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1.
r

GLOSSA RY

r This glossary present s 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
with the definitions given here.

Critical ity — A numerical index of the si gnificance of equi pmen t fai lure
histo ry relative to aircraft safety . As an analysis param-
eter , it can be considered propo rtional to the likeliho od that

I’. 
an item will fail and thereby cause an accident . It is the
product of the failure probabil ity and the sensitivity of an

• r equipment item.

- Dependency — See link dependency.

‘
~ FSPT — Flight Safety Prediction Technique
•5

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) climb, 4) cruIse , 5) tactics,
6) cruise, 7) descend, 8) land, and 9) taxi and shutdown.

Functional Analysis — The determination of equipmen t relationships to aircraft
functions performed , and the interrelationships of these
functions.

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

[ Functional Path — The compilation of functional links , in sequence, through
which a function is identified as being dependent upon another .

Link Dependency — The conditional probability of a dependent function failing,
given that a particular function it is dependent upon has faih’d .

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

increased . Provisory conditions include icing, night flight ,
supersonic flight , etc.

L Provisory Factor — The probability that a provisory condition exists. Also used
to describe the coded notation used to indicate that a functional

• 
relationship Is dependent on a particular provisory condition .

Safety Sensitivity — Same as “sensitivity” .

V
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Sensitivity — A quantitative indication of the degree ol safety degradation
to be expected if a function or piece of equipment falls. The
more specific terms are “functional sensitivity ” or “equip-
ment Item sensitivity ”.

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

:i~
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FOREWO RD

7- This document is part of a 16—vo lume report describing the application 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 effort , undertaken in 1972 under Contract F09603-72-
A-1132—SAO1, has led to fu rther refinement of the FSPT through its broad application
to many different types of aircraft . The flight safety models generated for these air-
craft are presented in Individua l volumes of this report as follows:

Volume Aircraft Volume Aircraft

2 T—38 10 B— 52G , H
- 3 F—lilA , FB—111A 11 C—130E

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

7 7 A—37 15 F— 15
8 0—2 16 UH— 1N Helicop ter
9 OV-10

Volume 16 will document the results of a feasibility study of extending the FSPT
to rotary-wing aircraft .

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

a
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1
I NTRODUCTI ON

The Flight Safety Prediction Technique developed by AHI NC Resea rch
Corporation provides for assessment of the impact on flight safety of the fa i l u r r  of
specifi c items of equipment within an aircraft . In the FSPT , ma thematical modelin g
procedu res are applied for processing aircraft—e quipment failure data to yield a
quan tified index ranking safety—re late d probl ems on the basis of their likelihood of

• occurrence and the resulting degradation in the aircraf t’ s capabili ty to fly.

The ranking factor is called “criticality”, which in its simp les t form is the
• product of the failure probability and flight—safety sensitivity of an equipment. (A

more detailed definition appears in Section 2 and Appendix B.) The failure probability
• inputs are from basic failure—data sources , AFM (36—i an(l flf ~— 110 . The sensi tivity

estimates are derived by the following process:

a. Systematic analysis of aircraft functions to determine thosc essential
to flight safety

b. Id entification of the hardware required to perform these functions

c. Eval uation of the safety sign i ficance of the ha rdware in performing
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
failure probability and safety sensitivity . This figure illustrates an example In which
item 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 problems currently and
continuously by their accident potential. This ranking, based on criticality assess-
ment , can provide the basic parameters necessary for:

a. Identifying equipment items whose failure history and applicatio n pose
a threat to aircraft safety

b. Quantifying the degree of threat associated with each equipment item

c. Evaluating and tracking the effectiveness of modifications to the aircraft

d. Assessing safety benefits versus the cost of proposed ai rcraft modifica-
tions, changes in maintenance or fli ght operations , or alternative aircraft
designs .

1—1
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CRITICALITY P x S

Where P Probability of failure F
S Safaty sensitivity; the accident exposure

associated with each failure occurrence

Figure 1-1. ExampLe of Criticality Ranking Process

In this report , Section 4 and Appendix D pertain specifically to the C—130E air-
craft. The remainder of the document provides support information that will make the
C-130E data, and the method by which the data were obtained, more meaningful to the
general reader.

Section 2 presents an overview of the development and utilization of the Flight
Safety Prediction Technique; Section 3 dIscusses the steps associated with generating
a safety model for calculating the safety criticality of various equipments of an air-
craft; and SectIon 4 describes how the safety model for the C—130E aircraft was
developed. Appendix A summarizes the contractual history of the development of the
FSPT; Appendix B discusses mathematical considerations underlying the technique ;
Appendix C discusses FSPT documentation methods; and Appendix D presents fu nc-
tional relationship diagrams for a listing of keypunch cards that comprise the safety
model documentation for the C-130E aircraft.
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2
METHODOLOGY UNDERLY I NG FS PT

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

2. i DEFINITION OF SAFE AIRCRAFT

To develop a relative measure of aircraft safety degradation resulting from
specific equipment malfunctions , I t is first necessary to defin e a “safe” aircraft. For
purposes of the FSPT assessments, an aircraft is assumed to be In a safe condition I f
it Is operating within its prescribed perfo rmance limits . Conversely, an aircraft
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
possibl e personal injury or aircraft damage resulting from an unsafe condition.
Neither does the concept consider ejection capability , parachutes , life raft s, 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 be
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 :

PC A.)) = P(J)P(~4 Ij)  (1)

where

j) = Probability of an accident due to failure of just the j th etement*

P0) = Probability that el ement j fails

P( A I i) = Probability of an accident given that the j Ib element fails .

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

a. The criticality of the j th element Is an estimate of P (4 , J )

b. The sensitivi ty of the j th element is an estimate of P( 4 ) )

~1n this and subsequen t discussion s, unless otherwise stated expressions such as
“failure of the j th element” should be Interpreted to mean: failure of only the j th
element, assuming all other elements are not tailed.

2-i
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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(4 , j )  = ~ k~~~M~’~~ 
(2)

k=1

where

N Number of mission phases

~j, k = Probability that the j th element is failed in the kth phase

P(.A tj , k) = The j th element’s sensitivi ty in the kth phase.

To identify the importance of discrete elements to aircraft safety , a flight
profile consisting of nine distinct phases was defined. The phases are discussed in
Section 3.2.1.

To utilize equation 2, it was necessary to develop a method for obtaining the
values of P(.A Ij , 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 during each such phase*. Each function and equipment item thus derives
Its sensitivity value from its relationship to the major fu nction(s) dependent upon it.

2. 3 SENSITWITY 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(A j) 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 0’s) is
dependent upon the ability to quantify the failure probability [P(j)] and the element
sensitivity (P( A fj ) j for each element. Since the intent of the concept is to provide a
relative safety ranking of all malfunctions, 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(,~~j ) . If the sensitivity values developed are correct relative to each
I 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 pilot
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.

e. Operational and malfunction data yield only a proportional 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
t potential.

r
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3
MODEL DEVELOPMENT

Figure 3—1 summarizes the approach to the assessment of flight-safety
criticality of aircraft equipm ent. 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 , li nk

- 
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-
fled 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 
______

{ FUNCTIONAL SENSITIVITY !
- FUNCTIONAL ~‘j LINK a—) DEPENDENCY

ANALYSIS JDOCU~~NTAT ION I ASSIGNMENT

COMPUTER 1 EQUIPMENT
PROCESSiNG ~‘1 CRITICA LITY

SAI r Force Input 
__________ I

OPERATIONAL

I. 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.

i. 3 1  FUNCTIONA L 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

1. 
—- ---
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accounting procedure, as discussed below, to assure that all relationships have been
Identified and that no functional paths have been overlooked.

Certain top—level functions (comprised of both “primary ” and “major ” functions)
have been defined as applicable to all aircraft types , and serve as the starting point
for a safety analysis. Figure 3—2 lists these top level functions with the primary tune-
tion of FlLght Control expanded to show its typical major fu nctions. Below the major
function Level , differences in aircraft types result in function identification and struc-
turing specif ically suited to each aircraft. In Figure 3—2 , for inst ance, the major
function Roll Control is subdivided Into Left Roll and Right Roll , and further into
aileron and spoiler actuation subfunctions. This structure Is that applic able to an F--I
aircraft , in which ailerons have an extremely limit ed upward travel and lift is pri-
marily lost through spoiler operation. Finally, each item in the aircraft WUC (“-06’ )
manual is identifi ed with respect to the function it performs. *

Every function and every WUC 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 duplication.
However , the location in the hierarchical structure and the number of characters in the
alpha designators are often independent , 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 aircraft function s 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 earlier, the sensitivity of a function or equipment Item is an estimate
of the probability that its failure will cause an accident. From functional analysts of
the aircraft under consideration, major functions are identified and are assigned
sensitivity values for each phase of the mission.

~Certatn 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 screen ing eliminates failure reports.

3—2
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The relative impo rtance of primary functions , major functions , and functions is
not necessarily constant throughout a flight. The failure , for example , of one enginc
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-
da te 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
fi . Cruise, Inbound
7. Descend
8. Land
9. Taxi and shutdown

These phases are illustrated in Figure 3—3.

TACTICAL Ph A SE

CR UI SE -O UT

CRUI SE-RETUR N

C IAMB - - 

— 

DESC E~~~~~~~~~~~~~~~~~~

- ____ - — 
-

- 

-

- 

_

Figure 3—3. Phases of Aircraft Mission

J
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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 that phase. The numerical values assigned arc proportional rather
than absolute, and range from 0.0 to 1.0. The keypunch card format l imits  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 wilt
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 specifi c aircraft because it is concerned only with functional level s
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
sensitivities, link dependency values are assigned in increments of 0. 1. Additionally,
the method of attenuation used in assigning sensitivity values can also he applied to
li nk dependencies.

3.2.3 Provisory Factors

The sensitivity of major functions with respect to aircraft safety , and at the
lower le rel s the link dependency between functions , can be dependen t on external
Influences and aircraft operating conditions. To accommodate these external influ-
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 tha t the condi-
tion exists can be “read-in ”, thereby allowing the sensitivity value 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 factors
used in FSPT models.

3. 2.4 Computer Processing

Documentation of a flight safety analysts 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 com-
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 major function
on a particular WUC. Finally, failure information from the 6E -1 data system and
numerical factors for provlsory conditions are input and a WUC cri ticality if si by rank
order is generated by the computer.

3—5



~~1

_ _ _ _ _ _ _ _ _ _ _ _  

TABLE 3-1. PROVISORY FACTOR CODES

Code Provisory Condition

A Icing conditions

B Adverse speed/altitude operations (Helicopter)

C R unway stopping distance/confined area (Helicopter)

D Night operation

E IFE conditions

F Supersonic flight

G Rain

H Solo flight

I Loss of function for which indication is provided

K Normal system failed

T Flame-out

X Fire

Y Cold weather

2 One of three available units is required

3 Two of three available units are required

4 One of four available units is required

5 Two of four available units are required

6 Three of four available units are required

8 Four of eight availabl e 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 analysis by
WUC for the previous 12 months. Part II contains plots of the criticalities afl(I
regression lines for the 25 WUC s 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. Tech-
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 link dependencies and sensitivity assignments. The update procedu re shoul d :1
follow the same general steps as outlined for the Initial analysis effort.

Existing block diagram s 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 document ed safety analysis. Diagram s should
be revised to reflect functional differences , WUC changes should be noted , and all
diffe rences listed on a flight—safety 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 prepar ed and the fu nctional deck updat ed 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 specific aircraft safety
analysis report should be updated and revised pages issued that reflect these changes.
Maintaining an accurate and updated model is important to ob~atnlng an accurate
assessment of the safety significance of hardware failures.

3— 7/3—8
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C-130E MODEL DEVELOPMENT

The FSPT model for the C-130E aircraft was begun in J u ly 1974. The aircraft
documentation (excluding the landing gear system) was submitted for “GO-95” computer
edit at SA/ALC in October 1974. Documentation of the landing gear functional logic/
sensiti vity was assigned to Warner Robins ALC . This documentation was eventually
me rged with that previously submitted for GO-95 computer processing.

The aircraft flight manua l and maintenance technical orders provided the Infor-
mation on aircraft system operation. The model developed represents C— 130E aircraft
configured to the latest time compliance technical orders (TCTO5) documented in the
manuals supplied by SA/ALC . Table 4-1 lists the manuals and their revisIon status
applicable to the developed model.

Because of the vulnerability of the functional logic/sensitivity documentation to
such errors as omission of links, duplication of cards, and Incorrect keypunching,
quality reviews were conducted at various critical points in the model development.
In addition to keypunch verification , each card was checked against the functional l ink
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 against the WUC manual to
as sure completeness. In so doing, an unusual problem was encountered In identifying
the WUC to be included in the C-130E model. The WUC manual (TO-1C-130B/E—06)
is applicable to all C—130 models (MDS5) , but often fails to distinguish the MDS
applicability for individual WUCs. There were numerous cases In whIch an item
appeared to have more than one WUC. To minimize the effects of these problems a
special review was completed , as part of the final quality review, to check each item
against the B—4 Master WUC List , and also against a listing of WTJCs reported in
“66—1” data against the C—130E. Items not listed in the B—4 were excluded from the
model unless the item had a 66—1 failure history for the C— 130E . In the cases of
multiple WUCs for a single item, all WUCs are included.

It is anticipated that operations personnel will have great difficulty choosing the
proper WUC for reporting maintenance actions due to the WUC manual stated prob-
lems; the refore , it is recommended that the WUC manual be amended to correct the
problem of distinguishing the MDS applicability for individual WIJCs.

The quality reviews were first conducted prior to computer verification of the
aircraft deck by SA/ALC. Following computer verification , a second quality review
was performed by representatives of Warner Robins ALC and ARINC Research.

Appendix C presents the methods and standard used in documenting an FSPT air-
craft model. Appendix D presents the FSPT documentation for the C-130E aircraft.

a 
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TABLE 4-1. C-130E SYSTEM DOCUMENTATION

Nomenclature Title Revision/Date

1C-130B/E-1 Flight Manual Change 6, 2 May 1973

1C-130B/E—1—1 Performance Data Change 3, 1 November 1972

1C-130B/E—2-1 General Airplane Change 7, 15 January 1974

1C—130B/E—2-2 Ground Handling, Servicing, and Change 14, 9 March 1972
Airframe Maintenance

1C-130B/E-2—3 Hydraulic Systems Change 11, 2 May 1973

1C— 130B/E-2—4 Power Plant Change 15, 8 June 1973

1C—130B/E—2— 5 Fuel Systems Change 5, 8 June 1973

1C— 130B/E—2—6 Instruments Change 7, 15 April 1972

1C—130 B/E—2—7 Electrical Systems Change 19, 8 June 1973

1C-130B/E—2—8 Radio , Communications and Change 11, 1 March 1972
Navigation Systems

1C—130B/E—2—9 Flight Control Systems Change 12, 28 J une 1973

1C—130B/E—2—10 Utility Systems Change 14, 15 June 1973

1C—130B/E—2—11 Propeller Change 17, December 1970

1C-130B/E-2-12 Landing Gear Change 17, 8 June 1973

1C— 130B/E—2— 13 Airplane Wiring Diagrams Change 16, 1 June 1973

1C-130B/E-06 Work Unit Code Manual Change 4, 1 March 1974

I -
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h I S TORICA L SUMMA RY Oh’ F’Sl’T

in 1965, the desirabilit y and practi cability of quantifying the sIgnificance of
specifi c equipment malfun ctions relative to flight safety was exp lo red In a feasibili ty
study conducted by A HI N C Research Corporation for the Air Force. The feasibility
of a safety—quantificati on npproaeh , which has sub sequently become known as Flight
Safety Prediction Technique (FSl ~T), was demonstrat ed ; and the method was developed
and ref ined in a series of st udies , as follows:

Study
Phase Subjec t/ I )ntc Sponso r*/I ubl icatlon No.

I Feasibili ty Study, Sacramento Air  Materiel Area (Si~1NE) ,
September 1965 to Contract AFO9(603)62335, SM—6 7— 2 ;
June ~~‘67 (Phase 1) publicat ion 705—01 — 1— 777

li—A Technique l)evelopment , San Antonio Air Materiel Area (SANEW) ,
October 196 7 to Contract AF09 Q303 )—6 7—A-02 67—SAOI ;
July 1968 (Phase !1—A) publication 734—01—1—895

il—B Technique Development , San Antonio Air  Materiel Area (SANEW) ,
July 1968 to .July 1969 Contract F09( 603)—68—A— 0317—SAO1 ;
(Phase Il—B ) publication 754 — 01—1—985 (Revision 1)

FSPT System Documen— San Antonio Air Materiel Area (MME R)
tatlon for the F—4C and Contract F4 1608—7 1—C— 0576;
T— 37 AIrcraft , October publication 697—01-1-1118
1970 to June 197 1

I n the Phase fl—B study , the FSPT was applied to the F— l OG aircraft . Con-
current with Phase li—B , the U. S. Naval Safety Center contracted AJUNC 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 ABINC Research Publ ication
753— 0 1—3— 982 (R evision 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 documentat ion as input to the
basic computer program developed and applied to the F—lO B .

In 1972, AIIINC Re search Corporation was awa rded a contract , wi th the sub—
sequent modifi cations 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 app lied under this latter contract (F09603 -72—A—
1132—SAO1) include:

a. T-38

b. F-l ilA 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 /AT IC/MMK , respectively.
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c. A—7D

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

e. C—14 1

f. A—37

g. 0-2

h. OV-10

i. B—52G , H

j. C—130 E

k. KC-135

1. C-5A

m. T-39

a. F— 15

o. UH—1N Helicopter*

*Feaslbility study of adaptation of FSPT to rotary-wing aircraft.
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FORMULATION OF CRITICALITY-ASSESSMENT T EC IIN IQU E

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 element j during mission
phase k will result in an accident. This submodel in turn requires that we estimate
two parameters: the probability of accident if a major function is not availabl e 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 this task established for an
ai rcraft the following hierarchal scheme:

Aircraft

Primary functions

Major functions

Function

Elements (Work Unit Codes)

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

The second pa rameter , “link dependency, ” is a vehicle for showing the influ-
ence of each funct ional—path element on the performance of a major funct ion . For
example , if the major fun ction being consider ed is Externa l Light ing, the following
diagram Illustrate s the nature of functional sensitivity and Link dependency values.

• Link dependencies
4 Funct iona l sensitivity

The 0. 8 value means that failure of the Cont rol fu nction will result in loss of the
• Landing Light function 80% of the time. The 0. 1 functIonal sensitivity value denotes

t hat loss of external lighting wilt result in an accident 10% of the time. The values
must be interpreted in a proportional sense, In that the actual accident probab ility is
dependent upon external factors (see Section 3. 2. 3).

B-3



The remainder of this appendix discusses the procedures and model used to
obtain element sensitivities ; e.g. , in the above example , the accident probabil ity
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 ,

A~~~ IB 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 pro~ide the required input s to successor functions . Schematically,

_ 
_  

S

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 other in terms
of functional success , but each of which ma~’ be required fo r a successor function.
SchematicalI~ ,

H

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

In some cases the distinction between functional rcdundanc~ and parallel paths
Is very slight , and may depend on mission phase. For example the four engines of a
plane can be considered to be a redundant configurat ion providing inputs to the pri-
mary propulsion function during cruising, but would generally be considered to be
parallel functions during takeoffs re quiring 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 both
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 parallel
elements through Inputs such a~ P(A J i 5),  representing the probability that the Ath
function falls given that the iatfl element in A has failed. If i~ is a parallel element ,
the probability would depend on mission requirements and other parallel-element
states.

Link dependency Is the conditional probability of a functional failure , given the
failure of immediat e predecessor functions . The link dependencies applicable to the
three basic designs defined above are shown below.

Series Relationship

I A 1P~~~I B

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

Functional Redundan~~

f~~’ 1 
_ _ _

j B 2~~~ 

C

I
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equival ent to

P(
~~

I)
~~ -I c  I

where ! =

Parallel Functions

__________  

P(~~I~~1B2)

_ _ _

_ _ _ _ _ _  

4 B i J  
_ _ _ _ _ _

_ _ _

A 
_ _ _ _ _ _ _ _ _  

P(~~~~i~~2) f  ~ 
JI 

~. J B  I
2 P(?IB 1~~2

)

We shall generally assume that the dependencies of B1 with respect to A , and of
82 with respect to A , are independent of each other , so that

P(~ 1~2 IA) = P(~ 1IA)P(B 2 IA)

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

P(~~1B2 IX) 1 1
A P(~ 1~ 2 I~X) 

__________  

C

P(B 1~~2 I~~) 
_ _ _ _ _  

4
4 B 2 }
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noting that

X) P(~~1B2(X) +

P(B 2 (A ) - P(B 1B2 I~~) + P(~ 1~ 2 fX)

Models are shown below for determining the sensitivity of elements wIth in a
fu nction for each of the three basic designs. The following basic assumptions apply:

a. Except for cases where an element has a redundant or paraite 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(A I ta), 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 function relationship

J A I  L!~1
we assume

P (B IA) 0 ,

provided B experiences no element failures . If an element in function A
is under consideration , the latter provision is always true by assumption
“a. ”

The element sensitivity models are:

Series Relationshi p

[ A J  l a f  J c  F -

P(4 115) P (A I j a )P (BI A) P(C I B) P (4 1C)

B—7
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Functional R edundancy
- B

r 

A f c  F

= P(A ~~~~~~~~~~~~~~~~~~~~~
=

Parallel Functions 
-

_ _ _  

I B I  
_ _ _

~~~~~ AT 
_  

{D ~~~~~

P(•~4It a) = P(~~I 1~) { P(~~C I Xj P(~ I ~ C) P( BC A) P(~ I B~ )

~ P(~~~IX)P( DIB C)}P (4ITh

P(..fIlb) = ~~~~~~~~~~~~~~~~~~~~~ ~ P(C I ib)P(D I RC )}P~I fI Th
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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

P(Aji 8) — P(?Ii ) P ( B I i )P(4 I~~B) • P ( C I i )P (Th i )P( A I C~~)

+ P(~ ’I l )P (~ 1i ) { 1  — P( ,.4 1C)P( AI B)}

where It is assumed that the effect s of loss of the major functions in accident occur-
rence are independent of each other.

Use of Numerical Provisory Factors for Partially Redundant Systems

The numerical provisory factors (see Tabl e 3-1) 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-

• zation , 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 independent units* are available and at least M are required
for safe operation, where 0 < M < N , then the provisory factor of a given unit , say U~. i~
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-

p 

tribution, and is given by

j P(U~) = 
(
~~_ 1

1)p
(M_ 1)q (N_ M)

where P(U j ) = probability that failure of the j th 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 un failed state

[ q Probability that a singl e unit will be in a failed state or (l—p )

* Units may be either elements , element assemblie s , or functions.

1L 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 fa ctor 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.

B—b
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FSPT DOCUMENTATION METHODS

Because of the extreme complexity of aircraft , it is necessary to develop a
computerized method to identify and document all possible 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 card deck
and traces and documents all paths . For each WUC , it also computes the fl ight-phase
sensitivi ties for each path in which the WIJC is present. The resulting computer
printout provides a combined functional path sensitivity.

C . b  ALPHA CODING

As each system of the aircraft is functionally diagrammed , the functional 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 initial or first-alpha designator.
Each block in the functional diagram carries the same initial alpha as the top level
function. Subsequent 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 H,

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 application.

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

a. Columns 1 through 3. Used to identify the aircraft represented by the
model. For certain aircraft modeled under thi s contract more than one
model — designation series MDS — was included. For instance, a singl e
functional deck was created for four MDSs of the F-4 aircraft. Cards
with ~F4W~* in columns 1—3 were common to all aircraft . For example ,

*$ btank
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when those ca r u M  ar e combineut with those (‘8 r rv lng  ‘‘ l’4 K’’ in columns
1—3 , then It pr(slu(’es an V—4 F; 1•’SPT model deck.

h. Columns 4 th rough 31. Cont aIn the t i t le of the lunetlon or the WU C Item •

c. Columns 82 through 16. Contain the l e f t—j us t i f i ed Wl1( ’ number .

d. CoLumns 37 and 3M. Blank

e. Columns 89 through 46 . Contain the assigned alpha designator for the
function nndfoi’ the WL T C . (‘O lUflin 89 COflt 9I f l S either an l~ (U’ flU H , (U ~~
bl ank. The l~ and H designate left and i’ight for those instances when the
function and/or \VU(’ pertains to the left ~~ r ight side of the aircraf t .

1. Column s 47 and 45 . l l l ank .

g. Columns 49 through 55. Normally left blank , hut are used alter 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 68. Ident i fy th e depend ent functions tot ’ either
the function or specific WI Cs being coded . Column 56 may contain
I~, H or blank for the  same purpose as th at  of column 89 .

I. Column fl4 . Contains tlit ’ al phanum eric code of the ‘‘pr ovisory factor ’’
applicable to the link value assigned.

. Columns ( 5  through (19. Contain the alp ha designator of :i function that . is
an alternate t’o%’ the tunetion being coded. (Column 65 is used for ‘‘1 , ‘‘ or
‘‘H’’ as In Column 39 .) The presence of t he ‘‘a l t ernate alpha ’’ f lags  the
Importance ot the link dependency as being affected by the su ccess
p robtthil i ty of the a I tom ato function.

k . Column 70. (‘ontains th~ work unit. code dependency value  (1 0. 10;
2 0.20 ’ A 1. 0). This value is app licabl e to a l l  f l igh t phases .

I. Column 71. Contains spe~inl Instructions to the computer through the
use of letters F’, S. or being bl ank. (‘ards with an ‘‘S’’ or ‘‘blank’’ In
column 71 ar e used In sensitivity computations . Cards with an ‘‘I’’’
document a functional rel ation shi ps whi oh , although pt’t ’st’nt In the sys-
tem , would pmodue~ an erroneous sensitIvity valu e when combined with
other nonindependent paths (h av ing  the same l’unt ’t ion in common at some
highe r Level I. The ‘‘F ’’’ p revents the computer from Includin g the l ink in
the sensitivity calculations.

m. Columns 72 through $0. Cont a in functio nal dependencies for each of
nine flight phases as described in Sect ion 3. 2. 1 of the text . (‘Oding 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 diagram s 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 which 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 intr asystem 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. J
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FSPT DOCUMENTATION OF C-130E AIRC RA FT

This appendix contains the functional relationship diagrams and a [(sting of the
• keypunch cards that comprise the C-130E aircraft FSPT safety model documentation.

D.i DIAGRAMS

The diagrams illustrating the functional relationships considered in the C—130E
safety model will be foun d on pages D-5 through D—23 , and are listed below:

Diagra m Page

Propulsion
Fuel System B-i D-5
Fuel System B—2 D—6

Communtcations/Navigation/Identlflcatlon
Comm/Nay/Ideal C-i D-7

L Comm/Nay/Ideal C-2 D-8
Comm/Nav/Ident C-3 D-9

Information and Dtsplays
Info & Displays D—i D-iO

Environmental Control
Environment E-i D-ii
Environment E-2 D-12• 1. Environment E-3 D-13

Flight Contro l
Flight Control F-i D-14
FC/Yaw Contro l F-2 D-15
FC/Pitch Control F-3 D— 16
FC/Roll Control F-4 D-17

Ground Control G-1 D-18

MissIon Support M-1 D— 19

F Landing Gear N-i D-20

Utilities
Main AC Power UA-1 D-2 1

I. DC Power UP-i D-22
Hydraulics UH-1 D-23

[ 
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D. 2 CARD LISTING

Pages D—25 through D— 1i2 are a reproduction of the punchcard listing. The list-
ing is alphabetical by “alpha designator ”, and the format is tha t of the 80—column
puncheard itself as described in Appendix C. At the top of each page the card columns
are printed vertically; for example , column 34 is printed “~~~

“.
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3~~ FLAP POSITi ON WARNING 1-AK - FAJ  111111111
3Q1 WARNIN G HORN 1331E FAKA 14K A
3c FLAP PCISITIC’PJ INDICATED 1-AL F A ,  I FAF 11111 11 11
3C1 TRAN S~ ITTEQ 1451 2 FALA - FA L A
301- INDICATOR 14511 FALB 1-A L A
301 RUfl0~ R RST FNA(~1F lAM SO2300’~C20
301 P!JD(~F~ r~cT ENABLE 1- A M  FIM FAASIA A SIA AA
3C1- RU’)OI R liST ENAbLE 1-AM l- !-’P l- A AA A SIAAA A
3’ I. OUSIflRSI -’-IT*SWITCH ( 1’.415 FAMA -

3i1 YAw C 1NTROL F’3 1- ci3000 ao
3CC RUDUFR P11SITIONID FRA FR AAA A A AAAA
~~~ t- QIIDOER SISSY 14?1(~ FRSIA IRA 1

~~~ RUDDER HINGE bRACKET I4~~lK FRAB IRA 2

3~ E WE IGHT ASSY 1431E FRAC FUSI 2
3C’ HINGE/PIN 14311 FRA U 1)44 P

30L PUODEP ACTUATION FR’. I- BA 441111144
301 LFVEQ SISSY 14317 F8!3A A
30E SHAFT SISSY 14318 F13 1314 Id) A
301 N1RMAL BOO ST MODE F-3 C F-1~ , : 4 A A A A A4~)
3~~,. P30 SISSY 14334 FUCA FBI. A
301 IFV1- R 14’~ C F-If’. FIC
3~ 5-441-1 [43~ F F- ’C O FlU A
3~~ ‘)4 M~~ER S I S S Y  - 1 4 32 1  1-,jCE 1)4 1 1
301 AR M_ f l~~MPER S ISSY 14331, FIICF FRI I
3- 1- B’OSTFP SISSY 14333 FOCO FRI A
3~~ A CT II4TPR 14331 F.~CH r 4  A

SISSY 14317 Ft3CJ 1’.~ 3
33 1- MANUAL MUOF 11)0 F.4 -~ SA S I 3 C 0 0 0 A A
33’- MA NUAL MflftE F-3 D Fl’  144)000044

MANUAL MilOl F’.l~ I ~~ K F~~iJ U O A A A A A O O
301 I~UOI)F? PEDAL *2 FA< 14312 1-BOA ~~~~ 1
3. 1- SEI;ML NT—PEOA 1 ADJUSTER 1431 4 FdDB 11-i) 1

3~~1 T’)~~’-)UE T UBE ASSY 14318 1-HOC 1-~~~ ) 7

33~ COU P LING SISSY—FORE TOBUIJ E 1421C FR.1O FBI) 1
3 1  SIIPPONT SISSY 7? FA< 14310 FBUF Flit) 1
331 C A R L E  SISSY 14? lk FbLF F’ .)  A
301 - TENSI O N 14ECULA T 3P 1431N F~3Dt3 FlIP 1
3~ !- CJNTWC L 141)1) SISSY ‘~?EA < 14315 FBL) H Flu ) 1
3 ’  ~FA R I~ (; 14316 F’.OJ (-1) 1
3~~: T 1~ 1M TA ~ ACT UATT IN F P I  ~ F~~C 3 8 - A A A A A M O
3Y TA R SISSY 1432 1 F BEA FR’: 1
3C-

~~ 
HINGE A ND PIN 14323 1-1)13 II-:

~Q~i 7EAR P-iG 14722 F R FC FBI 2
30~ BRA CKET ASSY 14324 11)1-0 FBI 1
30~ ACTUATIR SISSY 14341 F~~I F A
IC: C- NTROL SwITCH 14345 1-11-F FR~ SI
3~~ 114)M TA P.)SIT ION IN DICAT E D F$F FBI CI )00-)003
3~ L TRA N S MITTER 14532 1-IFA 1-IF SI
3~~ PDICATOR 14531 1- BFB FBI- A
3CL I’IYDRAIJLIC POWER APPLIFO) Fl-IC- FOC AAA4SIAAAA
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301 CONTR O L V A L V E  14333 FBGA - FA G A
33[ M4NIFi 1~ fl 14332 18GB FIG
33 HOSE SISSY 143311 FBGC FlU; 2
301 UTILITY PRFSSURE APPLIED - FBH FBG 111111 11 1
~)t UTILITY PRESSURE APPLIED 1811 1 133 FA AA A AA A AA
LI RtJIM)ER UTILI TV SWITCH 991413 FBHA 1-PH A
30c RUDDER UTILITY VALVE 14331 F8HB FIN A
3 0 t  RELIE F VALVE 14336 FBHC F)4H 1
301 bYPASS VALVE 14334 FAHO - FBH 1
3j f  F I LT E !~ ELEMENT 14335 FI3HF FBI- I 0
30E UTILITY PRESSURE INUICAT IC F8J - FlIt) T F1)’-i 1111111 1 1
301 INDICATOR 45~~RC FIJA F~ J
311 TRANSMITT ER 45610 FP~JB Fi~J A
I~)E ‘IIJOSTER PRF.SS1J I~E A P P L I 1-:D 1-BK FaG 111111111
3~~ ‘~f lOST E P P RESSU R E A P P L I E D  1-BK FBI. F A A A A A A A A A
3C~ RUPt) Eii IIOOSIIP S W I T C H  99148 FRKA FRI( 4
3t 1- RtJOi ) ER ,IOflSTE I- V A L V E  14331 1-8KB IRK A
3u~ R E L I E F  V A L V E  143 7SI F K C  IRK 1
~~~~ R Y P A S S  VA l V E 14334 FIKO FbK 1
3C~ F I L T E R  EL FMF NT 14335 FBKF FBK U

IND FBI FBI) I F~~K 111 11 1111
— 301 INDICATOR 45644 FBL A FIL A

3~~ TRANSMITTER 4564R FRill FBI A
301 FUSE 4564C F13LC FIL A
30L FULL ITILITY PRESSURE FRM FB H CAO000OA~
30F OIVI-RTFR VA LVE 143~~8 FL3MA F’.’. A
3d ~EQUCE’) UTILITY PPESS’JR E IBM FBH A O A A A A A O A
3Q~ PRESS REDUCER 1433K FINA - F l-iN A
3cI- FULL BOOSTER PRESSURE FRP F-BK 340000140
301 D I V E R T F R  V A L V E  14338 FIPA FR~ A
301 REDUCED BOOSTER PPESSUR F 1-80 ElK 40444 4 404
30E PRESS REDUCER 1433K FBQA Fli’. A
301 AUTO P ILOT lODE FlU FRtJ X 0311111)0
30E SERVO MOTOR DRIVE SISSY 5211Q 1-BOA FRIJ A
3CE SERVO DRUM/BRACKET SISSY 52111 FB(JB FRU A
33 F SERVO A M P 5211v FBUC FB-J 4
ICE -4fi T~1R AMP 5211w FIUD FBI) A
301 QUADRANT 14330 FBUE I-RU A
301- AUTODILOT ATTENUATI ON 1-BOX FIG 1111111 11
3J1 -  YAW SIGNAL PIIOCFSSIN’ FBV lB-U A A A A A A A A A
7’~E Y AW SIGNAL PPOCFSSIN~ FBV FOR A A A A A A A A A
301 BLOWER SISSY 521*0 FBVA FBV A

- 30L T l)RQUF L I M I T I N G  Q F S I S T L D~ 52118 F~~VB I-RV A
3CE. PHASE ADAPT IR 52110 FBVC I P V  4
301 SERVO CONTROL RELAY 52111 FBVD FHV A
3- - i  SERVO FIELD RELAY 52111- 1-ByE FsV A
301 AC CUTOFF RELAY 5211G FBVF FHV A
301 TIMFR INTERL OCK RF (AY 5211H FBVG &BV SI
33F I.,ENEKAT’lR SISSY 5211N FBVI4 FII V A
3 uF  WA IF GENERATOR 52110 FBVJ FBV A
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~~ PflW FW SUPPLY b ?11? 1-RVK 1-lW
30- -4 1N 4 4 P  ~~ 111 F V L  b y
3~~

1- SF~~V~1 CONTROL ~212 3 F’IVM 1-1W 4

~~~~ CUMPASS INTERLOC K R EL A Y 5211J - FBVN 11W A
3C~ SI RVi) tNCAGF RELA Y 3(1K 52116 FHVP —IV A

--  3 - 1  Tl I~~f’~ CONT RUL 52 11~ F V O  FPJ  A
3~~ A LJTI’PILdT C~1NTRCL F W  I V  A A A A A A A A A
3 F AP ~ F L E A S F  S W I T C H ~~~~A < ~~~11C F1)~~A I-l~-i 1
3 GNG/APP CNTP PNL~~RU 1) SW( 52118 FNWI I~~ -; A
~~~~ PE R CDMT ~flN—OFF SW( ~?1 ]? F I-’RC 1 ! - ~ SI
3~~1 1-L IG HT CONTRO1LC~ INPUF F IIXA I-~~V 11111111 1
3j1 - R E D  C 1N T ~FLT CONTROLLFR< 52117 1- M X A S I  ~~~~ A
)-) L TIJPN C(1(JWOIMA TIL 1M 18XH li d  11 1111111
3.1 1151 I NPUT F-IXC 1-lW 1 11 111 1 1 1
3 L - -- SERV I COURSE DATUM 5211K F’IXCA FKXC -4
3~~

1- C J~~~ASS I~~PtiT F~~X D Fl~V 1 11 11111 1
301 R4DI~ • - ‘ MAMDS F • IX I  ~~I) V 111111111
3C1 P-’B4 A” I’LIFIF R ~211S Ft ’XESI :1 x ’  4

~~~ ~4T1GR4TDR 1)21 IA F3XE 8 1-RX ’ A

~2’~ LA T F1--AL ‘JTD (IT -%~~P ~ 2t  IX I- IXFC F - ~K h  A
3 :~ Mcr)ULAT IR MA G  1-- .i lQ F ’X E ) F~’X 1-  A
3C~ PIT C. H C~~l-~T’~0L C I-

POS IT I IN l- - I -  FC~
30’ ~L EVA T 1- ’~ S I SSY 2 FAC H 14flK FISIA 104 1
3r~ HINGF/NTMG F PIl- - 2 S E T S  14 211 Fl AB FCA 5
3~~ LLFV A T IP S I L T IJ 4 T I f l f~ 1-IA P41 111144
L- ~L E V A T 1P~ TPPOUE T Ill- I 14217 11.84 rI3 7
3C L C s N J M T E R P A L A I ~CE W E T I l T  1421’. F(~~ P ‘- I  ,
3d F4 t - A SI~lG 142 14 1181 1( 1  2
J~ T(1POI J TUBE CRA NK 9~~14E FC UO 1-1. 1 A

3’~~ R J 3  ASSY ~2 FSICH< l421~ ICBE ~ f - 4  3
‘
~~~~~. L E V I~ SISSY ~Prw [R< 14231 1(01- ~~‘ - ~ 9
) j (  TP I~~ T A i  A IO TU A T I P ’4 1-C C K FC~ O 3 A A A A A RO -.  -
3.~ C T4-$ ASSY 2 1-4 i’.2?~ 1-C IA 1
3G~ ~~~~~F/ P I N  2 E~ 1’~2~~: FCC ’ . F~~ 5 -,~
30- t~EA ’ HC. 2 CA 14224 FCCC 1- CC- 2
30 -  P~~T~ T 41 ~ 2 L~ 1472~ 1-IC~~ rr 2
3~. ~ SiIA 1- T A S S Y — I~L EX  2 16 14222  F~~CF F O  5
3~~T JA CK SC~~EW 4 13 142 A FlOE ~C - 4 - 4
3~~

1- PR’) ~~G) J uCkSI~~1-- - 4 1-4 14221 FCC - C -  III 1 ‘~ 
-

3~~~i ~ C \ ~~~ l,X 1422 1 1-C~~H F o r ;
30 - ~ C . tN T RIL  S W I T C H  14242 FC C - J  FCC -4 — -

ia: ~i’~~MA L 31105T M OOt 1-CD FC~ 3 4 - \ A A - ~A4~
30 1-~ BUOST r ~~ SISSY 142~~J 1-IDA Ffl A
3i~ HEA R ING 16 2 38 1-C OB IC )  7
iCE SE A L  -4 SSY ,BVCI ST VI I  14~~1S 1-COC F~~) 0
3r- r ~3O OSTF R FRA’IE 14 2 - A  FCUO 1- C O I
301 M A N U A L  MODE FCE 114 S A A O 0 3 ) 3 A 4
301 MAI~UA L ~UDF 1-I.E I - C R  K 1(7 FA400r’OOAA
101 4A NIJA L MODE FOE Fl -) K 1-OP C044444jC
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- 30~ C’ P9T RCL C 1LUMN~~2 E A <  14212 ECEA Ff1 1
3 U ~ CAB L E  S I S S Y  ?2 FA (  142 1G FCFB FC 1-

- 30F 4~.C1-SS PLATE 14211 FCEC FC~301 TEM S I  )N REGU LAT OR )
~2 F4< 142111 - FCED IC E 1

101 SHAF T OFLICRANK ~2FA< 14237 1-C-FE 1
- 33F I P I - 4 R A R )  ~1OOST FCF I-CO 111111111

I - 301 I-IYQ AS SY— INRO 1423F FCFA FC1-
101 SRM F L F V  BOflS T V A L V E  14 23 G FCFII IC-I A
301 SI. T i J A T O R  14231 FCFC - 1-Cl- A
3 L €  CUNT RJ L V A L V E  14233 1 - d O  FC C A
301 ~UT~~~A RI ,

) R IOS T FCC F C R  111111111
30F I IY R \ SSV 011130 1423F FCGA FCC H
3,~— 

-~~ M E L E V  MO IST  V A I V F  L423 (~ FCG B l-CG A
301 A C T I I A T ) R  14231 1-CGC FCC. A

- 3j E  i~~sTR1I V A L V I -  14211 FCG() FC~; SI
101 J T I L I T Y  PRt SS A P P L I I 1 -  1 - C - H  FCF A A A A A A A A A

- 3~~ C ‘.nçr S I S S Y  14?3~-~ 1-Cl-IA FCH 2
SHUT WV V A L V t  142 3K FCHB F(H -~

- 331 M4r ~ I1IILO 142 32 FCHC 1(1 1
i” - ‘ .Y P A S S  V A L V E  j 4 ? 3~ F CHD 1 - C - i  1

- 301 F I LT E ~ 1~~235 IC-HF Fl-i
lC~ ~ lTl (c V A I V I  1423u 1-CHF FCH 1

- 3 .fT L F V  - I T ! L I T Y  SW I T C ’ .  90 148 FCI-I G 1- C - I
3-) ~ ~~‘ - S T E  PReSS APP I fl 1-cJ FC - , A A A A A A 4 A A

• ~~.E H 1 SF  4 S - ~Y 14?~~l-4 FCJA FCJ
iOt  S - ~JT~~f~ V A L V E  1423K FCJII 1- CJ -4

- ~ ~~~ IF 110 14 2 ? FCJC F(J 1
~~j ’ IYP. \ SS V A L V 1-  14234 FCJD rrj 1

- )~~ 1 ILT 1-~ 14235 FCJE 1-C - J  3
-~ :ii~~- V A L V ~ 14236 FCJF 1C 1 1

- 3-a l rL~~V Y - 1 ST S d T C H  9 14f I- C- J O FCJ A
1 -  ~ ~~M4~~ ~~~~~~ 1-O K F- CC ~CL 331111131
I’~ -~((AY N~~PM4L 14241 FIKA - FC~. A

I 3~~
-
~ SICT ~I4T l~ MO TO R NOP~~A L 1424C 1- CKB 1-C K A

~~ 10- ‘~~T UAt -1 .~ SISSY 14241 FCKC 1-1K 4
1- CL F C C  K 10K 4 4 4 4 - 4 4 4 4 4

r 3~~ ~lL.- Y  E~~FR GE NC Y 142~~ I CL A I L L  ft
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• 101 C l i i  1r,NITtOM~ NflISC F- !1T 1R14241 1 - d O  FIL 0
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331 ‘SIIUA L T~~I~ FCU 1- CK A A 8 8 $ d B A A

- 301 SWITCH TRIM TAB PEDE STAL 14243 FCMSI FCM I
301 SWITCH CONTROL WHEEL Z2EA<14244 lOMB 1-CM 1
331 T R I M  TA P POSITION IND - FCM 100 01-3000CCO
33F INDICAT O R 14541 FCNA FIN A
301 TRANSMITTER 14542 FCNR FCN A
3 0 F  A UTO PIL T MODE I-CR FC PX 001111110

~~ 33~ SERVO MOTOR DRIV E  SISSY 5211R 1- CPA 1- C - P A
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3CF ~UA0R4NT 14131. FDbF - 11)-I A
30€ LATC I4INC, ‘4ECH AFT CARGO 1124C FDIIFE E0IF A
301 NORMAl BOOST MODE FUC Ff13 O 4 A A A A A 4 O
301- BOOSTER SISSY 1413K 1-DC -A FDC 8
30E MAN! Fi) Lf1 14132 FUCS Ff11 1
30E CONT RO L VALV E 14133 FDCC F t - C  A
30( ROD SISSY 14134 FOCII I-DC A
301- MOUNT BRAC KFT 14138 FUCE Ff11 0
3o€ AC TUATOR 14131 FOCI - I-f t C A
301- SHAF T 141311 FDC G F-DC . A
30€ . IFARINu, 14130 Fr-uCH FDC 2
30E DAM PER SISSY 14131 FlU 1-DC 1
301 MA NUA L MIhOF Ff11) FDA SASI00000 AA
30E MANUAL MODE FE))) F1’ -I K F3C FAAu OuOOAA
30F MANUA L MODE FUD F- DC K FOL 004444400
301- CONTROL WHEEL ~2F4< 14111 FODA Ff11) 1
30€ CA BLE SI SSY ~2 E A <  14113 Ff108 Ff11) 1
3CE CHAI N SISSY t2EA< 1411B F’)DC FOr) 1
.AOE TJB€ ASSY 14112 Ff100 FI r )  3
30F TF ’4 S 1’ ) N REGULATOR ~2C4< 1411M FDDE FIJI) 1
3C1 OIJAOR A NT ~2EA (  14111 FUU1F 101) 1
3)1 BEARI NG 14116 1-01)0 10’) 1
33E bUSHING 14117 FOUl-I - - Fl)’) 1
30F UTILITY HYDRAULICS A PPLIFU FOP FOC 111111111

f 30€ 110SF SISSY 1413J lOLA FDF 5
301 A l L  PRESS R E D U C E R  14131 FUE B FOE 1
3C 1 SHUTOFF V A lV E  1413K 1- DEC FOE A
30F B Y P A S S  VALVE 14134 F1)EO FOE 1
331 F I L T E R  14135 Ff1 1- F IDE 0 —

10€ R~~LIEF VALVE 14136 F0~ F ~- DL 2
33E A IL FR - )N UTILITY Sw ITCH ~1--14f1 FOE - C F f 1 -  A
311 Oflt)STER HYOR~ U1ICS A PPL IFO FOF FOC 111111111
CE 11-1SE ASSY 1413J FUFA F- OF 5
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