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PURPOSE. This advisory c i rcu la r provides guidance material for acceptable 
means, but not the only means, of demonstrating compliance with the requirements 
of Part 25 of the Federal Av ia t ion Regulat ions which Includes p r o b a b i l i s t i c 
terms, as introduced by Amendment 25-23, for airplane equipment, systems, and 
I n s t a l l a t i o n s , 

2 . REFERENCE REGULATION. Sect ion 25.1309 of the Federal Av ia t ion Regu la t ions , 
as amended through Amendment 25-41. 

3 . BACKGROUND. 

a . For a number of y e a r s , a i r c r a f t systems were evaluated by the Federal 
Av ia t ion Administrat ion to the "s ing le fau l t " c r i t e r i a contained in § 4b.606 of 
the C i v i l A i r Regu la t ions , recodif ied and la ter amended as § 25.1309 of the 
Federal Av ia t ion Regula t ions . The term "s ing le f a u l t " was a misnomer because 
addit ional cases of the hidden fau l t and the consequential fau l t a lso had to be 
considered (§ 4b.606-1 of the C i v i l Aeronautics Manual) . With the development 
of more complex systems and the increasing c r i t i c a l i t y of those systems, the 
Federal Av ia t ion Administrat ion revised the rules in 1970 to require 
consideration of s ing le and multiple fau l ts in the system under study. The 
consequences of fau l ts in separate systems which perform di f ferent functions are 
a l s o to be considered i f the simultaneous loss of functions performed by these 
systems creates a hazard to the a i rp lane . Because of the growth 1n airplane 
system complexity, i t i s d i f f i c u l t in certain cases to make a responsible 
engineering judgment regarding the ef fects of certain system f a i l u r e s based on 
conventional a n a l y s i s , t e s t s , and h i s t o r i c a l data. However, the need for making 
a va l id judgment has increased with the increasing c r i t i c a l l t y of certain 
systems. 
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b. To better understand the ef fects of complex airplane system f a i l u r e s , 
1t may he desi rable to use ana ly t ica l techniques which can a s s i s t in ident i fy ing 
f a i l u r e condit ions and the i r potential consequences. This advisory c i rcu la r 
ident i f i es various analy t ica l approaches, both qua l i t a t i ve and quant i ta t ive , 
which may be used to a s s i s t a i rplane manufacturers and FAA personnel in 
determining compliance with the referenced regulat ion and provide guidance fo r 
determining when, or i f , a par t i cu la r a n a l y s i s should be conducted. Numerical 
values are assigned to the p r o b a b i l i s t i c terms included in the referenced 
regulat ion for use 1n those cases where the ef fects of system f a u l t s are 
examined by quant i tat ive methods of a n a l y s i s . 

c . A f ind ing of compliance with the requirements of FAR 25.1309 1s based 
on the technical judgment of FAA p i l o t s and engineers. The structured methods 
of ana lys is described by t h i s advisory c i r c u l a r are intended to a s s i s t FAA 
personnel in f inding compliance with the requirements in those cases where a 
design review cannot readily determine the Impact of f a i l u r e s on the safety of 
the a i rp lane. These analy t ica l too ls are intended to supplement, but not 
replace, the judgment of the FAA c e r t i f i c a t i o n personnel. 

4 . DISCUSSION. 

a . Section 25.1309 of Part 25 of the Federal Av ia t ion Regu la t ions , 
subsequent t o Amendment 25-23, requires substant ia t ion by ana lys is and, where 
necessary, by appropriate ground, f l i g h t , or simulator tes ts that the 
probabi l i ty of a f a i l u r e condit ion 1s expected to remain within l i m i t s which are 
related to the consequence of the f a i l u r e condi t ion . The requirements In the 
referenced regulat ion are intended to assure an orderly and thorough evaluat ion 
of systems considered separately and in re la t ion to other systems. I t i s 
important to recognize that some systems ( funct ions) have conventionally 
received such an evaluation to show compliance with other s p e c i f i c regulations 
or special condit ions and thereby may be shown to meet the Intent of FAR 25.1309 
without a need for extensive addit ional ana lyses . 

b. The probabi l i ty of the occurrence of a fa i lu re condition may be 
considered within three c l a s s i f i c a t i o n s : probable, improbable, and extremely 
Improbable. These c l a s s i f i c a t i o n s may be related to fa i lu re condit ions which 
have Increasingly more severe Impact on sa fe ty . Airplane functions may be 
divided In the fo l lowing manner: 

(1) N0N-ES5ENTIAL--Funct1ons whose f a i l u r e s would not contribute to or 
cause a fa i lu re condit ion which would s i g n i f i c a n t l y Impact the safety of the 
a irplane or the a b i l i t y of the f l i g h t crew to cope with adverse operating 
condi t ions . Airplane condit ions which result from improper accomplishment or 
l o s s of non-essential functions may be probable. 

(2) ESSENTIAL—Functions whose f a i l u r e s would contribute to or cause a 
f a i l u r e condition which would s i g n i f i c a n t l y impact the safety of the airplane or 
the a b i l i t y of the f l i g h t crew to cope with adverse operating cond i t ions . 
Fai lure condit ions which resul t from Improper accomplishment or loss of 
essent ia l functions must be improbable. 
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(3) CRITICAL--Funct ions whose f a i l u r e would contribute to or cause a 
fa i lu re condition which would prevent the continued safe f l i g h t and landing of 
the a i rp lane . Fa i lure condit ions which result from improper accomplishment or 
loss of c r i t i c a l functions must be extremely Improbable. 

c . In order to show compliance with FAR 25.1309(b), FAR 25.1309(d) requires 
an ana lys is which must consider: 

(1) Poss ib le modes of f a i l u r e , including malfunctions and damage from 
external sources. 

(2) The probabi l i ty of mult iple f a i l u r e s and undetected f a i l u r e s . 

(3) The resul t ing ef fects on the airplane and occupants, considering 
the stage of f l i g h t and operating cond i t ions , and 

(4) The crew warning cues , correct ive action required, and the 
capabi l i ty of detecting f a u l t s . 

d . An ana lys is to Ident i fy f a i l u r e condit ions should be q u a l i t a t i v e . An 
assessment of the probabi l i ty of a f a i lu re condit ion can be qua l i ta t ive or 
quant i ta t ive . An ana lys is may range from a simple report which interprets test 
resul ts or presents a comparison between two s im i la r systems to a f a u l t / f a i l u r e 
ana lys is which may (or may not) include numerical probabi l i ty data . An ana lys is 
may make use of previous service experience from comparable i n s t a l l a t i o n s in 
other a i rp lanes . 

e. The depth of t h i s ana lys is w i l l vary, depending on the design complexity 
and type of functions performed by the system being analyzed. Section 6 of t h i s 
advisory c i rcu la r ident i f i es various analy t ica l approaches and provides 
guidel ines for determining when each should be used. 

5. DEFINITIONS. For the purpose of conducting or evaluating an a n a l y s i s , the 
fol lowing terms and numerical values should apply: 

a . CONTINUED SAFE FLIGHT AND LANDING—This phrase i s used in the requlatlon 
to require that an airplane be capable of continued control led f l i g h t and 
landing, poss ib ly using emergency procedures and without exceptional p i lo t s k i l l 
or s t rength , af ter any fa i lu re condit ion which has not been shown to be 
extremely improbable. There may be f a i l u r e condit ions which are not extremely 
improbable for which i t i s necessary to assure that continued safe f l i g h t and 
landing i s poss ib le by appropriate a n a l y s i s and/or t e s t s . 

b. DEDUCTIVE—The term used to describe those analyt ical approaches 
involv ing the reasoning from a defined unwanted event or premise to the 
causative factors of that event or premise by means of a log ica l methodology 
(the "top-down" or "how could i t happen" approach). A deductive approach wi l l 
postulate a par t icu la r fa i lu re condit ion and attempt to determine what system 
and equipment f a i l u r e modes, e r r o r s , and/or environmental condit ions w i l l 
contribute to the fa i lu re condi t ion . 
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c . ERROR—A mistake in s p e c i f i c a t i o n , d e s i g n , production, maintenance, or 
operation which causes an undesired performance of a func t ion . 

d. EVENT--An occurrence which causes a change of s ta te . NOTE: The 
Regulatory Author i t ies of some countries use a more spec i f i c d e f i n i t i o n . 

e. EXPOSURE TIME—The period ( in clock time or cyc les) during which a 
system, subsystem, unit or part 1s exposed to f a i l u r e , measured from when I t was 
l a s t ver i f ied funct ioning to when I t s proper performance i s or may be required. 

f . FAILURE—The i n a b i l i t y of a system, subsystem, unit or part to perform 
within previously speci f ied l i m i t s . Note that some f a i l u r e s may have no effect 
on the capabi l i ty of the airplane and therefore are not f a i l u r e condi t ions . 

g . FAILURE ANALYSIS—The l o g i c a l , systematic examination of a system, 
subsystem, unit or par t , to ident i fy and analyze the p r o b a b i l i t y , causes, and 
consequences of potential and real f a i l u r e s . 

h. FAILURE CONDITION—A consequential a irplane state which has an impact on 
the functional capab i l i t y of the a irplane or the a b i l i t y of the crew to cope 
with adverse operating cond i t ions , or which would prevent continued safe f l i g h t 
and landing. NOTE: A f a i l u r e condit ion can resul t from the occurrence of a 
spec i f i c s ing le event or a combination of related f a u l t s , f a i l u r e s , e r r o r s , 
operating condit ions or environments. Postulated f a i l u r e condit ions are 
assessed for their impact on safety and assigned an appropriate p robab i l i t y 
c l a s s i f i c a t i o n . A defined fa i lu re condit ion provides the c r i t e r i a for 
c l a s s i f y i n g system functions as non-essent ia l , essent ia l or c r i t i c a l and for 
showing compliance with 25.1309(b) 1n accordance with t h i s advisory c i r c u l a r . 

i . FAILURE EFFECT(S)—The consequence(s) of a fa i lu re mode on the system, 
subsystem, unit or p a r t ' s operat ion, funct ion , or s t a t u s . 

j . FAILURE M0DE«The manner in which a system, subsystem, u n i t , part or 
function can f a l l . 

k. FAULT—An undesired anomaly 1n the functional operation of a system, 
subsystem, unit or par t . 

1 . FAULT TREE ANALYSIS—A top down deductive ana lys is ident i fy ing the 
condit ions and functional f a i l u r e s necessary to cause a defined f a i l u r e 
condi t ion . The fau l t t ree , when f u l l y developed, may be mathematically 
evaluated to es tab l ish the probabi l i ty of the ult imate fa i lu re condit ion 
occurring as a function of the estimated p robab i l i t i es of ident i f ied 
contributory events. 
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m, FLIGHT TIME (Block T1me)--The time from the moment the a i rc ra f t f i r s t 
moves under i t s own power for the purpose of f l i g h t unti l the moment i t comes to 
rest at the next point of landing. 

n. PROBABILITY CLASSIFICATIONS—Three probabi l i ty c l a s s i f i c a t i o n s are 
defined below. Quantitat ive ranges are a lso provided as a common point of 
reference i f numerical p r o b a b i l i t i e s are used in assess ing compliance with FAR 
25.1309 or other appl icable regu la t ions . The quant i tat ive ranges given for 
these c l a s s i f i c a t i o n s represent goals and are considered to overlap due to the 
inexact nature of probabi l i ty est imates. When assess ing the acceptabi l i ty of a 
f a i l u r e condit ion using a quant i tat ive a n a l y s i s , the numerical ranges given 
below should normally be interpreted to be the allowable r isk for an hour of 
f l i g h t time based on a f l i g h t of mean duration for the airplane type. However, 
when assess ing a function which I s used only at a spec i f i c time during a f l i g h t , 
the probabi l i ty of the fa i lu re condit ion should be calculated for the spec i f i c 
time period and expressed as the r isk for the f l i g h t condi t ion; takeoff , 
land ing , e t c . , as appropriate. 

(1) PROBABLE—Probable events may be expected to occur several times 
during the operational l i f e of each a i rp lane . A probabi l i ty on the order of 
1 x 10-5 or greater. 

(2} IMPROBABLE—-Improbable events are not expected to occur during the 
total operational l i f e of a random s i n g l e airplane of a par t icu lar type, but may 
occur during the total operational l i f e of a l l a irplanes of a par t icu lar type. 
A probabi l i ty on the order of 1 x 10-5 0 r l e s s . 

(3) EXTREMELY IMPROBABLE—Extremely improbable events are so unl ike ly 
that they need not be considered to ever occur, unless engineering judgment 
would require the i r considerat ion. A probabi l i ty on the order of 1 x 10-9 
or l e s s . 

NOTES: (a) I f a quant i tat ive a n a l y s i s i s used to help show compliance with 
Federal Av ia t ion Regulat ions for equipment which i s I n s t a l l e d and required only 
for a s p e c i f i c operating condit ion for which the airplane 1s thereby approved, 
credit may not be taken for the fact that the operating condit ion does not 
always e x i s t . Except for t h i s l i m i t a t i o n , appropriate s t a t i s t i c a l randomness of 
environmental or operational condit ions may be considered 1n the a n a l y s i s . 
(However, the appl icant should obtain pr ior concurrence of the FAA when 
Including such condit ions in the a n a l y s i s . ) (b) The three probabi l i ty terms 
defined in paragraph 5n above are intended to relate to an ident i f ied fa i lu re 
condition resu l t ing from or contributed to by the improper operation or loss of 
a function or funct ions . These terms do not define the r e l i a b i l i t y of spec i f i c 
components or systems, (c) The range of numerical values assigned to each of 
the terms 1s intended to minimize differences 1n the interpretat ion of what 
these terms mean when used 1n § 25.1309 of the Federal Av ia t ion Regulat ions . I t 
I s important to real ize that these terms and others such as " r e l i a b l e , " 
"unl ike ly ," and "remote" are used throughout the Federal Av ia t ion Regula t ions . 
In many cases , these other terms were used pr ior to Amendment 25-23. Careful 
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judgement i s necessary when interpret ing the intent of any regulat ion using such 
terms. In a l l cases , the effect of the given fa i lu re condit ions should be 
considered. 

o. FUNCTION—Each par t i cu la r purpose performed by a system, subsystem, unit 
or par t . 

p. INDUCTIVE—The term used to describe those analy t ica l approaches 
involv ing the systematic evaluation of the defined parts or elements of a given 
system or subsystem to determine s p e c i f i c charac te r i s t i cs of Interest (the 
"bottom-up," or "what happens i f" approach). An inductive approach wi l l assume 
an i n i t i a t i n g event and attempt to determine the corresponding effect on the 
overal l system. 

q. HIDDEN FAILURE—A f a i l u r e that i s not inherently revealed at the time i t 
occurs . 

r. QUALITATIVE--The term used to describe those analyt ica l approaches which 
are oriented toward r e l a t i v e , nonmeasurable or non-numerical and subjective 
va lues. 

s . QUANTITATIVE—The term used to describe those analy t ica l approaches 
which are oriented toward the use of numbers to express a measurable quant i ty . 

t . REDUNDANCY—The existence of more than one independent means of 
accomplishing a given funct ion . 

u. RELIABILITY—The probabi l i ty that a system, subsystem, unit or part w i l l 
perform i ts intended function for a speci f ied interval under stated operational 
and environmental cond i t ions . 

6. ACCEPTABLE TECHNIQUES. 

a . The f i r s t step in determining compliance with FAR 25.1309(b) should be 
to determine the c r i t l c a l i t y of the system or i n s t a l l a t i o n to be c e r t i f i c a t e d . 
This ana lys is may be conducted using service experience, engineering, or 
operational judgment, or by using a top-down deductive qua l i t a t i ve a n a l y s i s 
which examines each function performed by the system. The ana lys is should 
determine the c r i t i c a l l t y of each system funct ion , i . e . , either non-essent ia l , 
e s s e n t i a l , or c r i t i c a l . Each system function should be analyzed with respect to 
functions performed by other a i r c r a f t systems. This is necessary because the 
l o s s of di f ferent but related functions provided by separate systems may affect 
the c r i t l c a l i t y category assigned to a par t icu la r system. This type of 
a n a l y s i s , var iously referred to as a preliminary hazard a n a l y s i s , c r l t i c a l i t y 
ca tegor iza t ion , or c r i t l c a l i t y assessment may contain a high level of detail in 
some cases, such as for an integrated e lectronic f l i g h t instrument system. 
However, many i n s t a l l a t i o n s may only need an informal review of the system 
design by the applicant for the benefit of the FAA cer t i f i ca t ion , personnel to 
determine the c r l t i c a l i t y of the functions performed by the system. The 
purpose of the preliminary hazard a n a l y s i s i s to identi fy the c r i t i c a l and 
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esential functions and the systems which must operate properly to accomplish 
these funct ions . Once the c r i t i c a l i t y of a system has been es tab l i shed , 
addit ional techniques which might be useful in determining compliance with FAR 
25.1309(b) are more eas i ly i d e n t i f i e d . 

b. Ana lys is of systems which perform non-essential funct ions . 

(1) Although a preliminary hazard ana lys is has been accomplished, and 
i t has been determined that a par t icu la r system performs only non-essential 
funct ions, t h i s i s not su f f i c i en t for demonstrating compliance with the 
requirements of FAR 25.1309(b). I t i s a l s o necessary to determine i f f a i lu res 
of the system could contribute to a f a i l u r e condit ion Involv ing any essent ia l or 
c r i t i c a l funct ion. 

(2) In general , the I n s t a l l a t i o n of a non-essential system should be 
accomplished in a manner which insures i t s independence and I s o l a t i o n from other 
systems in the airplane which perform c r i t i c a l or essent ia l funct ions . I f a 
review of the design based on good engineering judgment determines that system 
f a u l t s cannot af fect essent ia l or c r i t i c a l funct ions , then no further ana lys is 
1s necessary. I f the I n s t a l l a t i o n does not have sa t is fac tory i s o l a t i o n from 
systems which perform essent ia l or c r i t i c a l funct ions , or i f the system 
complexity i s such that a design review alone cannot adequately es tab l ish that 
such i s o l a t i o n has been achieved, then the system should be analyzed using more 
rigorous methods, some of which are ident i f ied in paragraphs 6c and 6d, below. 

(3) Special care must be taken with systems that perform non-essential 
functions which provide Information for use by the f l i g h t crew, such as engine 
performance data systems. Systems of t h i s type, which are not required by 
regulation and a lso are non-essent ia l , may have hazardous fa i lu re modes which 
provide misleading information to the f l i g h t crew without warning. These 
systems may have to be analyzed as a system which performs an essent ia l 
funct ion. 

(4) T y p i c a l l y , systems such as g a l l e y s , pos i t ion l i g h t s , public address 
systems, and In te r io r cabin l i g h t s , to name a few, should be cer t i f ica ted based 
on a design review alone without the need of a formal f a i lu re a n a l y s i s . Note 
that some systems required by regulat ion may be found to perform non-essential 
functions using the c r i t e r ia of t h i s advisory c i r c u l a r . Equipment such as 
transponders, pos i t ion and a n t i c o l l i s i o n l i g h t s , a l t i tude a le r t ing systems and 
ground proximity warning systems, are required for various operations and 
airplanes by regulat ion for safe and expeditious use of the a i rspace , but l o s s 
of th is type of equipment does not create a serious hazard to the airplane or 
prevent i t s continued safe f l i g h t and landing and may therefore be considered to 
perform non-essential funct ions . 

c . Ana lys is for f a i lu re condit ions involv ing systems which perform 
essent ia l funct ions . 

(1) Fa i lure condit ions which affect essent ia l functions should be 
improbable. Sa t is fac tory service h istory of the equipment under ana lys is or 
s im i la r units w i l l be acceptable for showing compliance. Compliance may a lso be 
shown by a quant i tat ive r e l i a b i l i t y a n a l y s i s using fa i lu re rates from an 
acceptable industry standard or actual equipment fa i lu re rate data. An 
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acceptable probabi l i ty level wi th in the defined Improbable range should be 
agreed upon with the FAA for a par t i cu la r f a i l u r e condi t ion . Determination of 
the acceptable probabi l i ty level should be based on an inverse re lat ionship 
between the probabi l i ty of the f a i l u r e condit ion and the severi ty of i t s effect 
on airplane sa fe ty . This i s not meant to Imply that a numerical ana lys is w i l l 
always be required to show compliance with an agreed-to l e v e l . 

(2) Many uni ts which perform essent ia l functions have dual or greater 
redundancy. I f redundancy e x i s t s and there i s some evidence to indicate the 
sa t is fac tory r e l i a b i l i t y of the redundant subsystems, no further ana lys is i s 
necessary. For complex systems, a f a i l u r e modes and effects ana lys is may be 
necessary to veri fy that redundancy actua l ly e x i s t s , and to show that the 
fa i lu re modes of the system do not have an adverse effect on other essential or 
c r i t i c a l funct ions . A complete quant i tat ive safety ana lys is wi l l not usual ly be 
necessary. 

(3) I f f a i l u r e modes are found to ex is t which result in fa i lu re 
condi t ions , these fa i lu re condit ions should be shown to be improbable or 
extremely improbable, depending upon the c r l t i c a l i t y of the affected funct ion. 
However, f a i lu re condit ions resul t ing from s ing le f a u l t s w i l l not usual ly be 
accepted as being extremely Improbable. In unusual cases , a fa i lu re condition 
resul t ing from a s ing le fau l t can be assessed as extremely improbable i f i t can 
be shown that based upon construct ion , i n s t a l l a t i o n and experience such a faul t 
need not be considered as a pract ica l p o s s i b i l i t y . 

d . Ana lys is for f a i l u r e condit ions involv ing systems which perform c r i t i c a l 
funct ions. 

(1) A quant i ta t ive safety a n a l y s i s w i l l generally be necessary for each 
fa i lu re condition ident i f ied by the preliminary hazard ana lys is that would 
prevent the continued safe f l i g h t and landing of the a i rp lane. Such fa i lu re 
condit ions should be extremely improbable. I f a quant i tat ive safety ana lys is 1s 
required, the a n a l y s i s may include the fo l lowing: 

( I ) FAULT TREE ANALYSIS 

( I I ) FAILURE MODES AND EFFECTS ANALYSIS—An inductive bottom up 
a n a l y s i s which determines what happens to the system upon s i n g l e fa i lu res of I t s 
individual p a r t s . These f a i l u r e modes are used as the bottom level events of 
the fau l t tree a n a l y s i s . 

( I I I ) PROBABILITY ANALYSIS—Determines the probabi l i ty of the 
s i n g l e f a u l t s used as bottom level events of the fau l t tree a n a l y s i s from 
f a i l u r e rate data and exposure times to both act ive and hidden f a i l u r e s . The 
probabi l i ty of a l l event condit ions in the fau l t tree ana lys is w i l l then be 
calculated from t h i s data. The fact that maintenance or f l i g h t crew checks wi l l 
be performed throughout the l i f e of the system i s relevant to quant i tat ive 
a n a l y s i s . When exposure times appl icable to probabi l i ty ca lcu la t ions for 
c r i t i c a l functions are affected by f l i g h t crew checks or malntenence inspection 
i n t e r v a l s , these time in terva ls and check procedures should be c lear ly specif ied 
1n appropriate documents. Required f l i g h t crew member actions should be 
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speci f ied in the l imi ta t ions sect ion of the Airplane F l iqht Manual. Required 
maintenance procedures and inspection In terva ls should be included in the 
Airworthiness L imi tat ions sect ion of the Ins t ruc t ions for Continued 
Airworthiness. The required maintenance procedures and inspection in terva ls 
should a lso be made known to the FAA Maintenance Review Board (MRB) which 
develops the i n i t i a l a i rc ra f t maintenance program. The s p e c i f i c data wi l l be 
used in determining the i n i t i a l maintenance requirements for inc lus ion in the 
MRB document. Changes to the Airworthiness Limitat ions section as service 
experience i s gained on the airplane must be approved by the FAA Transport 
Airplane C e r t i f i c a t i o n Di rectorate . An owner or operator of the airplane may 
request that a l ternat ive inspection in terva ls and related procedures be set 
forth in an operations spec i f ica t ion approved by the Administrator under Parts 
121, 123, 125, 127 or 135 or 1n accordance with an inspection program approved 
under FAR 91.217(e). For very simple i n s t a l l a t i o n s , i t may be possib le to 
successfu l ly analyze a fa i lu re condit ion involv ing a c r i t i c a l function without 
using the detai led formal procedures outl ined above. In general , the 
simultaneous fa i lu re of two re l iab le independent systems, each of which has dual 
redundancy, i s expected to be extremely improbable. 

(2) The increasing use of d i g i t a l av ionics systems in a i rc ra f t has 
focused attention on the probabi l i ty of f a i lu re condit ions caused by errors in 
the spec i f i ca t ion of system requirements or implementation of system des ign . Of 
par t icu lar concern are errors 1n the computer programs used by software based 
d i g i t a l equipment. This advisory c i rcu la r has outl ined the use of quanti tat ive 
safety ana lys is for evaluat ing some types of systems which perform c r i t i c a l and 
essent ia l funct ions . At t h i s time, v a l i d quant i tat ive methods for evaluating 
the probabi l i ty of system errors have not been ident i f ied by the av ia t ion 
industry or the Federal Av ia t ion Admin is t ra t ion . However, a design methodology 
for software based systems has been developed by the Radio Technical Commission 
for Aeronautics (RTCA). These recommendations are contained 1n RTCA Document 
DO-178, are accepted by the FAA, and should be followed for software based 
systems which perform essent ia l and c r i t i c a l funct ions. 

e. The analyt ical techniques outl ined in t h i s section provide acceptable 
techniques, but not the only technique for determining compliance with the 
requirements of FAR 25.1309(b). Other comparable techniques exist and may be 
proposed by an applicant for use 1n any c e r t i f i c a t i o n program. However, these 
methods should be proposed to the FAA c e r t i f i c a t i n g o f f ice early in the program. 
Ear ly agreement between the applicant and the Federal Av ia t ion Administrat ion 
should be reached on the methods of ana lys is to be used, iden t i f i ca t ion of 
c r i t i c a l funct ions , and assumptions to be used in the acceptance of the proposed 
a n a l y s i s . 

f . The ana lys is should be c lear ly documented. A l l assumptions, sources of 
r e l i a b i l i t y data, fa i lu re ra tes , system functional type ( c r i t i c a l , 
non-essent ia l , e s s e n t i a l ) , e tc . should be concisely documented for ease of 
review. To the extent f e a s i b l e , the a n a l y s i s should be se l f -conta ined . 

7, RECOMMENDATION. The purpose and intent of th is advisory c i rcu la r i s to 
provide guidance. Terms and methods of ana lys is which may be u t i l i zed in 
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demonstrating compliance with FAR § 25.1309 are included. I f addit ional 
explanation or d iscuss ion 1s des i red , contact the Transport Airplane 
C e r t i f i c a t i o n D i rec tora te , A i r c r a f t C e r t i f i c a t i o n D i v i s i o n , Regulat ions and 
Pol icy Of f i ce , ANM-110, 17900 P a c i f i c Highway South, C-68966, S e a t t l e , 
Washington 98168, or phone 206-764-7051. 

Charles R. Foster 
Oirector , Transport Airplane C e r t i f i c a t i o n Directorate 
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1 . INFORMATION SOURCES. For those unfami l iar with the concepts of systems 
a n a l y s i s in general and f a u l t tree a n a l y s i s in p a r t i c u l a r , the U . S . Nuclear 
Regulatory Commission has published NUREG-0492, t i t l e d "Fault Tree Handbook." 
This document provides a detai led descr ipt ion of th is method of ana lys is which 
has been used successfu l ly by various manufacturers to determine the probab i l i ty 
of a par t icu lar fa i lu re condit ion for FAA c e r t i f i c a t i o n programs. The handbook 
a l s o provides a bibl iography of addit ional books, a r t i c l e s , and papers on the 
subject of r e l i a b i l i t y . The format of quant i tat ive analyses which use 
NUREG-0492 as a guide w i l l be acceptable to the FAA. Copies of t h i s document 
can be obtained from the National Technical Information S e r v i c e , or from: 

GPO Sales 
D i v i s i o n of Technical Information and Document Control 
U. S . Nuclear Regulatory Commission 
Washington, D . C . 20555 

I f an equipment manufacturer does not have an acceptable record of service 
experience necessary to estimate the r e l i a b i l i t y of an Item of e lectronic 
equipment, MIL-HDBK-217 ( R e l i a b i l i t y Predict ion of E lec t ron ic Equipment) may 
provide a s a t i s f a c t o r y means to perform t h i s est imate. 

A manufacturer or operator may record service history information on the basis 
of hours of f l i g h t time (block hours) , f l y i n g hours, operating hours, c y c l e s , 
e tc . This information may be converted Into hours of f l i g h t time by the 
appl icat ion of appropriate conversion f a c t o r s . 

2 . IDENTIFICATION AND EVALUATION OF CRITICAL FUNCTIONS. The preliminary hazard 
ana lys is i s noted 1n th is advisory c i r c u l a r as a means of ident i fy ing c r i t i c a l 
and essent ia l functions and the systems which must operate properly to 
accomplish these funct ions . C r i t i c a l functions are general ly those for which no 
sa t i s fac to ry subst i tu te i s ava i lab le and which must be accomplished for 
continued safe f l i g h t and landing of the a i rp lane . 

Examples of some systems which perform c r i t i c a l functions that have been 
Ident i f i ed on various transport category airplanes are l i s t e d below. This 11st 
i s only provided to I l l u s t r a t e the types of functions which may be c r i t i c a l . 
Each airplane model must be examined to determine what functions are c r i t i c a l . 

a. The primary f l i g h t control system. 

b. Hydraul ic power for a irplanes with powered f l i g h t control systems and no 
manual reversion. 

c . Secondary f l i g h t control systems, 1f f a i l u r e of these systems can result 
in uncontrolled f l i g h t . 

d. Engine control system elements that af fect a l l engines 
simultaneously. 
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e. For a i rp lanes cer t i f i ca ted for f l i g h t in Instrument meteorological 
condi t ions , the tota l systems and d isp lays which provide the f l i g h t crew with 
any of the fo l lowing: 

(1) At t i tude Information 

(2) A l t i tude Information 

(3) Airspeed Information 

f . Automatic landing system for use 1n low v i s i b i l i t y l and ings . 

When determining the extent of the a n a l y s i s to be conducted for f a i l u r e 
condit ions Involv ing systems which perform c r i t i c a l funct ions , a number of 
factors should be considered. A f a i l u r e modes and effects ana lys is should be 
performed on a system which performs c r i t i c a l functions i f i t s complexity 1s 
such that the ef fects of i t s f a i l u r e modes are not obvious. A quant i tat ive 
a n a l y s i s i s normally needed only when systems which perform c r i t i c a l functions 
d i f f e r s i g n i f i c a n t l y in design or a p p l i c a t i o n , as l i s t e d below, from e x i s t i n g 
systems which s a t i s f a c t o r i l y perform these funct ions . 

a . Technology 

b. In ter re la t ionsh ip with other systems on the a i rp lane . 

c . Relat ionships between the system and c r i t i c a l charac te r is t ics of the 
a i rp lane . 

d . Complexity 

For example, systems performing c r i t i c a l func t ions , such as a mechanical control 
cable system for primary f l i g h t controls with dual redundancy or a hydraulic 
power system with t r i p l e or quadruple redundancy used by a f u l l y powered f l i g h t 
control system would not necessar i ly be the subject of a quant i tat ive a n a l y s i s . 
However, even i f these systems were s i m i l a r in design to those 1n current 
serv ice , they would normally be the subject of a fa i lu re modes and ef fects 
a n a l y s i s . 

When 1t has been determined that a quant i tat ive a n a l y s i s should be conducted, 
the fol lowing should be considered: 

a . Human errors in operation and maintenance* The design of systems which 
perform c r i t i c a l functions should be such that fa i lu re of the systems do not 
require f l i g h t crew action to prevent the f a i l u r e condit ion beyond the tasks 
normally required to f l y the a i r p l a n e , or that system fa i lu res which require 
f l i g h t crew intervention provide a clear and unmistakable annunciation to alert 
the f l i g h t crew that the fa i lu re has occurred and the subsequent f l i g h t crew 
member actions necessary to prevent the f a i l u r e condit ion can be s a t i s f a c t o r i l y 
accomplished. The f a i l u r e annunciation and the required f l i g h t crew member 
act ions should be evaluated by FAA f l i g h t test p i l o t s to determine 1f the 
necessary actions can be s a t i s f a c t o r i l y accomplished in a t imely manner without 
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exceptional p i l o t s k i l l or s t rength . I f sa t i s fac to ry action by the f l i g h t crew 
1s doubtful , then reliance on f l i g h t crew Intervention should not be assumed in 
determining the probabi l i ty of the f a i l u r e condi t ion . I f the evaluation 
determines that sa t is fac tory Intervention can be expected from a properly 
trained f l i g h t crew, then the occurrence of the fa i lu re condit ion has been 
prevented. 

In a s im i la r manner, an assessment should be made of the design and of the 
maintenance Ins t ruc t ions with the object of e l iminat ing the p o s s i b i l i t y of 
maintenance errors which could resul t 1n a f a i l u r e condi t ion. Maintenance tasks 
which are required should be evaluated to determine i f they can be reasonably 
accomplished. For the purposes of a quant i tat ive a n a l y s i s , the sa t i s fac to ry 
accomplishment of ident i f ied maintenance tasks should be assumed to be one (1 ) . 
The FAA bel ieves that a numerical assessment of the probabi l i ty of human error 
on the part of the f l i g h t crew or maintenance personnel 1s not appropriate for 
the purposes of conducting a design a n a l y s i s . 

b. System Independence and Redundancy. The most often encountered 
d i f f i c u l t y with quant i tat ive analyses presented to the FAA has been the Improper 
treatment of events which are not mutually independent. The probabi l i ty of 
occurrence of two events which are mutually independent may be mult ipl ied to 
obtain the probabi l i ty that both events occur using the formula: 

P(A and B) = P ( A ) P ( B ) . 

This mul t ip l ica t ion w i l l produce an Incorrect solut ion 1f A and B are not 
mutually independent. Often a quant i tat ive a n a l y s i s w i l l be defective because a 
s i n g l e f a i l u r e w i l l be Included as a primary event at more than one locat ion and 
then improperly combined with i t s e l f 1n computing the probabi l i ty of the top 
event of a fau l t t ree. 

Another pers istent problem 1s the i d e n t i f i c a t i o n of common f a i l u r e modes 
which simultaneously affect the operation of two or more separate systems which 
otherwise are Independent. The loss of e lec t r ica l power, hydraulic power, or 
cool ing may often resul t In common f a i l u r e modes. A fa i lu re modes and ef fects 
a n a l y s i s 1s often useful 1n ident i fy ing common fa i lu re modes. 
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