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SECTION 1

INTRODU CTION

1~

1.1 BACKGROUND

— The certification of an aircraft has progressed from demonstrations

which were performed entirely upon the first—flight article to those in

recent years which apply varying degrees of ground—based test facilities

(simulators). The extent of the test facilities has been governed by the

complexity of the aircraft systems, the aircraft development philosophy and

the funding for the test phase of the total program .

As flight test program costs increase , it is reasonable that  oil manu-

facturers consider increased utilization of development test facilities for

the performance of demonstrations (certification) required by FAR Part 25,

Special Conditions and related Advisory Circular (AC) documents. AC 21—114

(Appendix A—l) addresses the objective of increasing the applicat ion of’ sim-

ulation in the certification process. The practical procedures for accom-

plishing such an endeavor must be understood and accepted prior to attaining

this objective. Present day aircraft have utilized simulation in varying

degrees as a means of’ certification . Each manufacturer has established the

degree of simulation to be used and has individually negotiated the technical

criteria required by the FAA for acceptance of the simulator . The intent of

AC 21—114 is to establish general guide lines for the use of simulation as an

option in the certification of new or derivative aircraft. As a first step

toward this goal , an industry study of past and present use of simulation in

the certification process was conducted .

1.2 OBJECTIVES

• Conduct complete review of FAR Part 25 and associated advisory
circular material to determine those requirements which possess

1—1
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a potential for expanded use of simulation in support of or as an
alternate to flight tests for compliance demonstration. In this
assessment several subgroups of requirements are to be identified :

o Those in which simulation has already been established as an
accepted alternative to flight test.

o Those in which simulation could reduce the element of risk ,
associated with compliance demonstration. -

o Those which are judged to have potential for application of’
simulation based on certification economics.

• Assess those areas where increased simulation could have en-
hanced previous certification programs and where simulation
may be applied to new technology systems .

• Conduct a survey of airframe manufacturers to obtain their
simulation experience during a i rcraf t  cer t i f icat ion and their
recommnendations for increased use of simulators in the future.

1.3 PROCEDURE

An industry survey was conducted to collect existing experience on the

use of simulation relative to the problems of compliance demonstration .

Based on the review of this information , FAR 25 was examined in d epth and

those paragraphs that had been previously demonstrated by simulation ,

analysis, inspection , data submittal, etc., were set aside since they

would not contribute to consideration of expanded use of simulation .

Relative cost of flight and simulation compliance demonstration tests

were established through review of the Lockheed L—lOll wide—bodied transport

certification program . Using this cost information , FAR 25 was reviewed

to isolate those paragraphs where it might prove economically attractive

to use simulation for certification testing.

In addition to the economic review , consideration was given hazardous
or high risk tests. If a test was determined to be in this class , it was

immediately considered to have potential for simulation testing regardless

of’ economics.

1—2 
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From these various analyses , recommendations were developed regarding

the potential scope for the application of simulation and recommendation

for follow—on steps required to implement expanded usage of’ simulation as

an option in demonstration of compliance.

1.3.1 Industry Survey l etter

A short ques t ionna i re  was composed of questions of general nature

regarding past , present and fu tu re  use of s imu la t ion  in t he  c e r t if ic a t i o n

process. Because of the wide geographical d i s t r i b u t i o n  of’ this question-

nai re , an early release was mandatory. It. was anticipated that responses

to th is  initial questionnaire would lead to a subsequent inquiry of greater

depth .  However , t he  minimal response t(~ the ques t ionna i re , at a much later

date in the program than ncheduled , precluded a second inquiry . The initial

q u est i o n n a i r e  (App en d i . x A — 2 )  was sent to the fol ]owinc  o rgan i ’.at i o n c :

~eDonnel1 Douglas Sor porat ion
Boeing Commercial Airplane Company

Rockwell In ternat ional

Aerospatiale A ir c r a ft  Corporation

Br i t i sh  A i r c r a f t  Corporat ion

Fokker VFW In ternai . ional

Lockheed—Georgia Company

De Havilland of’ Canada Ltd.

1.3.2 Internal Lockheed—California Questionnaire

• A quest ionnaire  was d is t r ibuted to the following funct ional  orgariiza—

tions within Commercial A i r c r a f t  Enr~ineer in~-:

Fli ght Test

Electrical and Avionics

Functional Systems and Passenger Accommodations

Aerodynamics
Structures and Ai r f r ame

Propulsion

1-3 
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1

The q-~iestionnaire requested that each organization review the paragtaphs of

FAR 25 associated with their  area of responsibility, and indicate whether

the requirements of the paragraph were satisfied by:

• Demonstration by flight test

• Demonstration by simulation

• Satisfied by analysis , wind tunnel data , supplier qualif icat ion,
etc.

• Demonstration by a combination of’ flight test and simulation .

In addition , it was also requested that comment s regarding simulation

in lieu of flight tests , additional simulation or reduced simulation in

demonstration testing be made where applicable.

1.3.3 Review of L—lOll Cer t i f ica t ion  Reports

Many reports (Referenc e 1 through 10) and letters docum ent L—1O11

ce r t it i c a t i on  test ing . To review systematically all these documents in

detail  would have required an ef for t  far beyond the scope of th is  study;

the re fo re , t.he resul ts  of the internal ques t ionna i re  were used as a gu ide

fc r  s i e ct in ~ t h e  most applicable port ions of the ~—lO1l c e r t i f i c a t i o n  docu—

~- en t a t i on  f~r ~etai.~ed review . Where axialysin wan uned to demonstrat~ co i . f

:..ity , J~~c ur .entu t~ on was reviewed to determine  11 any significant fligh~ te~ t inr 

~a L r e d  t -~ ..s~~~1r r t  the  analysis.  Similar ly supplier quali ficat~~~n tes t ing

was - J i r lWo ’ : . or~n 1ie:aLIe time was spent rev iewing  the  fiight test c e r t i f i —

cation r et or t  to i d en t i fy  tasks to - ,- ih ich  s imulat ion could be appl ied that

would e . i L i nate  or at least r i n i r n iz e  the f’iij- ht  test t ime . Reports  regard inr

present s imula t ion  tes t s  for c e r t ifi c a t i o n  demons t ra t ion  were reviewed for

potential  areas of expansion (or  de le t ion)  so as to m i n i m i z e  the c e r t i f i c a t i o n

COn t S.

1. 3. Ii Certification Economics

Followi ng the review of the  technical  dat a , in te rna l  Lockheed records

were re~:iewed to establish coinparat~ ve cost. f igures  to be used in thi s study.

To rorn ~-are m e a n i n ~~f’u l i y  the  r e l a t i v e  Costs of the ce r t i f i c a t i o n  demonstra tion

tes t s  i t  was :i~ sumed that :

—~ ~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~— - - , .-.-—.. --—,-—~~——..——~.-———--—-— —... —-.————-—-——.-—— .-~ ~~~~~~~~~~~~~~~~~~~~~~ - .~——.-—..———- .. ~~ I
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• The cost of the f l ight  test aircraft  would not be considered .

• The cost of any simulator or capital equipment used would be
considered as part of the aircraft development costs. (i.e.,
simulator s developed specif ical ly  for c e r t i f i c a t i o n  are not
considered .)

Item s included as f l i gh t  tests costs were fuel , landing fees , insurance ,

crew , data ana lys i s  and reduction and reports .  Items cons idered  in sirnula—

tion costs were personnel to perform tes ts , dat a analysis  and reduc 4 i o n  and

repor ts .

14 STUDY PLAIT

Upon receivi ng responses from the survey questionnaire and completion of

the document review , FAR P5 was reduced to a manageable set of paragraphs by

ident i fy ing  and eli1ninat~~nL: those not applicable to the study .

Iden t i fy ing  the paragraphs for study was accomplished by f i rst  c l a s s i f y —

ing them into one of the fol lowing ca tegor ies:

Type I — how demonstrated by f l igh t  test

Type II  — Now demonstrated by s i m u l a t i o n

Type Ill — flow demonstrated by analysis , wind tunnel  data , supplier

o ua l i fi c a t ion , etc.

t ype IV — NOW demonstrated by a combination of f l igh t  test and s imu lat ion

r1~~e jud gment  for categorization was based on the resu l t s  of the  internal

and in dus t ry  survey .

the type II  and Type I II  paragraphs were deleted, from “ur ther  considera-

t ion in t h i s  stud:, ’. Those requ i rements  in t yp e  II already use sio- :]atirn as

a means of certification. Type ITT requirements -I c - - not require either flight

test or simu at i or for  c e r t if i c it i o n ;  however , s L r u l a t i o n  may have s~ o c i l i c

and s i g n i f i c a n t  tu r e  p ot en t i a l  for t h i s  type.

1—5
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Each paragraph of Type I or Type IV was examined, to determine the ele-

ment: of risk or hazard involved in compliance demonstration . If the para—

graph was determined to be a hi gh risk requirement , t he cost of f l ight  t est

was considered irrelevant and the paragraph was retained for examination for

potential demonstration by simulation .

The paragraphs not falling into the high risk type were examined for

cost of fl i,’ht test. Those where simulation did not appear economically

attractive were discarded . To assess the economics of simulation the follow—

i n -  procedure was used. Based on the L—lOll flight test program the cost of

a flioht t eot  hour  in 19T6 was estimated to be ~lO ,OOO per hour .

Items inc1ude~i in the f igure were:

• Fuel

• L a n u i no  fees

• ]rew (grounu arid flight )

• Instrumentation

• Insurance

• ato  -e - -1 iction —

• ~e 1 o t S

0 . re i k T o m t  number f’or t h i s  st udy,  it was assumed t ha t  any test

rem tin’ ic less tnan a ~1O ,OOO f l igh t  test cort (5 hours of’ test t~~ie)

-m- m i  I dr~ i .r e- : rom further consideration as a candidate for simulation on

an °conumic basis .

he t ext ques~~iun pe rt a ined  to the f i d e l i t y  of the  data base requi red

for  ~- ;e in ninolation. If the aircraft being considered were a der ivat ive ,

the cost of T igh t  tests  to v e r i f y  a si ulation ray be economically attrac—

tive. r r  t h i s  were the case , these tests were eval uated for  the cost of

s i t u ~ation.

.Ye r~ the cost of It id - t test verification approached the cost of certi—

io .tion by I’i i ~ ht  te st , t h e  particular paragraph was do et c— i fm the study.

1—6
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When a requirement passed the above criteria for certification by
simulation, the cost of simulation was determined. For the purpose of’ this

study an estimate of time to perform the test was made based on previous

experience during the L—lOll certification program . The cost of a simulation

test hour was established to be $1, 000. This included the cost o f :

• Test personne

• Data acquisit on/~ r analysis

• Reports

Each remaining paragraph at this point of the study was evaluated for

total cost of s imulation and compared to the total cost of f l igh t  t es t s .

Based on Lockheed L—I lli cer t i f ication expe rience the relat ion ship between

simulation and :11-Pt tests costs may be represented as follows :

C~~ = lOOO T
5 

(1)

and

= 10000 (2)

where

= Cost o f ~ir olation (Dollars)

= Time in flir ulationi

= Cost of Flight Test ( Dollars)

T
F 

Time in Flight test

The t ime  in f l i g h t  test (T
F

) is general ly a v a i T h i - J o  m m  p r in t  e : :cer ience

and is typ ically well defined through control of the  t ect s  t ’ be -~ r m cte i ly

the f l igh t  test plan and fli’ht “card ”, little -ie:iation in ma :e in  in -

flight from the f l ight  card.

The time in simulation (T,j should normally be approximately the same as

time in—flight test by establishing comparable tests plans. lockheed I-— lOll

certi fication experience has shown however , the tire in simulation is longer

becauoe of test re:etition and/or deviation from the tent plan as requested by

1—i
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FAA and/or company pilots. Typically a single FAA pilot is aboard the flight

test demonstration while a great many more may be present for a simulator test.

The speed at which changes in configuration may be made on a simulator obvi—

ously influences the requests for repeated or special tests by witnesses.

Based on this experienc e the time in simulation is estimated to be four times

that of I’light test. Therefore :

T
S

1 4 T
F . (3)

Substituting equation 3 in equation 1

= 14000 T
F 

(14 )

)i-iidirg equation 2 by equation 14

C
F 

= 2.5 C~

Based on equation 5, simulat ion is economically at tractive for ce r t ifi ca t ion
tenting if the cost of simulation verification is not prohibitive and it is

technically feasible to simulate the test.

Technical feasibility , again is subjective and will change as a function

of “the state of the art ” . In this study comments regarding technical feas—

itil ity are based on L—lOll certification experience and comments made by

flight tent and project engineering during the internal, survey.

In n ornriary then , any paragraph that ; was deemed high r i sk , cost to flirht

te:;t exceeded 150 ,tCO , and where simulation was considered to be technically

Seanit l e , was recommended for  additional  considera t ion  for c e r t i f i c a t i o n  by

s im’iltti r.

rtaine-l in Appendix A—2 is a flow chart  form of the thought process

used in electing PAR 25 paragraphs for c e r t i f i c a t i o n  by s imulat ion . This

flow chart ray be adjusted depending on the paragraph in quest ion . Detailed
ar , a : y ; i s  at each decis ion block will increase the probabili ty of successful

certification by simulation of’ the pamn - ’raph in question .

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



SECTION 2

REVIEW OF L—lOll CERTIFICATION

2.1 INTERNAL QUESTIONNAIRE

During the development phase of the L—lOll , extensive use was made of

system or subsystem simulators. Subsequently , many of these simulators were

used to demonstrate compliance to FAR 25 requirements. To understand more

fully the rationale regarding the use of the simulator for certification and

to gather any comments or suggestions regarding future use of s imulat ion , a

questionnaire was formulat ed and distributed to engineering and flight test
group s wi th in  the Lockheed—Cali fornia  Company , Though this questionnaire

was restricted to the L—lOl 1 ce r t i f i ca t ion  and to FAR 25, comments and or

suggestions pertaining to s imulation in general were solicitated.

The quest ionnaire  was d is t r ibuted to the funct ional  organizat ions l i s ted
- 

, 

in 1.3.2. To assure considerat i on of all the FAR 25 paragraphs each group

received a copy of’ the Table of Content s of the FAR to be used as a check

list (A ppendix A—3). It was requested that the review consider paragraphs

pertaining to the organizational technical expertise and responsibility ,

with an indicat ion of the method used to cer t i f y the  L—lOl l . Four methods

were i den t i f i ed  and the responsible o rgan iza t ion  indicated i ts selection by

marking the margin of the FAR 25,  Tabl e of Con ten t s .

The four methods were:

Type I — Demonstration by f l igh t  test .

Type II — Demonstration by simulator .

Type I I I  — Satisfied by analysis , wind t unnel  data , s t ructural  t e s~~s
supplier qualification , visual inspection , etc.

Type IV — Demonstrat i on by a comb inat i”n  of f l i g h t  test and s i m u l a t i o n .

5—1 
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Additional comm ent s or suggestions for either simulation or expanded

simulation were received by inter—office memo or telephone . In addition

to the questionnaire, each organizat ion and/or simulator fac i l i ty  was visited

and many engineering or flight test personnel were interviewed .

Once all the groups responded , the data were reviewed and summar ized so

that any trends or dupl icat ion in e f fo r t  would be recognizable.

2 . 2  RESULT S OF QTJE STTONNAT RE

Comment s and suggestions , either oral or wri t ten received from the

various supporting organizations were generally helpful and encouraging ;

however , it was unanimously agreed that the movement of the FAA towards

establ ishing guide lines for the use of simulation in certification must
be approached caut i ously. The cost of certification is the obvious concern

of all involved and thus care must be taken to assure that the cost of ver-

ification of the simulation accuracy/completeness does not exceed the cost

-cf conventional flight test methods.

Another  c omment of ten received pertained to the a i r c r a f t  data base

available at the time simulat i on is proposed for certification. In the

case of new model a ircraf t , actual flight data may be insufficient to es-

tablish a data base to accurately de fine and support the parameters to be

simulated . However , during developmental flying of a new aircraft , the

characteristics will be increasingly better  de f ined  from instrumented data ,

permitting the original data base accuracy to be improved and used in the

certification process. A derivative aircraft will have the benefit, of even

rn- re flight , data to provide a data base for excellent simulator fidelity .

2.2.1 Subpart B , Performance (25.101 through 25.253)

these requirements are for the major part certified by flight test

and it is generally felt the major r-nrt of this secti on w ill cont inue tn

be ce~’tified by flight testing . However , assuming the *ircraft data base

is well established (luring the developmental flying , the fl ight test t im e

2—2
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may be reduced by suppl ementary simulation. This becomes very attractive

where engine—inoperat ive tests are required . Simulation of critical engine

failure tests would eliminate potential engine damage (compressor stalls)

when fuel cuts or fast throttle reductions are made to simulate the engine

failure. The static and dynamic s tabil i ty demonstrat ions required under
— this  subpart are other areas for  s imulat ion.  The many a i r c ra f t  conf igura—

• tions (flaps, gear , e t c . ,)  required may be achieved in a m i n i m u m  amount of

time through simulation.

The stall character istics and demonstrations are candidates for

elimination from the flight test activity ; however , it is generally agreed

that , at th i s  t ime , the st ate of th e art i s not at a point wher e all the

detailed aerodynamic c ha rac t e r i s t ic s  of the aircraft in st,all may be defined

and modeled wi th  s u f f i c i e n t  precision to use the s imulator  for actual  com-

pl iance demonstrations .

2.2.2 Subpart C , Structure (25 .30 1 through 25.581)

This subpart is , for  the mo st part , sat i s f i e d  by analysi s u s i ng

developmen tal f l i ght test and s imul at ion data as the bas i s for th e analys i s .

2.2.3 Subpart 1 , Design and Construction (25.(fl1 through 2 5 . 8 7 5)

This subpart has been certified by supplier data submitted , anilysis ,

simulat ion , an !  f l i g h t  t e s t .  Control  system f a i l u r e  mode demons t r a t ion  has

long been a candidate  for simulation and it is expected to continue as sys-

tems become more sophi rticated . Simulation has not only reduced flight

test  t i m e  for ova l urition of I’ai lure modes ( o p e n c , j run :, e tc .  i t  has elimin-

at ed r ’ in:r ml ’ the potential hazards r i m e  I ated w i t h  t h i s  tyie of testing .

Other re qu irements  of t h i s  nub par’t are certi fied by inspection of the

syst em or subsystem on the aircrat’t. In many cases the simiml ritor used to

devel op the part icul ar system or sub system could be used to show compl i ance
t hus eliminating some on—board inspection tine.

2—3
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2.2.)4 Subpart E, Power Plant (25.901 through 25.1205)

Extensive use of simulators has been made to show ccmipliance to these

paragraphs. The fuel system simulator was fabricated for development and

certification testing in the basic plan. The FAR 25 fuel system tests are

not necessarily associa ted with actual flight evaluation, but the require—

ments do require considerable ground test time and loss of aircraft avail—

-abi l i ty  for other assignments .

P . 2 . 5  Subpart F, Equipment (25. 1301 through 25 .1 1459)

Plany of the requirements of this subpart may be sa t isf ied by simulation .

In reviewing the L—lOll certification documentation , though many system sim—

~l1to r:; were t’abrjcated for development , only a few paragraphs (or associated

adv~~v
- - ry circulars) were certified by simulation . The requirements demon—

~ rated by ~m iiri tion were the failure modes of the autoland system , most of

the electr ical  sy n t e m  and the hydraulic  system . Some of the area navigation

n:Tstem requirements were also (lemonstrated by bench simulation methods.

be use o ” simulators for compliance demonstrotion of electronic con—

r:tjng nv~ t~’r- c in expected to in~ rr~ose considerably  in derivatives and in new

L r c rY’t . .  I he o1-v~ oii~ safety a T e c t s  of simulat i on along with the reduced

t ime i~~~~ - repeat tents lictnt o a maximum ~ire --f s i m u l a t i o n  in thi s area .

Tyoic;illy, subsys t ems  (aul .opil ct , air data , F°B , weight and balance ,

nxy’n- , fire rrct , -t ion , etc.,) are inst-’~iled on the flight ten
t, aircraft

only after extensive laboratory tent inc . With none additional effort to

make the ben ‘h test inc a true s i mu i n t  ion , all of these system s could be

c~~’-~. i f ’j e d w i t h  m i n i m u m  f l i g h t  testing . .

2-
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SECTION 3

REVIEW OF INDUSTRY QUESTIONNAIRE

3.1 DISCUSSION OF QUESTIONNAIRE

At the outset of this study program , a detailed , in depth industry

questionnaire was considered as it would give the maximum information required

in the study . Recognizing a questionnaire of this type would possibly require

more effort than some manufacturers could allow during this particular time

period, an abbreviated “quick look ” survey was drafted. This survey was

intended to be complete enough to allow the investigation to establish trends

set by the industry without requiring significant detail. The intention was

to follow—up the initial questionnaire with a more detailed request for infor—
— mation in areas of’ interest as established from the first survey . In reality ,

the reaction to the questionnaire was minimal and the responses were not

timely to permit a second inquiry during the study . A copy of the question-

naire and cover letter, as released by the FAA is included as Appendix A— li .

The responses by Boeing, McDonnell Douglas, and Lockheed—Georgia (the only

ones received) are also contained as Appendices A—5 , A—6 and A—7 .

3.2 RESULT S OF QUESTIONNAI RE

~3imilar to the responses to the internal Lockheed—California Company

questionnaire , the responding manufacturers emphasized that the extent of

simulation used in development and cert i fication must be determ i ned and pro-

posed on an individual basis by the manufacturer. Tt was also caut ioned that

the cost of flight time to validate a simulator could exceed the potential

savings realized in it~ use for certification .

3—1
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Responses to the questions regarding the individual FAR 25 subparts indi-

cated that the responding manufacturers are using simulators for certification

to varying degrees and their anticipated expanded usage plans indicate they

recognize the potential cost savings.

Two manufacturers indicated their intentions to use simulators in certi—

fication of advanced technology systems including automatic control systems ,

active controls , navigation systems, and displays .

No manufacturer is presently using simulation to demonstrate performance

characteristics , however , all are using simulators in some manner to support

flight test .

In the area of controllability and maneuverability , all are using simu-
lators in varying degrees to reduce the flight test time . Flight test and

— simulator data both contribute to the structural load analysis. One manu-

facturer indicated advanced simulator work in the area of turhulance , wind

shear and vortex encounter.

Demonstration of control system failures by simulation has been performed

arid continued activity in this area is anticipated . Also , manu facturers are

using simulators to demonstrate  compliance with numerous paragraphs cov er i r ic

en’-ine installation , fuel , oil, cooling and induction systems . Power plant

controls and fire protection are being simulated to some degree. The use of

simulators for compliance demonstration of’ the requirements of Subpart F,

Equip::ent , is well established, particular ly in the area of failure modes and

statistical reliability .

3—2
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SECTION 14

REVIEW OF FAR PART 25

14.1 RATIONALE FOR PARAGRAPH DELETION

In order to reduce the FAR to a reasonable set of paragraphs to which

the cost/time criteria were to be applied , many paragraphs were eliminated

for the following reasons :

1. Study limited to turbojet aircraft .

2. Study limited to land based aircraft .

‘
~~. Components and materials (Subpart D) were exc2uded by the work

statement .

i . Operating limitations and information (Subpart G) were not pertinent
to study.

5. The paragraph was general in nature .

(~. Paragraph was certified by data submittal , analysis or vendor
qua l i f i ca t ion.

1. Paragraph was being presently certified by simujation or by minimal
ground testing.

The following is a paragraph by paragraph justification for deletion .

In some cases , additional comments are made concerning the paragraph. The

following paragraphs were eliminated from further consideration in this study

for reasons 1, 2, 3, and 14 above .

25.33 through 25.75, 25.875 (Reason 1)

25.521 through 25.537, 25.239 (Reason 2)

25.601 through 25.625 (Reason i’i)

25.731 through 25.755 (Reason 2)

14—1

— - -~~~~--- ~~~~~~~~~-—~~
. — -

~~
.a —’ —- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,_ 
- _ _ _ _ _



- ~~ - -~~ - - _
~~fl””- - - --- - - —

I

25.905 through 25.929 (Reason 1)

25.937 , 25.1027, and 25.1101 (Reason 1)

25.1501 through 25.1587 (Reason 14)

25.1125, 25.1127, 25.11145 through 25.1159, 25.1192. (Reason 3)

NOTE: Specific paragraph title reference may be found in
Appendix A— )~.

: he following paragraphs were eliminated from further consideration in

this study for reasons of certification by data submittal , analysis or

supplier qualification (Reason 6) .

25.301 through 25.511 25.11143

25.561 through 25.581 25.1182

25.651 through 15.735 25.1161

25.771 through 25.871 25.1165

25.953 25.1017

25.9514 25.11141

25.957 25.1163

25.9914 25.1181

25.955 25.1185

25.l’~55 25.1201

25.1307 P5.1383 through 25.11415

25.1021 25.11433 through 25.11455

25.1025 25.l3 3~

25.112 3 25.1337

It should be noted here that some simulat ion as well an flight testing

war conducted, in con junction with data submittal, to chow conf ormance with

the a }o~ c pararraphs.  it is felt that thi.s effort was insigni ficant for the

ri r pr-~;e of this study .

14—2
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The following paragraphs were eliminated from further consideration in

this study for reasons of certification by simulation , i.e., simulation has

been demonstrated as a means of certification. (Reason 7)

25.629 25.1019

25.631 25.1023

25.951 25.1105

25.955 25.1107

25 .959 25.1183

25.961 through 25.993 25.1191

25 .997 25.1l9~

25.999 25.1199

25.1013 25.135 1 through 25.1363

25.1015 25.1381

These following six paragraphs establish general guidelines for compli-

ance to Subpart B and define weight and cg criteria to he followed in the

certification process. This study was not applicable to these paragraphs ,

therefore , no fur ther  consideration was given tn  them .

25.21 Proof of Compliance

25.23 Load Distribution Limits

25.25 Weight Limits

25.27 Center of Gravity Limits

25.29 Empty weight and corresponding center of gravity

25.31 Removable Rallast

Ii_~



The following four paragraphs established general guidelines and pro—

cedures to be used to show compliance. No further consideration was given to

these paragraphs.

25.101 General

25.1011 General

25.1143 General

25.171 General

The requirements of the following paragraph were generally met by

analysis of data obtained in flight tests. Here again , techn iques for defin—

ing and modeling the aerodynamics characteristics are not established with

sufficient precision to simulate the vibration and buffet modes of a new or

derivative aircraft . No further consideration to this paragraph was given

in the study .

25.251 Vibration and Buffeting

The following two paragraphs sets forth general requirements for power

plant installation which were generally met by data submittal and aircr aft

inspection.

:j ~ further considerat ion was given to these paragraphs.

25.901 Installation

25.903 bngines

‘:‘he requirements of the following two paragraphs were satisfied by tests

performed on the aircraft . These tests require a minimum amount of that time

and are not consi~ ered hazardous , therefore , no further consideration was

riven to this pararraph .

25.913 Reversin g Pysteon

25.9314 :urb (ljet engine thrust reverser system tests
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The following paragraph requires investigation in—flight and under

negative g conditions . Simulation of these conditions would be prohibitive

from the technical and economic standpoint , therefore no furt her consideration

was given to this paragraph.

25.939 Turbine Engine Operating Characteristics

14.~ RESULTING LIST OF PARAGRAPHS FOR ANALYSIS

The following li st of paragraphs survived the fir st test s for potent ial
simulation . They were next tested for level of risk or hazard . Generally ,

the risk or hazard was associated with economics , i.e., engine damage , etc.

25.103 through 25.1,25 25.11 )5

25.1145 through 25.161 25.1197

25.173 through 25.237 25.1203

25.253 25.1303

25.1001 25.1309 throuch 25.1371

25.1011 25.11431

25.10141 through 25.1093 25.11457

25.1121 25.11459

25.1187 25.11419

25.1189

14 . 3 1)ETEBM1II ATION OF HIGH RISK ~‘iy TO

In rev iewing  the above l is t , the fol1owi~ g prirs~ rnphn yore determined

to be high  r i n k  an- I  were tue  f i rst  r -ara -raph s o e t ent -ed  us ng the  technical

and economics cr iteria.

25. 103 flta~ i i n g  Speeds

The entry into and more importantly the recovery frI 5 the
st aII~hd’b cone ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



25.105 Take Off

25.107 Take Cff Speeds

25.109 Accelerate—Stop Distance

25.111 Take Off Path

25.113 Take Of f Distance and Take Of f Run

25.115 Take Off Flight Path

T~ e r i s k  involved in the above six requirements is associated with

poten~tia1 engine damage. When “cr itical engine ’ failure te sts are performed

by thrc--t;tle chop or fuel cuts potential compressor stalls can res-ilt in engine

damage .

25.114-9 ~inimuin ~oritro1 Speed

The risk here is in being near stall at very low altitudes
with the potential loss of a second engine and/or entering
a stal i with insufficient altitude for recovery .

25. 201 Stall J)ernonstrati-3n

25.203 Otal.l Charact1~ristic

25.205 Stalls , Critical Esgine  I rore r-ttive

25.207 fltn.ll Oarning

/~gain the ele~ ent of risk is he reccvery Ors a the stall. Thus , the

above twelve paragraphs were tested fi rst for technical feasibility . The

rrmaini r - g rarauraphs listed in 14.2 were then analyzed for echnical f e a s i b i l i t y

and cost of certificat ion .

14— 6
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SECTION 5

PARAGRAPH AIiAIXSTS

5.1 NEW AIRCRAFT VS . DER IVATIVE

The first question to be answered in this st s- ,’ was whether t h e  a irsi ’sP~t

~ider consideration was a comp letely new or a derivative of a prev i-ml iniy

certifiea aircraft . The -lefinitiori of ’  a new airci’~~ft is rener’tJ I’.’ or, iernt - - 1 ,

howe ver , a o n n i r s e n t  ri what is iritoric i e- by a derivati ic is in  i- - i c r .  A

-ieriv:i tive~~ i5 the purpose of this stul’r s in ’ ,’ l C  aS ci -n o as the  ,~ } i n- ~ o from

an ana l og ai~ t -~ j i i - n t I . - . a jig ital a~~LoI i l o - t or it may ‘- e ’ ~r a : ln’ o t c n e  or

short’ no i ‘. e i - n io r ,  a n d /or  a ilition or -Ic ] et i  -n of en- ine(s) . The am— not of

reoe r~, ical. io~ reqiired in the I er i ’- st i v e  vi.l I i c  - r e n t  I . ’ a f f e c t e r  l v  t oo

extent of ch r r g en . Ifere tire ‘i lelit-; of  an- ,’ m m i i  crc : s ims  I a ti  -n wi l l  be

dependent on the  -r it a  Lan e  t o n  the  I o n  i tive s r  ~ft. 1 f the str~~ t :ral

changes of ti e deriv ativ E- are relatively r’riro r , t r i en  reco- - tificiiti o of  a i r —

craft sycter : chair -es may we~ l lie simulate i in their or~tiretv .

major structural changes will iii ioshte- m l-,- r e q r i r e  ‘1 i - P t  t en t in g  t -  e s t a b l ish

a valii data base and/or establish credit-lIlt :; of sri :-’ i ’ - n osed slin -ria t i n .

i o n  the pur p -  -Se of t h is  s tudy it was ass~. .e I the aircm i t was n t a

d e r i v a t i v e  -in i e ach  paragraph was examined in. tha t  l igh t .  I f , h ’nwe’. er , t h e

aircraft had been a derivative , additional sir- u lat i r utilizat i -n in certifi-

c a t i o n  may Th effect ive.

5.2 r ’Or;0t41- ANA~ ’(O IS

The r en t  c r i t e r i a  an leveloped in flection l..~i was ar m - l ie : to these

remaining paragraphs. f’he flight tent tim e t -  cert,i fv th e  r - n r t - i c u l a r  r u m —

graph was established from 1—1011 records. ~‘dr er e tests were r e l a t e  t - t h e

5— I 
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individual paragraph , as is generally true through Paragraph 25.1203, each

paragraph was analyzed on ‘in individual basis. From 25.1301 through 25.11459

this ~‘of h -  1-slogy d i i  n ot  ‘tm - i I:; , as these n irrt -r aph s  relate to  many systems.

F In. this case , the paragraph lost its identity an-I the study was conductel

- -n ‘he svs te r ’ .s c er t i f i ed  ~nder t h e s e  paragraphs. T hi s approach generally

f lows th ’ t ose r in . ~‘lirht t e st  c e r’ F i ra t ion .

Tati e • 1 lst 1mg ench j-u mag rnrb ‘ g r o up  of paragraphs , iii’: icates

a .--~ “r of f L i r h ~ t ’~ ; ’ h ours  r equ i ’e r for certific-at i-in f y i nr .  t-~u l ti~
p lymn.- ’ ~he n - - ’ ”” uf’ h irs; lv ~lO ,O00 r-er hour results in the total f’lirht

tent cost f i’ certi ‘ ‘ -‘ti ’ 5 .

‘I ‘ttl e ~,‘—2 lists the ;y rtes r and s u tn :/ n t e m r  -e~’tifie or.rer the require—

- - c ~s~~ s of para -rarhs 25.1301 tiP ‘- ugh 25.1P59. Tt s hou ld  to noted here that ,

is ad-~~ ion, ~o ~~~ re-mui rer i,ents of FAP— 25, addit~ ona1 regulatory d-n camertr

• P i’ i t i s  I’ e~r. omP o” these are:

to ::5.1Tl~ - l- - - - s ’~~r’-atic Pilot Oy s t e r s  lIproval

i~s ’ 1 20— . -9 Cr item’ ] a f i r  tm r-rov ing Categ sry I
an-i ‘ ‘ute ‘cm’ ,’ I T- ar ~ :in r  T i n i n i a
f o r  FAP 121 Operators

120— ‘~3,
’-, -lriteria °‘ r A rr rov aJ of ‘ate- - rv IlTu

Landis - ‘deuttor itmn.imri

1 ,1 21— ’.- (A i ,u t O i S r l t - 1C  I,andir•m :- ‘yster-s

Aporoval of ’ Area liavico tion
vsrterss for  Use in  th e 11 . 0.

liational Airspace System

t, p _ P  inert ial Nav i mi t i n Pystemn s

- erial 5’ r i - i i t i m r : s (as ar p1 ical Ic) - -

‘ 1 ( 1 -h , as s t at e - i  earlier , ~h •- h i d risk tests y o u - i  not be analysed

f r o m  ‘ t i e c - r ~~ of fTh-ht t ’st rtan -tp ’- iint , ‘he y rim e i n c l - r  led in ThI-le 5—1

“ -n m n . mrr t i - i n , . 111 of t h e s e  t es t s  were tested f o r  ‘ e ‘t,nical ‘e an i b i l i t y .

5— , ’ 
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TABLE 5—1. PARAGRAPH FLIGHT TEST COST

PARAGRAPH HOURS IN FLIGHT COST OF TEST
NO. TEST ($ )

25.103 20 200,000
25.105
25.107
25.109 50 500,000
25.111
25.l’3
25.115
25.111 f
25.119 2~- 350,000
25.121 I
25.123
25.1:5 10 100,000
25.1145 3 30,000
25. 1I~1 1 10,000
25.1149 P 60,000
25.161 1 20,000
25.1(3 f
25.215 ]( 1(0,000
25.l7’(
05.181
25.201 f t
25.203 10 100 ,CIG0
25. 205
25.201
25.231 f f
25 .2-1 0 20,000
t’5.:’ i5
25.231
25.253
;5.1C 11 2 ~0,0O0
25.10141
25. 10 143
25.10145 3 30 , DC
25.1091 J
25.1093
25.1121 f f
25.1187 1 140,000
25.115°
:5.1195
25.1] 9- ’

25. 1203

~ 
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TABLE 5-2. SYSTEM FLIGHT TEST COST

HOURS IN COST OF TEST
SYSTEM AND SUBSYSTEM FLIGHT TEST ( $ )

Aircraf t  System s

Hydraulic 3 30,000

Landing Gear 2 20 ,000

Airc ra f t  ~icht ing 2 20,000

Ai rcc-nditionnig 2 20,000

Pressurization 14 10 ,1cC

A n t i — I c e  32 320 ,000

Tisc  14 140 ,000

E le ct r i c a l  and P l e c t r o n i c  Syst ems

l1i 110 ,000

2avign tin n Support 16 160,000

“ nmnin’:nications 3 30,000

1- l e c t r ica l  14 140 ,000 —

W a r n in g  6 60 ,000

- the m 14 140 ,000

Avion ics  Fli ’ht I t i st rol  fl- ’rstems

P - ut , r i ]n t  Per formance and Mal fu n c t ion s  4 2 1 40 ,000

‘ - -aw OAS Fau lt s 2 20,000

A’itothrettle 6 (-0 , 000

Autol and an d di . Around 27 210,000

t m l igh t  i i r ec tn r  5 50 , 000

2 20,0CC

Apul’rir’rg t he ~5’ ,000 breakpoint criteria to the tests 1 in te l in I t  lIe °—

t he f r - I l ’  w i n e - par ae ’r am-h s  r e m a i n :

1.103 through 25. 125

~

1. 1]’ 1 t h rou gh  25.181



25.201 through 25.207

25. 253

Again applying the same criteria to the systems listed in Table 5—2

the following systems remain :

Anti—ice

Navigation

F I\Javigat ion support

Warnin g

Autop ilot perf ormance and mal func t i on

Autothrottle

Autoland and go—around

Fli ght director

“he above paragraphs were now tested f or technical feasibility.

5. 3 ‘;‘FCHIIIC AL FEA STB TLT ’i ’Y

‘l’he c r i t e r i a  used to determine technical  f ea s ib i l i t y  was for the  most

part , a ~ud grrr ent  m a l e  us ing  the 1— 101 1 c e r t i f i c a t io n  program and avai lable

data l a n e as a reference. ‘:‘he comments made l y the vari ous organizat ions

have also in cluerced this ‘ I I  lr ’rr i ent . 
.

Those paragraphs a s s o c iat e d  wi t h stall chriracterint ics and speed ,

Paragraphs 25.103, and 25.20 1 th rough  25.20 1 were considered n ot  t e c h n i c a l l y

feasible at this time. The disc~ n t i n ui t i e s  in the  aerod y n a m i c  f low  sri~~e an

accurate simulation cIiff’icult if not impossiHe. W i t h  c’ -n t i n u e t ef’ f - - r t  in

t h i s  area , these tests may later he candidates f’or simulation . Those para-

graph:- associated with takeoff , 25.105 throush 25.115, sh w n o t o r t ~t for

s imula tor  usage in  c e r t i f i c a t i o n, n i t  only in the  area of r r i t i cr i i cmi

faiJu r-e n I it ‘or normal per -at ion as wel 1. A certain am ount. of o f f -  rt  i s  
I

being ma d e at t h i s  t i me to show that simul ated characte r is t ics  ~ c i n ;  cc I

5-) 
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agree well with f l ight test data. If a dat a base of sufficient  accuracy

can be established during developmental flight testing , si; Lrlatiorl for

certification has potential. Paragraph 25 .114 9,  Minimum Control Speed , the

last of the potentially hazardous tests , was also felt to have potential

for simulation dependent on the data base available at the time of certifi—

cation . If the required low altitude tests can be conducted at increased

altitude and then adjusted by analysis and/or simulation to the specified

ii :n-lit ions , the risk factor will be significantly reduced .

The rer:nining paragraphs in Subpart B, 25.117’ through 25.181 and 25.231

thrriui ’h - 5.253, were all considered to be candidates for simulation in vary—

m o  de,’rees. This again is dependent on the data base available at the time

of certification .

Paragraphs 25.1301 through 25.1331 , 25.1381 , 25.11419, 25.11457, and

25.1)-r59 address a great number of systems or subsystems .

Simulation then , is dependent on the particular system in test . As

most :sistems are in some manner bench tested or simulated prior to installa~
tion - -n the flight test aircra ”t , it was considered that all of the para—

-r’~phs ‘-r n :Tstemn falling under the requirement s of these paraeraphs, may

1 e certi f led by n i r su l t i o n  t -  some degree.

5. i,.1 f ir-mary of  Paragraphs ‘~~ r f i m u l a t i o ri

f O e  high risk n’equiremnen~ s and economically attractive paragraphs

o n s i - : ’~red t~’ lee t e c h n i c a l l y  f ea s i l l e  for  c e r ti f i cn t i °n  by simulation were :

21.105 fake-off

‘ 5. 10’! l’ ake- ’ - f f  Opec- I s

o5~ 
, °9 ~‘,cccJerate top Didtance

25.111 Take-off Pat~

25.133 Take—o f Distance and Take—off Run

5—6 
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_______________________

25.115 Take—off Flight Path

25.117 Climb : Gereral

25.119 Landing Climb: All Engines Operating

25.121 Climb : One Engine Inoperative

25.123 Enrout e Flight Paths

25.125 Landing

25.1149 Minimum Control Speed

25. 173 Static Longitudinal  Stabili ty

25.175 Demonstration of Static Longitudinal Stability

25.177 Static Directional and Lateral Stability

25.181 Dynam ic Longitudinal , Direct ional and Lateral Stability

25.253 High Speed Characteristic

25.1301 Function and Instal lat ion

25.1303 Flight and Savigation Ins t ruments

25.1309 Equipment Systems and In stallat ion

25.1321 Arrangement and Visitility

25.1323 Airspeed Tndicating System

25.1325 Static Pressure System

25.1327 Magnetic Direct ion InC cator

25.1329 Automatic Pilot System

25.1331 Instruments Using a Power Supply

25.11419 Ice Protect ion

25.11431 Flectronic Equi pment

25.11457 Cockpit Voice Recorders

25.11459 Flight P,ecor’lers

5—7
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SECTION 6 F

CONCLUSIONS

This study has indic ated that FAR—25 paragraphs that have potential for

the use or expanded use of simul ation include :

• Those associated with the performance 25.105 through 25.125, :‘5.1149,
25.173 through 25.101 and 25.253

• Those associated with the equipment 25.130] , 25.1303, 25.1309, 25.1321
through 25.1331 , 2 5 . l lr l 9 ,  25.1143 1, 25.11457 , and 25 .11459.

Those in the first group have not in the past been demonstrated by simm;—

lation yet contribute significantly to the cost of certification . Approxi—

mately 1140 flight hours ($1.14 million) were required to demonstrate compl iance

in the L—lOll certification program . The use of simul ation based on the devel— - -

opmental flying data base has the potential for reducing significantly the

cost of certification for this group of requirements. Even further savings

may be realized on a derivative aircraft whose data base is we l l  established .

In the second group , simulation has been used in many areas to ‘I i -mnr -

strate compliance; yet, some 100 flight hours (~‘l mi llion ) were sti ll required

for compliance demonstrations in the L—lOll certificat ion program . An

increase in the use of simulation for this group of requirements may reduce

certi fication costs significantly .

These two groups ‘i f  test requirements are unique f;’nn. the stand point  ‘ f

the method required to validate a simulator . The fir -nt- sr i-up of tests are

those closely associated with the a e r c d y n : n r i c  ch arac te r i s t ics  -f the aircraft..

The method to verify the simulation will come from flight test data; thus the

cost to veri fy the simulat ion must be c losely  e s t i ma t e d  to l u n t i  fv the  exis—

tence of’ the s imulator . 
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The second group of test requirements are not as closely related to the
aerodynamic characteristics of the aircraft. These tests generally address

the intent of function and a simulation may well be validated by a conformity

inspection.

It is obvious from the preceding sections of this report that the study

was primarily based on the certification of the Lockheed L—lOll aircraft with

some input from the industry questionnaire. Within the Lockheed—California

-“- --mpany , Flight Test has indicated that simulation can be utilized in lieu of

c e r t ain  t e s t s  presently accomplished by f l ight . Aerodynamics has indicated

that , with a soun d dat a base , the ability to describe accurately (with the

exception of stall s) an aircraft analytically is possible. And finally ,

simulation techniques have reached a point where high fidelity simulators can
be fal-ricate-~ and verified for use in cert ification .

This brings to l ight the question of the guide lines for use of simula—

tion in certification . All encountered in these studies agree that the deci—

sion cr. the use of simulators mus t, be left to the individual manufacturer.

Whot is cost effective for one may not necessarily be cost effective for

another . Simulati on has , in the past , been shown to be an acceptable cost
ef fect ive means of certi fication . This stu dy ha s concluded that additional
sisr;1at~ion can potentially reduce hazards and costs involved in a certifi-

cation r’ro4”ram . What , then , are the ruide l ines to i ndu stry to be? - -

During this s t u ’fr  it has been found ti-rat the use of a simulator for

r~ert i ficatiom h-us been nesotiated on an individual basis with the appropriate

cert i fying FM region . The question of what constitutes an acceptable simu—

~et’ r has not been addressed in present regulatory documents . The i-aide lines I -

to industry may l est be in  the area of simulation comforr i ty and/or validity

rather than a guide to what may or may not be simulated . Here again , however ,

any re;ide lines established must be flexible enough , to allow industry to

select the means most- effective fc- r the individual t ask , yet still provide

guidance as to what must be shown to establish the validity of the simulator

for tie pm ;rTcse intended . 
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SECTION 7

RECO~ dENDATI0NS

7.1 SU?~~ARY

As a continuation of this study , it is recommended that a program ‘he

implemented to establish requirements , test plans , and sched ule/cost trade-

offs for simulator certification demonstrations . Three representative para-

graphs of FAR 25 deemed to be the most promising simulation candidates are

recommended for this continued study .

These candidates should jointly ‘be selected by ind ust ry and the FAA .

As a suggestion, one paragraph from each group listed in the Section C , plus

one paragraph in an area that has previously used simulation as a means of
cert i f ica t ion , could be selected .

7.1.1 Suggested Future flimulat ion Candidate Studies

Compliance testing in the area of performance has not previously utilized

simulation. If techniques and requirements are successfully developed to show

compliance by simulat ion of a typical performance paragraph , (e.g. , 25.1149

Minimum Control Speed , consideration can be given to additional performance

testing by simulation .

Otudy of a paragraph (and/or Advisory Circular ) in the area of equipment

autopilot certification for instanc e, would again result in definitic-n of

requirements for system (or subsystem) certification by simu l ation.

The selection of the third paragraph could be made so as t -  review the

economic benefits of previous use of simulation f-sr Certification and 4 hen

expansion of this simul ator into increased usage in the area of new technology .

An idea]. possibili ty would be in the area of control systems . Pequirr~rerts of

Paragraph 25.671 and 25.(72 f - r  1.—lOll c e r t i f i c a t i o n  were , for the most part ,

7—1
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satisfied by simulation on the L—lOll Vehicle Systems Simulator. Failure

modes , control jams , etc., were fully evaluated on the simulator, thus reduc—

ing flight tests and, more importantly , the hazards of such tests conducted

in flight .

Paragraphs 25.671 and 25.672 were, in this case , not selected at random

but rather from knowledge of the design effort now in process for the applica-

tion of a Maneuver Load Control System to L—lOll derivatives . The actual per—

formance demonstration testing would not be a part of this follow—on study

but the development of the simulator requirements and test plans would be a

signific ant step in establishing guiae lines for the use and requirements for
certification by simulation .

.1.2 Simulation Candidate ?-tudy Objectives

Opecif ica l ly , the follow—on program would def ine :

• Simulation test and configuration requirements

• Aircraft equipment and simulator :acility.

• Flight test d ata/mathematical model correlation requirements.

• FAA data submittal requirements.

• l’stab l ish test plans , schedule and cost trade—offs for simulator
-i erm ,m: ’trat i on.

7. 1. ~ Oupportin~ fl-upgestiun

n add it ion, as the c e rt i f i c a t i o n  document ation on present aircraft is

~-er.era]ly 
‘c-mreany proprietary and unavailable to other contractors for study ,

it is also recommnerded that a program be instituted , internal to the FAA , to

review this documentation in a manner similar to this study . It is felt ,

thr’ ue ’h a study of this nature , FAA could establish the various means used

by industry t validate the simulator as a true representation of the aircraft

for the tests intended . Si m u l a to r  accurncy requirements mi ght also be estab—

lishe l in a review of this nature . 

. . . - . - . - - - - -‘ - ‘ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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AC NO: 21-14

DATE: June 12 , 1975
~ oc

fj ~ 
ADVISORY
CIRCULAR

BEP T~E~T OF T S ~~T~Ti~FEDE RA L AV l~T~~ An~I:usTnMIoN
SUBJECT: ThE ROLE OF S IMULATION ~~ ThE AIRCRAFT C~~I TIFI CAT ION P R OCZSS

1. PURPOSE.

a. This Advisory Circ ular is ~ssucd to inform the indust r y that the
Pederal Avi ati o n Ad -~’in i st ra t io n intends to conduct an exploratory
program to det e rmi re the dogree to whi ch sim u lation can sup port
the aircraft cert i fication process. It is 5~

_
~~s c p in i o n tha t

greater use of sj”~u la tion couli be cost effe ctive and c~ uId in~ rc’v e
the q uality of certification for both irdu~ try and goverr ,~nent.
This is true , parti cular l y wher e introduction of new technol”gy
ig involved , and t here tore should be exploited to the fullest
ex tent practicable.

b . Examination of coop liance demons trations through s imulation w ill
incl ude , b ut is not lirriit ~ d to , structures , systems , porf orn’ince ,
handli ng qualities , a nd operations . Par ticular attention will be
directed at defini ng the technical criteria which  s imulators nust
meet to enable den onstration of comp lia nce for any given design
featu re.

2. DISCUSSION.

g• The use of simulation to demonstra te comp l iance  has be en use d in
case s where f light tests are con ci th’rc d to be hazardous or inpos-
aib le; examp le s of e’ ~s can be found in aircraft structu res and
systems cos p lionc o d. --o r~- t r ,i t t c ’ne . Fro~n these cxp cr ienc e~ i t ‘ S
conclud ed tha t  dcno ,,~~~ra tio n s of comp l i a n c e  t r ,~ c’,- -~h s imulation
could L~ a us~~f u1 tricrua t ~ v~ to some or pcr lic p o most of the
flig ht rh- -n ’, ~~~ ‘a , in other cases. Furth ,o r . ea r l y  ~ini u Ia t io n
e tud ies could reduce thn p o 3 s i b i l i t y  of req u irin g de sig n chang es
la te In a dcv elo p i ,~~rrr pr otro:1 . I t is FAA ’ s opin io n th a t t~i is
al tern a tiv ~~, it prov .’n suc cee sful , should be available to industry.

F AA Foe,,, 1320—7 ~~~~~ S” ” t S S t O ( %  P~~5~~Ou 5 I O~? iON Ii~i Isn t ed L.y: AFS . 10 1
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b. Only limi ted guidelines exist for using simulation in the certifica-
Lion process. If the full range of possible alternatives is to
be made availab le , expanded guidelines and formal recognition of
sim ulation must be established . No explicit effort has been made
to es tablish the mos t effective uses of simulation to assist the
design developrent and certification processes. Limited experience
indica tes that the potential uses could be much more extens ive than
in curren t practice. It is possible that firm agreement on special
cond itions could be es tab lishacl before development was undertaken;
that sys tems and structural compliance could be demonstrated during
development prior to flight to a greater extent than at present ;
that preflight training and pla nning could reduce significantly the
fligh t time required to comp le te certification. The combined effect
of these ac tions could provide significant savings to industry and
to goverresent and therefore supports the need for a careful deter-
mination of how simulation could be used effectively in certification.

c. It is recognized that the requirements for achieving valid s imula-
tions for any specific purpose and for verifying the validity of
the .imulation s are not established rt this time . A primary
objec tive of the exp loratory program is to provide the inforriation
necessar y to define procedures to meet both of these requirement..

3. PLANNED ACTION. To iden tif y the roles that may be found possible and
desirable f or s imulation in the certification process . two concurrent
activities will be initiated:

a. A collec tion and technical review of those cases where simulation
has been used already in the certification process with the view
towar d standardizi ng the procedures .

b. Hopefully, an explora tory program with indus try to investigate other
potential uses of simulation in the certification process and to
iden t if y where i t would be cos t effective to overc~me li ,sitaiions
presen tly preventing such uses .

In both of these activities , close ind ustry participation is solicited 1
aince it is FAA ’s view that industry as we ll as govcrrwtent will gain if
the objective . are realized .

4. OBJECTIVES. The following objec tives arc expected to be reali zed traIn
these activities :

a. Identification ~f current simulation activities adaptable to use
in the certif ication proce ss.

(I) For these cases spe cif y the technical criteria required for
applica tion of the techni que for cer tification pu rpose s .

Page 2
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(2) Dcvelop the procedural modifications necessary to formalize
inclusion in the current certification process , considering
technical , regulatory, and legal aspects.

b. Identification of those uses for which s imulation , with further
development , could enhance the certification process.

(1) Conduct an exploratory program to substantiate and docusient
the potential usefulness of these new applications .

(2) Define clearly the nature of any technical development
required in simulation techniques to make new applications
possible .

~ a- ‘~~~~~-
A. F~1.RARESEActing Director

flight Standards Service

Page 3
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APPENDIX A—2

CONSIDERATI ON OF CERTIFICATI ON BY SIMULATION

To reduce FAR 25 to a manageable set of paragraphs in this study certain

assumptions were necessary that, in actual practice , may require adjustments

to realize fully the benefits offered by simulation. The accompanying flow

chart might be used to determine the economics involved in the anticipated use

of simulation for certification .

The first decision block addresses the question of the data base avail-

able. Typically , the data base for a derivative aircraft will be extensive

enough for increased use of simulation with little or no flight time required

for simulation verfication. Fo -’ a new aircraft , the data base will be depen-

dent on the amount and fidelity of the data taken during the developmental

flight testing. If maximum utilization of simulation is a goal established

at the outset of a new program , the data base may be continuously updated
through the developmental flight test period such that at the t ime of certifi-

cation , the simulator in question will be well established.

The high risk tests will vary to a certain degree from one desir’n t~
another ; however , they should be examined for potential simulation without

regard to cost of flight test.

The ~5O ,OOO breakpoint for cost of’ flight test used in this study may be

adjusted to any value applicable to the aircraft in question.

The costs to verify the simulation of a particular requirement may well

be the most difficult task in determining whether to flight test or perform

simulation . The utilization of a particular simulator for certification must

also be capable of passing conformity inspection . In add~ t ion , the ~imulatcrr

assoc iated with the aerodynamics of the aircraft typically require wind tunnel

A- 6
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and/or flight test data for verification. The techniques involved in providing

this verification will vary as a function of the manufacture and the aircraft

proposed- and the required FAA inspection. Once the total cost of simulation

is determined the comparison with anticipated flight tests costs may be made.

This study has been directed to the FAR 25 paragraphs with greatest

potential for certification by simulation. The costs associated with deter—

mining whether to simulate or flight test have been those required for satisfy-

ing the individual paragraph requirements. One intangible benefit not pre-

viously mentioned is that associated with post—cert i f icat ion use of simulators.

Historically the use of simulators have decreased the flight time associated

with product improvement s and resolution of customer problems. If the simu-

lator is cost effective for certification , it may well be economically

attractive for follow—on tasks.

A—7 
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FAR 25

4
I CATEGORIZE 1

4 4 Jr Jr
TYP E I~~_j [ TYPE ~I ( TYPE III  I 1~ 

TY PE IV

NA NA

NO HI YES NO HI
RISK t~~DERIVATIVE>..*< RISK >‘—~

NO NO

NA 4—.K(~~F >

~~~
°2 I (

~~ ~~~~~~~ 
NA

_  YE~~~~~
_ _ _ _ _  p

YES YES

NA +—~( CVS >C F > <~ 
Cvs > C~ ),—+NA

NO

T IME IN TIME IN
SIMULA T ION SIMULA TION

YES YES

NA .<C
~~
? _ _  

~~~~

C
S1F

NA

JNO [
RECOMMENDED NO]

SIMULATION
CF = COST OF FLIGHT TEST

~~~ = COST TO V E R I F Y  SI MULATOR
C~ COST OF SIMULA TION
NA = NOT APPLICABLE

Consideration of Certification by Simulation
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Part 25—Airworthiness Standards: Transport
Category Airp lanes

Content s
t•of4oe P i i

Preambles P—I

Subpart A—G.nsraI
25.1 App licability I
25.2 Special retroactive requirements 1

Subpart B—Flight

GINISAL

25.21 Proof of compliance 1
25.23 Load distribut ion limits 2
25.25 Weight limi ts 2
25.27 Center of gravi ty l imits 2
25.29 Empty weight and corresponding center of gravity 2
25.31 Removable ballast 3
25.33 Propeller speed and pi tch limits 3

PEIFOIMANCE ~ICIPIoCAtING INGINC POWiUD A ICPLA NCS

25.45 General 
25.47 Wing flap position 3
25,49 Stalling speeds 3
25.51 Takeoff 
25.55 Takeoff speeds -. 

4
25.57 Accelerate .stop distance 4
25.59 Takeoff pat h 5
25.61 Temperature accountab ility 5
25.65 Climb : all en gines oper arl 5
25.67 Climb: one eng in e inoperative 6
25.69 Climb: two eng ines inoperative 7
25.75 Landir.g 7

PUPOIMANCS TUCCINC INGINI POWiIED AICPLANIS

25.101 General 8
25.103 Stal! in~ speed S
25.105 Takeoff B
25.107 Takeoff speeds 9
25.109 Ac celerate .stop distance 10
25.111 Takeoff path 10
25.1 13 Takeoff di~’ance and takeoff run 11
25.115 Takeoff flight pa th 11
25.117 Clnnb : general 11
25.119 Landing climb : all-en gine .opera ting 11
25.121 Climb : one’en gln e’i nopera tive 12
26.123 En rou te flight paths 12
25.125 Landing 13

1,_u.. I V
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VI PERT 25

Fees
CO$t7lOUAIIIIIY AND MAN(UVICA)IUTY

26.i43 Gener al 18
25.145 Longitudinal control _ 14
25.147 Directional and lattra l control 15
25.149 Minimum control speed 15

25.161 Trim 16

STABILITY

25.171 General 16—1
25.173 Static long itudinal stability 17
25.175 Demonstr ation of stat~i longitudinal stability 17
25.177 Static directional and la teral sta b il ity 18
25.181 Dyxsamic long itud i nal , direc tional , and la teral stab ility 18

STALiA

25.201 Stall demonqration 19
25.203 Stall chari’~t er:-tics 19
95.205 Stalls: cri t cal eng ine i noper ative 19
25.207 Stall warning 20

GBOUND ~ND MAT h hANDL ING CHACACTUI ST ICS

25.231 Longitudinal tt~b i l i ty  and control 20
25.233 Dir ectional s t a b i I i t ~ and control 2”)
95.235 Taxiing condition 20
25.237 Wind velocit ies 20
25.239 Spray characteristics , control , and stability on water 20

MISCILLANIOUS PLIGhT IIQUiIIMINT5

25.251 Vibration and buff etiiv 21
25.253 High-speed cha racteristics 21

Subpart C—Str uctur.

OINUA&

25.301 Loads 22
25.303 Factor of si (cry 22
25.305 Strength a si deformati on 22
25.307 Proof of structure 23

~JOMT LOADS

25.321 General 23

RJOMT MAWIUVIS AND OUST CONDITIONS

25.33 1 General 23
25.333 Fli ght envel ope 24
23.3.35 Design air speed s 25
25.337 Limi t m an euv p rin r load factors 27
25.34 1 Gust Iriads 27
25.343 Design fuel m d  oil load s 27
25.343 High l i f t  dev ice s 28
25.349 Rolling cond:t:ons 
26.351 Ysiiing cond it ion s 29

T~~ ,. I
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?ART 2S - VU

1i ~E~oe

SUPPUMINTAIT CONDITIONS

25.361 Eng i ne torque 29
25.363 Side load on engine moun t 30
25.365 Pressurized cabin loads - 

— 30
25.367 Unsymmetrical loads due to engine failure 30
25.371 Gy roscop ic loads 31
25.373 Speed control dc-vices 81

C0NTSO~ SUIPACI AND SYST IM LOADS

25.391 Control surface loads: general 31
25.393 Loads parallel to hinge line 8i
25.395 Control system 31
25.397 Control system losda 31
25.399 Dual con trol system 32
25.405 Secondary control system 32
25.407 Trim tab effect s 32
25.409 Tabs 32
25.415 Ground gust conditions .. 33
25.427 Unsymmetrical loads 88
25.4-15 Outbo ard fins 33
25.457 Wing flaps 33
26.459 Spec:al devices 34

GSOUND LOADS

25.471 General 84
25.473 Ground load conditi ~n~ an d assumptions 34
25.477 Landing gea r arr ~iTi nc ’I i ien t 34
25.479 Level LI nd il ig co ndi t ion s  34
25.48 1 Tail-down landi r~ con tl ; t i o ns 35
25.483 One .wheel la ndi n r conditions 36
25.485 Side loa d cni mn j j t i o i is  36
25.487 Rebound la n ll in g condition 36
25.489 Ground ha n d l ing coti d~t ions 36
25.491 Takeoff run 36
25.493 Braked roll conditions 36
25.495 Turning 
25.497 Tail-wheel y awing  37
25.409 Nose-n heel yaw 37
25.503 Pivot ing 37
25.507 Reversed braking 37
25.509 Towing loads 38
25.511 Ground loads: unsymmetrical loads on multiple- wheel unit s __ 89

WA~~ LOADS

25.521 Ge neral 40
25.523 Design weirh t$ and center of gravitY positions 40
25.525 App li ca tion of louIs 40
25.527 Hull and r n - u n  f I I I a t  loa d fac tors 40
25.529 Hull and n i t  i i i  I lo i t  i :i n di n r enn d iti nns 41
25.531 Hull and main floa t takeo il co n di t ion 41
25.533 Hull an d m a in  fl at 1-ot toin pre ssures 41
25535 A u ailia rv float loads 42
25.537 Seasting loads 43

IMESGSNCY LANDING CONDITIONS

25.561 General 43
25.563 Struc tural ditching provisions 44

1,_u,. I
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Pee.

•ATSOIM IVALUAT ION

25.571 Fatigue evaluation of flight structure _ 44
25.573 Fatigue evaluation of landing gear 45
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S E P 3 0  Wb

Mr. W . U. M cKo~thigtaecrLa~g Cootdinator
Lockba.d a~itctILL C.orpora tton
~~b S. Cot~ti L~rLvc
iiepastmneot 7~ -Q1. s-ooa 14
Mscti.tta. G,or ~La 30063

D a r  Mr. Mc~ a.s

A~OC n~any ~~rnts. ieArC.catI e4~ vdIupw eAt pro~raas~ ~.vo included
naOckupo. or ‘ Iron bar~~ .” t o t uat by~t.nuii tot fuuctton and .am. LLran cs.
A. rs thindao cy. coua p1~~ tty~ ansi LIsa neMo Lot gz.4.r r *LL~ os..UIy  In
nybt *aa. ~~~ vut 1i~crc~ ..ed. thd us~ of n ors ao~4sLst tc aIed ~Ir.auLa * 1~r~
baa becozn ma aur~cUvs to aupport LIa. cssttiLlcatlon pksake. ~ta urta g .
nsor. st (L cac nt flirtal Ie~ t pco-’r~an and dcvsttopmaszt of con*t &asnc e vta
“gro und b.s~~ Q ” Ln o&u.Ir itioa of Usa Lscuit isad Lsi.ilur a u~odu5 clan rei ,~dL
In anying eacaUara. Ln In. tea~tAia.q pZs.ia.. ia *iul as pergaitUng sat. Ws Uz4
of bsaacrdou~ conciiItoeaa.

~sd .r.1 ~~vt~two Adnsini atr~ tion (tA/i) Advisory Circular 2 1-14 (copy
enclosed) ass lse,ued to thfot na £nzl mastr y of Uaii Intent of Use ~tAA to
conduct an ehp.Ioratory pr o~rr am to ostormica Us. degr e• to whtcb
alrnula lton can auppGt t Ibis cartificaUco ptoCaes. In purasuing Use
objacUvea of Us, circuLar5 the Loc.~.t~cisd-CaUtotAti Cotnp$i y , U.~ttLer
coniract to the t’ItJt, Is atud yth g tha pest. present and iutu.re pl aa.cssfor Use us. of ttLuu.Ustors Lis Inc certiftcuUon pAss.. To aid in g&thering
lb.. Indasatry Isiot ory and the consideration being gIven 10 fulsLr. etmu-
lator uUujs~lIon. lb. enclosed quastioamaire. basset on bAit }‘sir t 2~ .
Li being chtrlzi’40d UtrougAnni LAs aircra ft Lndtwtry. ~ a would w.1.cOml
your Input.

If direct cona nauaication Ia stecir ed bith Itas Locb.h..d parsoanssl engaged
in the subject st udy, please co lscLi

I~Oe-dn U. bar n s
(213)847-6141 . 5n2. i31—6U

ors L.on 2.1. M cblbald
(213)847— 6121. i.zt. 131—Le21

Upon con lotion of the quasUozszsstre. pi.*s. ret urn 10:

- Iederel Avis t lon Adnauslst.retJo~- Auteni lonu Jsc& £. Cayot
P. Ct . boz ~5
Moffati a’ield. CA 9403ia
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- b r  timely incorporation of all Ind ustry data , we would app reciate
your response by Octob ur 15. 1976. The objective of improve d

- cost eltectlvenese and qua lity in the c.rtlfl catl on process will
benef it the indu stry as weU ati the FAA . We m ink you In advan ce
for your thoughtfu l aos&stan c~ and advice.

Sincerely.

O~ JG~~~M. ~~~~~~ 3?:
U. P. ~:::LL:

flJ GRT STANDL~.L\1 ~~:c~’
2 Enclosure s
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1. Mr . Willia m St ar luf
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and FAA Liaisomm
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Dou glas A i r c r a f t  Company
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2. Mr.  I t. J. Bad ger
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4. Mr. A . I I .  C. Gre enwood
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Arlington . V i r g i i m ia 2 2 2 0 2

5. Mr. Rob er t  I I . Lic k
W a s h in g t om i  l t e l m r e b c i m t a t i v e
The de h a v i l l a n d  A i r c r a f t  of Canada Ltd .
Sui te 7 0 4 - N
Skyline Towers. N.
5601 Se imuimum ry Roa d
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6. Mr . Stuart  Matthews
V ice l’ r e s n l e m i l
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In answer ing  the Co Ilow h ,mg quest ions Li m e a- rd “simola t ion ” ma y bc in te r ptc t ed as a
system or ~ub sy stciiu iil imi u lat or in otLim er an a imal yt i c a t or hardw are sense.

1) h as simulation been used in the certification proces s in past designs?

- Yes
No

2) Will simulation be used or espanded for certificatio n tasks in future desi gns?

- Yes —

No

3) Are reports concerned with certification by simulation published and available _ - —--
~~~~~~

for use in this program?

Yes

110
If available , please indica te report reference numbers. 

___________________

4) Are areas of new technology (act ive con t ro l , fuel management , etc.) being
itudied with certific ation by simulation iii mind?

Yes

No

What areas are being considered and to what degree is simulation to
be utilized? 

________________________________________________________________

5) a) Has ~ lm u l a t i o n  been used to establis h amid/or demonstrate :

1. Wei ght ~nd CC l i m um i t s ?
(FAR 25 , Par. 25.21 through 25.33)

Yes

No

2. Per (ormn .ance?
(FAR 25 , Par. 25.45 through 25.1.25)

Yes

No
b) Wha t a reas  a r e  now supported by simulation ? _____________________________

c) W ho- it a r va ~. do yau cm~p rct  c pa adcd uiu ; c-  oh’ s t u u u u l . u t o r s In th e next ten y r s . ?

A-23
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Que oUon ~.i) — ~onti imu cd

a) What new areas of sinmul atioci arc being considered? __________________________

6) a) Ras tDunrliflon bee n used to de~onstrate controllability , marm euverab~ lity ,
_ __— trim , sta b i lI t y ,  stal ls ,  grcur.d handuiaf , vibration , bu ffeting or high

speed cha ract rristics (FAa 25, Par . 25.i~43 through 25 .2 53 )?
Yes 

—

b) What areoc are now supcorted by simulation? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

e) What areas do you expect expanded use of simulators in the next ten yrs .?

a) What new areas of simulation are being considered? 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7) a) Has sinmulation been uced to dete rmui ine and demonstr ete structural lfr.it ic :±~~.

Yes

ho 
_ _ _ _

b) What areas are now supporte d by simulatio n ? ______________________________

c) What areas do you expect ex .anded use of simulato rs in the next ten yrS .?

a) What new areas of simulation are being cor .sidered? 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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8) a) Un der Sub-part 0 “Design arid Construction ” of FAR 25, has simulation
been used to dcnionst r ~ Lc cormupl inr ice  of:

i) I4atcrial~; and NcLhiod ~ ? Yes 
—

- No
2) Safe flight after failure of

contr ol system? Yes 
—

No
3) Integrity and safe operation after

fa ilure in landin g gear? Yea 
—

No

h) Personnel arid cargo accommodations ,
emergency pr OVi s icn , ven t i l a t ion
~nd heat ing,  pres aur iza t ion and
fire protecti on? Yes 

—

No

b) What areas are now supported by simula t ion? ______________________________

c) What areas do you expect expanded use of simulators in the next ten yrs .?

a) What new areas of simulation are being cons id.~red? _________________________

9) a) Under sub-part F , Power plant” of FAR 25, has simulation been used to
demon strate comuipl iance of:

1) Engine insta lla ti ;n and operation? Yes 
—

No
2) Fuel , Fuel systec ; and oil system? Yes 

—

No

3) Cooling, ln d u c t ic~ and exhause systems ’

Yes
No

I.) power p )a rm t c o nt r . ls and fire pro-
tection? Yea 

—

No
b) What areas are ru ~~w su ; -p r t u  i by s i m u la t io n ?  

—
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9) conti n ued . 
-

c) What areas do you expect expanded use of simulators in the next ten yr s .?

a) What new areas of simulation are being considered?

10) a) Under Sub-part F , “Equipment ” of FAR 25, has simulation been used to de~~cr~-

atrate comp liance of: 
-

i) Installation end app licu tlon of electrical
equipment and inst ru ment s?

Yes ____

No 
_____

2) Light ing , r afety  equipment , miscellarie..us
equlpm~.’nt and system.~?

Yes

No ____

- b) What areas are now supported by simulation?

c) What areas do you expect expanded use of simulators in the next ten y r s . ?

a) What, new ar eas of simu lation are being considered?

ii) Is th ere an indiv idual  tha t may be uced as a technical C::. t a ct for thl~ st.uiy?

Name _____________________________

Title -

Phone _______________________________
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BOEING COMMERCIAL AIRPLANE COMPANY P.O. Bom u 3707
S.aui., Wathm ngton 98124

A Dmv is ,on of The Boe ng Com~,or, y

Oc to ber 2 5 . 1 976
8-7671-6-260

Federal Aviation Administration
P.O. Box 25
Mc ffett Field. California 94035

Attention: Mr. Jack E. Cayot

Subject: Simu lation in the Certification Process

Reference: R. P. Skul ly letter to H. J. Badger dated
Septenmber 30. 1976

Gentlemen:

h n response to the request conta ined in the reference the completed att ac ’~ed
questionaire is forwarded. ~e regret being late in this submitt al , ~~~t i t
was unavoidable because of tti e complex i ty of collat ing the responses ~rc-uu tile
various segments of the company .

Additiona ll y, attached are copies of previous correspondence on this subject
which may be usefu l background mater ial .

Very truly yours ,

J. ad ay er -
)‘ Chief , Sa fety and Airworth iness

Boeing Commercial Airplane Coripany

Attachment

A-28
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I , ,  - , u m .~~cr  f i g  ~i c  l o t l i w l ig f e s t  l o s  t i e  w r d  “ s i i m , u l a t i o n ” may b e in terprete d aa a
r,y s ( e I m I  ur :~u b s y r . t C 0  s i n t  I ;  L u r  in ci t i e r  ~ ii a n a l y t i c a l  or h a r d w ar e  sense .

~) Has 61 u l a t i o f l  been u5~d in the certificati on process in past desi gns?

Yes X

No

jjj i~ s i m u l a t i o n  be used or expanded fo r c e r t i f i c a t i on  tasks  in future designs?

Yes X

No

3) A re r epo r t s  concerned  w i t h  c e r t i f i c a t i o n  by s i m u l a t i o n  pub l i shed  and a v a i l a b l e
f , r  use in t h i s  pro g ra m ? Certification documentation is
available to the FAA. Most of this documentation is Boeing Ye’- X
pruprieiary ul furm rldti on. Exam imp ies are listed below.

No

if avai lable , please  i n d i c a t e  r e p o r t  r e f e r e n c e  n u m b e r s ,  
______________________

(
~

) 06. 2, 747 FaiL Op era t i o n a L A u t o l a n d  & Roll out System
Performance Analysis . 5-27-76.

~2) D6—33835 , 747 SP AFCS Performance Analys is , 4-30-75 
-

4) Ar c areas of new technology (active con trol , fuel ma nagement , etc.) b e i n g
stud ied wit h cm~r t if i c at i o n by s i i u u u l a t i o n  in mind ’

~es X

No

I.’hat areas a re being c o n s i d e r e d  and to  wh a t  degree  is s i m u l a t i o : ,  to
be utilized? Autocratic control systems , active controls , electrical
power sys tem s, displays , and navigation systems. Simu lation i~i l1 be used

‘during _de ve lop uui ent & evaluat ion phases , and in development of certification
criteria for advanced aircraft.

~) a)  h h i a  s i m u l a t i o n  b cca used to cst .iblisii o i l / o r  d c u , o , s t r o t c :

I. We !~~f . t  a~ d cc ‘~~ r~~~c?
(FAR 25, Pa r .  25.21 t h r o u g h  25,33)

Yes

(Not for c e r t i f i c a t i o n  purposes) No X
I .  P e r fo rm a n ce?

(FAR 25 , P a r .  2 5 . 4 5  t h r o u g h  2 5 . 1 2 5 )

Yes

(Not for cer t i f i ca t ion  purposes) No X

b) ~.Iiui t areas arc mmus ~ s u p p o r t ed  b y s I m u l a t i o n ?  N~ ne

c) klj t a re a s do you c x f e c t  -~~p .uu i d cd  u~~ of s au l . , t o r s  in  t i e  n e x t ten yrs.
Limited - The F li jht Test Program to obta in data to validate a performance

Simmi u lato r is pr oL abl~ qreater than current fli g ht certification denuons trjtlor .
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Quest ion ~.i) 
- c o m i t i i m u c d

a) What new a r ea s of simr ~a la t I on  ore  bein g cons ide red?  Develo pment of

certif ication criteria for advanced aircraft.

6) a) Has s im u l at i o n  b eef l  u sed  to deaon~trate controllability , ~r,ane~mver atiiity ,
t r i m s , s ta b i l i t y ,  s t af l . z , g rou n d  h a n d 2 i r : ,  -j~~b x - o t i on , b u f t e ti r g  or h igh
spe ed C a r a c t c r st ic s  (FAR 25,  Pa r .  25.1143 th r au ~~h 2 5 . 2 5 3 ) ?

Yes X

No

b) W im~ t area - c are co . supported by ai:rulation? Stall w a r n i n g ,  au to l an d ,

br a kes , and ant i-skid systens are exammi p les. Selection of cr :tical ~oooris trsti:rs

to minimize fl ig r it test condit i ons.

c) What a r e as  do yea expec t  ex jar 1m ~.l u se  of s ir o . u L~~ in the next ten yrs.?

Simulators are expected to play an norea ced r~~l~~ in eva luat ing and modify i ng

existing _ FA R’ s and deve lop ing new recjulation s tor advanced technology aircraft.

a) Wh a t neu a r e a s - c r  ~ i~~a l at i c , ri are be i -g considered? U se of simulation

during early phases of design as an ai d to dev e Th p  the confi~juratiofl.

7) a) Has s imul at ion L~ en u ..ed to d - c  i a I t r ? t e  S m - j c tu ra l  I it  I —

Yes _~~~~~

No

b ) What arce , ar e r ;. z .. j ~~: -  b , ~i- ’a1ati.~c;? 
Determinat ion of dy namic

loads du r i n g  - a r e u ~ering and ~y;t e- - r d l l u r r  cond lt io n S .

c) W he t  a r eas  do , :-a ca ect  c,:~ a n d’~d use o f s i m u l a t o r s  1n t h e ne xt  te n y r s .?

_______ -

d) Wh et new areas of sio~~Ia ’icn are h- . l ng cons ide red?  
-

None at present. 
_________ _______________________________ ______
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8) a) Under S u b - p ar t  D “ Design arid Construct ion ” of FAR 25, has simulatio n
bccn used to demonstrate cocrmp l l nn c q  o f :  -

1) M at e r ia l s  and Met h ods? Yes 
—

- No X

2) Safe f l i ght a f t e r  fai lm~re of
control system? Yes X

ho

3) Integrity and safe operation after
failure in landing gear? Yes X

No
14) Personnel  and cargo accorsrcdat ion s ,

emergency provision , ;e n t i l a t i c rm
and heating , pr c s sur s :at i cn  ari d
fire protection? Yes ~

No

b) What areas are now supported by simulation? Primary , secondary and

automatic flight control sy s t ems ~ landing gear. stee ring, and brakin g .

c) What a rea s  d o yo u c xpecc expanded use of s im u la to r s  in the next ter. y r s .?

Evaluation of handling qualities over the f u l l  f l i g h t  envelope for

advanced a I rcra ft. -
a) What r ,ew are.s  of s limiu l a t ion  a r e  being cons ide red?  Improved

simulator f i d e l i t y  in syste m s area. - - -
9) a) Under sub -p a r t  F ., “Power plant” of FAR 25,  has sir . ulat ion been used to

demons t r a t e  cc ; ;o l i amicc  o f :

1) EngIne  in s t a l i a t i c n  an d o p e r a t i o n ?  Yes X

No

2) Fuel , F ue l sys t ems  an d oil sy ste m ? . Yes X

No

3) Cooling,  i n d u c t i o n  and exh a use s y st e s s? xYes

No
14) Power p lant controls  and f i r e  pro- x

tec t ion ? Yes 
—

b) fflm at a reas  sr ’  no,  su p p o r t  1 b y ~jmn ulati on? ~~~~~ component coo l in g,
engine o i l coo ling , fuel tmeatm ng , generator cooling , fuel feed , fuel
vent ing , fuel Jet fTson and rc/~Qfe~uliny. 

-
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c) I-That areas do you expect cxpCndc d use of zimulu to rs in the next ten y r a . ?  -

Fuel ven t~~yste m anajy~j s su r~~_2ressure anal ysis , nacelle cooling, inlet
distor tion a~~T~s i s , transient eng ine perfo rmance .

a) What m o r w - a z - e a s  of s i m u lat i o n  are  being cons ide r ed? Improved fuel gag ing

systems, c.g. control , low and high fuel temperature operation , eng ine  s t r u c t u r a l

math model , propulsion control systems.

10) a) Under Sub-part F , “E qu ipment ” of FA R 25, has s imu l a t i o n  been u sed to de sc~-

~t ra te co:op l~~ance of :  - 
- 

-

i) Ins t al la t ion  ari d app l ica tion  of electrical
equipment and ins t rwncnt s ?

Yea X

No 
_____

2)~ Lighting, safe ty  equipment , miscellaneou s

equi pment and sy st emas ?

Yes X

- No 
____

b) What arc-us arc now supported by s imu la t i o n ?  Proper f u n c t i o n  of e l e c t r i c a l
equipment , failure modes , e l ec t r i c  power system capacity and quality,

protective devices , lighting compliance , electrical system status indicat ion
and monitor ing .

c) %.‘hat areas  do you e> :pcct expanded  use  of s im u l a t o r s  in the n e x t  t en  y r s . ?

Increased sophistication of simulation in areas where p a r t i a l  s i m u l a t i o n  is  now
used.

a) What new a reas  of s i m u l a t i o n  are  be ing  cons idered?  Window

beat and anti-ic ini~~~~em evaluation . ________

ii) Is there an indi ’,j du al  tha t  m a y  be us e d as a t ec h n i c a l  contact for this st-~.~ - ’

t~ame 
Richard L. Schoenman

Title Chief Engineer.s.jliijht Controls Technology
Pho ne 206-237-1700

A- 32

- - - -
- 

— -—-—
~~~~~~ 

-
.- _ : __~__s__ . — - - -- —-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~ 

- . ~II4



— 
— -

~~

—--,.

~~

.—---—— —

~
—, --— ‘-.‘

~~
— - —. ————— __ ————-- -n— -— - ----- -— - - - - - -

BOEING COMMERCIAL AIRPLANE COMPANY P0 Box 3707
Seaule, Wash~ngion 98124

A Divis ion of The Boe ing compa ny

May 16, 1975
B—8240-205

Mr. Ja mes F. Ru dolph
Acting Associa te Admi n istrator

for Aviat ion Safet y
Federal Aviation Admnin istrotio mi
Depar imen t of Tron spo rtotion
Washing ton , D . C. 20591

Dear Jim ,

Thank you for your let ter regarding the advisory circular addressing the
role of s imula t i on  in the certification process . We hod also received a
request F rom Jack Ca yot to rev iew this circular , and hove attached a
copy of our respo nse to h i m .

As you know , we are proceeding with a short stud y to investi gate what
we think could be done in thi s area , and will send you a copy of our
report to M r. Cayot.

We would , of cour se , be p leased to discuss with you our feelings on
this matter at any time .

Sincerel y,

t 7p-I-
H, W. Wi t h ingto n
Vice Pres ident — Eng i n e e r i n g

Enclosure
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— BOEING COMMERCIAL AiRPLANE COMPANY 
~~~i~~~~~~sgson 98124

A Division of The Boeing Company

May 15, 1975
B—8240-204

Mr. J. E. Cayot
Resident Directo r for FAA -

Ames Researc h Center
Box 25
Wtsffett Field , California 94035

SuLi ec’; P:sposed Advisory Circular , “The ?.o~e of Simu loti~n in the
Certification Process”

Dear Jock ,

The Boeing Commercial Airp lane Company endorses the p la nned action of the
subject adviso ry circular , and is in general ag reement wi th  the objecti ves
stated th ere in . These ob jec t iv es , part icular l y paragraph 4.b ., the furt her
development of ~ irn u tation , have greater app licability to f ut ure advanced
aircraft than to conventional subsonic tra nsp orts.

Several imp o rtant points to be recognized in any consideration of the role of
piloted s imulation are:

1. We bel ieve strongl y t hat simulations used in the development
and cert ifica tion process mu st be under the contro l of the
manu facturer to provide an adequate control of the technical ,
sc hedule , and cost aspects o f an airp lane development program.

2. We believe tha t the proper role for FAA and NASA is to use
it s Facilities (e .g. ,  FSAA) for resea rch in the developmen t of
cert if ication requi rements and fl g lmt t es : tec hni~ -.ies k~ cc ” —
pliance demonstratio ns t hat would be app licable to advanced
aircraft with features which are presentl y un conventional for
civil transp ort aircraft . Examp les are powered l i f t  o i rcra f t
ond aircraft with CCV/ACT features.

3. Such research irs develop ing the certi fication requirements for
advanced o ircraft  sh o ul d also provide addit iono l insi ght on the
most effective use of simulation in the cert i f icat ion p roces s ,
i.e ., in demonstrating tha t a specific aircraft meets these
requirements .

74
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Mr.J. E. Cayot -

B-8240—204
Page 2

4. With the present state of the art as applied to conventional
transp ort airp la nes , more fl i ght time and manp ower casts may
be expended in val idat ing a simulat ion of a new air craft
tha n would be saved in reduced cer t i f ica t ion fli g ht test ing .

5. Because o f computer memory size and other limit at ions , a
full fli ght envelope simulation of a given air p lane may be
inadequate to perform detailed investigations of a specified
problem area . Speci fic problems are best handled by part ial

‘~ul~.’;ons s pecif ica l l y oriented to t he o ro h l em under r.nns~-
erat ion , e.g ., investi gat ion of autop ilot malfunctions in
Categor y Ill landings requires detailed modellin g of the auto-
pilot and fli g ht control system , but Mach No. and most aero—
elast ic effects can be neg lected .

Present l y, extens ive use of “ simulat ion ” in its broades t sens e, including rea l
t ime p iloted flig ht simulation , is used ex ten s ivel y in the engineering deve lopment
of new and der ivat ive airp l anes . We w o uld welcome a ~~rmali zati on of the
gu idelines on the acceptable useage of simulation to de~-io nstr at e comp l iance with
cert ification requirements . However , considering partic u larl y po ints 1. and 5.
above , t he detai ls of simulator useage in the cer ,,f i cat ic ri of a particular airp l ane
should cont inue to be determined by agreements reoc he~ between th e manufac t ur e r
and the resp o nsible FAA region using the general gu idelines as prop osed in the
referenced advisory circular .

Very trul y yours ,

BOEING COMMERCIAL AIRPLANE COMPANY

R. L. Schoenman
Osief Eng ineer
Flig ht Controls Technology
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DOUGLAS AIRCRA1~’T RESPONSE TO QUESTIONNAIRE
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DOUGLAS A,ReRAFT ~~O~~-fPA~~ V

ssss ua.~~ e ao,~i.~a’e ~~~ a.acn, G,1,f~ ’fl,, 5,~5~6

GEN Cl-29-5906
December 14, 1976

To: Federal Aviation Administration
P. 0. Box 25
Moffett Field , CAlifornia 94035

Attention : ,Jack E. Cayot

Subject: Use of Simulators

Reference: FAA Letter dated September 30, 1976

1. In response to the referenced letter from h r. Skuily , we are enclosing
answers to questions regarding use of simulators.

2. Any simulatio n act~vity mu st be under the direct control of the
cogni zant design and development personnel of the manufacturer. Also , the use
of simulation shoul d be to reduce the amount of certification fl ight testing
t hat would be done ot herwise and not sim ply to do additional work for ce rtifi-
cat ion. -

ham C. Sta rlo , Mana r
Regulatory Af fairs & FAA iafson

LWF/jO
Enclosure

F$ICOOP4N~~LL DOUG -
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Enclosure to letter C1-29-5906
12/14/76

‘(is isunwer i ng the lot low I II~ 9(I( -~i I. 1,IIL,4 Lho w rd “ n iiiui l~~ iou” In(I y I,e into rpre Lcd as a
by sLC ni 01 suba y ~ I clii nifliu I .‘~ t o E in ,~ Ii Ic L III ufl .i L yt I c,~ I or Il ardw.IL -u sense.

~ j Has simulation been used in the ce r tifi caLlo n process in past desi gns?

Yes X

No

2) Will simulation be used or expanded for certification tasks in future designs?
- Yes X

No

3) Arc reports concerned with certif i cati on by siinu1~ tiois published and available
for  us e in this pragrim?

Yes
No

If available , p lease iitd1c ~i tc repor t reference numbers. __________________—

Note-These reports are proprietary.

~~ Are areas of new technology (active .conr ro l , fuel management . e tc.) boing
studied with ccrtif Lc a ti on by s imulation in m ind?

Yes
No X

What areas are being considered and to what degr ee is simulation to
be uti l ized? __________________________________________ 

____________________

5) a) Has eimu l.st i o n been used to est ab i ish nun /or dc ’mo nstr ~ t e:
1. Weight and cc l tn l i ls?

(FAR 5 . Par. 25.21 tIira u~ h 25.33)
Directed primarily towards automatic landinqs and Yes X
required flight test verification.

Na

2. Per1a rnn~ce ?
(FAR 25 , ?ar . 25.45 throu~ I : 25 .125 )

Ye s
No X

b) What areas are now supi i’rtcd by sim ,ilatiois ? Fllnht (uidance and

—_Navigation ( i e . R-NAV ) ——_______

c) Wh at u reas du yo u 
~~~~~~ 

t cx I1.andud u~ c Of -i tni -J L..[O ~ S 05 t i ,C nex t  tin ~rs .?

iit ~!st Guidance and flavloat ion ~~~~ _~~~~~~~ _ _ _ _  _____ _____ -
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“ .. Enc losure to letter C l- 29-59 06- 
- 12/14/76

Qisc:;&ian 5) — cetilirnsc d -

d) What lieu areas of’ stcsulatiotI are beinG considered? ___________________________
- See l O d ) _____________________________

6) a) Has si mulation beer~ used to de~lonrtrate controllability , raneuverability ,
trim , stability, stalls , gi-cund hand1in~ , vibration , buffeting or high
speed characteria tics çi~ IR 25, Far . 25.-J1 i3 throuCh 25.253)?

Equivalent FAR 25 work on the YC-15 pre-first flight handling 
Yes

qualit ies demo. - No 
—

b) What cr.:-~’c are r.:w 3up~crted by si~ ulaLion? Controllability for approach 
——

and land i ng with all engines inoperative on DC-la was cert ificated based in
part on computer sm ulation results. 

—

c) What, areas do you expect expanded uce of simulators in the next ten yrs.?

Possibly some of the less critical stabil i ty, trim, and contro ll ab il it_~_ç~~~s.

d) What nev areas cx’ simulation are being considered? 
__________________________

Integrated cockpit disp lay systems , caláqr aph ic and raster scan .

7) a) Has simu lation Lean used to determine an d demon z t r~te structural limit losd.~
We assume this question applies to Subpart 0 Yes X

No 
_____

b) What areas are  nc~ .upjorted by ~imulaLion? All full scale struct ural

qualification is pe rforried with a 3 dearee of freedor-i simul ation of all c r i t ic a l
flight condi tions. ___________________________________ —

c) What areax  do you cxl c~~t exiardcd lie of simulators in the re’~t ten yrs.?

Greater refinement of the  flight spectrum simulation related to full
scale structural life de~-onstr ation.

d) What r- r ,  areas of s1~ uiat1~n al-c bei,~; consider ed ? Direct dini ta l 1 jrJ~ --

from computers to servo system co n trolling th~_ phy~icpl fli ght sirn u1jt~~-n.

_ _  -~~~~~~~~
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Enclosure to letter Cl -29-5906
- 12/14/76

8) a) Under Sub— 1a rt J) “Design and Construction ” of FA8 25, has sizeulatioa
been uacd to demon~~LruLc coinpliruice of:

• 1) M stcrialx and t4cLho da~ Ye~
No

2) Safe flight after failure of
• control sy~tem? Yes X

No
3) Integrity and safe operation aff ~er

failure in landing gear? Yes

- - No _•~~~~~~

)e) Pcrsonncl and ca~go accommodations ,
emergency provision , ventilati on
and heatin g , pt’e:;surj sa t lon and
fire protect ion? Yes ,_.~~_

No

b) What areas arc now supported by simulation? _______________________________
Fire resistance , a ir conditionin g system. 

—

c) What areas do you expect expanded use of simulators in the next ten yr’i .?
Greater emphasis on subs ystem desian ev aluation thro ugh sirruht ion

d) What new areas of’ stimulation are being considered? 
_________________________

Preliminary design evaluation and veri fication. CR1 graphics develop-

ment for cockpit displays.

9) a) Under sub-part F , “Power plant” of FAR 25, has simulation been used to
demonstrate ccap liancc ox’:

1) Engine installaticn and operatior,? Yes X

No
2) Fuel, Fuel systems and oil syste~ ? Yes X

No

3) Cooling, x nductioa ~nd exhause systems?

Yes X

No
Ii) Power plant eor.trols and fire pro-

tect io ts? Yea

No X

b) W hat arca: cl-c nOW ~upp ov t e J  by sirnillat~~ n? 
~~ teflsi~~~~~~~ j ne nod~~j~~~j~~

presentl y bein g accomp lished through simulation

A-1~1 
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Enclosure to letter Cl-29— 59 fl6
- 12/14/76

cont~ i~ued
c) What areas do ,cu expoct exiianded u~e of simulatoj-c in the next ten y r s .?

Advanced engine control systems and refined computer model i ng .

di What new areas of simulation are being considered? 
_________________________

10) a) Under Sub-part F, “Equipment” of FAR 25, has simulation been used to deac~-

st rate complia:ice of: -

1) Installation and application of electr~ca1
cquiicncnt ar ir.ztrujnents~

Yes X

No 
_____

2)~ Lighting , safety equipaeiit , miscellár.eous

equipment nr.d syatexis?

Ye s X

No 
____

b) What areas arc n cw  supported by simulation? (lenerator controls , load monit or—

!‘~~ 
variety of basic flight instruments, hydraulic system. DC-l fl auto lanc sta-

tist ical reliability certificat ion was done in  part on the iron bird s imu la to r .

The major desi gn areas of Aero , Av ionics . Structures & Controls are supporte d by
simulation. -

c) What areas do you expect cx- ~ ndcd USC of s!mulators in the next ten yrs.?

$imuiatio n of advanced cockpit displ ~ y.~ flvio nic systems, di g ita l simulation of
automatfc fligjit cont ro 1~~~vs t em s ,  hi gher f ide l i t y  related to increas ing s~ ’~ul a-

t io n applica tions in crew training .

d) What new aseas of’ si cu )at io i lire being consIdered? Integrated cockpit

display sy s tems , ca laqraphi c  and raster scan.

£1) Xe th ert’ an individual that ray be ur ed as a technicul contact for thio

No spec if ic person - depend s on subject.
Title 

__________ __________——______

Phc,;ic 
______________ ________

1 2
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Loci~,zi ~i~n . Gi~oiior..t CO MI’ ANY
* Q,V, t ,O ”  L O C K * f l O  £ , C ,  ,T C O .P O .A T OH

MARJETIA. GbORGIA 30063

14 October 1976

LGD/73205 I

Federal Aviation Adm inistro tion
At t e nti on: Jock E. Cayot
P~ 0. Box 25
Moulett F eld , California 94035

Subject: Industry Survey on the Role of Simulat ion In the A ircraft
Cert i fic ati on Proce ss

Reference : (A) FAA lt r to Lockheed —Georg ia Company, dtd 30 Sept.
76, same su bj ect , (LGD/731940)

Enc l’ .~ re: (o) One copy of Industry Survey Questi& ~a r e

Dear Mr. Coyot:
In response to your reference (A) request for a copy of the Industry Survey on
the Role of Simulation in the Aircra ft Certification Process , we are p leased
to forward the enclosure (a) copy of our response to your que stiono re.

Very trul y you rs ,

LOC EED-GEORGIA COMPANY

W. H. McKee
Eng i neeri ng FAA Coordinator

WHM/BNF/ec

A—l~l~
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Enclosure (a) to LGD/732051

D11IUSTRY SURVEY

In answerir,~ the following questions the word “~iwulation” is interpreted as
4 syatci.x or subsystem sic.u.lator in either an analyticui or hardware sense.

1) Siizzul at ion has been used in the certification process in past designs,

2) Yes s io~lation will be used or expanded for certification tasks in future
decigr.a.

5) Reports concerr.ed with certification by simulation are publiehed and
available for ~sse in this program.

Available report~. with reference numbers are listed below:

ER 4362 Model 1329 2es~ Program of the JetS tar Air Conditioning
System Functional Mockup — Struc tural Qual.

ER 4561 Model 1329 Test Program of the JetStar Fuel System
P~nctior.al Mockup to Lemonstrate Compliance with
Civ il Airworthiness Requirements

ER 4522 Negative “ a” Simulation Test on Jet5tar Fue~ System
Mockup

ElI 4770 Fire Te&t of Components Located Within the JetStar
Engine Support

ER 4729 Performar,ce Evaluation of the JetStar Fuel System
with JP—4 Fuel Utilizing Pull—Scale Fr.~nctional Mockup

ER 4701 Performance Evaluation of the JetStar Fuel System with
Aviation Kerosene Utilizing Pull—Scale Functional Mockup

ER 5013 C—l4Lk: Test Procedures for Performance Evaluation of
Fire Protection System

ER 6325 C—141 — Reliability Test of iloated Windshield System

ER 5009 C—14l Envirorueental Control/Ice Protection Systems
laborator-~ Test Re~u,lt~ -

ER 50’.~8 C—141A Fuel System lssboratory Test Resu.lts

ER 7844 C—l4L~ Windshie ld Rain Repellent System Developeent

ER 904 9 C— l4 L~ Sr.cino Cross Feed — Single Pump in Main Tank
Configura: ion

ER 9760 C—l 4L J~ Eni~ ine lriven Pump Suction Feed Endurance Test
Results

ER— 5Oll Power Plant Extingu.toher System Performance Evaluation

t”IOTE: Some ef the above data ore proprietary and ri-Qy not ordin aril y be released except under
license or contract. -
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4) Yes areas of new technolo~ ’ (active control, fuel management , etc . )  are
being studied with certification by siuMlation in mind.

Utilization of full scale simulation is being considered in the following
areas; -

Ply by wire , active control , fuel management, digital control
of flight, environmental , hydraulic and pneumatic systems .

~
) a) 1. Simulation has been used to establish but not demonstrate

weigh t and CG liaits (F;JI 25 Par 25.21 through 25.33).

2. Simulation has been used to establish but not demonstrate
performance (I’AR 25.45 through 25.125).

b) The areas now s upported by simulation include the follcwir.g;

Pull Scale System Simulators

o Auto matic f l i ght controls
o l’~animl £ligkt controls
o Landing gear
o Cargo openings
o hy draulics
o Fuels
o Air conditioning -

o Pneumatics
o Fire protection
o Oxygen
o Secondary power
o Electrical
o Avionics
o Antennas
o Static loads
o Fatigue loads

a) The areas of expanded ume of airnulatora in the next 10 years are all
- of the items listed in 5 b).

d) One new area of simulation being considered lB a method of satisfying
the icing requirecents.

6) a) Simulation has reduced , demonstration requirements of controllability , u~r~a -.ver-
ability , trim , stability, stalls , crouns handling, vibrat~.on, bu.ffetir.g
or high speed ch~.racteristice (FAR 25, Par. 25,143 through 25 .255 ) .

b) The areas now supported by simulation are all of the items listed ~n 6 a)
above.

~

—-
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6) continued

a) Expanded use of simulators in the next ten years will be in
all areas listed in 6 a) above plus active fligh t control
and digital flight control.

a) One new area of simulation now being considered is terminal
navigation using MiS.

7) a) Yes simulation h~s teen used to deLermine and demonstrate
structural limit loads.

b) The areas now supported by simulation are static , ultimate ,
limit arid fatigue loads, cracic growth , IIDT techniques, acoustic
emission measurements and fail aafe analysis.

a) Expanded use of simulators in the next ten years will be in all
areas licted in 7 b) abova plus couputer simulation of design
loads for fatlL-ue testing.

a) New areas of simulation being considered are turbulence, w ind shear
and vortex encounter by using a flight simulator.

8) a) Under Sub—par t D “Design and Construction” of FAR 25, simulation
has been used to demonstrate compliance of;

1) Materials and Methods

2) Safe flight after failure of control system

3) Integ r ity and Bafe operation after failure in
landi ng gear

4) Personnel and cargo accommodations, emergency
provision, ventilation and heating, presa~riza—
t ion and fire protection

b) Areas now supported by simulation are all items in 8 a) above.

c) Expar.ded use of simulators in the next ten years will be in
all areas listed in 8 a) above plus windshield qualification.

a) 11ev areas of si mu lation being considered are tire and brake
qyalification.

A-~ 7 
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9) a) Under sub—part E, “Po;ier plant” of FAR 25, simulation has been
used to decso:~strate compliance of:

1) Engine installation and operation -

2) Fuel, fuel systems and oil system

3) Cooling, induction and exhaust systems

4) Power plant controls and fire protection -

b) Areas now supported by simulation are all of item 9 a) above
plus propeller vibration and thrust reverser qualification.

c) Expanded use of simulators in the next ten years will be in all
areas listed in 9 b) above.

d) One new area of simulation being considered is satiofying icing
requirements by simulation (ARDC engine teat facility).

10) a) Under Sub—part F, “Equipment” of ~AR 25, simulation has been used
to demonstrate compliance of:

1) Installation and application of electrical equip ment
and instruments

2) Lighting, safety equipment, miscellaneous equipu.ent
and systems

b) Areas now supported by simulation are all of item 10 a) above.

c) Expanded use of simulators in the next ten yetd’s will be in all
areas listed in 10 a) above. -

a) One new area of simulation being considered is satisfying icing
require menir by simulation.

11) The individual that may be used as a technical contact for this etudy
is; -

Name; C, W. James -

Title ; Research and Develop ment !-~nnager ,
- Engineering Test Division

Phone: (4 04) 424— 5599
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