
P ‘ AD AOSQ 491 ARINC RESEARCH CORP ANNAPOLIS MD FIG 1/2
DEVELOPMENT OF AIR FORCE FLIGHT SAFETY MODELS. VOLUME 10. B—52G—— ETC (U)
NOV 75 F09605—72—A—1132

UNCLASSIF LED C54—0 t—1—l ’ iOb—VOL—lO NL
I~~2 C

U 
_ _ _

flu
_ _ _ _ _ _

ill

I



I
F~R 

~iR1&i~ -~~g ~~~Final Report

I DEVELOPMENT OF AIR FORCE
FLIGHT SAFETY MODELS

I Volume lO

B-52G
B-52H

AIRCRAFT

1 November 1975

i ___ 

Prepared for

SERVICE ENGINEERING DIVISION

J SAN ANTONIO AIR LOGISTICS CENTER
Kelly Air Force Base, Texas

I Under Contract F09603-72-A-1132-SAO1

I
Publication C54-O1-1-1406

7~ 
i.- T1I~~~~ RESEARCH CORPORATION

I I I  
-

I
I
I

II



* DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



— -~~~~~~~
-
—- -- .-

~~~~~~~~-—

t1W!TA~ST~ rwi~ . _ _ _ _

S U C U U I T Y  ~ t A . . I ~ A ~.PI I III. Pi’,. .I tI ,’ :~ O t )a la ? ,,f.’t eH

REPORT DOCUMENTATION PAGE 1 3 1 1 1 1  3! ; ‘I~M
% .  N&.. 3~~~

fl 1 NUMI4I.Il — j~. GOVT A CC FS~~~t PJ NO. 3. R~ CII I t N i ’’.. t A T  ALOG I~~IM11LN

L C51&_ 0]~~1], )êO6 
_________ _______ ______________________

4. T ITLE (asul Subtitle) 5. TY PE OF REPORT 6 PERIOC) COVERED
DEIELOP~~NT OF ATh FORCE FLIGET SAFETY MODELS
VOlu ME 10

6. PERFORMING ORG. REPORT NUMBER

___________________________________ __________ 
C 5~—Ol—l—])~O6

1. A UTHOR( S) 
- 

8. C O N T RA CT OH GRA N T NUMI.IER(.)

Not Listed .F09603—72—A—1132—SAOl

9. p E R F O R M I N G  O R G A N I Z A T I O N  NAME AND ADD RESS 10. P R O G R A M  ELEMENT . PROJECT , T A S K

ABU~C Research Corporat iori~’ 
A R E A & W O N K  UNIT  NUMIJE RS

255], Riva Road
Annapolis , Maryland 21I~Ol

I I .  CONTR OLLING OFFICE NAME AND ADDRESS 12 . REPORT D A T E

SERVICE ENGINEERING DIVISION November 197 5
SAN ANTONIO AIR LSGISTICS c~n’ER 33.  NUMB ER OF PAGES

Kelly Air Force Ba~~ , Tpy’RR — Ri
3 4 .  M O N I T O R I N G  AGEN CY N A M E  & AO DRESS(1I diliCrent from ControUln~ O f f i c e )  15. ‘

~tCU RITY CL ASS. (of th is  report)

SERVICE ENGINEERING DIVISION
SAN ANTONIO AIR LOGISTICS CErvi’i~~ 

UNCLASSIFIED 
_____

Kelly Air Force Base , Texas 1551 
f~~~~ I~~I C A T IO N  DOWN GRADING

16. D ISTRIBUTION S T A T E M E N T  (of th i s  Repor t )

UNCLASSIFIED/UNLIMITED

17. D I S T R I B U T I O N  S T A T E M E N T  (of the abs ’ rssci  entered in mock 20, i f d i f fe ren t  from Report)

IS . SUPPLEMENTARY NOTES

19. K EY WORDS (Continue on reverse aide if necessory and id en t i f y  by block siumber)

2O,~~~~~S T R A C T  (Continue on rev erse side If necessary and identify by block number)

A general description of the Flight Safety Prediction Technique, and the
doctmientation associated with its specific application to the B—52G and B—52H
aircraft , are presented.

N

DD 
~~~~~~~ ~473 EDITION OF I NOV 63 IS OeS0LFTE UNCLASSIFIED

%ECIJRI (V CL. A~5S I f I C A V I O N  OT Til lS I’AGE ( ithen f l a ts  rut rresl) 

~~~~~~~~~~~ - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _



I -c. 

. •r

I Prepared for
SERV ICE ENGINEE R ING DIVISION

SAN ANTONIO AIR LOGISTICS C ENT ER

I Kel l r Force Base, Texas
Under C ~~~~ F~9~~3-72-A-1~~~~SAO1

I
I
I

ARINC RESEARCH CORPORATION

I HEADQUARTERS SANTA ANA BRANCH
2551 Riva Road 1222 E. Normandy Place
Annapolis , Maryland 2140 Santa Ana , California 92702

Pubil C54_
~~

l-1_l4t6.’.1.VOk
~~~Je.B’J

I This docuniest has b..n approved
4cr pi~~iie T.Ieass and .alo; sta

4L~~~~Mt7 \~~~~~



— . ~~~~ - .~~~~ 1

Copyright © 1975
ARINC Research Corporation

Prepared under Contract F09603-72-A-1132-SAO1,
which grant8 to the U. S. Government a license
to use any material in this publication for govern-
ment purposes.

ii

.—



F . . ._

.1

I
I
I
I
J ABSTRACT

I
A general description of the Fli ght Safety

Prediction Technique, and the documentation

I 
associated with Its specIfic application to the
B—52G and B—52H aircraft , are presented.

I

]

I ~5Viuite Section ~~
Butt Section 0

- 0

I ~~~~~~~~~ 
.

WS~R~ iflON / iY~flIiBIU1’f toots
I -

~ - -

I 
/ _ _ _ _ _ _ _ _

I
I - Ill/t v

L~~. - - ~~~~~~~~~~~~~~~~~~~~~~ -— -  . . .



- _ _  __

I
I
I
( GLOSSARY

This glossary presents general definitions of terms used in this report. The
I reader will find certain of these terms defined in somewhat different words in the

text , depending on the context of the discussion; but the meaning will he consistent

L with the definitions given here.

Critical ity — A numerical index of the significance of equi pment fa i lur e
history rel ative to aircraft safety . As an ana ly sis param-

r eter , it can be considered proportional to the likelihood that
1 an Item will fall and thereby cause an accident . ft is the

product of the failure probability and the sensitivity of an

[. equipment item.

Dependency — See link dependency.

I FSPT — Flight Safety Prediction Technique

Flight Phases — Discrete segments of the aircraft mission profile. For
present purposes , the flight phases are defined as 1) startup

-
~~ and tax I , 2) takeoff , 3) cl Imb, 4) cruise , 5) tactics ,

6) cruise, 7) descend , 8) land , and 9) taxi and shutdown.

1 Functional Analysis — The determination of equipment relationships to aircraft
functions performed , and the interrelationshi ps of these

- 
functions.

1. Functional Link — The simplest form of functional relationship in which one
function Is dependent upon the next lower function.

f Functional Path — The compilation of functional links , in sequence , th rough
which a function Is identified as being dependent upon another.

Link Dependency — The conditional probability of a dep endent function failing,
I. given that a particular function it is dependent upon has failed .

Provisory Condition — Operation of an aircraft in a mode or environment such that
I. the safety—related importance of certain equipments Is

increased. Provisory conditions Include icing, ni ght flig ht ,

i supersonic flight , etc.

Provi sory Factor — The probability that a provisory condition exists. Also used
to describe the coded notation used to Indicate that a functlonai

( relationship Is dependent on a particular provisory condition .

Safety Sensitivity — Same as “sensitivity”. •1

IL - - - - - -~ -.. --- -- -
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Sensitivity — A quantitative indication of the degree of safety di gra(Iatio fl
to be expected if a fu nction or piece of equipment fails . ‘i he
more speci fic terms arc “functional sensitivity ” or “eqUi p-
ment item sensitivity ”. -

Sensitivity Path — A particular sequence of functional dependencies (beginning
at the top level In the hierarchical structure) through which
a function or piece of equipment derives a sensitivity value.
Equipment and functional sensitivity values are often
derived through several such sensitivity paths. 
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1.
FOREWORD

I.
This document is part of a 16—volume report describing the applIca tion to

specific aircraft types of ARINC Research Corporation ’s Flight Safety Prediction
• Technique (FSPT) . The technique was developed under previous Air Force contracts
• (see Appendix A). The present effo rt , undertaken in 1972 under Cont r act F09603—72-

- A— 1132— SAO 1, has led to further refinement of the FSPT through its broad application
- to many different types of aircraft . The flight safety models generated for these ai r-

craft are presented in individual volumes of this report as follows:

Volume Aircraft Volume Aircraft

2 T—38 10 B— 52G , H

1 3 F—lilA , FB—111A 11
4 A—7D 12 KC-135
5 F-4D, E; and RF-4C 13 C-5A
6 C—14 1 14 T—39

1 7 A—37 15 F— 15
8 0—2 16 UH- 1N Helicopter

9 OV—10
l - Volume 16 wIll document the results of a feasibility study of extending the FSPT

to rotary-wing aircraft.

Volume 1, an overall summary of the contractual effort , will be issued at the
end of the contract period.

1:
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INTRODUCTION

The Flight Safety Prediction Technique developed by A HI NC He search
Corpo ration provides for assessment of the impact on flight safety of the fa i lu r e  of

— specifi c items of equipment within  an aircraft . in the FSPT , ma thematical  mod el in g
procedu res are applied for processing aircraft—e qui pme nt fa i lure  data to yield a
quantified Index ranking safety-related probl ems on the basis of thei r likelihood of
occurrence and the resulting degradation in the aircraft ’s capabi li ty to fly.

The ranking factor is called “cri ticality ”, which in i ts  s imp lest  form is the
produc t of the failure probability and flight—safety sens i t iv i t y  of an equipment . (A
more detailed definition appears in Section 2 and A ppend ix B.) The fa i lure  p ro h ah i l i t v
inp uts are from basic failure—data sources , AF M BC — i and B5- 1l0. The sens i t iv i t y
es timates are derived by the following process:

a. Systematic analysis of aircr aft  functions to determine those essential
to flight safety

b. Identification of the hardware required to perform these functions

c. Evaluation of the safety significance of the hardware in perform ing
these essential aircraft functions.

The criticality values resulting from this approach provide a relative ranking of
all malfunctions with respect to their safety significance. Figure 1—1 is a simplified
example of how three equipment Items would be ranked on the combined basis of their
fail ure probability and safe ty sensitivity. This figure illustrates an example in which
i tem A has the highest failure probability , but due to the low sensitivity value is
ranked below item B in criticality.

The methodology has the ability to rank malfunction probl ems currently and
continuously by their accident potential . This ranking, based on cri t icali t y assess-
ment , can provide the basic parameters necessary for:

a. Identif ying equipment Items whose failure history and application pose
a threat to aircraft safety

b. Quantifying the degree of threat associated with eac h equipment item

c. Evaluating and tracking the effectiveness of modifications to the air cr aft

d . AssessIng safety benefits versus the cost of proposed aircraft modifica-
tions , changes in maintenance or fl ight operations , or alternative aircraft
designs.

~~~~~~~~ l-1 
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CRITICALITY P x S

Where P Probability of fail ure

S Safety sensitivity ; the accident exposure
associated with each failure occurrence

Figure 1-1. Example of Criticality Ranking Process

In this report , Section -i and Appendix 1) pertain specificall y to the B—52 G and
B—52 11 aircraft . The remainder of the document provid es support In form at ion th at  w i l l
make the 11—52 data , and the method by which the data Were obtained , more meaning-
ful to the general render.

Section 2 presents an overvi ew of the development an(l u t i l iza t i on of the Fl i ght
Sa fety Prediction Technique; Section 3 dIscusses the steps associated with generatin g
a safety model for calculating the safety crit icality of various equipments of an air-
craft ; and Section 4 describes how the safety models for the B— 52G and 11—52 11 ni t - craft
were developed . Appendix A summarizes the contractual history of the development
of the FSPT; Appendix B discusses mathematical considerations underlying the tech-
nique; Appendix C’ discusses FSPT documentation methods; and Append ix 1) presents
functional relationshi p diag rams and a listing of keypunch cards that comprise the
safety model documentation for the 1152G and B— 52U aIrcraft . 
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2
METHODOLOGY UNDERLYING FSPT

This section discusses the basic definitions and mathematica l concepts
associated with the Flight Safety Prediction Technique.

2.1 DEFINITION OF SAFEAIRCRAFT

To develop a relative measure of aircraft safety degradation resulting from
specific equipment malfunctIons, it is first necessary to define a “safe ” ai rcraft. For
purposes of the FSPT assessments, an aircraft is assumed to be in a safe condition if
it Is operating within its prescribed perfo rmance limits. Conversely, an aircra ft
operating (or about to operate) outside these limits is considered to be unsafe — in a
condition where property damage and personal injury may result .

The safety prediction methodology does not attempt to assess the extent of
possible personal inj ury or aircraft damage resulting from an unsafe condition.
Neither does the concept consider ejection capability , parachutes , life rafts , etc. ,
which do not make an aircraft safer per se but provide for the survivability of the air-
crew when the aircraft Is unsafe. Collision Is also excluded from consideration
because of the complexity of the Interrelationships between pilot , aircraft equipment ,
ground surveillance, and traffi c density.

2 .2 MATHEMATICAL BASIS OF FSPT

The probability of an accident caused by the failure of an element can he
expressed as the probability of the element failing multiplied by the conditional prob-
ability that the failure of the element will cause an accident . Stated in equation form :

P( 4,j ) P(j )P(,4~j ) (1)

where

j) = Probability of an accident due to failure of just the 1th elcment~

P0) = Probability that element j fails

P(,4 IJ) = Probability of an accident given that the jth element fails.

This equation reflects the basic relationships addressed in the FSPT where:

a. The criticality of the jth element is an estimate of P(.4,j)

b. The sensitivity of the jt1~ element is an estimate of P( 41i)

*In this and subsequent discussions, unless otherwise stated, expressions such as
“failure of the jth element” should be interpreted to mean : failure of only the jth
element, assuming all other elements are not failed.

2—1



r - ____________________

Because an element’s effect on safety may depend on the mission phase (see
SectIon 3.2.1), the above model can be expanded to:

P(A,j) = 
~~~

Pjk P(
~~Ii~

k) (2)

where

N Number of mission phases

= Probability that the jth element is failed in the kth phase

P(4~j,k) The jth element’s sensitivity in the kth phase.

To Identify the Importance of discrete elements to aircraft safety , a fl ight
profile consisting of nine distinct phases was defined. The phases are discussed in
Section 3.2.1.

To util ize equation 2, it was necessary to develop a method for obtaining the
values of P(.A I j,k), the probability that a malfunction in element j during mission
phase k will result in an accident. This method in turn requires the estimation of two
parameters: the probability of accident if a major function is not available during
each mission phase, and the dependence of the major function on subfunctions and
elements dur ing each such phase*. Each function and equipment item thus derives
its sensitivity value from its relationship to the major function(s) dependent upon it.

2.3 SENSITIVITY ASSIGNMENTS

A great deal of information is available on the causes of aircraft accidents, but
little exists from which to make the sensitivity assignments [P( .4j J )] .  These assign-
ments are therefore largely subjective, based on the analyst’s knowledge of the system
and any information he may have on previous accident history . The sensitivity
assigments are reviewed (and revised as necessary) by an Air Force/contractor team
working on a particular model to ensure that consistent criteria have been followed.
The team review and negotiation of sensitivity assignments is the mechanism by which
the value becomes sufficiently objective for use with the model. This negotiation con-
siders all of those top level functions as a group and reassigns sensitivity values as
necessary to assure that the most objective proportionality is attained for the par-
ticular aircraft model. The same major—function sensitivity values are used for
major functions on all aircraft models where configuration and mission profiles
permit.

The development of criticality rankings for the various elements (j’s) is
dependent upon the ability to quantify the failure probability [P(j)] and the element
sensitivity (P(Ajj)J for each element. Since the intent of the concept is to provIde a
relative safety ranking of all malfunct ions, it Is not necessary to develop absolute

•For a more detailed discussion of the mathematics of the FSPT, see Appendix B.

2—2
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values for P(,4~j). If the sensitivIty values developed are correct relative to each
other, a proper criticality ranking will be established. It is intended that criticality
be an Index proportional to P(.4,j) and therefore provide the same relative rank
ordering of elements. The major reasons for proportionality , rather than equality ,
are:

a. The FSPT does not account for the effect of extraordInary pi ioi
intervention to prevent an accident in case of equipment malfunction.

b. Criticality quantification was limited in its treatment of simultaneous
occurrence of independent, primary failures.

c. Operational and malfunction data yield only a proport ional estimate of
the required information.

While strict proportionality cannot be mathematically proven, it Is believed that
the criticality rankings provide reasonable relative measures of equipment problem
potential.

• 1 ’ -
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3
MODEL DEVELOPMENT

Figure 3—1 summarizes the approach to the assessment of flight-safety
criticality of aircraft equipment. The first contractor activity is the identification of
all functions the aircraft is expected to perform and the determination of their inter-
relationships. Next , each functional relationship is documented; and then sensitivity
assignments are made at the major functional levels (below these levels, link
dependency values are estimated; see discussion, Section 3.2.2). This process is
carried out until each work unit code associated with a major function has been identi-
fied with respect to the function performed and dependencies have been estimated.
Computer processing calculates the safety sensitivity for each work unit coded item,
combines these values with the operation and failure data input by the Air Force , and
produces the equipment criticality ranking.

• Contractor Input___________ __________

AIRCRAFT [FuNcTlo,.~ L 
_____

I SENSITIVITY!
FUNCTIONAL ~~~ 

LINK I_-I DEPENDENCY
ANALYSIS IOOCU

~~
TATION ASSIGNMENT

COMPUTER 
______I EQUIPMENT

PROCESSING ‘ l CRITI CALI TY
•Air Force_Input 

_______ __________ I

~~~~~~~~~~ 
~~f

LFUNCTION
DATA

OPERAT ION AL
DATA

Figure 3—1. ActIvities and Data Inputs to Flight Safety Criticality Assessment

The steps in this process are discussed in greater detail in the following
sections.

3.1 FUNCTIONAL ANALYSIS

Functional analysis entails the systematic identification of the relationships of
hardware to the functions performed by the aircraft and documented in the aircraft
technical orders. Tabulated for each aircraft function are the equipments necessary
for Its performance as well as all outputs required for other systems. The complexity
of the functional interdependencies of an aircraft requires the use of a systematic

[ 3—1
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accounting procedure , as discussed below, to assure that nI l  relati onships have been
identified and that no functional paths have been overlooked .

Certain top—level functions (comprised of both “pr imar y ” and “major ” iunc t ion s~
have been defined as app licable to all aircraft types , and serve as the starting point
fo r a saf ety analysis. Figure 3—2 lists these top level func tions with the pr imary func-
tion of Flight Control expand ed to show its typ ical major func tions . Below the majo r
function level, differences in aircraft types result in Funct ion Ident ification and stru c—
turing specifically suited to each aircraft. In Figure 3—2, for i nstance, the major
function Roll Control is subdivided into Left Roll and flig ht Roll , and fur ther into
aileron and spoiler actuation sublunctions. This structure is that applicabl e to an Ij’- I
aircraft, in which ailerons have an extremely limited upward travel and Uft is pri-
marily lost through spoiler operation. Finally, each item in the aircraft WIJ C (“ —O ( ”
manual is identified with respect to the function it performs. *

Every function and every WIJC included in the model receives an “alpha
designator” unique to that aircraft model. Due to the large number of alpha desig-
nators required in a model , an indenturing system is utilized to prevent dup lica tion.
However , the location in the hierarchal structure and the number of characters in the
alpha designators are often Indepen dent, since such correlation is not necessary for
subsequent computer processing.

The functional relationships from the system diagram, and identification of the
equipment necessary for each function, are next documented in an 80—column punch-
card format (see Appendix C). The total functional diagram for the aircraft is then a
compilation of the system diagrams, with one punchcard for each functional link.

With the aircraftlunctions completely documented, the functional paths by which
a piece of equipment contributes to the operation of the aircraft can be identified by
computer. Performing the path-identification/documentation task by computer proves
to be not only useful but necessary — the human analyst could neither keep track of nor
assign sensitivity values to all functional paths. The machine processing capability
allows the analyst to consider only one functional link at a time. The ability to follow
all of the functional interrelationships within the aircraft, which is necessary for
meaningful assessment of safety, is then provided by the computer.

3.2 MAJOR-FUNCTION SENSITIVITY ASSIGNMENT

3.2.1 Assignment Method

As stated earl ier, the sensitivity of a function or equipment item is an estimate
of the probability that its failure will cause an accident. From functional analysis of
the aircraft under consideration, major functions are identified and are assigned
sensitivity values for each phase of the mission.

*Certafn WUC items in the “-06” manual may not be included In the safety model ,
these Items being either 1) eliminated by TCTOs; 2) purely structural items In the
11000 series; 3) necessary only for survivability or ejection; 4) of lower indenture
than the LRU level , where computer data screening eliminates failure reports .

3—2
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The relative importance of primary funct ions, major functions, and functions is
not necessarily constant throughout a flight. The failure, for example, of one engine
of a multi—engine aircraft is far more critical on takeoff than It Is during the rest of
the flight, and is of relatively little Importance during startup and taxi. To accommo- - .

date this variability of importance, the mission of an aircraft is divided into nine flight
phases:

1. Startup and taxi
2. Takeoff
3. Ascend (climb-out)
4. Cruise, outbound
5. Intercept or tactical phase

6. Cruise, inbound
7. Descend

8. Land

9. TaxI and shutdown

These phases are illustrated in Figure 3—3. - 
-

TACTICAL PHASE

C RUiSE-OUT . -

CR LTh SF -RET URN

CLIMB DESC EN~~~ _~~~~~~~~~~~

,

~~

— 
- 

-- 

- 
-

_~~~~~~~~~~; ~~
Figure 3—3. Phases of Aircraft Mission
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A sensitivity value is assigned for each of the phases , and represents the best
estimate of the likelihood that the aircraft will enter a hazardous mode if the function
is not present in tha t phase. The numerical values assigned are proport ional rather
than absolute, and range from 0.0 to 1.0. The keypunch card format limits this
assignment to increments of 0. 1. Increments smaller than 0. 1, when required, were
assigned by defining a quasi—function for insertion between the major function and its
dependent primary function.

3. 2.2 Link Dependency Assignment

“Link dependency” is defined as the probability that the loss of a function will
result in the loss of a dependent function. (For a more detailed discussion of this
term, see Appendix B.) The assignment of link dependency values requires knowledge
of the operation of specific aircraft because it is concerned only with functional levels
below the “major” category. At this lower level , no evaluation is made of the impact
on flight safety of the loss of functions . Instead , the effect of the loss of one function
on the performance of another function becomes the evaluation criterion. Like
sensitivi ties , link dependency values are assigned In Increments of 0. 1. Additionall y,
the method of attenuation used in assigning sensitivity values can also he applied to
link dependencies.

3.2.3 Provlsory Factors

The sensitivity of major functions with respect to aircraft safety , and at the
lower levels the link dependency between functions, can be dependent on external
influences and aircraft operating conditions. To accommodate these external infl u-
ences, a set of provisory factors has been identified. An example would be a wind-
shield anti—ice system, which has a safety sensitivity close to 1. 0 during landing
under icing conditions but a negligible effect on a dry, warm day.

Under such circumstances, the procedure is to assign the “worst case” value
(assuming the condition exists). During model exercise the likelihood that the condi-
tion exists can be “read—in”, thereby allowing the sensItivity val ue to be assigned by
the computer based on the likelihood of the condition and the probability that the higher
level function will therefore be lost. Table 3— 1 lists the standard provisory fac tor s
used in FSPT models.

3.2.4 Computer Processing

Documentation of a flight safety analysis by ARINC Research thus consists of
functional diagrams, coded functional tabulations, a functional data processing card
deck, and a machine—prepared printout of the card deck data. Under this contract,
the documentation is then sent to San Antonio Air Logistics Center for review by
MMER personnel and representatives of the Air Logistics Center responsible for the
particular aircraft (If other than SA/ALC).

SA/ALC processes the functional data card deck utilizing a number of corn-
puterized operations. First, a functional deck edit is accomplished to identify certain
format or logic errors that may exist. Next, a path identification/documentation run
is made that traces all possible paths associated with each function and calculates the
numerical sensitivities by flight phase down to the WUC level. Then, a path combi-
nation run is made taking into account the dependence of more than one ma for function
on a particular WUC. Finally, failure information from the ~36-1 data system and
numerical factors for provisory conditions are input and a WUC criticality list by rank
order is generated by the computer.

- -
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TABLE 3-1. PROVISOIIY FACTOR CODRS

Code Provisory Condition

A Icing conditions

B Adverse speed/alt itude operations

C R unway stopping distance/confined area (h elicopter)

D Night operation

E IFR conditions

F Supersonic flight

G Ra in

H Solo flight

I Loss of function for which indication is provided .

K Normal system failed

T Flame-out

X Fire

‘1 Cold weather

2 One of three available units is required .0

3 Two of three available units are required

4 One of four available units is required - .

5 Two of four available units are required

Three of four available units are required 
-

8 Four of eight availabl e units are required - .

9 Four of six available units are required.

3—6
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An additional product generated by the computer is a two-part criticality trend

analysis. Part I contains the criticality rankings and linear regression anal ysis by
WUC for the previous 12 months. Part II contains plo ts of the criticalities and
regression lines for the 25 WUCs top—ranked according to safety criticality.

3. 2. 5 Model Maintenance

Each time an aircraft type for which a safety model has been developed under-
goes a modification, the effects of the changes on the model must be evaluated. ‘I’eeh-
nical order and WUC revisions must be Incorporated into the model. Removal of
existing hardware, the installation of new hardware, or design improvements may
change l ink dependencies and sensitivity assignments. The update procedure should
follow the same general steps as outlined for the initial analysis effort. -;

Existing block diagrams and a printout of the functional card deck form the
baseline for change identification. Functional relationships should be reviewed to
determine the impact of changes on the documented safety analysis. l)iagrarns should
be revised to reflect functional differences, WUC changes should he noted, and all
differences listed on a flight—3afety functional tabulation sheet . The functional deck
printout can be used for manual Indication of what the changes are and where they
occur. New data cards are prepared and the functional deck updated by the removal
of obsolete cards and the insertion of new cards. From this point on, the computer
is again utilized to edit the functional deck, perform path identification/documentation,
and calculate sensitivities for each WUC.

Block diagrams and other affected portions of the spe~ific aircraft safety
analysis report should be updated and revised pages issued that reflect these changes.
Maintaining an accurate and updated model is important to obtaining an accurate
assessment of the safety significance of hardware failures.

- 3—7/3—8
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B-52 G AND B-52 H MODEL DEVELOPMENT

The FSPT model s for the B—52G and B—52H aircraft were developed concurrent ly.
Model development was initiated in May 1974, and the systems modeled in accordance
with the contract modification of June 1973 were submitted for “G095” compu ter edit
at SA /ALC in August 1974.

The aircraft flight manual and maintenance technical orders provided the info r-
ma tion on aircraft system operation. The model developed represents the B-52G and
B—52U aircraft configured to the latest time compliance technical orders (TCTOs)
documented En the manuals supplied by SA/ALC. Tables 4—1 and 4-2 list the manuals
and their revision status applicabl e to the developed model . q

In Ma rch 1973, a seminar was conducted at the Oklahoma City Air Logistics
C enter (OC/ALC) by representatives of SA/ALC and ARINC Research to familiarize
OC/ALC personnel with modeling requirements and techniques for their participation
in the B—52 and A—7D modeling effo rts.

The modeling of the B—52 fuel system required the use of a new provisory factor
to accommodate the partial redundancy situation unique to this aircraft . The partial
redundancy provisory factor , used with each of the eight engines , was coded “8” to
indicate that any four of the eight engines were needed. The fuel for any of the four U
nacelles is common for both engines In that nacelle. Therefore, the loss of fuel to
any nacelle would result in loss of two engines. To accommodate this, a provisory
factor coded “9” was introduced to mean that if any three or more of the engines on
the remaining three nacelles have failed , then the fuel to the subject nacelle is
required for the safety of the aircraft. - 

—

A single functional documentation deck having “52” in columns 1, 2 was used for
the two versions of the B—52 aircraft . Cards having a blank In column 3 are common
to both aircraft. When the common cards are combined with those having a “G” in
column 3, the resulting deck documents the B—52G. Similarly the common cards
together with the cards containing an “H” in column 3 document the B—52H aircraft.

The B—52G and B—52H safety models were developed by ARINC Research for all
systems except the landing gear. The landing gear diagram and functional documen-
tation cards were produced by MMER/OC/ALC, and interface documentation for the
landing gear was a joint effort by OC/ALC and ARINC Research.

Because of the vulnerability of the functional logic/sensitivity documentation to
such errors as omission of links, duplication of cards , and keypunching, quality
reviews were conducted at various critical points in the model development. In addi-
tion to keypunch verification, each card was checked against the functional link shown
on the original rough draft and the final functional diagram and the diagrammed link
was checked off . Missing or duplicated functional links were thus identified . Work
unit codes used in the model were checked off against the WIJC manual to assure
completeness.

4—1
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The quality reviews were first conducted by the organizations responsible for
the subsystems prior to merging and computer verification of the respective aircraft
decks by SA/ALC. Following the merging of the Air Force/A RENC Research decks
and computer verification at SA/ALC, a second quality review was performed by rep-
resentat ives of ARINC Research and OC/ALC. Finally, the first criticality printout
obtained from application of actual aircraft data was reviewed to Identify any Items
whose sensitivity appeared to be unreasonable. in such cases the paths were traced
manually and changes made If an erroneous relat ionship was found.

Appendix C presents the methods and standards used in documentating an FSPT
aircraft model. Appendix D presents the FSPT documentation for the B—52G and
B—52H aircraft, which covers both the OC/ALC and ARINC Research portion of the
model.

TABLE 4-1. B-52G SYSTEM DOCUMENTATION

Publication No. Title Revision/Date

1B-52G—1 Flight Manual Change 24, 15 May 1972

1B—52B—2—1 General Airplane Change 35, 20 Aug 1973

1B—52G—2-2 Ground Handling, Servicing and Air— Change 50, 10 Oct 1973
frame Maintenance

1B—52G—2—3 Utility Systems Change 34 , 15 Sep 1973

1B—52F—2—4 Power Plant Change 24, 15 Jul 1973

1B— 52G—2—8 Fuel System Change 27 , 15 Oct 1973

1B—52G—2—10 Landing Gear Change 36, 15 Nov 1973

1B—52B—2—11 Flight Controls Change 35, 20 Oct 1973

1B—52G—2—11 Instruments Change 50, 15 Nov 1973

1B—52G—2—12 Electrical Systems Change 52, 1 Nov 1973

1B—52B—2—14 Hydraulic Systems Change 43, 1 Dec 1973

1B—52G—2-14 Airplane System Wiring Diagrams Change 9, 15 Sep 1972
and Data 

-

1B—52G—2—20 Electronic Warfare Systems Change 37, 15 Mar 1973

1B—52G—2—22 Fire Control Systems Change 43, 1 Aug 1973

1B—52B—2—24 Electronic Communication System Change 41, 30 Juii 1973

1B—52B—2—25 Electronic Navigation/Recognition Change 57, 15 Jul 1973
Systems
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TABLE 4-1. (Cont) 
____________________

Publication No. Title Revision/Date

1B—52B—2—26 Compass Systems Change 37 , 1 Sep 1973

1B—52G—2—26 Bombing—Navig ational System Change 1, 1 Dec 1973

1B—52B—2—27 Autopilo t and Automatic Flight Control Change 31, 15 Nov 1973
System

1B—52B—2—30 Camera Systems Change 31, 1 Apr 1973

1B— 52B—2—3 1 Bomb Release Systems Change 33, 31 Jul 1973

1B—52C—2—3 6 Automatic Astrocompass Change 16, 30 Mar 1973

1B—52G—2—40 Stability Augmentation System Change 11, 1 Dec 1973 r
1B—52 B— 06 Work Unit Code Manual Change 2 , 1 Jan 1974

TABLE 4-2. B-52H SYST EM DOCUMENTATION

Publication No. Title Revision/Date

1B—52R—1 Flight Manual Change 23, 14 May 1972

1B—52B-2— 1 General Airplane Change 35, 20 Aug 1973

1B—52G—2—2 Ground Handling, Servicing and Air— Change 50 , 10 Oct 1973
frame Maintenance

1B—52G—2—3 Utility Systems Change 34 , 15 Sep 1973

1B—52H—2—7 Power Plant Change 25 , 15 Nov 1973

1B—52G—2—8 Fuel System Change 27 , 15 Oct 1973

1B—52B—2— 10 Landing Gear Change 36, 15 Nov 1973

1B—52B—2—11 Flight Controls Change 35, 20 Oct 1973

1B—52G—2— 11 Instruments Change 50 , 15 Nov 1973

1B—52G—2—12 Electrical Systems Change 52, 1 Nov 1973

1B—52B—2—14 Hydraulic Systems Change 43, 1 Dec 1973

1B—52G—2—14 Airplane System Wiring Diagrams Change 9, 15 Sep 1972
and Data
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TABLE 4— 2. (Cont)

Publication No. Title Revis ion/Date

1B—52 G—2—20 Electronic Warfare Systems Change 37 , 15 Mar 1973

1B—52H—2—22 Fire Control System Change 2M , 1 Sep 1973

1B—52B—2—24 Electronic Communication Systems Change 41, 30 Jun 1973

1Th-52B—2—25 Electronic Navigation/Recognition Change 57, 15 Sep 1973
Systems

1B—52B—2—26 Comp~ss Systems Change 37, 1 Sep 1973

18—52 ( 1—2—26 Bombing-Navigational System Change 1, 1 Dec 1973

113—52 13—2 —27 Autopilot and Automatic Fligh t Contro l Change 31, 15 Nov 1973
System

18—52 13—2—30 Camera Systems Change 31, 1 Ap r 197:3

113—528—2—31 Bomb Release Systems Change 33, 31 ,Tul 1973

1B—52C—2—36 Automatic Astrocompass Change 16, 30 Mar 1973

113—52 (1—2—40 Stability Augmentati on System Change 11, 1 Dec 1973

113—52B—06 Work Unit Code Manual Change 2 , 1 Jan 1974
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HI STORICAL SUMMARY OF FSI’T

In 1965, the desirability and practicability of quantifying the significance of
specific equipment malfunctions relative to flight safety was explored in a feasibility
study conducted by ARENC Research Corporation for the Air  Force. The feasib i l i ty
of a safety—quantification approach, which has subsequently become known as Flight
Safety Prediction Technique (FSPT), was demonstrated ; and the method was developed
and refined in a series of studies, as follows:

Study
Phase Subject/Date Sponsor*/1)ublication No.

I Feasibility Study, Sacramento Air Materiel Area (SMNE) ,
September 1965 to Contract AFO9(603)62335 , SM— 6 7—2;
June 1967 (Phase I) publication 705—01 — 1—777

Il— A Technique Development , San Antonio Air Materiel Area (SANEW) ,
October 1967 to Contract AFO 9( 603)— 67—A- 02 67—SA O1 ;
July 1968 (Phase Il—A ) publication 734—01 — 1—8 95

fl -B Technique Development , San Antonio Air Materiel Area (SANEW) ,
July 1968 to July 1969 Contract F09( 603 )—68—A—03 17—SA O1 ;
(Phase Il—By publication 754— 01—1 -985 (Revision 1)

FSPT System Documen- San Antonio Air Materiel Area (MMER)
tation for the F-4C and Contract F41608—71-C-0576;
T—37 Aircraft, October publication 697-01-1-1118
1970 to June 1971

In the Phase fl— B study, the FSPT was app lied to the F-106 aircraft . Con-
current with Phase IT-B, the U. S. Naval Safety Center contracted ARINC Research to
extend the methodology to produce a flight safety criticality model for the F-4J air-
craft. The results of this effort are documented in ARINC Research Publication
753—01—3—982 (Revision 1).-

In 1970, ARINC Research was contracted to develop suitable input data to per-
mit the application of the technique to the T-37 and F—4C aircraft. These data were
derived in the form of mathematical model functional documentation as Input to the
basic computer program developed and applied to the F-10t3.

In 1972, ARINC Resea rch Corporat ion was awarded a cont rac t , wi th the sub-
sequent modifIcations in 1973 and 1974, to apply the Flight Safety Prediction
Technique to 15 aircraft, working jointly with cognizant Air Logistics Centers . Air-
craft to which the FSPT has been applied under this latter contract (F09 603—72—A—
1132—SAO1) include:

a. T-38

b. F-lilA and FB-11IA

*The office symbols of Service Engineering at the Sacramento and San Antonio Air
Materiel Areas are now SM/ALC/MM E and SA/ALC/MME, respectively.
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c. A-7D

4. F-4D, E; RF-4C

e. C—141

f. A—37

g. 0—2

h. OV-10

I. B-520, H

j . C—130E

k. KC-135

1. C-5A

m. T-39

n. F—15

o. UH— 1N Hellcopter*

*Feaalbf lity study of adaptation of FSPT to rotary-wing aircraft .
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FORMULATION OF CRITICALITY—ASSESSMENT TECHNIQUE

To implement the basic safety model defined in Section 2. 2, it Is necessary to
develop a submodel for the probability that a malfunction in el ement j during mission
phase k will result in an accident. This subniodel In turn requires that we estimate
two parameters: the probability of accident If a major function is not available during
each mission phase, and the dependence of the major function on element j during each
mission phase.

The first parameter is termed “functional sensitivity” and is estimated for each
major function. The functional analysis performed in thi s task established for an
aircraft the following hierarchal scheme:

Aircraft

Primary functions

Major functions

Function

Elem ents (Work Unit Codes)

A primary function would be one such as Flight Control . Major functions under
Flight Control would include Pitch Control and Yaw Control.

The second parameter , “link dependency ” is a vehicle for show ing the influ-
ence of each functional—path element on the performance of a major funct ion. For
example, if the major function being considered is External Lighting, the following
diagram Illustrates the nature of functional sensitivity and link dependency values.

•Link dependencies
~Functional sensitivity

The 0. 8 value means that failure of the Control function will result in loss of the
Landing Light functIon 80% of the time. The 0. 1 functional sensitivity value denotes
that loss of external lighting will result In an accident 10% of the time. The values
must be interpreted In - a proportional sense, in that the actual accident probability is
dependent upon external factors (see Section 3. 2. 3).

B-3
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The remainder of this appendix discusses the procedures and model used to
obta in element sensitivities ; e.g. , in the above example , the accident probability
given that a Work Unit Code in the Control function malfunctions.

Three principal types of functional relationship——series , redundant , and
parallel——were identified as representing the major forms to consider in modeling
element sensitivity.

Series Relationship — A function having only one input . Schematically,

j A ~~ —‘
L I

which indicates that outside of its own elements, the success of function B is only
affected by the success of function A.

Functional Redundancy — A function having one or more backup functions that
can provide the required input s to successor functions . Schematically.

-

. 

_

where A1 and A2 represent a functional redundancy in that either may provide the
necessary input to B.

Parallel Functions — Two or more functions independent of each othe r in terms
of functional success , but each of which may be requ ired for a successor function.
Schematically ,

~~~~~~~~~~~~~~~~~~~~~fl

B will generally require both A 1 and A 2 ;  but A 1 does not depend on A2 ,  nor does
A2 depend on A 1.

In some cases the distinction between functional redundancy and parallel paths
Is very slight , and may depend on mission phase. F or example the four engines of a
plane can be considered to be a redundant configuration provid ing Input s to the pri-
mary propuls ion function during cruis ing, but would generally be considered to be
parallel functions durin g takeoff s requ iring full power.
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In general, given a schematic relationship of the form,

we can say that A and B are in a functionally redundant configuration if the success
probability of C is the same if 1) A and B are successful, 2) A only is successful ,
or 3) B only is successful. If , for example , C is more likely to be successful if bot h
A and B are successful , rather than A or B alone , then the relationship Is one of
parallel paths.

It is noted that the model will also account for element redundance and para llel
elements throu gh Input s such as P (A 115) ,  representing the probability that the Ath
function fails given that the lath element in A has failed. ~ I~ is a parallel element ,
the probability would depend on mission requirement s and other parallel-e lement
states.

Link dependency Is the cond itional probability of a functional failure , given the
failure of immediate prede cessor functions . The link dependencies applicable to the
three basic designs defined above are shown below.

Series Relation ship

~iII P(~jX ) 
[ B

Link dependency = P (~ I~ ) probability that B fails given that A fails.

Functional Redundancy

1 B 1 1 
_ _ _P(~ l11~ 2

) 
_____

~~ B2~~~~ - 

C
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equivalent to

P(~ 1~ ) 
i d -

-. 
I

where !

Parallel Functions

_ _ _ _ _ _ _ _ _  

P(~~l~~1B2)

A 
_ _ _ _ _ _  ~~~~~~~~~ C ]

J B 1
~~~2 IA ) 2 P(~ I B

We shall generally assume that the dependencies of B1 with r espect to A , and of
B2 with respect to A • are Independent of each other , so that

1~ 2~~~

We then can consider three link dependencies from A to B as follows:

_ _  

.181]  
_ _

.1
A ~ P(~~1~ 2 $X) j  c

I P(B 1~~2 IX) 
_____  

I
4 8 2 1
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noting that

P(B 1I A) - P(~~1B2~X) + P(~~1i~2 IX)

P(~ 2~X) P(B 1!2 1X) + P(B 1B2 1X)

Models are shown below for determining the sensitivity of elements within a
function for each of the three basic designs. The following basic assumptions apply:

a. Except for cases where an element has a redundant or parallel counterpart
or is located in a function with a redundant or parallel function, only the
element under consideration shall be assumed to have failed Initially. Thus -

the expression P( ..q I i ~), representing the accident probability given failure
of the j th Work Unit Code element, is based on the assumption that no other
element has failed unless element i is in some redundant or parallel con-
figuration. For cases in which there are redundant or parallel counter-
parts , failures of such counterpart elements or functions are considered in
accordance with their occurrence probabilities.

b. The success of all Immediate predecessors ensures the success of a func-
tion, provided that the function experiences no element failures. Thus for
the series fu nction relationship

_ _ _  

1 8 1
we assume

P(BIA)  0 ,

provIded B experiences no element failures. If an element in function A
Is under consideratIon , the latter provision is alway s true by assumption

The element sensitivIty models are :

Series RelatIonship

J A  j _ j B  J {
P(4~i5) = P(Xlia)P(~ lX)P(CJThPG.4IC)

0

F



_ _  -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
-
-~~~~~~~ - -~~~~~~~~~~~~-— — ~~- ------------ -

Functional Redundancy
B

, - — — — — — — —  — ,

I I

_  

: H B 1 H :  
_

I I 

~~: 1 c

= P(X II a)P(•
~~I~X) P(C I B)P( i6fIC)

P(4IlbI) = P(!1j ~~~~~~~~~~~~~~~~~

Parallel Functions

H A k  _ _

{ c J

P1.411) = 
~~~ 1’a~ 

{P(BC I A) P(D IBC ) P(BC I A) P(D IBC)

P(~~~IX) P(D l~~~)} P1.411))

= P(B I I b){ P(
~~I i b)P(D f BC) ~ P(C ib)P(D ISC) } PlAID)

- ---~~~~~~~~~~~ -~~~~~
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A case not explicitly incuded in the above three basic functional relationships is
one for which a function is in two paths , e. g.,

—

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

then H
P(AIi ) = P(~~j i )P( B I ‘a~ 

P(AI CB) + P(C I i )  P(~ I t P(A~CB)

+ P(~ii )P(~~Ii) {1 
—

where It Is assumed that the effects of loss of the major functions in accident occur-
rence are Ind ependent of each other.

Use of Numerical Provisory Factors for Partially Redundant Systems

The numerical provisory factors (see Tabl e 3-i) are used where more than two
identical functions are involved In a redundancy. For example , aircraft with more
than two engines often have identical and independent systems for hydraulic pressuri-
zatton, and for electrical power generation, one driven by each engine. If the aircraft
can be operated safely with one or more of such systems in a failed state , one of the
numeric codes is utilized in assigning link dependency values. Consider , for example ,
the following:

If N identical and independ ent unit s* are avail able and at least M are required
for safe operation, wher e 0<M <N, then the provisory factor of a given unit, say Uj. is
the probability that the failure of U~ will cause the aircraft to enter an unsafe state.
This is the probability that exactly M—1 of the remaining N-i units will be in an
unfailed state. This probability can be calculated by the formula for the binomial dis-
tribution, and is given by

P(IJ~) = 
(
~~_l

j )p
(M_i)q (N_ M)

where P(U 1) = probability that failure of the jth unit will cause the aircraft to enter
an unsafe state, and

M = Number of units required
N = Number of units available
p = Probability that a single unit will be in an unfailed state
q = Probability that a single unit will be in a failed state or (i—p)

UnLt s may be either elements , element assembli es , or functions .

B-9
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Assignment of link dependencies to N identical and independent units of which
only M are required proceeds as follows. The value assigned to each unit is the
dependency of the higher level function on receiving an output from M of the units
(usually 1.0) . The provisory factor is the appropriate numeric code. In the evaluation
of the path sensitivity, the computer is programmed to select the binomial formula that

- corresponds to the provisory factor listed.

I
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FSI~T 1)OCUMKNTATION Ml’TllOl)S

Because of the extreme complexity of aircraft , it is necessary to develop a
computerized method to Identify and document all poss Ibl e paths assocIated with each
function as well as to determine the safety sensitivity associated with each path. A
computer routine has been devised that takes the data from the functional car(l (leek
and traces and documents all paths. For each WUC , i t also computes the fl ight-phase
sensitivities for each path in which the WUC is present. The resulting computer
printout provides a combined functional path sensitivity .

(‘.1 ALPHA CODING

As each system of the aircraft is functionall y diagrammed , the functiona l blocks
are assigned an “alpha code”. This code aids the analyst in the bookkeeping tasks of
functional diagramming and provides the computer with an identification of the ele-
ments to be processed. For standardization among aircraft , nine top—level functions
have been defined and each has been assigned an initia l or first—alp ha designator.
Each block in the functional diagram carries the same Init ia l  alpha as the top level
function. Subseq uent letters added to the initial  alpha uniquely Identify each block.

The only restrictions placed on the assignment of alpha codes are that:

a. All characters in a code must be a letter of the alphabet, and

b. The maximum number of characters in one code is seven.

C. 2 ALPHA CODING AND COMPUT ER PROGRAM COMPATIBILITY

Additional rules for alpha coding required to obtain the desired results from
computer processing include:

a. When a WUC Item operates In the same mode to perform more than one
function , the same alpha code is used in each applica tion.

b. When a WUC item operates in a differen t mode to perform each of more
than one function , a different alpha designator is assIgned for each
operating mode.

C. 3 FUNCTIONA L TABULATION

The “Fligh t Safety Functional Tabulation ” sheet is used to code the safety model
fo r keypunching. The shoots are coded as follows (refer to Figure C-i) for an
example) . -

a. Columns 1 through 3. Used to Identi fy the ai rcraft represented by the
model. For certain aircraft modeled under this contract more than one
model — designation series MDS — was included. For Instance , a single
functional deck was created for four MDSs of the F-i aircraft. Cards
with “F4~ ” In columns 1—3 were common to all aircraft. For example ,

•~~ = blank

~tj
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when these cards are combined with those carrying “F4E” in columns
1—3 , then It produces an F-4E FSPT model dock.

b. Columns 4 through 31. Contain the title of the function or the WUC item .

c. Columns 32 through 36. Contain the left-justified WUC number.

d. Column s 37 and 38. Blank

e. Columns 39 through 46. Contain the assigned al pha designator for the
ttinction and/or the WUC. Column 39 contains either an L or an R , or is

• blank. The L and R designate left and right for those instances when the
function and/or WUC pertains to the left or right side of the aircraft.

f. Columns 47 and 48. Blank .

g. Columns 49 through 55. Normally left blank, but are used after a deck
is operational to substitute the data on a card for that stored in the com-
puter by punching the line record number in this field.

h. Columns 56 through 63. Identify the dependent functions for either
the function or specific WUCs being coded. Column 56 may contain
L, B or blank for the same purpose as that of column 39.

1. Column 64. Contains the alphanumeric code of the “provisory factor ”
applicable to the link value assigned.

j. Columns 65 through 69. Contain the alpha designator of a function that is
an alternate for the function being coded . (Column 65 is used for “L” or
“B” as in CoLumn 39.) The presence of the “alternate alpha” flags the
importance of the link dependency as being affected by the success
probability of the alternate function.

k. Column 70. Contains the work unit code dependency value (1 0. 10;
2 0.20; ....A - 1.0) . This value is applicable to all flight phases.

I. Column 71. Contains special instructions to the computer through the
use of letters F , S, or being blank. Cards with an “S” or “blank” in
column 71 are used in sensitivity computations. Cards with an “F”
document a functional relationships which, although present in the sys-
tem , would produce an erroneous sensitivity value when combined with
other nonind ependent paths (having the same fu nction in common at some
higher level). The “F” prevents the computer from Including the link in
the sensitivity calculations.

m. Columns 72 through 80. Cont ain functional dependencies for each of
nine flight phases as described in Section 3. 2. 1 of the text . Coding is
the same as for column 70.

c-s
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C. 4 DIAGRAM CONSTRUCTION

The diagrams produced under the contract document the functional inter-
relationship of the aircraft systems considered in the model. In the interest of extend-
ing the useful life of the diagrams, WUC items are not shown , thereby eliminating the
necessity of updating the diagrams with each (and sometimes frequent) change to the
WUC manual.

As discussed earlier in this report, the diagrams represent the hierarchal
structure of the paths from whi i-h the sensitivity values are derived . The diagrams ,
although consistent with the system schematic and reliability block diagrams, are not
equivalent due to this hierarchal method of documentation. In the actual system ,
signals and/or fluids pass from one component to the next and are thus documented in
schematics; conversely, the hierarchal approach only identifies the components that
must operate to achieve a given function , independent of the direction and/or sequence
of signal flow. This approach directly addresses the system impact of a component
failure without the necessity of identifying the intrasystem secondary failures. Each
line connecting functions on the diagram is documented by a punchoard , with the lower
function providing the “alpha designator ” and the higher function’s alpha designator
indicator as the “dependent function ”. *

*The card deck also documents functional relationships not shown on the diagram;
the work unit codes (mentioned earlier) and the “5” cards discussed in
paragraph C. 3.1.
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FSPT DOCUMENTATION OF B--s G AND B-5211 AIRCRAFT

This appendix contains the functional relationship diagrams and a listing of the
keypunch cards that comprise the FSPT safety model documentation for the B-52G and
B-52H aircraft .

D.1 DIAGRAMS

Titl e Page

Propulsion, Diagram B-i D-5

Propulsion , Diagram B-2 D—6

Propulsion , Diagram B-3 D—7

Propulsion Fuel , Diagram B-4 D—8

Propulsion Fuel , Diagram B-5 D-9

Propulsion Fuel, Diagram B—6 D-i0

Comm/Nav/Ident , Diagram C-i D-i1

Comm/Nav/Ident , Diagram C-2 D-12

Comm/Nav/Ident , Diagram C-3 D-13

Information & Display, Diagram D-1 D-14

Information & Display, Diagram D-2 D—i5

Environmental Control , Diagram E-1 D-16

Environmental Control , Diagram E-2 D-17

Environmental Control , Diagram E-3 D-18

Flight Control, Diagram F-i D-19

— . Flight Control , Diagram F-2 D-20
• Flight Control , Diagram F-3 D-2 1

Flight Control, Diagram F—4 D—22

Ground Control , Diagram G-1 D-23

Landing Gear , Diagram L-1 D-24

I 
* 

Mission Support , Diagram M-1 D-25

[I 
D-3
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Titl e Page

Utilities , Diagram U—i D—26

Utilities , Diagram 13—2 D—27

Utilities , Diagram U—3 D—28

Utilities , Diagram 13—4 D—29

D. 2 CARD LISTING

Pages D—3 1 through D—114 are a reproduction of the punchcard List ing. The list-
ing is alphabetical by “alpha designator”, and the format is that of the 80—column
punchcard itself as described in Appendix C. At the top of each page the card columns
are printed vertically; for example, column 34 is printed “~~~

“.

The first two columns of the punchard are coded “52” . If the third column is
blank, the card is common to both versions of the aircraft . Cards peculiar to one
version of the aircraft carry a designator in column 3 for the aircraft — “G” for the
B—52 G and “H” for the B—52H.

- •~~~~~~~~~~~
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