jj, )Jj .~ where

= the rate of system degradation from state j to state i

P i j  = the rate of restoration of service from state j to state i

The state transition rates A 1. and p~~- can in theory be developed from
the reliability block diagrams of ~he TACE~IS major assemblies when the
failure and repair rates of each system component (LRU) are known. This
computation is tedious if not computer-automated . In addition , it is
d i f f i c u l t  (but not impossible) to carry an exact accounting of the uncer-
tainties in the est imates  for  the many individual LRU5 to confidence limits
for the transition rates A j~~, j J j

3 
and the s ta te  ava i lab i l i t i e s  A1, A2, and

A3. The advantage of this direct method of c a l cu l a t i ng  the ava i l ab i l i t i e s
is that  it  permits identification and evaluation of critical components ,
together with the effects of their failure and repair rates.

An a l t e rna t ive  approach is to e v a lu a t u -  the t r ans i t i on  rates ~~~ and
and the ava i l ab i l i t i e s  A 1, A 2 ,  a nd A 3 d i r e c t l y  from the existing devel—

o~ nenta1 testing run logs. Let T1, T2, T3 denote the a c c u m u l a t ed  operating
times TACELIS was in states 1 , 2~~ and 3, respectively, during a total
logged operating time T = T1 + T2 + T3. Then point  es t imates  of the A1 are

Tj/T; i 1, 2, 3

Let 
~j i  denote the logged number of transitions from state i to state j

(i, j = 1, 2, 3) during the logged intervals T1, T2, and T3. Then t h e’ six
t r ans i t ion  rates A j i  and i~jj are estimated by

= n~~ /T 1 i = 1, 2 ; ~ = 2 , 3 ;  i ~ 1

= n~ 1/T 1 r = 2 , 3 ; = ~~, 2; i � j

6.2 STATE AVA ILABILITY FORM U LA S

The formulas for the o t a t t -  availabiliti’s A 1, A 2, and A 3 i n  terms of
the t ransi t ion rates are obtained by solvin g the steady—state transition
equa tions:

o = —A 1 (x 21 + A 31) + f t 2  P 12 + A l ~l~~ 3

o A 1 A 21 — A2 (\ S 1.7 + u12) + A 1 p23
o = A 1 A 31 A 2 A 32 — A 3 ( h I ’ l  +

- L

55 
— --
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I
subject to the condition that the system must always be in one of tht’
three states, i.e.,

A1 + A 2 + A 3 = 1

The solution is seen to be

A1 = l’~~~l + Y2 + 13 )
S A2 ~~~~~~~~~~~~~~~~

A 3 = 3/~~~l 
+ 

~~2 + 13 )

where , in terms of A 1~ and

= P 12 P13 + Pl2 P23 + 
~ H A 32

= 
~l3 x~1 + P23 ~2l + jJ S 3  A 31

13 = P I2 A 31 + A21 A 32 + A 31 A 32

5 5 6.3 APPLICATIONS OF STATE TRANSITION MODELS

The software applications packages that control TACELIS system opera-
tion are currently being modified too frequently to permit acquisition of

• meaningful data from developmental testing for a three-state availability
analysis of the TACELIS system . Since the system is , in e f f e c t , being
continuously redefined with respect to softwarc , any quantitative descrip-
tion of the availability of the many TACELIS capabilities would be obsolete
by the time it could be published. However , at a later state in the devel-
opment of the TACELIS system , when the hardware and software coisstitutinq S

the system remain constant with t ime , a multiple-state analysis of TACELIS
availability as presented in th i s  chapter  should be made. Since’ several
levels of degraded operation can be defined for the TACELIS system , all of 

S

which may yield some degree of useful information , the multiple—state analy—

- 
sis provides a much more appropriate description of system availability.
Therefore, the methodology has beets presented for future use.

-I 
S
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CHA PTER SEVEN

RELIABILITY GROWTH

In this chapter , the hardware rel iability growth achieved during the
first 11 months of developmental testing is analyzed and improvement—effort
allocation is discussed .

I 
S

7 .1 RELIABILITY GROWTH

Whenever a statistical estimate is based on a sample of n data items,
such as an MTBF estimate based on n incident reports , the confidence that
the true but unknown mean of an infinite population of these data items C

lies within fixed bounds about the estimate increases as n increases .
Correspondingly ,  for a given level of confidence , the bounded interval S

about the estimate that can be assumed to contain the true but unknown
mean decreases in size as n increases. In short , a reasonable number of
incident reports must be avai lable to make a mean ing fu l  estimate of MTBF

• and to make statements about reliability growth. Therefore, only those
Line Replaceable Units for which more than 15 incidents were reported have
been studied to determine whether any significant change in MTBF occurred
during the first 11 months of developmental testing.

The analytic approach involved computing a value MTBF(l) for each LRU
based on the first half of the calendar test time , which contains all those

- incidents reported through April  11, 1978. Symmetrical 80 percent confidence S

limits were developed for the MTBF(l) estimate of the true but unknown mean S

life of the LRU type (see Figure 7-1) .  Then a value MTBF(2)  was calculated
from the second half  of the chronological test data. If the MTBF(2)  value

S lay within the 80 percent confidence interval about MTBF(l), the result was
judged inconclusive. If the MTBF(2) value lay outside the bounds of the
80 percent confidence interval about MTBF (l), a significant change was

- recorded. The results of these calculations are presented in Table 7—1 .
When this analytic method is used , four  of the seven uni t  types show
improvement. Two units types have declined in r e l i ab i l i t y. The results

• for the VHF Receiver are inconclusive .

• ~~

a-

7—1
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In 80 percent of the estimates , this in-
terval will include the t r u e  but  unknown
mean of the p opula t ion of data  i tems .
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I S

Lower SO t’ercet st Es t ima te  of mean (l 1’}-e r 80 t’~~ 
c e I l t  N a ss au ’ u )

i~0U f idt ’t~~e’ l im i t  for data sample c o n f i d e n c e  l i m i t  va lues  for
of is ite ’ms data items

F i g ure  7- 1 .  CONCEPT OF CONFIDENCE LIMITS

7 .2  LRU IMPACT ON TACELIS SYSI ’EM R E L I A B I L I T Y

For any in teqe- i  is , the  t~~ 1 low i n g  i ’Ofl f iq u r a t  j ots  is a lways  more! rd iah lt -
than the s ingle  u n i t  A :

The r e l i ab i l i t y  diag ram s in F ’iqures 4 — 1 , 4 — 2 , and 4 — 3  show t h at  t h e ’ TACEL1S

system , w i t h  f i t s - s t — I e’ve’ 1 capabi l i t v au -id 01st ’ RSS opor at  i ona 1 , can be no 1 e’ss
rel iable than 118 u n i t s  a l l  in S O t j e ’s , w i t h

• ~ t- u n i t s  in the CPC

• 29 un i t s  in the RMS

• 23  un i t s  i ii  the RSS S

I f  each u n i t  its t h i s  h yp oth et ic~t 1  S e t  os; cOl) f igu r a t i o n  we Fe’ requi  rod to
have a 24—hour  mission rd i ab i  i i  ty of RO or g t u - at e r , then  t he  rd j abs  l i t  v
o f the imagin ary  sy sste ’m would he ’

R ’  (~~~) l l 8

There fore , by 5-se ’ 1 oct i t ig a l l  t h e ’ I Rlit; f rom t lie equipment  l i s t  w i t h  a 2 4— h o u r
rel ial_’ i i  i t y  less t h a n  R0 and 11 ’ ;’o t i t s t  i t51 1 l u st  them , one cats  q u ick l y icient s fy
areas for  har dwai  e improve ’ment t ha t  wou ld gu a r a n t ee  a ‘rACELIS Ct’C— RM S—RS S
sequence to have a .‘4—ho ur re - I iab i l i t  y of a t  ? u - . i s f  ( R t-t )  1l8
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Tise ’se ’ LRU s which  i F e ’  the  l’oorcst u ’ unt t ibutors to system reliability
can be identified by the pro ce’ss of e’I im inat ion . The lowe r c u t o f f  po in t

for acceptable unit reliability is identified and those’ LRUs failing to
e’xce ’e’d this value are listed . The ut ii t  t vpes that are not included in the
118 segments critical to t h e  d e f i n it i o n  of system success are deleted from
the list . Reliabilit y is ca lcu la ted  t o t  e’ach of the c r i t i c a l  st -qme ’us t s con-
taining LRU t y p o s that fail to meet the R0 standard . Those se’qm e nt s  which
meet the R0 value because of unit re’dundancy at- c  d ropped from consideration .
The remaining segments are analyzed tot - a l lo c a t i o n  of the  improvement e f f o r t  -

Table 7 — 2  l i s t s  LRUs in the TACELIS system h a v i n g  a 2 4 — h our un i t  rel i-
ab i l i t y  of I e’ss tha n  . The’ C i t  I s i  u t u i t ’ Maqne’t i 1 Tape’ U n i t  has been re-
placed durin q developmental testin g with a more t e l  iable’ tape—read system .

S Units judged as b e i n g  riot cr i t  i ca l  to TACELIS sys tem ot’ e’t a ti on  , i r e ’ :

- GRC—l03 AM—334~
S - c ;Rc— l 03  RT— t ’t ’2

Pan Mots itos Swi tch  S~~2 l0~
- Pan Processor U n i t  MX —9 4 $S

• VHF Rece cet  lS~sO

The fo l lowing u n i t s  appear as; redundant  implementa t ions :

• CRT Display Control icr

- TD—203  Mul t  i~ ’l t ’ X e t

— Scanner Cont i o l  Pause’ 1

- Time Division Demult iplexer S

• Temporary Sto  n aq e Re’cotde r

• Output  Encodor  Module

• Out put Du ’code’r Moul U 1e

• Magnetic Tape D n i v u ’

Each of the redundant imp l e m e n t a t ion s  oi these units is ; equ iva len t  to a
single unit having g r e a t  e~s than u 7 u ) i , 2 4 — b o u t  s e ’i iab i 1 i t v  in the currently
used assembly configurations. S

The fol 1 owl ts~s un i t s  ha ve not been ci in i nat e’d from cons i ie rat  iou-i and
are c r i t i ca l  to system ope ’sa t  ion :

• 1 LOB Antenna in the }*5

• 1 Twin—Channel R e c e i ve r  in the’ RSS

• 1 RAMTEK Keyboa rd at the  Loca t ion  Ari a 1 ys t p os i t  ion in the’ CPC

Any improvement in the  r e l i a b i l i t y  o f t hese t h r e e  u n i ts  types w i l l  re sult
in a directl y propont  i o n al  improvement  i t s  syst  em r e l i a b i l i t y  - 

- ----~~~~~~ - -- -. 5 - - - - - -~~~~~~~~~- —



1
I

— 

Table 7- .’. TACELIS UN I TS HAVING LOWEST RELIABILITY

Unit 24-Hour Reliability

LOB Antennas .9883

Cartridge Magnetic Tape Unit .9888

CRT Displ ay Con t roller .9920

GRC—l03 AM—3349 .9927

GRC—103 RT—662 .9927

Multiplexer TD—203 .9944

Pan Monitor Switch S—2109 .9925 
- 

-

RAMTEK Keyboard GX-lOO-A .9814

Scanner Control Panel C_ illl2 .9939

Time Division Demultiple’xor TD—l099 .9944

Temporary Storage Recorder .9631

Output Encoder Module .990 9

Output Decoder Module .9902

Pan Processor Unit MX—9428 .9948

VHF Receiver R-1850 .9944

ULR/l7 Twin Channel Rece’iver R—l 9~~2 .9904~s

Magnetic Tape Drivu’ .1070

A more rigorous mathematical technique would be to use the - equations
for RCPC , Rp~ 5, and Rp~~q developed in Chapter Four to compute the partial
derivatives of the assembly reliability values with respect to the reli—
ab i l i ty  of each c r i t i ca l  LRU . The method p res e n t e d  i t)  t h i s  sect ion, how— H

ever , is a quick and e f f i c i e n t  way to detect t rends d u r i n g  developmental
test ing.

7.3 ANALYSIS OF ASSEMBLY SEGMENTS

The effect of improvement—effort allocation on assembly reliability
will  now be studied in accordance with ti-ic discussion of sensitivity analy- r

sis presented in Section 4.7. The segment of the Control at-id Processing
Center containing the 1840 Magnetic Tape Drive has been selected for study .
This unit was allocated a very low MTBF in view of ti-ic assumption that two
units  were opera t ing  in the CPC for  a total of (s ,408 tes t  hours , and seven
fai lures  were reported . TI-ic segment of the assemb ly being considered is
shown in Figure 7-2.

7_ Cs 
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1840 1840
________ M a g n e t i c  Mag net ic  _______

Tape Tape
Drive Controller

1840 1840
Magnet ic  Magnet ic

Tape - Tape
Drive Controller

Figure 7-2. SEGMENT OF CPC ASSEMBLY

Figure 7—3 illustrates the reliability of the Magnetic Tape Drive
segment of the CPC assembly. Curves are given to show varying degrees , M ,
of redundancy. The solid curves ShOW reliability as a function of time
for  one path , two parallel paths , and three parallel paths. The dashed
curves show the reliability that would be achieved in each case i f  the
MTBF value for  the 1840 Magnetic Tape Drive could be improved from 1830.9
hours to 2000 hours. This graph indicates the improved segment reliability
that can be achieved by i n c r e a s i n g  u n i t  MTBF or implemen t ing  redundancy.

It-i general , graphs similar to Figure 7—3 should be prepared for units
with low MTBF values that have a severe impact on system reliability dur ing
developmental testing of a system . These graphs should i l l u s t r a t e  how
various levels of redundancy would improve the r e l i a b i l i t y  of the c r i t i ca l

S system segment. Tl-e impact of improving the MTBF values for elements
within the system segment should also be shown . Reliability-improvement
effort would be allocated on the basis of a study of these graphs and
include such considerations as cost , available space , and whether the
critical element was GFE or CFE.

7—6
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CHAPTER EIGHT

SUGGESTED CHANGES TO IMPROVE RE LIABILITY ASSESSMENT

This chapter enumerates the limitations encountered by ARINC Research
during analysis of data recorded in the format currently used by the De-
velopmental Tester. Recomr’-endations for improving reliability docuxnenta—

• tion are also discussed .

8. 1 CURRENT METHODS

Reliability data for systems undergoing developmental testing are cur-
rently collected by the Developmental Tester. Data are manipulated and
stored by a combination of clerical and computerized methods during testing.
After the information has been evaluated and categorized at a scoring con—
ference, selected data are subjected to computer analysis to generate
reliability values.

The fundamental data set on which the reliability analysis is based S

consists of all the controlled maintenance actions requested in conjunction
with developmental testing. For each occurrence , test personnel fill out a S

Maintenance Request, DA Form 2407 (illustrated in Figure 8-1). After addi-
tional facts become available from subsequent diagnosis and maintenance S

S action , the maintenance data are edited by the Test Engineer for the Devel-
opmental Tester arid compiled on an Equipment Performance Report , DARCOM
Form 2134. This is the form that is actually presented for evaluation at

S the scorin g conference .

The scoring conference participants are tasked with composing the
f inal list of incidents tha t meet the standard def in ition ‘~f failure and
categorizing this list in two ways:

• Separating system from miss ion failures
• Distinguishing between failures attributable to Government-furnished

equipment and contractor-supplied items

• The final data set, which results from editing of the original data by
the Test Engineer and categorizing of the edited data by the scoring con—
ferees , is used to generate reliability values .

8—1
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1. The Recorder Control Module could not control the appropriate Temporary Storage S
Recorders. Intermediate maintenance was notified.

2. The incident occurred during TACJAII interface testing. 
S

• 3. Th, impact on tastin g was minimal as the item was not required for ongoing teats.

— — 4. The level of maintenance required for isolation was organizational.
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tion was organizational.
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I
r u e ’ workload imposed on tl it ’ Test Eng inee ’h by manual data—hand linq methods

~‘re ’cludes t h is  type of data analysis for systems requiring large n umbers of

I main tenance  a c t i o n s .  Th e r e f ot e ’ , data trends of interest may not be revealed.

I 8 .tu IMPROVE MENT REc~uIREMENT S

To be advah1t-aq ~,-’s.’Ius , auiv e’hanqes in  reliability documentation methods
should conform to 1-ert a m  bas ic  ‘Iii  losor h i es . The suggested improvements
should be sufficientl y comprehensive’ t s- -s support both developmental and

• operational testing with the same st -t of data—collection and data—analysis
tools. They should invoke the  ~‘OW. ’h f u l  a l q o r i t h m is -’ iteration and list— S

- processing c a p a b i l i t i e s  of the computer. Finall y, the effort required to

• implement new techniques  must  have a lower dollar and nan-hour value than
the value of the’ time and information lost, w i t h  the prose ’h lt techniques .

0 8 .7 RECOMMENDED METHODOI OO’u r~

The recommended meths-’doloqv toi- deal 1 11(1 w it h  tes t  programs t h a t  u1~~ h h ’r—

• ate large quantit ies of m a i h ’It .enance reques t s  is keyed to improvement i n
f i ve’ basic ar e ’s- is :

Military Standard RAM cohiL ’eTts and d e f in i t  ions

— The test s-ies ign and O V I O I d  I I t e s t  plan
— 

The i h i s -’ ds - ’ui t — I t ’~’O rt i lls-I fo t~~ , i t
a

• The data manipulati on techni ques

— The agchaeia fo  h t h e  sce~ I i  nq s- ’ohl fe renc e 
S

These concepts must be implemented i ll  a manner that coordinate’s with a
- computerized data an a l v s’s  app l i c a b le ’ t o  t h e  results of both developmental

and operational test u i11 .
C

Computer analysis should begin as 5u ~ Oh l  as 200 incident reports become
- available from developmental testing . The an a l y s i s  should be updated
• periodically to support RAi’.i improvement allocation and reliability growth

analysis. At the time of the’ scorinq conference , the same computer capa—
bility should be used to s-le ’ve ’ls .”p an agenda f or  the  scoring conference.
Finally, the automated analysis should l’s- - capable of providing all required
RAM statistics based on th e re su l t s of the  s s - o r  i h i q  cohlferehie’e

8.8 CONCEPTS AND D E F I N I T I O N S

~ Before’ a meaningful RAN a i a a l - y s i s  i’ro.’edure ’ can be automated , the dis-
crepancies and ambiguities in the ’ currently published Technical Manuals ,
Army Regula tions , and Mu i t s - t r y  Standards must be r eso lved . The f i r s t  ef for t

I 
should be to create’ a system caIt ’i :uiar  similar to that shown in F igure  2 — 1
(Chapter ‘I~~o) containing all the t i m e  division s h l e c e s s d ty  to descr ibe the

I
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l i f e  of t he system , with particular attention to the special practices and
procedures of developmental and operational testing . Then the time-relat ed
parameters needed for a comprehensive statement of system effectiveness
should be defined with reference to the system calendar.

8.9 TEST PLAN

Several improvements are indicated during the planning phase. A pro-
gram must be developed to provide all test participants with an overview of
the information flow from raw test data to final RAM results . This over-
view is necessary among the participating agencies as well as within each
individual agency . The data-collection personnel , the test engineer who
clerically manipulates the data , and the analyst who conducts the filial
computer analysis are currently operating without formal communication ,
although these partici pants are within the same (Developmental Testing )
agency . This isolation cont r ibu tes  to i n f o r m a t i o n  loss. Moreover , a f t e r
1-1/2 years of TACELIS developmental testing, the Materiel Developer has
not been thoroughly briefed by the Developmental Tester on the computer
analysis techniques used by the latter agency. The situation u r s - l e n t l y
requires improved lines of communica tion. .5

A complete list of the LRUs to be included in the system under test
should be published for the use of all participants prior to testing . This
document should present an unambiguous description of each LRU and should
indicate in which major assemblies and in what q u a n t i t i e s  w i t h in  each as-
sembly a particular LRU t ype  is deployed . T h i s  l i s t  should be p e r io d i ca l l y
updated to reflect necessary substitutions and component modifications.
All personnel involved in the data collection and anal ysis effort should S

be working from the same list of LRUs and using the same nomenclature.
This is currently not being accomplished , with the result that serious
difficulty is encountered in assessing data for improvement—effort alloca-
tion prior to the scoring conference .

An initial description of system configuration must be prepared , de-
scribing each equipment location as a unique s-ids-lress . The part number and
serial number of the physical unit at each address should be specified at
the start of testing . Particular attention should be s-iiven to preserving
the histories of similar equipments in different deployment locations. Onl y
in this way can some failure patterns influenced by maintenance and usage ,
environmental factors , or collocated faulty equipment be isolated .

It is par ticularly important that the nomenclu iture system developed S

permit a distinction between Government  Furn i shed  Equipment (GFE) and p

Contractor Furnished Equipment (CFE) . The ma t o r i t y  ot’ the LRUs for  w h i ch
the highest n umbers of i n c i d e n t ; W s - h s ’ I IOI’s)h t est tel this st u d y  n c  s~ I- ’l -~ 

S

(6 out of 7). It must be p o ss i b l e  1, 5 1  t he  CuSnlN lt  el s - i l u 1 u ~ I i t l i n i  t O  make ’
accurate statements about the  imj’~is--t of (‘FE s-’hl system reliability i f  im-
provement e f f o r t is to be p r o p e m  l y s-il l o c a t e s - I . T h e r e f o r e , the ’  separate

S contributions of GFE and CFE to sy st ~~ r e l i a b i l i t y  must be app~ s-~pi i at e ly
accounted for.
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I
A run log should be designed to preserve test activity data pertinent

to the RAM evalua tion . Chronologica l data -— including Julian date , elapsed
total test time , and daily uptime and downt ime for major assemblies --
should be recorded in a format directly translatable to computer input.
A l l  substitutions , modifications , or reconfigurations should be recorded

J in this run log, combined with the elapsed total test time at which they
are effected . Currently, vendor modifications are reflected only as nomen-
clature changes in the Equipment Performance Reports. In this way , valuable
reliability growth data are lost.

‘I
The configuration description, LRU list, and run log formats must be

f lex ib le  enoug h to meet the expanded requirements of operational testing .

8.10 INCIDENT REPORTING

Data—collection personnel may be handicapped by several factors :

• Lack of motivation because they have no overview of how the data
will be used

• Lack of elementary RAM training in the meaning and significance of
the data

Lack of opportunity to properly complete data forms during a high-
workload test situa tion

Lack of appropriate alternatives for describing a particular situa—
tion because of the composition of data forms

Al l personnel who will participate in data-collection during a planned
test should be given a brief training course before testing starts. This
course should include motivational statements , a simple but factual descrip-’
tion of RAM statistics , and an overview of how the test data will be devel-
oped and analyzed. In addition , a human-engineering effort should be
directed toward composition of a data-collection format that will obtain
the best results . A detailed study of test procedures should be conducted
before this comprehensive incident report is designed. A checklist or
multiple—choice s tructure is probably the mos t appropriate.

A single report form should be designed to accommodate all data relating S

to one particular incident . It would be used to initiate incident reporting ; S

track all subsequent data , including diagnosis and maintenance efforts ; and S

carry the data to the computer anal ys is in a format identifiable wi th the
S input of the computer program . This procedure is intended to prevent infor-~

~~~
“ mation loss in a manual data—editing step by deferring data editing to a P

computer sort. The proposed incident report form would replace the Mainte-
nanc e Request and Equipment Performance Report forms currently used . S

To permit timely forwarding of information concerning incidents to the
Test Engineer without waiting for the addition of maintenance and repair
data , the format wou ld be impl emented on mul t iple copy paper. One copy ,

‘S
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al though still incomplete , could be promptly routed to the Test Engineer
following incident occurrence . Remaining copies could be distributed to
test personnel requiring the data after all maintenance and repair informa-
tion had been included .

The computer program would be correspondingly designed to process the
data in various levels of detail. First-level processing would be applied
to data immediately routed to the Test Engineer to support allocation of
rel iability improvemen t effor ts. More detailed processing would augment
the in i t i a l  RAN results when the completed incident reports became
available.

The crucial factor in making this procedure efficient is the descrip-
tion of exactly what constitutes an incident. It is necessary to construct
a clear definition of acceptable operation , for both individual units and
composite systems, as well as an exact statement defining mission success . 

S

Whenever operation fell below this predetermined level of satisfactory per-
formance, an incident report would be generated . The report format should
be designed to include parameters that permit computer analysis to distin-
guish between the following:

• Scheduled and nonscheduled maintenance

• System and mission failures

• GFE an d CFE

In the present system , reports are generated during developmental and
operational testing for controlled maintenance actions according to the
schedule shown on the front of DA Form 2407 (Figure 8-1) entitled “Uses and
Instructions” . At the scoring conference , failures are categorized accord-
ing to the Signals warfare Laboratory publication Failure Definition and 

S

Scoring Cri ter ia .  The data set subjected to the reliability analysis using
current methods is ini tially defined by the maintenance criteria and ulti-
mately sorted by the failure definition , al though these two concepts were
developed independently. With the recommended methodology , all the defini-
tions by which the data are evaluated during analysis should be tailored S

to work together. H

8.11 COMPUTER PI~DGRAM

S 
The composition of a computer program that would serve all the require-

ments of storage, sorting , and ana lysis of da ta for developmen tal and opera-
tional testing is the basic element of the recommended methodology. The
important characteristic of such a program is flexibility.

Mul tiple READ options must be available to accept the various levels
of detail with which incidents would be described , including :

The incomplete incident descriptions forwarded directly to the Test
Engineer

8—12
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• The completed incident descriptions , including diagnosis and

repair data

Incident descriptions corresponding to all events defined as
failures at the scoring conference with parameters categorizing
failure chargeability

The dimensioning of data storage arrays must be expandable to permit
the continuous addition of data as testing progresses. Data would accu—
mulate in three categories as follows:

• The system description will change wi th reconfiguration , modifica—
tion, or generic type replacement.

• The chronological data from the run log will continuously increase.

• Incident descriptions will  be added continuously to the basic data
set.

Therefore, the input format and array structure for the three data sets
described must be designed to facilitate data additions.

Several processing options must be inc luded in the computer program to
meet the differing requirements for analysis of improvement—effort alloca-
tion , assessment of reliability growth, preparation of scor ing conf erence
agenda, and computation of final RAN results. Most important , the automa-
tion must have a full edit capability for revising stored data as correc-
tions and reevaluat ions ar e made .

8. 12 SCORING CONFERENCE AGENDA

Curren tly , the scoring conference examines the Equipment Performance
Reports in exactly the order in which they were compiled. Consequently, S

1 the discussion moves from one LRIJ type to another in a disorder ly fashion .
The final recommendation of the proposed methodology is to sort the m ci-
dents by LRU type with the computer program to prepare an ord er ly agenda

( for the scoring conference. This agenda could be organized so that all the S

LRU types furnished by one vendor would be considered consecutively , and
that vendor ’s representative could be invited for the appropriate sequence S

[ of the scoring conference only. All incidents relating to one LRU type
would be discussed in the order of their occurr ence but separa tely from
those relating to another LRU type.

L

I
I
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CHAPTE1~ N I N E

- 
CONCLUSIONS

4

This chapter presents the findings of the quantitative analysis of the
- incident data and chronological run log data.

9. 1 THE LINE REPLACEABLE UNITS

Table 9—1 lists all the Line Replaceable Units  of the TACELIS system
for which records of incident data were kept during the period of develop-

• mental testing covered by this report. During this period the system was
not deployed at full—equipment s trength as described in Chapter One . The
major assemblies tested were:

• 1 Control and Processing Center

• 2 Remote Master Stations
- 4 Remote Slave Stations

Table 9—1 shows the numbers of units of each type that were included in the
- major assemblies. Each unit type is categorized as GFE or CFE where this

S information is available. MTBF and MTTR are given for each unit type for
which incident data were available. The symmetrical 80 percent confidence
limits for these MTBF and MTTR estimates are also included in Table 9-1.

S A reliability value for a mission time of 24 hours is given with each unit

• type.

For several unit types, no failures occurred during developmental
testing. For these unit types, the total number of part—hours calculated
according to the methods presented in Chapter Three has been recorded in
place of the MTBF value . The 24-hour mission reliability for these units
has been included in all computations as unity . Neither an MTTR value nor

5 any confidence limits are given for  these un i t s .

5 For some units , incident data were reported , but not the subsequent
repair data. For these units , MTTR and the upper and lower confidence
limits on the MTTR estimate are omitted .
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~ TUE MAJOR A S S E MB l i E S

The 1 , ius~k of s ’omp li,’te ma i n t  eFj anu ’ t u la  t ~~~ S C  - 1 i idt -C t h e  comisutat ion of
dC hj l ’t ’ o ’,i ai,ii l a l z i i  t i ~’ or r n a i :j t , i  ,i,ib i i i  t- s~ t u s i  t he  assemblies  of  the  TACELIS
~ IsI st  s ’ili . ‘ t h u ,  t ’t  O l e , T I 1 ;s ’ U s ~ f lt , 3 Y i  i l a b i J  i t t ;  and 1 s ’~~ ,~ f i l l i i  t t~ liav~ - bet’s re—

p O i t e L l  i n s tead . Table ~~~~~~ l i s t s  t h u s ’  I l l  j , i l ’j ]  i t s , inhez- -n t ,i~
- ,ij],i!’iJ i ts; ,

sm ut s 5 5 , 5  55 5 5~
)
~ l i t  ij I or t he  m,i 1 5 C r ’  Lissembi i cs o t TACELI S . These data iii ’

on the  ChiO!lsS lssq i u , l , I  run iogs f u s i  t i i ; ’  i’ t ’ioited l’hui se el  TACELIS
uh~Ve lopment  ul 1 t t -~~t i nq . A imo s t a 1 of the u~s— to—down assembly t at  s’  i ass5 i —
t b u s ;  WI ’ t t ’ s I l t  twa i’t’ — I fluhllCt d

Ta ble  q~~~’• i ’1A5ls,~ K A SSEMBLY STATIS’F h.’S

I~~I s } s sI i i  51151 1 i t  V
E e l s  t h u  l i t  \‘ t o i  f o u  O n e — H o urI n l i e r u s-ii t

,‘I s C ; C ; I ’inJ s i V  u 5 i i I ’~~~tl O 1 j~ - ‘  ;‘ot I
5’ \ \ S l  1 5,ibi l i t  vM i s s i on  1 i inc S M a i n t e n a n c e

P 1 inc

RMS .5 -1 . ‘ -l . SO s’

[ ESS . 5 s  I

N ,st i s s ’ t h a t  even when  i s l i a t s i  I i  t v  v u  l i t ’ I or ,u C y s t  em .11 low , ss \ ’ s t u ’in
i n h e r e n t  av a i l , i l ’i  l i t  y va lu e s  msi~~

’ i s , ’ r I - , l C ;u s i i a b l e  Is u ’S, 55; ; ’ r e } a i  rabi lit  \‘ v a le s - ; ;  I s
ar t ’ (‘ i();;e t o  Un it 

~~~
.

THE TOTAL S YS Tl-:M

A u n i que tulbiE’ o t  RAM sl i t  l o t  i ; ; ,  us ’ i I i i i s ’ t  he u ) i ’ .’et i  I S  t h e  t o t  i i  PA~ ’l -I,1S

system s ince  t h e  I c i  i a l ’ i l  i t  V et  t h i ’ t o t , i l  ; s ; t t ’m i 1 ;  d i  t t s ’ I  I ’ i i t  for  each
poss ib le  s st e m  ~en t i q u u u t i o n .  I I C FWI ’ \ I ’r , i t  i . I I S I S J ? t ’nt f r om T,ils I s ’ 5— 1
(Chapter F ive)  that  the RSS ,is ; ssenih 1 v h i t ; ;  t he  1s siO~ C ; I MTBI” v 5i I l i t ’ and t he  S

• l a rges t  MTTR value  of the t hree as ;;s ’ml’5 I v  t y} ’es l  c u s t i : ; t  i t  i t t  inq t he TACELI S

system . Co r r espond i n u t  lv , t h e  ESS hiSl i ;  t h i,’ I ~lS’ , ’C t ,i~~~t~uiils I ‘~‘ ,1V ,I I I ,tb 1 l i t  V , .15

shoWn in Tabi ~~~~ , M s  1 1 5  ‘ V S ’ i  , at I ea st  t W~ 5 !; :H ;  lu l ls  t rena i i i  fiii ’ict i 011.11 5 5 r

obtain L i n e  of  Be.i i  i n s ~ i n f o s  i n t l  i s ’ s , An u n  h y s i s ;  5~~t t lit - t ’5 l;s ’ I it  ial assenthi icC -
for min imu m TACELIS ops 5i i t  i on  — — -  I o ls ’ , 1 EMS , a i tu s i .~ RSSs -; — —  I t~vs~ t Is ; t h a t
the RSS is t h e  “ wt~,tk ~~~ t I ink in t ho ct i, i  i i i ”

51 • 4 REPORTED INCIDENTS

- -  
The q il ’ , I  t ost nt imhe i of  i l l s ’ j den ~e i e I ’ )  5 5 j  t I oh fot (WE us it t v

T a b le  ‘)— ~~~ 1 i st  s-s t h e  10 1..RlI t \ ‘ I l I Ss reqI~i i i 1 f lq  t h u ’ sfl CVI I u ’St i l t lml)t ’ i ’  of m ainte—
15115 1’ act j e l l s ;
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Ta ble  1- 
~~• UNIT TYPES GEN E RATJN O MOST INCIDENT

REPORTS
______ - 

N umber j E quip rn en t
Unit Type 

Inc i dt - i t t  s Pi ou ’urement

Temporary Storage Recorder 3~~I s 1’E

CRT Display Controller 47 CFE

VHF Rei,’e i ye r I S ‘-‘0 -1 ;l- ’F:

Output  Encode r Module 2 (WE

Output Decoder Module 21 (WE

Scanner Control Panel  18 (WE

F u n c t i o n  But ton Pane l it, G FE

Pan Processor U n i t  14 Lii:

ARC—l50 Radio 13

ROLM Control Panel 10 GFE

9 .5  THREE UNITS MOST CRITICAL TO SYSTEM HA RDW A RE R E L I A B I L I T Y

The three  u n i t  types having the queate st impact on system l u a u  dwai e
r e l i a b i l i t y  a;; idei it i  tied f rom the avai l’.ible developmental  t e st  dat a in
Section 7.2 ( C h a p t e r  S e ven)  .115 ’:

• The LOB antenna in the RSS

• The Twin—Channe l  R e c e i v er  in the RSS

The RAMTEK Keyboard in the  CPC

9 .6  ASSEMBLY HA RDWARE R E L I A B I L I T Y  S

The 24—hour reliabiliti es of the LRUs caii  be used to c a l c u l a t e  the
hardware reliabilities ot  the TACEI I S  ma~ oi assemblies . The rd iab i i i  l v
equations in (‘11 ,1 }‘t c i -  Four , which i d  5 1 es;ent the  s d  .ib i lit y h Io~’k di aq rams
of the CrC , EMS , ans i  RSS ( F i q t i r e s  4 — i , 4 — 2 , and 4—3 , i e s l ses .-t  i v e iv )  can he
solved by us ing  the LRU 2 4 — b - t ou r  rd abi  l i t  i es sI;ewn i n  Table  ~— i . T a b l e
9—4 shows the  24—hour hardware it ’ I iab i l i t  i es of the ma jor assembl ies .

r 
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Table 9-4 .  MAJOR ASSEMBLY 24-HOUR
HARDWARE RELIABILITIES

Assembly Reliability

t I
Manual Mode 0.98019

SEACS Mode 0.94628

RMS 0.96449
S 

With RSS Control 0.96297

RSS 0.97202

With LOB Function 0.94493

9.7 IMPAC T OF SOFTWARE-INDUCED ASSEMBLY FAILURE

The following results are obtained when 24-hour first-level capability
assembly reliabili ties for hardware only are compared with similar values
based on hardware and software failures combined :

24—Hour Hardware 24-Hour Hardware/
Assembly Reliability Software Reliability

CPC .94628 .00043

RNS .96297 .00000(16)

RSS .94493 .00000(03)

Recommendations for improvement of these values are presented in Chapter
Ten.
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CBAPTER TEN

RECOMMENDATIONS

This ch apt e r  presents  suqL~u ’s t i o n s  for  improv u -ne r i t — e f f o r t  a l loca t ion
made on the basis s~~f the conclusions  repor ted in Cl1a I st i ’r N i n e .

10.1 SYSTEM CONFIGURATION

The ma~ or assembly tha t is most detrimental to TACELIS system reli—
ab i l i ty  is the  Remote Slave Station . Two corrective activities are
recommended:

• The RSS must be the focus  of a concent ra ted  so f tware  improvement
effort.

• The TACELIS system should be du-j’Ioyed wherever possible w i t h  re-
dundant RSS confi~iuration . The optimum interface for four RSSs in
one RMS branch is 

S

.‘~~RSS —RSS
(‘PC EMS — MES S

‘
~~ RSS

10.2 LOGISTIC SUPPORT

The unit types j d e l i t  i f ie d  i i i  Sect  ion ‘~ .4 as hav ing  u i en e r at e d  the
greatest n umbers of ma m t  e s \ anu - u ’ i t ’quest ~; w i l l  (w i t h  the  pr e s en t  fa i l u t e
rates) have a severe impact on t he m a i u lt e n a i s c e  and supply procedures for
the TACELI S system . t-’er  t h e s e  unit t Vi se ;; , a stud y shou ld be conduct ed to
choose among a! ternat i vu’ sol U t  ions , inc lud n~i

• Modi f i cat  ion and impro\’.-isR ’n t o f  Unit

• Implement  a t  i Ofl n t  r edu nd a  llL \’

S Stockuisur of spares

• Rep lacement o f u n i t  t 
~~~~~~~
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10. 3 HARDWARE IMPROVEMENT ALLOCATION

The hardware improvement effort should be directed toward three unit
types:

• The LOB antenna in the RSS

• The Twin-Channel Receiver in the ESS

• The RAMTEK Keyboard in the ( ‘P C

The currently suggested improvement effort is based on the limited data
made available for this study and on the definitions of system success out- 

S
lined in Chapter Fot,~r. Subsequent reevaluation with more data and analysis
resulting from additional testing may alter this recommendation . S

10.4 SOPFWARE IMPROVEMENT 1- ,
Software is the major reliability problem for TACELIS at the present S

stage of development. The scope of th i s  evaluation did not provide for an S

assessment of software reliability improvement or performance prediction.
It is recommended that a software reliability assessment effort be intro-
duced as part of RAM analysis during the operational testing of TACELIS.
Planning for software data collection and analysis should begin as soon as 5

possible because the collection of useful software incident data requires
appropriate data forms and instruction in their use. The selection of
forms and training in the use of these forms could begin in the present
development t e s t  program .

10.5 LIMITP~TIONS OF DATA

The resul ts  p r e s e n t e d  i n  t h i s  report arc based on the informat ion
available to ARINC Research for th i s  study . This Information (data from
the f i r s t  11 months of developmental  testing of the TACELIS system) is in-
complete at the present time . The reader must be aware that the conclusions
and recommendations presented a re  sub jec t  to change as the following events
take place :

• More detailed data become avai lable .

• Existing da t a are  reinterpreted.

Definitions of system success are changed .

• Additional system testing is conducted.

Methodologies for ana lyz ing  the d a ta  have been developed . The possi-
bilities and limitations of the test procedures currently in use have been
iden t i f i ed. P~ p r e l im i n a r y  f i r s t  est imate of numer ic a l  r e su l t s  based on
early data returns i-tas been made . This  report , i f  used w i t h  an understand-
ing of the deficiencies in the data b.use from which it was developed , should
be a useful gu ide to planning t’or th e  f u t u r e  of the TACELIS mate r ie l  devel-
opment process.
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