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l . PUR P 0 S E . T h i s ad ·.: i so r y c i.r c u l a r s e t s f o r r: h o n e :n e an s t h a r: <.~ o u l d o ~ 
acceptable :o the Administra t or for rhe evaluation of ai=plane si:nulac0rs to be 
used in tra i ning programs or for ai~men checking under Tirle 14 Code of ?ede~at 
Regulations (CFR) . The reader i s cautioned that this is ~oc an all encompassing 
document and that applicable regu latio n s should be reference d to assure com­
pliance with the provisions t h erein . It should also be noted that this Advisory 
Circular applies to the evalua tion of airplane simulators only. Criteria for the 
evaluation of helicopter simu l ator s are currently being developed and will be set 
forth in a similar document . 

2 . CANCELLATION . Advisory Circular 120-40, Airplane Simulator And Visual System 
Evaluation and Approval , dated January 31, 1983, is canceled. Operar:ors having 
simulator improv <;>.ment or acquisition projects in process, under contract or scarred 
under an inc:erim s i mulator upgrade plan which was approved in accordance with FAR 
Par:: 121, Appeodix-H, have 90 days from the effective date of this advi.sor.y 
circular to notify the National Simulation Program Manager (NS?M) of those projects 
which the operator desires to complete ~nder the provis ions of AC 120-40 . 

3. EACKGROU~~. As the state-of-the-art in simulator technology has advanced, :nore 
~ ffective use has been made of the aircraft simulator in both training and checking 
of flight crevmembers . The increasing complexity and operat~ng costs of the :nodern 
turbojet and its operating environment point to greater use of the advanced 
technology nov available in airplane simulators . Simulators can provide ~re in ­
dep t h training chan can be accomplished in the airplane. The~e is also a very high 
per~~ntage of :rans:er of l~ arning f~ow the simulator :o the oirplane. .ne 
additional use of ~imulators, in lieu of the airplane, ~es~l:s in safer ili.ght 
crai~ing, cos: reductions ~or the operators, and ac?"li~v-:s t:he Je!le:'i: or :uel 
conservation and a decrease in noise po llution . As simulator technology has 
imp roved, changes to the FAR vere made to permit the inc~ea s~d use of simulators in 
approved training programs. In the lace 1960's, visual attachments appeared on the 
market. Since that time, a breakthrough in computerizarion has permitted the 
de ·n~l o!)ment :)f .:ompuce~-ge!ler.:lt·~d ~::1.:1~e ·;isual ;:;yst~ns . ~~ ::>ecembe~ !9 73, ?AR 
Amendments 61-62 and 121-108 permitted additiona l use of visual simulators . 
Amend~ents to Section 121.439 of the FAR permitted a simulator approved for the 
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landing maneuver to be substituted for the airplane in a pilot recency of 
experience qualification . These changes to the FAR constituted a significant step 
toward the development of Amendments 61-69 and 121-161 i ssued June 24, 1980, which 
contain the Fed~ral Aviation Administration (FAA) Advanced Simulation Plan . To 
support this plan, the National Simulator Evaluation Program was established by the 
FAA in October 1980. FAA Southern Region Headquarters is responsible for oversight 
of this program. This program is administered and directed by the National 
Simulator Program Hanager. 

4. DISCUSSION. 

a. The procedures and criteria for simulator evaluations under the Nattonal 
Simulator Evaluation Program are contained in this advisory circular. A 
s:•ulator is qualified to the standards herein by the NSPM and recommended for 
<. roval, for use within an operator's training program, co the operator-'s 
p -:ipal operations inspec.::ot (POI) or certificate holdi:1g district office, as 
;. 1:>riate. 

b . Evaluation of simulators used for tralnlng or certification of airmen under 
Title 14 CFR fall under the direction of the National Simulator Evaluation Program. 
~ . simulator wil l be evaluated under the provisions of this advisory circular i£ it 
is used in a training program approved under FAR Parts 63, 121, 125, or 135 or if 
it is Used by an operator in the course of co~ducting the Pilot-in-Command 
Proficiency Check required by FAR 61 . 58 or the ~ssuance of an airline transport 
pilot ce r tificate or type rating in accordance with the provisions of FAR 61.157: 
FAA evaluations of simulators owned and operated by foreig n ·operators wi ll be 
performed if such simulators are being used by a U.S. operator to train or 
certificate U. S. airmen. Evaluations may also be conducted in accordance with 
bilateral agreements between countries or as deemed appropriate by the 
Administrator on a case-by-case basis. 

c . Under the National Simulator Evaluation Program concept, a simulator is 
evaluated for a specific operator by an FAA Simulator Evaluation Specia l ist . 
f ~don a successful evaluation, the NSPM will then certify that the si.mulac:o r 
m •ts the criteria of a specific level. Upon certification by the NSPM that the 

~ator meets the standards specified in this advisoc y circular, simu l ator 
approval for a particular training program will chen be determined by the POI in 
the case of FAR Parts 63, 121, 125, or 135 cerc:ificac:e holders or by the disc:ricc: 
oi fi ce responsi.b l ~ for oversight of a training center ~o~hen the :rai:1i.ng cencer is 
using the simulator co conduce portions of the checks required by FAR Sections 
5i . 58 o r 6l . i 57. Simulators used for ?Urposes other than chose s:ated ~:'l par3graph 
4b, above, should also meet the standards of chis Advisory Circular, but may be 
eva l uated by the local FAA Flight Standards District Office (FSDO) as deemed 
appropriate by the NSPM. 

?age 2 Par 3 
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d . Operators contracting to lease simulators already evaluated and approved 
at a particular level for an aircraft type are not subject to the simulator 
evaluation process . However, they are required to obtain FAA approval to use the 
simulator in their approved training programs. 

5. DEFINITIONS. 

a. An Airplane Simulator is a device which duplicates a speci fic airplane 's 
cockpit and is capable o f c losely representing the actual aircraft through 
various ground and flight regimes. The evaluation of si~ulators should be 
conducted in accordance with this advisory circular. Any device wh ich doe$ ~ot 
meet the simulator provisions set forth herein should be considered a ~~aining 
device. 

b. Simulator Data includes the various types of data used by the simulator 
manufacturer and the applicant to design, manufacture, and test the flight 
simulator . Nor:ma l ly, the airplane manufacturer wi ll provide airplane data to the 
simulator manufacturer, which in the case of airplane not yet certificated will 
be predicted data • 

. c. Flight Test Data for the purpose of chis advisory circular are 
performance tests electronically recorded 1n the aircraft and veri fied as 
accurate by the company performing the test . Other data, such as photographic 
data, may be considered flight test data after evaluation by the NSPH. For new 
generation airplane issued an original type cer:tificate after June 1980 or 
significant amendments to an original type certificate', or in a supplemental type 
certificate which would result in handling quality changes in the airplane's 
performance, only manufacturer's flight test data will be accept ed for initial 
approval. Except ions to this policy must be submitted to the NSPM for review and 
constaeracion. For a new type of airplane, predicted data validated by actual 
airplane flight test data, which has not received final approval by the 
manufacturer, can be used for an interim period as determined by the FAA. In the 
event predicted data are used in programming the simulator, it should be updated 
as soon as practicable when actual airplane flight test data become s available. 
Unless specific conditions warrant other~is e , simulator programming should be 
updated ~ ithin six months after release o f the final flight test data package by 
the aircraft manufacturer. 

d . A o or o v a 1 T e s c G u i de (AT G ) is a doc u me n t con t a i. n i ::1 g a group o f c P. s : s 
requ ired for FAA eval uation of the simulator. ATG's are designee to verify chat 
the pe::or;;Jance characteris tics of the si~ulator agree 1.1i:h those of the airplane 
and that al l applicab l e regulatory requi::ements have been ::-.ec. This cesr guide 
ts presented to the FAA, along 1.1ith the evalua tion application . 

e. National Simulator Program ~anager (NSPM) is responsible £or the over ~.ll 
administration and direct i on of the ~ational Simulator Eva luation ?rogram . 

f. Simulator Evalu;-r:io1 Soecialist is an FAA technical specialise especial ,, 
trained to evaluate simulaLors and to prov ide expertise on matters conc.::.-nl : 6 
aircraft simulation . within that person ' s assigned r egion . 

Par 4 ?age .3 
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g. Visual System Response Time is the completion of the visual display scan of 
the first video field containing different information resulting from an abrupt 
cont ro 1 input. 

h. Upgrading for the purpose of this advisory circular means the improvemen t 
or enhancement of a simulator or a simulator's motion or visual system for the 
purpose of achieving more training or 'certification credit for that simulator. 

i. La tency is the additiona l time beyond that of the basic a irp lan e 
?erceivable response ti me ciue to the response time of the simulator. This includes 
rhe update rate of ~he host computer added to the respective time delays of the 
~orion system, visual system or instruments. 

6 SIMULATOR EVALUATION POLICY . 

In order to ensure an adequate transfer of learning from the simulator to 
~he airplane, the 3imulator must be evaluated in each of the areas critical to the 
accomplishment of the airman training and airman evaluation process. This includes 
evaluating the simulator's fidelity in directional, longitudinal, and lateral 
~ontrol and capabilities in the areas of preflight, control checks, taxi, takeo ff, 
climb', cruise, descent, approach, landing, and certai:t additional requirements 
depending on the sophistication of the simulator. The simulator's motion system, 
visual system, and if applicable, flight engineer's station will also need to be 
evaluated to ensure their proper operation. Instructor controls must be 
operational to the extent ne~essary to assure compl~tion of the tests required for 
initial approval. 

b. It is desirable to evaluate the simulator as objectively as possibl e . 
However, pilot acceptance is also an important consideration in the evaluation 
process . Therefore, evaluation of a simulator involves two types of tests designed 
to s~ow that the simulator can simulate the airplane with sufficient fide lity to 
conduct the amount of training or checking requested. These tests include 
f · c t i o n a l t e s t s f r om Append i x 6 o f t h i s ad v i. s o r y c i r c u 1 a r vh i c h a 1 1 o v a 

q · .i tative assess~ent of the simulator by an . FAA pilot type rated in the a ircraft, 
!~formance tests from Appendix 5 of this advisory circular. Functional tests 

are designed to provide a basi~ for evaluating a simulator's capability to perform 
over a typical trai~i~g period and to verify the operational fidelity of the 
simulator's controls, instruments and systems. Performance tests are designed to 
prov:de a quant i tative validation of the simulator's fidelity. they object ively 
compare simulator and airplane performance vithin a specified performance 
tolerance . Each of the tvo types of tests is designed to complement rhe other and 
be supportive of required training objectives. 

c. lf a problem vith the simulator is detected by the FAA Simulator Evaluation 
Specialist in a performance test, the test may be repeated. If the simulator still 
does not meet the tolerance of Appendix 5, the operator may verify simulator 
fidelity by shoving that the._ simulator test: results match ocher airplane Jata :.on icil 
relates to the performance test in question. In the event a performance test(s) 
does not meet specified cr·iteria but is not considered critical to the level of 
evaluation being conducted, the NSPH may conditionally certify the simulator at 
that level and the operacor will be given a specified period of time to correct 
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the problem and submit the ATG changes to the NSPM for evaluation. Alternatively, 
if it is determined that the results of a performance test would have a detrimental 
effect on the level of evaluation being conducted, the NSPM may cert.ify the 
simulator to a lesser level based upon the evaluation completed. For example, if a 
Phase I evaluation is requested and the simulator fails to meet the dutch roll 
test tolerances throughout a time history, the evaluation could continue at the 
visual simulator level because a dynamic check in this area is not required for 
visual simulator evaluation . 

d. If a problem is suspected in the handling qualities of a simulator during ~ 
functional test and performance testing does not suppor~ that finding, the NSPM may 
conditionally certify the simulator. In this case, the questionable area '.Jill ;,e 
observed by the FAA in training/checking operations to determine if correction is 
necessary. If it i.s determined that a problem in handling qu,dit~~,ij exiscs, 
resulting in a need for a hardware or soft~o~are change, a special e·;aluation may be 
scheduled in accordance with the provisions or parag~aph 9 . the affected area ~il l 

receive the primary emphasis and related areas ~o~ill be revie~o~ed ro ensure that the y 
have not been affected. 

e. Performance tolerances listed in Appendix 5 should not be confused vi th 
design tolerances specified for simulator manufacture. Performance tolerances are 
maximum tolerances to ensure satisfactory transfer of learning. 

f. Tentative eval~ation dates will not be establish~d until the ATG has been 
reviewed by the NSPM and determined · ~o be acceptable. Within 10 working days of 
receiving an acceptable ATG, the NSPH will coordinate with the operator co set a 
mutually acceptable date for the evaluation . To avoid unnecessary delays, 
operators are encouraged to work closely with the NSPM during the ATG development 
process prior to making formal applicati9n. 

7. INITIAL OR UPGRADE EVALUATIONS . 

a. The correct sequence of events for an initial or upgrade evaluation is 
diagramed in Appendix 7 of this advisory circular. An operator desiri~g ini~ia l 

or upgrade evaluation for a simulator must submit its request in vrit ing to the 
NSP~ through the POI or responsible FAA FSDO. This request should contain a 
statement certifying that the operator has successfully completed each test in 
the operato r's ATG, that the simulator meets al l of the s~ecifications of chis 
ad visory ci:cular, that specific hardware and software configuration control 
procedures have ~een established, and that the ?ilot(s) designated ;,y :he 
ope:-ator con:i. rm that it i.s representative of the airplane i:1 all functiona l test 
ar~as. T~e request should also show 'he curr~nt wod~fi.cac:on 
ope~ator's ai rplane ~leet and of the simu la tor to be evaluated. 

?ar 6 
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b. The operator should also submit an ATG which includes the follo~ing: 

(1) The performance tests and procedures for conducting the tests 
!escribed in Appendix 5 of this advisory circular. The ATG should include a 
;t atement of compliance for each Phase II or III requirement and, in some cases 
iesignated in Appendix 5, a performance test which will serve to validate simulator 
>erformance. 

(2) Airplane data specified in Appendix 5 to support each test. Airplane 
iata documents included in an ATG may be photographically reduced only if such 
reduction will not alter the graphic scaling or cause difficul~ies in scale 
interp re t ation. Incremental scales on graphical presentations should provide ~ he 
resolu tion ne cessar y for evaluation of the appropriat~ pa~ameters . shoun in 
-\· ' nd ix 5 . 

(3) Operator's simulator test results recorded on a multichanne l 
re .... - .e r, 1 ine printer, or other computer generated "hard copy" results acceptable 
t o che NS?K. Simulato r results should be labeled using :he tolerances listed in 
Appendix 5. These results should be easily compared to the supporting data by 
employing cross plotting, overlays or transparencies, or other acceptable means. 
The . test guide uill then show the documented proof of compliance with the simulator 
performance tests in Appendix 5. In the case of a simulator upgrade, an operato r 
should run the performance tests for the current evaluation level. Performance 
test results offered in a test guide for a previous initial or upgrade evaluation 
should not be offered to validate simulator performance as part of a test guide 
offered for a succeeding phase. for tests involving time histories, flight test 
data sheets, or trznsparencies thereof and simulator test results should be c learl y 
marked with appropriate ~eference points to ensure an accurate comparison between 
simulator and airplane with respect to time . Operators using line printers to 
r e cord t ime histories should clearly 1:1ark that information taken from the l ine 
printer data sheet for cross-plotting on the airplane data. The original 
r ecordings of simulator test results should be inserted into a separate volume as a 
reference document o f the ATG. The cross-plotting of the operator's stmulator data 
t ~rplane da t a is essential to verify simulator performance in e2ch tes,. During 
a!' y·~luar:ion, the FAA •..-ill devote its time to detailed checking of selected ces:::s 
f . he ATG . The FAA evaluation will therefore serve to va lida te the operator's 
s i mu 1 a to r t e s c s . 

(4 ) Follo wing the initial or uP.grade evaluation, a com?leced master ATG 
con~.aining rhe ~ollo w i.ng format shou l d be submitted :::o tht! :i S?~!: table o f 
contents; reierence page lis ting a ll verification data used; glossa r :' of <:er:ns and 
symbols used i.n t!'le test guide; and :or each c:es ::: ~ncl~.;ded ~n ~he :~sr guide, : he 
name of the test, the tes t objective, the test conditions, and the :~st procedures, 
the recording procedu r e, the tolerances alloued, and the airplane flight test data 
or ocher approved data wtth the operator and FAA evaluation resul:::s cross- plot:::ed 
on that data or compared in a manner acceptable to the NSP~. 

?age 5 ?ar 
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c. The purchasing operator may elect to accomplish the ATG performance tests 
while the simulator is located at the manufacturer ' s facility or the prior owner's 
facility in the event of the sale of the simulator to anoth~r operator. If the ATG 
is accomplished in this manner, the operator must validate simulator performance by 
repeating at least l/3 of the performance tests in the ATG and submit those tests 
to the NSPM after the simulator has been installed and prior to FAA initial 
evaluation at the operator 's facility . The ATG must be clearly annotated to 
indicate whe n and where each test was accomplished. 

d. Initial and upgrade evaluations will be conducted tn the same sequence as 
the ATG 's and evaluation requests are received by the NSPM . 

e. The original simu lat or t est results of the operator's evaluati0c and the 
FAA's evaluation should be submitted along with the master ATG under sepa~ate 
cover. The simulator test results should be presented in e manner chat is easily 
cross-referenced to the data in the cast guide. 

f . A copy of the master ATG should accompany the master ATG submittal . The 
NSPM will then return the master ATG and the simulator test results to the ?OI for 
approval. The master ATG will remain on file at the FAA certificate holding FSDO 
for use in recurrent simulator evaluations. Source documentation for the maste~ 
ATG (flight test results, simulator results, etc.) may be retained by. the 
operator subject to full accessibility upon request by the Administrator . The 
master ATG should be reviewed by the NSPM and approved by the POI prior to xhe 
first recurrent evaluation of the si~lator. 

g . All simulator initial evaluations and subsequent recurrent evaluations 
after the date of this advisory circular will be conducted according to the 
guidance herein except as provided for in paragraph 2 and paragraph 11. However, 
operators are encouraged to make every effort to amend previously approved test 
guides to be consistent with the guidelines herein . 

h. During inittal and recurrent evaluations, the operator 's pilots may assist 
ln the accompltshment of the functional and performance ~escs at the discretion of 
the FAA Simulator Evaluatton Specialist . 

i . Only FAA personnel should manipulate the pilot controls during the 
func:ional check portion of an FAA evaluation. 

8 . ?.~CURRENT ~VALUATIONS . 

a . ?or a si~ulator to retai~ its curren: status, it will be evaluated on a 
recc~ring basis usi~g the cur r ently approved ATG. Unless ocher~i se deter~ined by 
c.he ~SP!-1, recurring evaluations ·,.,ill be accomplished every fou~ ~onths by a 
Simulator Evaluation Specialist. Each recurrent evaluation, normally scheduled for 
e i g h t hour s , TJ i 1 l cons i s t o f E u n c t i o no. l tests a.n d appro xi :nat a l y 1 I 3 of the 
perfor:nance casts in the ATG . The goal is to complete eac h ATG annually . 

b . In the in terest of conservtn·g simulator time, the folloTJi.~g alcernaci.ve to 
the 8-hour recurrent ev.aluati.on procedure is available: 

?ar "7 
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(1) Operators of simulators having the appropriate automatic recording and 
plotting capabilities may apply for evaluation under the follo~ing Optional Test 
Program (OTP). Experience has sho~n that ~ithout auto-initialization and auto­
driver capability, it is e xtremely difficult to accomplish the recurrent evaluation 
in the required four hours of simulator time. 

(2) Op~rators must notify the NSP~ in wrLtLng of their intent to enter the 
OTP . The test procedures above ~ill then be exercised at the next recurrent 
evaluation . If these OTP procedures can be accommodated ~ith four hours or less of 
simulator time, subsequent recurrent evaluations for that simulator vill be planned 
for four hours, a reduction of 50% from the current eight nor~ally required. Thr, 
four hours includes u~programmed do ~~time such as correction of ma1functionc . If 
the operate~ cannot extend the period, then the evaluation will be :erminated and 

:heduled at a later date. 

(3) Under the OTP, at least 1/3 of all the performance tests will be 
performed and certifi~d by operator personnel between FAA recurrent evaluations. 
Complete coverage ~ill be required through any three consecutive recurrent 
evaluations. These tests and results ~ill be reviewed by the FAA Simu l ator 

.Eval~ation Specialist at the outset of each evaluation . The 1/3 of performance 
tests executed for each recurrent evaluation should be accomplished within the 30 
days prior to the scheduled· evaluation or accomplished on an evenly distribuced 
basis during the four -month period prior to the scheduled evaluation. 

(~) T~enty percent of those tests conducted by the operator for each 
recurrent evaluation ~ill then be selected and repeated by the Simulator Evaluation 
Specialist. 

(5) Ten percent of those tests not performed by the operator wil l a lso be 
selected by the FAA for execution during each recurrent evaluation. 

9 . SPECIAL EVALUATIONS . 

a. Between recurring evaluations, if deficiencies are discovered or it becomes 
~ent that the si~ulator is not being mai~tained to initial eval uation 

tolerances, a specia l evaluation of the simulator may be scheduled by the NSP~ to 
confirm its performance . 

b . The simulator vill lose its eligibility fo r approval vh en :he ~SP~ ~an ~o 

lo nge: cer ti fy original simulator performance criteria to the ?OI bas~ d on a 
recurrent or special evaiuation . Additionally, the POI shall advise ope r ators ir a 
deficiency is jeopardizing traini~g requirements, and arrangements shall oe made :o 
resolve the deficie ncy in the most effective mann~r, including the ~it hdraval of 
approval by the POI, if necessary. 
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10. CHANGES TO SIMULATOR PROGRAMMING. In accordance with FAR 121, operators must 
notify the POI and NSPM at least 21 days prior to making software program changes 
which might impact flight or ground dynamics of a simulator . A complete list of 
these planned changes, including dynamics related to the motion and visual systems, 
must be provided in writing, including any necessary updates co ATG results. 

11. UPGRADING OF SIMULATORS, MOTION SYST~MS, AND VISUAL SYSTE~S . 

a. Operators should notify the POI of simulator hardware and prog~amm1ng 
changes wh ich are necessary for the upgrading of a simulator to the ~ex~ 
s~cceeding level and of new motion or visual systems. 

b. Changes to simulato r hardware and programming, which are required for 
simulator upgrade, will not affect the current status of the simulate~ unles~ an 
evaluation by an FAA Simulator Evaluation Specialist shows that the change has 
had a detrimental effect on the simulator. However, new motion or visual syscem 
upgrade modifications •Jill require an evaluation of that :>yst~m under this 
advisory circular as a parr of the next scheduled recurrent eval~arion of the 
simulator. 

12 . SIMULATOR QUALI FICATION BASIS. Section 121.407 of the FAR requires that 
simulators must maintain the performance, functional, and other characteristics 
that are required for approval . Except as provided for in paragraph 2 of this 
advisory circular, all initial and recurrent evaluations of those simulators, 
visual systems and motion systems approved after the effective date of this 
advisory circular will be conducted in accordance wi th the provisions herein. 
Simulators, visual systems and motion systems approved prior to this advisory 
circular will continue to maintain their current approval as long as they meet the 
standards under which they were originally approved regardless of operator. Any 
simulator upgraded to ?hase I, II, or III standards or any visual system or ~cion 
system upgrade requires an initial evaluation of thac simulator, visual system or 
motion system . A simulator having Phase r scatus resulting from a landing maneuver 
approval under Advisory Circular 121-14B should meet the Phase I requirements in 
Appendix H of Pare 121 in the event of the sale or cransfe~ oi the simul~cor from 
one operator to another prior to its use by the new ope~acor. 

EfQ.A_·~P.~ 
Garland ?. Cas::lebe :-:-y 
Di:-ec:or 
Souche:-:'1 rtegi.or. 
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Appendix 1 

APPENDIX 1 . BASIC SIMULATOR STANDAR't>S (VISUAL SIMULATOR) 

1 . DISCUSSION. The simulator, motion and visual system requirements of this 
appendix are the minimum standards for a Basic visual simulator. An operator 
desiring evaluation of an aircraft simulator ~hich does not possess a visual system 
(non-visual simulator) should meet the standards of a Basic Simulator ~ith the 
exception of paragraph 4 (Visual Systems) of this appendix. Additional 
requirements for Phase I, II, or III simulators are included in the appropriate 
appendices of this advisory circular. FAR Part 121, Appendix H, and related 
material 1 should also be consulted ~hen considering particular simulator 
~equirece nts. The performance and functional tests listed in Appendices 5 and 6 of 
this advisory circular should also be consulted ~hen determining the requirements 
of a specific level simulator. 

lsee, for example, U. S. Federal Register, Vol. 45 , ~o . 127; M.onday, Jur.<: 30, 1980. 

2. SIMULATOR- GENERAL. 

a. The cockpit should represent a full-scale cockup of the airplane simulated . 
Where movement of controls and s~itches is involved, the direction of movement 
should be identical to that in the applicant's airplane. 

b. Circuit breakers that affect procedures and/or result tn observable cockpit 
indications should be functionally accurate. 

c. The effec t of aerodynamic changes for various combinations of drag and 
thrust normally encountered in flight should correspond to actua l flight 
conditions. The effect of change in aircraft attitude, thrust, drag, altitude, 
temperature, gross ~eight, center of gravity location, ~nd con~iguration should 
be included . 

d. All relevant instrument indications involved in the simulation of thi 
applicable airplane should be entirely automatic in response to control movement 
by a crel."member . 

e . Communications and navigation equipment should correspond to that 
installed in the applicant's airplane and should operate within the tolerances 
prescribed for the actual airborne equipment. See Appendix 6, paragraph 1, for 
further information regarding long-range navigation equipment. 

f . In addition to the flight crewmember stations, there should be t~o 

suitab l e seats Eor the I nstructor /Check Airman and FAA Inspec~or . Operators ~ho 
oave :he Check Airman/Instructor occupy a flig h tcrew position Seat need o n l y 
provide one additional observ er s~at. The NSP~ ~ill consider options to th is 
standard based on unique cockpit configurations. These seats should provide 
adequa t e vision to the pilot's panel and forward windows in visual system models. 
Observer seats need not represent t hose found in the airplane but should possess 
similar ?Ositive restraint devices. 

g. Simulator sy stems should simulate the app licable airplane system 
operation, both oi t~e ground and in flight. Systems should be operative t o the 
extent that normal operating procedures, and abnormal and emergenc y procedures 
included in the operator's programs can be accomplished. 

Par Page l 
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h. Instructor controls should be installed to enable the operator to control 
all required visual system variables and insert abnormal or emergency conditions 
into the airplane systems. 

i. The rate of change of simulator instrument readings and of control forces 
should correspond to the rate of change vhich vould occur on the applicable 
airplane under actual flight conditions for any given change in forces applied to 
the controls, in the applied power, or in airplane configurations. 

j. Control forces and degree of control travel should correspond to that 
~hich wou ld occur in the airplane under actual flight conditions. 

k. Any simulator qualified by the NSPM must meet the requirements of FAR 
l .407. The daily preflight should be documented either in the daily log or in a 
l ~cion easily accessible for review. 

) . . 10TION SYSTEM. 
shall be inst alled 
for comparison with 

4. VISUAL SYSTEMS . 

A motion system having a ~inimum of three degrees of freedo~ 
and operative. A means for recording the motion response time 

actual airplane data should be incorporated . 

a. The visual system should be capable of meeting all the standards of this 
appendix and Appendices 5 and 6 (Perfo~ance and Functional Appendices). 

b. The optical system should be capable of providing at least a 45 degree 
fie ld of viev simultaneously for each pilot. 

c. Visual systems evalu•ted and approved under AC 121-l4C and subsequent 
circulars should incorporate a means for recording the visual response time for 
comparison with actual airplane data. Visual system response time is defined as 
the completion of the visual system display scan of the first video field 
containing different information resulting from an abrupt control input. 

Operators should provide information concerning the representation of 
.1 scenes at precision NAVAID weather minimums. The informacion provided 

should indicate proper location of the glide slope transmitter for specifie d 
runways, cockpit visual cue-off angle, relative pilot eye height to main landing 
gear in an approach configuration, and relative height of the glide slope antenna 
to the main landing gear in the approach configuration at Category II min imums . 
Operators should indicate in thei~ ATG hou :heir calculations are used to develop 
the visual scene and the visual system approach / runuay light intensiry set: ing 
used . NOTE: Ref~r to Appendix S, paragraph 2d(2) . 

Fo r the NSP~ to qualify precision weathe~ minimum accuracy on si~ulato~s qualified 
under previous advisory circulars, ope~ators should provide the NS?~ with the 
methods used to verify the accurac y of the visual scene. 
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APPENDIX 2. PHASE I SIMULATOR STANDARDS 

AC 120- 40A 
Appendi x 2 

1. DISCUSSION. In addition to the Basic simulator standards i nc luded in 
Appendix 1 of this advisory circular , all Phase I simulators must meet the 
standards of this appendix. 

2. SIMULATOR- GENERAL. Phase I simulators require additional aerodynamic 
programming to include: 

a. Ground effect--for example: roundout, flare, and touchdovn. This requires 
data on lift, drag, and pitching moment in ground effect . 

b. Ground reaction- -reaction of the airplane upon contact with the runway 
during landing to include strut deflections, tire f r iction, and side for-:: es. 

c . Ground handling characteristics--steering inputs to i~clude crosswind, 
brak~ng, thrust reversing, deceleration, and turning radius. 

d . Multichannel recorders capable of recording Appendix 5 performance tests. 

3. MOTION SYSTEM. Special effects programming to include: 

a. Runway rumble, oleo deflections, effects of groundspeed and uneven runway 
characteristics . 

b . Buffets on the ground due to spoiler/speedbrake extension and thrust 
reversal. 

c . Bumps after lift-off of nose and ma1n gear. 

d . Buffet during extension and retraction of landing gear. 

e. Buf fet in the atr due to flap and spoiler/speedbrake extension. 

f . Approach-to-stall buffet . 

g. Touchdown cues for main and nose gear . 

h. Nosewhee l scuffing. 

1. Thrust effect 1o1 ith brakes set. 

4. VISUAL SYSTEM. 

a. The visual system must provide visual cues to assess sink rate and depth 
perception during landing . 
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APPENDIX 3 . PHASE II SIMULATOR STANDARDS 

AC 120- 40A 
Appendix 3 

1 . DISCUSSION. In addition to the Basic and Phase I standards included in 
Appendices 1 and 2 of this advisory circular, all Phase II simulators must meet the 
standards of this appendix . 

2 . PHASE II TESTS/STATEMENTS OF COMPLIANCE. The simulator and visual requirements 
listed in this appendix require a statement of compliance and, in some designated 
cases, a supporting test. Compliance statements will describe how the requirement 
1s met, such as gear modeling approach, coefficient of friction sources, etc . 

3. SIMULATOR REQUIRE~NTS. 

a. Expanded simulator computer capacity, accuracy, resolution, and dyn~~ic 

response to meet Phase II demands . Resolution equivalent to that of at lease a 32-
bit word length computer is requi~ed for critical aerodynamic prog~ams. 

b . Represent~tive modeling of crosswind and 3-dimensional windshear cynamics 
based on airplane related data . The use of volumetric three-dimensional windshear 
data (true three-dimensional) is recommended over the two-dimensional, three 
component windshear profiles. 

c . Representative stopping and directional control forces for at least the 
following runway conditions based on airplane re lated data . The compliance 
statement should be supported by tests with recorded results of stopping times and 
distances. 

(l) Dry. 
(2) Wet. 
(3) Icy . 
( 4 ) Pat c h y we t • 

(S) Patchy icy. 
(6) wet on rubber residue in touchdown zone. 

d . Representative brake and tire failure dynamics (including antiskid) and 
decreased brake efficiency due to brake temperatures based on airplane related 
data . 

e. A means for qu ick ly and effectivel y testing simulato r programm ing and 
hard~are. This could include an automated sys~em which cou ld be used for 
conducting at least a portion of the rests in the A'!G. 

f. Timely permanent update of si:uulator hard\.lare and prog:-ac.·m:1g subsequenc \:o 
airplane modi ficati on. 

g . Sound of precipitation and significant airplane noises perceptible to the 
pilot during normal operations and the sound of a crash ~hen the simulator is 
landed i:1 excess of landing gear limitations. 
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h . Performance tests are required to verify that control feel dynamics 
·epresent the airplane simulated. Dynamic damping cycles (free r esponse of the 
:ontrols) shall match that of the aircraft within 20% of the period and damping . 
nitial/upgrade evaluations will require that control free response dynamics 
col umn, wheel, and pedal) be measured at and recorded directly from the controls, 
nd correspond to that wh ich would occur in the airplane in the takeoff, cruise, 
nd landing con fi gurations. For airplanes with irreversible control systems, 

. easurecents may b e obtained on the ground if proper pitot static inputs a re 
~ rovided to represent airspeed s :ypical of those encountered in flight. Likewise, 
~t may be s how n that for sooe airplanes, takeoff, cru i se, and landi ng 
:onfigurations hzve like ef fects . Thus , one may suffice for another. If either or 
Joth considerations apply, engineering va li dation or airp lane mznufactu~er 
:- ationale wi l l be submitted as justification to ground test or for elimir.~~ing a 
:o~f.iguration . F~r s imulators requir ing static and dynamic tests at the contro l s, 
s; ial test fixtures will not be r-equired during initiaL eva luat ions if the 
:>p ·· · ~or's ATG shows both test fixture results and alternate approach for results, 
su , computer plots which were conducted concurrently during the simulator tests 
and which showed agreement. Repeat of the alternate method during the initial 
evaluation would then satisfy this test requirement. (See Appendix 5, para 2.b(l) 
for additional in f ormation.) 

1. A test to verify that radio navigation aids are properly oriented to the 
airport runway layout . One VOR and one ILS localizer for one airport area must be 
shown by airport runway diagram or other appropriate source data to be accurate to 
within+ 1% of VOR range and+ 1° of bearing to the VOR and the ILS localizer 
measured fr om the point where-the glide slope merges with the runway centerline 
wi th the s imu l ated aircraft aligned with the centerline of the visual runway. 
Computer readouts are preferred to flight instrumentation. 

j . Relative responses of th~ motion· system, visual system, and cockpit 
instruments shall be coupled closely to provide integrated sensory cues. These 
systems shall respond to abrupt pitch, roll, and yaw inputs at the pilot's pos i tion 
within 150 milliseco nds of the time, but not before the time, when the a irp l ane 
we d respond under the same conditions. Visual scene change s from steady stare 
di ·~ banc e shall not occur before the resultant motion onset but wit hin the system 
d. c response tolerance of 150 milliseconds. The test to dete~ine compliance 
~i t h these requirements shall inc l ude s imultaneously recording t he analog output 
from the pilot's control c olucn, wheel, and rudders, the output from an 
accelerometer attached to the ~otion system pl3tfor~ l ocated at an acceptable 
location near the ?ilot's seats, the output signal to t he ,· isual system display 
(i ncluding vi sual system analog delays), and the outpu t s~gnal co the pilot ' s 
a ttitude indicato r o r an equivalent test approved by the Adcinistrator. The test 
results in a compa riso n of a r~cording of the simulator's response to actual 
airplane response data in the takeoff , cru is e, and landing configurat ion . The 
intent is to check the arch i t ec ture of the hard~are and software to determine that 
there are no detrimental transport delays and that the cues of motio n and vision 
re late to actua l aircraft resr J~ses . For a irc raft response, acceleration in the 
appropriate rotational ax is i ~Pferred . Ten percent of peak acceleration is 
suggested as an appropriate res;:: , :;e poin t. 
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4. MOTION SYSTEM REQUIREMENTS. 

AC 120- 40A 
Appendix 3 

a. A motion system which produces cues at least equivalent to those of a six 
degree of freedom synergistic platform motion system. 

5. VISUAL SYSTEM. 

a . Continuous minimum visual field of view of 75 degrees horizontal and 30 
degrees vertical per pilot seat. Both pilot seat visual systems shall be able to 
be operated simultaneously. 

b. Visual system test procedures to quickly confirm visual system color, RVR, 
focus, intensity, level horizon, and attitude as compared to the simulat or attitude 
indicator. 

c. A minimum of ten levels of occulting. This capability should be demon­
strated by a visual model through each channe l. 

d. Fo~ addid.onal in formation concerning· visual system requirements, refer to 
FAR 121, Appendix H, and related material. 
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APPENDIX 4. PHASE III SIMULATOR STANDARDS 

AC 120-40A 
Appendix 4 

1 . DISCUSSION. In addition to the Basic, Phase I and Phase II standards included 
1n Appendices 1, 2 and 3 of this advisory circular, all Phase III simulators must 
meet the standards of this append ix . 

2 . PHASE III TESTS/STAT EME NTS OF COMPLIANCE . The simulator and visual 
requirements listed in this appendix require a statement of compliance and, in some 
designated cases, a supporting test. Compliance statecents will describe how the 
requirement is met , such as gear modeling approach, coefficient of friction 
sources, etc. 

3. SIMULATOR REQUIREMENTS. 

a. Characteristic buffe t motions that result from operation of the airplane 
(for example, high-speed buffet, extended landing gear, flaps, nose-wheel scuffing , 
stall) which can be sensed at the flight deck. The simulator must be pr ogrammed 
and instrumented in such a manner that the characteristic buffet modes can be 
measured and compared to airplane data. Airplane data are also required to define 
flight deck motions when the airplane is subjected to at~ospheric disturbances such 
as rough air and cobblestone turbu lence . General purpose disturbance models that 
a?proximat e demonstrable flight test data are acceptable. An objective test with 
recorded results is required. 

b . Aerodynamic modeling for aircraft for which an original type certificate is 
issued afte r June 1980, including low-altitude level-flight ground effect, mach 
effect at high altitude, effects of airframe icing, normal and reverse dynamic 
thrust effect on control surfaces, aero- elastic representations, and 
representatio ns of nonlinearities due to side slip based on airplane flight test 
data provided by the manufacturer . A test for each effect is required. 

c . Realistic amplitude and frequency of cockpit noises and sounds, including 
prec i pitation, static discharge, and engine and airframe sounds . The sounds shall 
be coordinated with the weather representations required in FAR Part 121, Appendix 
H, Phase III visual requiremen t No. 3. A test with recorded results is required . 

d. Self-testing for simulator hardware and programrr.ing to deter~ine compliance 
with simulator performance tests as prescribed in Appendix 5 . Evidence of testing 
must include simulator number, date, time, conditions, tolerances, and appropriate 
dependent variables portrayed in comparison to the airpla~e standard . Automatic 
flaggi.:1g of "our-of-tolerance" situations is encouraged . 

e . Diagnostic analysis printouts of si.~ulaco r ~a::unc:ions sufficient ~o 

deter~ine ~EL compliance . These printouts shall be retained by the operator 
ber ~een recurring FAA simulator evaluations as part of the daily discrepancy log 
required under FAR 12 1.407(a)(5). 
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4. VISUAL SYSTEM REQUIREMENTS . 

7/31/86 

a . Daylight, dusk, and night visual scenes with s~fficient scene content to 
recognize airport, the terrain, and major landmarks around the airport and to 
successfully accomplish a visual landing. The daylight visual scene must be part 
of a total daylight cockpit environment which at least represents the amount of 
light in the cockpit on an overcast day . Daylight visual system is defined as a 
visual system capable of producing, as a minimum, full color presentations, scene 
content comparable in detail to that produced by 4,000 edges or 1,000 surfaces for 
daylight and 4,000 light poi~ts for night and dusk scenes, 6-foot lamberts of light 
at the pilot ' s eye (high light brightness), 3-arc minutes resolution for the field 
of vie ~ at the pilot's eye, and a display ~hich is free of apparent quantization 
and other distracting visual effects while the simulator is in motion. The 
simulator cockpit ambient lighting shall be dynamically consistent lo'ith the visua l 
s ::e d isplayed . For daylight scenes, such ambient lighting shall nc.i.<:her 

-tshout " the displayed visual scene nor fall below 5-foot larobe:-ts of light as 
r :ted from .an approach plate at knee height at the pilot ' s station and/or 2-
foo~ lamberts of light as reflected from the pilot's face. All brightness and 
reso lut ion requirements must be validated by an objective test. 

b. Phase II visual requirements in daylight as we.ll as dusk and night 
representations. 

c. For additional in format ion concerning visual system requireme.nts, refer to 
FAR 121 , Appendix H, and related material. 
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APPENDIX 5. SIMULATOR PERFORMANCE TESTS 

AC 120-40A 
Appendix 5 

1. DISCUSSION. Simulator performance and system operation should be objectively 
evaluated by comparing each performance test conducted in the simulator to 
airplane performance . The performance of nonvisual and visual simulators should 
be compared to the best airplane performance dat .a available for each test. Phase 
I, II, and Ill simulators should be compared to flight test data. This will be 
accomplished by matching each flight test condition and response in the 
simulator. 

To faci l itate the comparison of performance betveen the simu l ator and the 
airplane, a mulcichanne l r ec order or line printer should be used to record eac r. 
performance test in the simulator. The results of the multichannel recnr.Jc:r or 
line printer should be compared to the source data to conf~rm simulator 
performance. The ATG provided by the operator should describe clearly and 
distinctly how the simulator will be set up and .flovn to accurately duplicac:e the 
flight tesc: data . Use of a driver program designed to auc:omaticall y duplicate 
the f light tes: wi t h accuracy and dependability is encouraged, but procedures 
should be included to positively determine that the driver is doing nothing more 
than accurately flying the simulator . All test results should, the:-;~fore , 

reflect the real time output to the flightcrew so that the simulator would be in 
trim and would continue to fly if the driver was disengaged. This appendix 
contains the tests and tolerances which should be included in the operator's ATG. 
Phase I, II and III simulators will be compared to flight test data in all tests . 
For aircraft certificated prior to June 1980, an operator may, after reasonable 
attempts have failed to obtain suitable flight test data, indicate to the NSPM in 
the ATG where !light test data is unavailable or unsuitable for a specific test. 
For such a test, alternative data should be submitted in the ATG to the NSP~ for 
approval. 

Submittals for approval of data other than flight test must include an explana­
tion of va lid ity with respect to available flight test information. The 
tolerances specified in the following table of performance tests generally 
indicate the test results required such as static or dyna~ic time hi s tory. In 
the case of simul at o rs approved under previous advisory circulars, the tolerances 
of this appendix may be used in subsequent recurrent evaluations for any given 
test providing c:he operator has submitted a proposed ATG revision to · the NS?~ and 
has received FAA approval . 

Un l ess oche~~ise indicated, tests should represent aircraft perror~ance at normal 
ope~ati n g ~eights and centers of gravi~y . If a tes: is suppor:ed by airc~af: 
c:iaca at one ex::reme gross wei.ght or <:e nter of grav i ;:y , anot:he;- tes t suppo rted by 
aircraft data as close as possible co the other extreme should be inc l uded . 
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2. BASIC SIMULATOR PERFORMANCE TESTS . The ground and flight tests which should be 
evaluated, as appropriate to the type of airplane, are listed below. Dynamic tests 
are those tests which involve comparison of simulator to airplane performance ove r 
continuous time (time history). Recorded time histories are not required for basic 
visual and previously approved nonvisual simulator evaluations. However, simulator 
computer generated results should be provided to validate simulator performance for 
each test in this appendix . The results should be produced on a multichannel 
reco rder, line printer, or othe:: computer generated "ha rd copy" results acceptab le 
to the NSPM. Simulato r results should be labeled using the tolerances and units 
listed in this Appendix . 

Although tolerances ~ay be specified for dynamic tests, other criteria such as 
general trends (such as over-shoots) and signatures of flight variables are of 
n: ·~r conside::-at ion. It should be understood that even for static tests, 
a __ plane and or simulator data can be, and usually is, obtai~ed from a dyn~~ic 
exercise . 

\n, _ an asterisk(*) appears in tl<e to lerance column for a particular tes::, the 
following appropriate airplane and simulator parameters and tolerances should be 
available for comparison: 

pitch angle and angle of attack + 1 l/2° 
roll angle + 2• 
yaw angle +-2. 
airspeed +-3 KTS 
altitude-; 0-100 feet,~ 10 feet; 100-500 feet,+ 10%; 500 feet and 

. above, ~50 feet max~mum 

The nature of dynamic flight test data will require normalizing of some traces 
and subsequent judicious application of the above tolerances. When difficulties 
arise in matching s.imulator performance to airplane performance throughout a time 
history, differences may be rationalized by providing a comparison of elevator, 
a ileron and rudder surface position. 

NO~iS: 1. All airspeeds should be clearly annotated as to indicated, calibrated, 
etc. Like types of airspeed will be offered for comparison 1n any 
test. 

2. Where 2 tolerances are given, the less restrictive may be used unless 
o therui.se ~:1d i cac:ed. 

a . FL:GHT CONDITION CODES. 

(l ) Ground/Takeoff 
(2) First Seg~enc: Climb 
(3) Second Segmenc: Climb (i.f applicable to flap cha:1ge) 
(4) Enroute Clinb 
(5) Cruise 
( 6) Descent 
(7) Approach 
(8) Landi.ng 
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b. SIMULATOR TEST TOLERANCES 
FLIGHT 
CONDITIONS 

(1) STATIC CONrROL CHECKS.** 

(a) Column Position 
vs Force and Surface 
Position Calibration 

(b) ~~eel Position vs 
Force and Surface 
Position Calibration; 

(c) Rudder Pedal Position vs 
Force and Surface Position 
Calibration; 

(d) Nose~heel Steering Force 
(e) Rudder Pedal Steering 

Calibration Force 
(f) Pitch Trim Calibration 

Indicator vs Computed 
(g) Al i.gnment of Power Lever 

Angle or Cross Shaft Angle 
vs Selected Engine Parameter 
(EPR, Nl) 

+ 2. Elevator 
+ 5 lbs or 104 1 
+ 10 Aileron 
+ 20 Spoiler 
+ 3 lbs or 104 

+ 20 Rudder 
+ s lbs or 104 
+ 3 lbs or 104 

+ 5 lbs or 104 

+ 1/2° 1 
+ so 1 

**Column, wheel and. pedal posit ion vs force shall be measured at the controls. 

Par 2 

An alternate method acceptable to the NSPM in lieu of the test fixture at the 
controls would be to instrume~t the simulator in an equivalent manner to the 
flight test airplane . The force and position data from this instrumentation 
can be d irectly recorded and matched to the airplane data. Since this is a 
permanent installation, it can be used over and over w-ithout any time for 
installation of external devices. 

( 2 ) T A.KEOFF. 

(a) Ground Acceleration 
Time and Distance 

(b) Minimum Control Speed, 
(c) Minimum Rotate Speed 
(d) :-i inimum Uns:ick Speed 

Ground 

(e) Types of Takeoff Required 
t h:-ough 500 feet AGL 
1 Normal 
2 Engine Out Takeoff 
3 Crossuind Takeoff 

(3) CLIMB. 

( a ) Norma 1 C 1 i mb 

(b) Engine Out Second 
Segment Climb 

(c) Engine Out Approach Climb 

+ 5% time and 
distance or + 

of time and + 
of distance 
+ 5 knot s 
+ 3 :Cnots 
- 3 knot s 

* 
* 
* 

5% 
200 

+ 54 cl i.mb r:ate 
~r 100 FPM uh ich­
ever ts greater .. 

" 

ft . 
1 
1 
1 
l 
l 

l and 2 
1 and 2 

and 2 

4 

3 

7 
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b . SIMULATOR TEST (Continued) 

(4) LONGITUDINAL COh7ROL. 

(a) Pover Change Forces 
or 
Pover Change Dynami cs 

TOLERANCE 

+ 5 lb . or + 204 

7/31/86 

FLIGHT 
CONDITIONS 

5 

+ 20% or + 1-1 / 2° pi tch, 
+ 3 kts . ,-~ 100'/min . 

(b) Flap Change Forces + 5 lbs or 20% 3 and ; 7 or 8 
or Dynamics 

( c ) Gear Change Forces 
or 
Gear Change Dynamics 

+ 20% or~ 1-1/2°, 
+ 3 kts, 
+ 100'/min. 
+ 5 lbs or + 20% 

+ 20% or ~ 1- 1/2°, 
+ 3 kts, 
+ 100'/min. 

(d) Gear and Flap Operating + 3 sec or 
Times + 20% Time 

(e) Longitudinal Trim + 1 unit trim; 
l 0 pitch; .OS EPR 

(f) Longitudinal Maneuvering + 5 lbs or + 10% 
Stability (Stick Force/G) Stick Force-

(g) Lon"g-itudina1 Static Stability + 5 lbs or + 10% 
(h) Stick Shaker, Airframe 

1 and 7 

1 and 7 

7 and 8 

5, 7 and 8 
5 

Buffet , Stall Speeds + 3 knots 3 and; 7 or R 

(5) 

( i) Phugoid Mode + 10% of period 5 

LATERAL CONTROL. 

(a) Minimum Control Speed , Air 
(b) Roll Response 

(c) Ro ll Overshoot 

(d ) Spiral Stabi.lity 

( e ) Engine Out 7r im 

(E) Rudder Response 

+ 5 knots 
~ 10% of Roll Rate 
~r + 2°/sec . 
+ 2° or 104 
of Bank 
Cor rect Trend 
+ 3° bank or 
l 04 in 30 sees. 
+ 1 unit of 
~dder t rim 
+ 2°/sec. or+ 107. 
~f ya"' rate per 
pedal or surface 

5 

1 or 

and; 

7 or 

7 or 8 

3 a:1d; 

deflection 7 or 8 
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b. SIMULATOR TEST (Continued) TOLERANCE 
FLIGHT 
CONDITIONS 

(g) Cross Control 

(6) LANDING. 

(a) Stopping Time and 
Distance \olhe e 1 Brakes 

(b) Stopping Time and 
Distance Reverse Thrust 

For a given 
rudder position, 
+ 5° or + 10~ of 
~heel or-surface 
deflection; ·+ 1° 
bank/slip -

+ SZ time , + 5% 

7 or 8 , 

or + 200 ft~ of distance 
+ s% time, + sz or 
+ 200 ft. of distance 

c. MOTION SYSTEM TESTS. 

NOTE: Operator certified test results 
of tests (1), (2) and (3) below 
will alleviate the requirement to 
rerun these tests during initial 
evaluations. 

(1) Frequency Response Check As specified by the 
operator for 
simulator acceptance 

(2) Leg Balance Check 
(3) Turn Around Check 
(4) System Response Time 

NOTE - VISUAL/MOTION RESPONSE TESTS 

" 
" 

+300 cilliscconds 1, 5 and; 7 cr 8 

Relative responses of the motion and visual systems should be coupled closely 
to provide integrated sensory cues. These systems should respond to abrup t 
pitch, roll and ya~ inputs at the pilot's position ~ithin 300 milliseconds of 
the time, bur not before the time, ~hen the airplane ·..;ould respond under the 
same conditions (ya ~ axis mot io n test not required on 3 degrees of freedom 
motion systems) . Visual scene changes from steady-state distur~ance should not 
occur before the resultant motion onset but ~ichin the system dynamic response 
tolerance ~f 300 ~illiseconds. 

d. VISUAL SYSTE~ TESTS 

?ar _ 

(1) Visual system 
p i.lot contrc: l 
system ~ut p~ 
aircraft mo" . 
similar pilo:: 

(2) Visual grour 
precision a. 
(depth of f 

:·esponse from 
't to visual 

:.; red to 
( rom a 

~rol input 

:nt at 
mJ.ntmums 
vi.eu) 

+ 300 mi lliseconds 1, 5 and; 7 or 8 

+ 100 feet 8 
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NOTES - VISUAL GROUND SEGMENT CONTENT 

a. Standard method to evaluate visual scene content - simulator should be 
established on a published precision approach at Category II decision height ( radio 
a l titude/main wheel height) and the RVR sec to published minimums. No ceiling is 
needed. Landing lights are optional. 

b. Category II minimums should be used instead of Category I or III because of 
the visual definition available at Category II . 

c. Evaluation of the scene conter.t should nor~ally be made with a homogeneous 
restriction to visibility . However, operators desiring to apply slar.t range visual 
reductions should provide the method u_sed to 'determine the slant range RVR. 

d. Ope:ators should indicate in their ATG how their calculations ar~ used to 
develop the visual scene an::! the vi.sua'l system approach/runway light intensi ty 

:ing used . 

., 
1ASE I- In addition to the perrormance tests listed in Paragraph 2 of this 
... 1x, the following addir:ional tests are required for Phase I simulators. 

a. SIMULATOR TESTS 

(l) TAXIING. 

(a) Minimum Radius Turn 
(b) Rate of Turn Versus 

Nosewheel Steering 
Angle 

(2) LONGITUDINAL CONTROL. 

(a) Short Period Dynamics 

(!>) Phugoid Dynamics 

(3) LAT::RAL CONTROL. 

(z) Ducch ?.o ll Dynamics 

(4) LANDING. 

(a) 
(b) 

(c) 
(d) 

Normal Land i.ng 
Hands OFF Landing (See 
oara . 3.a . S 0f :his aopendix) 
Crosswind Landing 
Engine Out Landing 

(5) GROUND EFFECTS . 

Alt~nate tests may be used in 
lieu of "hands ')ff landi.n~" to 
demonstrate ground ~ffec~s if 
a satisfactory racionale is 
provided. 

TOLERANCE 
FLIGHT 
CONDITIONS 

+ 10 ft 
Rate of Turn + 2°/sec 
or 10% 

* 
+ 10% of period and 
time to 1/2 (or 
double) acplit:ude 
or + 
ratio 

.02 in damping 

+ l sec or + 104 o£ 
period and ~ime 1/2 
( or 
or 

double) amplitude 
. 02 

* 
* 
* 
* 

damping :atio 

1 

1 

5 

5 

5 
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4 . PHASE II - In addition to the performance tests listed in Pitagraphs 2 and 3 of 
this appendix, the follo~ing tests are required for Phase II simulators. 

a . Simulator Tests. 

(1) Pe r formance tests are required to verify that control feel dynamics 
represent tne airplane simulated. Dynamic damping cycles (free response of the 
controls) shall match that of the aircraft ~i thin 20% of the per i od and damping . 
Initial/upgrade evaluations ~ill require that control free response dynamics 
(column, ~heel, and pedal) be measured at and recorded directly from the controls, 
and correspond to that ~hich ~ould occur in the airplane in the takeof f, cruise, 
and landing configurations. For airplanes ~ith irreversible control sy~~ems, 
measurements rn2y be obtained on the ground if proper pitot staric inputs are 
provided t~ represent ai rspeeds typical of those encountered in flight . Like~ise, 
it may be sho~n that for some airplanes, takeoff, cruise, and landing con­
f igurat ions have like effects. Thus, one may suffice for another. If either or 
bo t h considerations apply, engineering validation or airplane manufacturer 
rationale ~ill be submitted as justification t o ground test or for eliminating a 
configuration. For simulators requiring static and dynamic tests at the controls, 
special test fixtures ~i l l not be required during initial evaluations if the 
operator's ATG sho~s both test fixture results and an alternate approach for 
recurrent evaluatio ns, such as computer plots ~hich ~ere conducted concurrently. 
Repeat of the alternate method during the in itial evaluation ~auld then satisfy 
this test requirement . 

(2) A test to verify chat radio navigation aids are properly oriented to 
the airport run~ay layout. One VOR and on~ ILS localizer fo r one airport area ~ust 
be sho~n by airport run~ay diagram or other appropriate sonrce data to be accurate 
to ~ ithin + 1% of VOR range and + 1° of bearing to the VOR and the ILS localizer 
measured f~om the point ~here th~ glide slope merges ~i th the run~ay centerline 
~ith t~e simulated aircraft aligned ~ith the centerline of the v isual run~ay . 

Computer readouts are preferred to flight instrumentation . 

b . Motion System Tests. 
Tolerance 

System Response Time + 150 Milliseconds 

See pa ~agraph 4 .c (l) of this append ix. 

c . Vi sual s~stem Tests . 

( 1 ) Re l ative ~esponses of the ~otion system, visual syst em, and c o ck?~ ' 
inst~uments shall be coupled closely to provide i~tegrated sensory c~es. These 
systems shall respond to abrupt pi rch, roll, and ya~ inputs at the pilot's position 
virhin 150 milliseconds of the time, but not before the time, vhen t he airplane 
~auld respond under the same conditions. Visual scene changes from steady state 
disturbance shal l not occur before the resultant motion onset but ~ithin the system 
dynamic response tolerance of 150 milliseconds . The test to determine compliance 
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with these requirements shall include simultaneously recording the analog output 
from the pilot's control column, wheel, and rudders, the output from an 
accelerometer attached to the motion system platform located at an acceptable 
location near the pilot's seats, the output signal to the visual system display 
(including visual system analog delays), and the output signal to the pilot's 
attitude indicator or an equivalent test approved by the Administrator. The test 
results in a comparison of a recording of the simulator's response to actual 
airplane response data in the takeoff, cruise, and landing configuration. The 
intent is to check the architecture of the hardware and software to determine that 
t here a"e no detrimental transport delays and that the cues of motion and vision 
relate to actual aircraft responses. For aircraft response, acceleration in 'the 
appropriate rotational axis is preferred. Ten percent of pe~k accelera~ion is 
suggested as an appropriate response point. 

(2) Visual system tes t procedures to quickly confirm visual system color, 
Ri""" focus, intensity, level horizon, and attitude as compared to the simu lator 
a 1de indicator. 

(3) A m1n1mum of ten levels of occulting. This capability should be 
demonstrated by a visual model through each channel. 

5. PHASE III - In addition to the performance tests listed in Paragraphs 2, 3 and 
4 of this appendix, the following tests are required for Phase III simulators. 

a . Simulator Tests. Objective .tests with recorded results to satisfy the 
requirements of Appendix 4, paragraph 3(b) and (c). 

b. Motion System Tests. An objective test with recorded r~sults to satisfy 
the requirements of Appendix 4, paragraph 3.a. 

c. Visual System Tests. All brightness, resolution, registration, and 
geometry requirements must be validated by an objective test to satisf y the 
requirements of Appendix 4, paragraph 4. 
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APPENDIX 6 . SIMULATOR FUNCTIONAL TESTS 
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1 . DISCUSSION. Functional tests are subjective tests of simulator characteris­
tics and system operation evaluated from each flight cre~member position by a 
pilot rated in the airplane simulated . As appropriate, these should include the 
cockpit check, system operation, normal, abnormal and emergency procedures using 
the operator's op~rating procedures and checklists . · 

Initial evaluations ~ill include functional checks from paragraph 2 of this 
_appendix as appropriate. At the request of a POI, the Simulator Evaluation 
Specialist may elect to fpcus on simulator operation during a special aspecc oE 
an operator's training program during the functional check portion of~ recurrent 
evaluation . Such a functi"J>nal evaluation may include~ portion of a LOFT 
scenario or special emphasis' i:tems ~ithin the oper<>ror's training program. 
Unless directly related to a requirement for the current certification l evel, the 
results of such an evaluation ~ould not affect the simulator's current s~atus . 

Operational principal navigation systems, including electronic flight instrument 
systems, INS, and OMEGA, vill be evaluated if installed. The Simulator Evaluation 
Specia lis t ~ill include in his report to the POI the effect of the system's 
operation and its limitations. 

2 . BASIC SIMULATOR FUNCTIONAL TESTS. The ground and flight maneuvers ~hich may be 
evaluated, as appropriate to the type of airplane, are discussed belo~. 

a . Preflight. Accomplish a 'thorough preflight of all s~itches, indicators, 
and systems at all cre~members' and instructor's stations, and determine that the 
cockpit design is identical to that of the airplane simulated as appropriate to 
the training objectives . 

b. En~ine Start. 

(1) Normal start. 
(2) Alternate start procedures. 
(3) Abnormal and emergency procedures during start. 

c. Taxi. 

(l) Thrust response. 
(2) Ground handling. 
(3) Brake operation (no rmal an~ alternate/e~ergency) . 
(4) Abnormal and emergency procedures associated wi: h ground operations. 

d . Takeoff and Cli~b. 

(1) Po~erp lan t checks (engine parameter relationships). 
( 2) Acceleration characteristics. 
(3) Nose whee 1 a· :l ;:-udde r steering. 
(4) Rejected tak~off. 
(5) Normal .takeoff. 
(6) Takeoff ~ith engine failure at critical engine failure speed. 
( 7) Cross~ind ta! ~off (maximum ~h ich has been demonstrated). 
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climb. 

(8) Instrument takeoff . 
(9) Landing gear, flap, leading edge device operation. 
(10) Area departure. 
(11) Climb performance - normal and engine/engines out . 
(12) Abnormal and emergency procedures associated ~ith takeoff and 

(13) ' Minimum control speed ~ith most critical engine inoperative. 

NOTE: During the preceding checks, particular attenti.on should be paid to 
rotation characteristics, handling characteristics, and rudder forces required 
~i~h engine inoperative~ 

e . Cruise. 

(1) Performance characteristics (speed vs . po~er). 

(2) Turns ~ith/~ithout spoilers. 
(3) High speed buffet/mach tuck, overspeed warn1ng. 
(4) Normal and steep turns. 
(5) Approach to stalls (stall ~arning, buffet and "G" break). 
(6) Specific flight characteristics . 
(7) All systems operations associated vith normal in-flight functions. 
(8) Abnormal and emergency procedures associated with cruise 

configuration. 

f. Descent. 

(1) Normal descent. 
(2) Abnormal and emergency procedures associated with descents . 

g . Aoproach and Landing. 

(1) Maneuvering with all engines operative. 
(2) Landing gear, flap operac:ion, speed brake, normal and abnormal 

e OSlOO. 

(3) All engines approach and landing. 
'(4) Engine out approach and landing (in the case of ~hree- and four-engine 

aircraft, one and t~o engines inoperative). 

E'ag.~ 2 

( 5 ) PAR approach and landing if applicable. 
(6) ILS approaches and landings: 

(7) 
( 8) 
( 9) 

(10) 
(11) 

{a) :-iormal. 
(b) Engine inoperative (as ~equired by ?ertinent ?AR ) . 
(c) Category I published approach.* 
(d) Citegory II published approach.* 
(e) Category III published approach, if applicab le .* 

*Refer to Appen d ix I, para. 4.d . and Append i x 5, para. 2.d (2) . 

Nonprecision approac 
Circling app~oa~h if 
No flap approach. 
Auto-coupler, auto-t 
Manually controlled 

es. 
applicable. 

rottle, auto-land approaches if applicable. 
LS with and without flight director. 
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landing . 

(12) All engines operating missed approach . 

AC 120-40A 
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(13) Engine out missed approach (as required by pertinent FAR) . 
(14) Rejected landing . 
(15) Crosswind approach and landing . 
(16) Navigation and communications. 
(17) Abnormal and emergency procedures associated with approach and 

h . Landing Roll and Taxi In . 

(1) Spoiler operation . 
(2) Reverse thrust oper2tion . 
(3) Directional control and ground handling. 
(4) Normal brake and anti-skid operation. 
(5) Alternate/ecergency brake operation. 

t. Engine Shutdo~ and Parking . 

(1) Systems operation. 
(2) Parking brake operation . 

3. BASIC VISUAL SYSTEM FUNCTIONAL TESTS . 

a. Accurate portrayal of environment relating to si~u lator attitudes . 

b . With final picture r esolution , the distances at which runway features are 
visible should not be less than those listed below. Distances are measured from 
runway threshold to an airplane aligned with the runway on an extended 3° glide 
slope. 

(1) Run~ay and taxivay definition, strobe lights, approach lights, runway 
edge white lights and VASI lights from 5 miles of the runway threshold . 

(2) Runway centerline lights from 3 miles. 

(3) Thresho ld lights (red and green) and touchdown zone lights from 2 
miles . 

(4) ~arkings should be adequate to recognize threshold, cenc~rl i ne and 
touchciow~ zone ~arkir.gs ~tthin range of landing ligh t s for night scenes. 

c. Representac~ve airport scene content including: 

(1) Airport taxiways . 

(2) Accuracy of Categories I, II, III weather minimum visual scene . 
(Refer to Appendix I, para. 4 . d and Appendix 5, ?ara. 2 .d (2 ) . 
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(3) Surface on runways . 

(a) Representative lighting for the runway in use including runway 
:dge and centerline lighting, VASI and approach ligh ting of appropriate colors and 
:axiway lights. 

(b) Operational landing lights 

(c) Instructor controls of: 
1 Cloudbase 
2 Visibility in miles and RVR ln feet 
3 Airport selection 
4 Airport lighting 

PHASE I SIMULATOR FUNCTIONAL TESTS . In addition to the Basic simulator 
fu ~ iona l tests, the follo wing additional tests are required ::or a Phase I 
st. cor. 

a . Motion System. Special effects, including: 

(1) Runway rumble, oleo deflections, effects of groundspeed and uneven 
r~nway characteristics. 

(2) Buffets on the ground due to spoiler/speedbrake extension and thrust 
reversal. 

(3) 
( 4) 
(5) 

(6) 
(7) 
(8) 

Bumps after lift-off of nose and main gear. 
Buffet'during extension and retraction of landing gear . 
Buffet in the air due to flap and spoiler/speedbrake extension. 
Approach-to-stall buffet. 
Touchdown cues for main and nose gear . 
Nosewheel scuffing. 
Thrust effect with brakes set. 

b . Visual System. 

( 1 ) Ramps and te rmi na 1 buildings which correspond to an operatot"' s Line 
0 ed Flight Tt"aining (LOFT) scenarios. 

(2) Surface on taxiways and ramps. 
(3) Visual cues to assess sink rates and depth pe:-cepti.on duri.:1g 

landi:1gs . 
(4) Vi.sual system compati.i::>i.li.ty 1.1'tth aerodynamic programmi.:1g. 

5. ?:lASE II SI~ULATOR FUNCTIONAL TESTS. In additi.on to the 3as:c and ?hase I 
s~:nulator functional tests, the follo~Jing addi.tional tests are req~;i.red for a ?hase 
I I s i. :nu l at or . 

a . Si mu lator Svstems/Hotion. 

( 1 ) Representative brake and tire failure dynamics (including antiskid) 
and decreased brake efficiency vue to high brake temperatures based on airplane 
related data. These representations should be realistic enough to cause pilot 
identification of the problem and implementation of appropriate pt"ocedures. 
Simulator pitch, side loading anc\ directional control characteristics should be 
representative of the airplane. 
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(2) Sound of precipitation and significant airplane noises perceptible to 
the pilot during normal operations and the sound of a crash when the simulator is 
landed in excess of landing gear limitations. Significant airplane noises should 
include noises such as engine, flap, gear and spoiler extension and retraction and 
thrust reversal to a comparable level as that found in the airplane . The sound of 
a crash should be related in some logical manner to landing in an unusual attitude 
or in excess of the structural gear limitations of the airplane. 

b. Visual System. 

(1) Dusk and night visual scene capability 
(2) Minimum of 3 specific airport scenes 
(3) General terrain characteristics · and significant landmarks 
(4) At and below an altitude of 2,000 ft. height above the ai=~o:t and 

~o~i thin a radius of 10 miles from the airport, weather representations, including 
the following: 

(a) Variable cloud density 
(b) Partial obscuration of ground scenes; the effect of a scattered 

to broken cloud deck. 
(c) Gradual break out 
(d) Patchy fog 
(e) The effect of fog on airport lighting 
CO· A capability to present ground and air hazards such as another 

airplane crossing the active runway or converging airborne traffic. 

6. PHASE III SIMULATOR FUNCTIONAL TESTS . In addition to the Basic, Phase I and 
Phase II simulator functional tests, the following additional tests are required 
for a Phase III simulator. 

a. Visual Svstem. 

(1) Visual scenes portraying representative physical relationships wh ich 
are kno ~o~n to cause landing i llu s ~on s fo~ some pilots including short runway, 
landing over water, run~o~ay gradient, visual topographic features, and rising 
terrain. 

(2) Special weath er representations of entering light, medium, and heavy 
precipitation near a c:hunders tonil on takeoff, approach, and landings at and belo1.1 
an altitude of 2,000 ~eet HAA and 1.1ithi~ a radtus of 10 ~iles f~om che airporc . 

( 3 ) \ole!: a:1d, i: ,.pprop riate for che op~:-aror, snow-::overed run1.1ay 
representattons, including run~o~ay lighting errects oi re:lections cor ~ec and 
partially obscured lights for sno1.1 or suitable a l ternative effects . 

(4) Realistic color and directionality of airport lighttng. 

~5) :;eather :-adar ;>resentations i n aircraft 1.1h~:-e :-aoar inforr.1ac~o n ~;; 
presented on the pilot's navigation instruments. Cloud echos should correlate to 
the visual scene. 
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