Advi sory Circul ar

AC No.: 120-40B
Date: 7/29/91
Change: 2 (6/9/93)

Initiated
by: ASO 205

Subj ect: Al RPLANE SI MULATOR QUALI FI CATI ON

1. PURPOSE. This advisory circular (AC) provides an acceptable
means, of conpliance with the Federal Aviation Regul ations (FAR)
regardi ng the evaluation and qualification of airplane sinulators
used in training prograns or airnen checking under Title 14 Code
of Federal Regulations (CFR). Criteria specified inthis AC are
those used by the Federal Aviation Adm nistration (FAA) to
deternmine whether a sinulator is qualified and the qualification
level. While these guidelines are not mandatory, they are
derived from extensive FAA and industry experience in determnning
conpliance with the pertinent FAR Mandatory terns used in this
AC such as "shall" or "nust" are used only in the sense of
ensuring applicability of this particular nmethod of conpliance
when the acceptabl e method of conpliance described herein is
used. Applicable regulations must also be referenced to assure
conpliance with the provisions therein. This AC does not

aut horize changes in, or deviations from regulatory

requi renents. The provisions of the FAR are controlling. This
docunent does not interpret the regulations. Interpretations are
i ssued only under established agency procedures. This AC applies
only to the evaluation of airplane simulators. See, for exanple,
AC 120-45, Advanced Training Devices (Airplane Only) Eval uation
and Qualification.

2. CANCELLATI ON.  AC 120-40A, Airplane Sinulator and Visua
System Eval uati on, dated July 31, 1986, is canceled. Operators
havi ng si nmul ator inprovenent or acquisition projects in progress
on the effective date of this advisory circular have 90 days from
the effective date to notify the National Sinulator Program
Manager (NSPM) of those projects which the operator desires to
conpl ete under the provisions of AC 120-40A.

3. RELATED FAR SECTI ONS. FAR Part 1; FAR Sections 61.57,

61.58, and 61.157, FAR Part 61 Appendi x A; FAR Section 63.39, FAR
Part 63 Appendi x C, FAR Sections 121.407, 121.409, 121.439, and
121.441; FAR Part 121 Appendices E, F, and H, FAR Sections

125. 285, 125.287, 125.291, and 125.297; and FAR Sections 135. 293,
135. 297, 135.323, and 135. 335.

4. RELATED READI NG MATERI AL. AC 120-28C, Criteria for Approva
of Category |1l Landing Weather M nima; AC 120-29, Criteria for



Approving Category | and Category Il Landing Mnima for FAR 121
Operators; AC 120-35B, Line Operational Simulations: Line-
Oriented Flight Training, Special Purpose Operational Training,
Li ne Operational Evaluation; AC 120-41, Criteria for Operationa
Approval of Airborne Wnd Shear Alerting and Flight Guidance
Systens; AC 120-45, Advanced Traini ng Devices (Airplane Only)
Eval uation and Qualification; AC 120-46, Use of Advanced Trai ni ng
Devi ces (Airplane Only); AC 150/5300-13, Airport Design; AC
150/ 5340- 1F, Marki ng of Paved Areas on Airports; AC 150/5340-4C,
Installation Details for Runway Centerline Touchdown Zone

Li ghting Systens; AC 150/5340-19, Taxiway Centerline Lighting
Systenm AC 150/ 5340-24, Runway and Taxiway Edge Lighting System
and AC 150/5345-28D, Precision Approach Path Indicator (PAPI)
Syst ens.

5. BACKGROUND

a. The availability of advanced technol ogy has permitted
greater use of flight sinmulators for training and checki ng of
flight crewrenbers. The conplexity, costs, and operating
envi ronnent of nodern aircraft al so has encouraged broader use of
advanced sinulation. Sinulators can provide nore indepth
trai ning than can be acconplished in airplanes and provide a very
hi gh transfer of |earning and behavior fromthe sinmulator to the
ai rplane. The use of sinulators, in lieu of airplanes, results
in safer flight training and cost reductions for the operators.
It al so achieves fuel conservation and reduction in adverse
environnent al effects.

b. As technol ogy progressed and the capabilities of flight
simul ati on were recogni zed, FAR revisions were nmade to pernmt the
i ncreased use of sinulators in approved training prograns.

Si mul ators have been used in training and some checki ng prograns
since the mddle 1950's. Various FAR anendnents gradually
permtted additional sinulator credits. The nost significant
recognition of sinulator capability has occurred since the early
1970's. I n December 1973, FAR Amendnents 61-62 and 121-108
permtted additional use of visual simulators. Amendnents to FAR
Section 121.439 permitted sinulators approved for "the | anding
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 devel opnent of
Amendnments 61-69 and 121-161 issued June 24, 1980, which

cont ai ned the FAA Advanced Sinulation Plan. To support this
pl an, the National Sinulator Evaluation Program was established
by the FAA in October 1980. The programis admni ni stered and
directed by the NSPM

c. The need for standard criteria was necessitated by the
use of sinmulators for training and checking. The evol ution of
the sinmul ator technol ogy and the concomtant increased pernitted
use has required a sinmlar evolution of the criteria for
simul ator qualification. A listing of known simulator criteria
shoul d, therefore, be informative. The qualification basis for a



gi ven sinmulator may be any of the past criteria, depending on
when the sinmulator was first approved or |ast upgraded. The
following |ist provides the effective dates of simulator
qualification criteria docunents:

FAR Part 121, Appendix B 1/9/65 to 2/2/70
AC 121-14 12/19/69 to 2/9/76
AC 121-14A 2/9/76 to 10/16/78
AC 121-14B 10/ 16/ 78 to 8/29/80
FAR Part 121, Appendix H 6/30/80 to Present
AC 121-14C 8/29/80 to 1/31/83
AC 120- 40 1/31/83 to 7/31/86
AC 120- 40A 7/31/86 to 7/29/91

Each of these docunments has addressed the greater conplexity
represented by succeedi ng generations of sinmulators. Conplexity
of the highest level is not, however, required of all sinulators.
In fact, sinulators are divided into | evels that authorize
additional training and checking with increased simul ator
capability. Until the advent of the Advanced Simul ation Pl an,
there were two | evels of sinulators -- nonvisual and visual

Some visual simulators were approved for "the |andi ng maneuver."
The Advanced Sinmnul ation Plan introduced three additiona

| evels -- Phase |, Phase Il, and Phase Ill. Those visua

simul ators previously approved for "the |anding maneuver" were

i ncorporated into Phase |

The training and checking credits for nonvisual and visua
simul ators were delineated in FAR Part 61, Appendi x A, and FAR
Part 121, Appendices E and F. Credits for Phases I, Il and II1
were contained in the Advanced Sinul ation Plan. Four |evels of
simul ators were, therefore, addressed; Basic (nonvisual and
vi sual simulators), Phase |, Phase Il, and Phase IIl. Each of
the four levels is progressively nore conplex than the precedi ng
| evel and each contains all the features of preceding |evels plus
the requirenments for the designated level. As the technology has
advanced, so has the qualification guidance. Efforts to keep the
criteria updated are, therefore, ongoing with active
participation fromboth industry and government resources.

d. Continuing this sanme process, the FAA, in coordination
with industry, has reviewed a wi de spectrum of devices used in
training in order to provide guidance on required standards and
permtted uses. Wile recognizing the requirenent to categorize
and define training devices, it became obvious that the
desi gnation of simulators was outnmoded. The concept of phases
was no |longer applicable since it derived froman FAR provision
whi ch all owed operators to upgrade their simulator inventories in
phases while enjoying certain sinulator use privileges. The
concept of upgrade in phases is essentially conplete and the
desi gnation of "phase" for identification of sinulator conmplexity
is no | onger descriptive. Operators no |onger begin at a | ower
| evel of qualification and upgrade in phases. The tendency is to
acquire a given level sinulator that best suits their position.
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Therefore, sinmulators were redesi gnated. The new desi gnations
and their relationships with the sinmulator definitions used
previously and in FAR Part 121, Appendix H, are:

Level A - Visua

Level B - Phase |
Level C - Phase ||
Level D - Phase ||

Nonvi sual simulators are now grouped with Level 6 training

devi ces, but nust neet the requirenents, except for visual, of a
Level A simulator. There is no other change in their
characteristics or description; just their "name." Al phabetic
desi gnations were chosen for sinmulators to naintain a distinction
fromthe nunerically designated training devices.

6. DEFI NI TI ONS.

a. Airplane Simulator is a full size replica of a specific
type or nmake, nodel, and series airplane cockpit, including the
assenbl age of equi pment and conputer progranms necessary to
represent the airplane in ground and flight operations, a visua
system provi di ng an out-of-the-cockpit view, and a force cueing
system whi ch provides cues at |east equivalent to that of a three
degrees-of -freedom notion system and is in conpliance with the
m ni mum st andards for Level A sinmnulator.

b. Approval Test Guide (ATG is a docunment designed to

val idate that the performance and handling qualities of a

simul ator agree within prescribed limts with those of the

ai rplane and that all applicable regulatory requirenents have
been nmet. The ATG includes both the airplane and simul ator

used to support the validation. The Master Approval Test Guide
(MATG is the FAA approved ATG and incorporates the results of
FAA wi tnessed tests. The MATG serves as the reference for future
eval uati ons.

C. Convertible Sinmulator is a sinmulator in which hardware
and software can be changed so that the sinulator becones a
replica of a different nodel, usually of the sanme type airplane.
Thus, the sane sinulator platform cockpit shell, notion system
vi sual system conputers, and necessary peripheral equi pnment can
be used in nore than one sinulation.

d. Hi ghlight Brightness is the area of nmaxi num di spl ayed
bri ght ness which satisfies the brightness test in appendix 1
item 4k.

e. Latency is the additional tinme beyond that of the basic
ai rpl ane perceivable response tine due to the response tine of
the simulator. This includes the update rate of the conputer
system conbi ned with the respective tinme delays of the notion
system visual systemor instrunents.



f. NSPM i s the FAA Manager responsible for the overal
adm nistration and direction of the National Sinulator Eval uation
Program

g. Operator, as used in this AC, identifies the person or
organi zati on requesting FAA qualification of a sinulator and is
responsi ble for continuing qualification and liaison with the
FAA.

h. Simul ati on Data are the various types of data used by
the sinmul ator manufacturer and the applicant to design,
manuf acture, and test the flight sinmulator. Normally, the
ai rpl ane manufacturer will supply airplane data to the sinulator
manuf act urer.

i Si mul at or Eval uation Specialist is an FAA technica
specialist trained to evaluate sinulators and to provide
expertise on matters concerning airplane sinulation.

j- Snapshot is a presentation of one or nore variabl es at
a given instant of tinme. A snapshot is appropriate for a steady
state condition in which the variables are constant with time.

k. St atenent of Conpliance (SOC) is a certification from
the operator that specific requirenments have been nmet. It nust
provi de references to needed sources of information for
showi ng
conpliance, rationale to explain how the referenced material is
used, mathematical equations and paraneter val ues used, and
concl usi ons reached.

l. Time History is a presentation of the change of a
variable with respect to tine. It is usually in the formof a
conti nuous data plot over the tine period of interest or a
printout of test paraneter val ues recorded at mnultiple constant
time intervals over the tinme period of interest.

m Transport Delay is the total sinulator system
processing tine required for an input signal froma pilot prinmary
flight control until motion system visual system or instrunent
response. It is the overall tinme delay incurred from signa
i nput until output response. It does not include the
characteristic delay of the airplane sinmulated.

n. Upgrade, for the purpose of this AC, neans the
i mprovenent or enhancenent of a sinulator for the purpose of
achieving a higher Ievel qualification.

0. Val i dation Flight Test Data, for the purpose of this
AC, are performance, stability and control, and other necessary
test paranmeters electrically or electronically recorded in an
ai rplane using a calibrated data acquisition system of sufficient
resolution and verified as accurate by the conpany perforning the



test to establish a reference set of relevant paranmeters to which
i ke sinmulator paraneters can be conpared. Oher data, such as
phot ographi ¢ data, nmay be considered acceptable flight test data
after evaluation by the NSPM

p. Vi sual System Response Tinme is the interval from an
abrupt control input to the conpletion of the visual display scan
of the first video field containing the resulting different
i nformati on.

7. DI SCUSSI ON

a. The procedures and criteria for sinmulator eval uations
under the National Sinulator Evaluation Program are contained in
this AC. A sinulator, qualified by the NSPMin accordance with
t he gui dance and standards herein, will be recommended to the
operator's principal operations inspector (PO) or certificate
hol ding district office, as appropriate, for approval for use
Wi thin an operator's training program

b. Eval uation of sinulators used for training or

certification of airnmen under Title 14 CFR fall under the
direction of the National Sinulator Evaluation Program A
simulator will be evaluated under the provisions of this ACif 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
conducting the Pilot-in-conmand proficiency check required by FAR
Section 61.58 or the issuance of an airline transport pil ot
certificate or type rating in accordance with the provisions of
FAR Section 61.157.

c. Under the National Sinulator Eval uation Program
concept, a sinmulator is evaluated for a specific operator by an
FAA Si mul at or Eval uation Specialist. Based on a successfu
eval uation, the NSPMwi || certify that the sinulator neets the
criteria of a specific level of qualification. Upon
qualification by the NSPM approval for use of the sinulator in a
particular training programw |l be determned by the PO in the
case of FAR Parts 63, 121, 125, or 135 certificate holders or by
the Flight Standards District Ofice (FSDO) responsible for
oversight of a training center when the training center is using
the simulator to conduct checks required by FAR Part 61

d. FAA eval uati ons of sinulators |ocated outside the
United States will be perforned if such sinulators are being used
by a U S. operator to train or certificate U. S. airnen.

Eval uati ons nmay be conducted ot herwi se as deened appropriate by
the Adm ni strator on a case-by-case basis.

e. Operators who contract to use sinulators already
qual i fied and approved at a particular |level for an airplane type
are not subject to the qualification process. However, they are
required to obtain FAA approval to use the sinmulator in their
approved training prograns.



8. EVALUATI ON PCLI CY

a. The nmethods, procedures, and standards defined in this
AC provide one neans, acceptable to the Adm nistrator, to
evaluate and qualify a simulator. |f an applicant desires to use
anot her nmeans, a proposal nust be submitted to the NSPM for
review and approval prior to the subnittal of a detailed ATG If

an applicant chooses to utilize the approach described in this
AC, the applicant must adhere to all of the nethods, procedures,
and standards herein.

b. The sinul ator nust be assessed in those areas which are
essential to conpleting the airman training and checki ng process.
This includes the sinulator's |ongitudinal and | ateral -

di rectional responses; performance in takeoff, clinb,

cruise,

descent, approach, and |anding; control checks; cockpit, flight
engi neer, and instructor station functions checks; and certain
addi ti onal requirenents dependi ng upon the conplexity or
qualification level of the sinmulator. The notion system and

visual systemw || be evaluated to ensure their proper operation.
c. The intent is to evaluate the simulator as objectively

as possible. Pilot acceptance, however, is also an inportant

consideration. Therefore, the sinmulator will be subjected to

validation tests listed in appendix 2 of this AC and the
functions and subjective tests from appendix 3. These tests
include a qualitative assessnent of the sinulator by an FAA pil ot
who is qualified in the respective airplane. Validation tests
are used to conpare objectively simulator and airplane data to
assure that they agree within specified tol erances. Functions
tests provide a basis for evaluating sinulator capability to
performover a typical training period and to verify correct
operation of the simulator controls, instrunents, and systens.

d. Tol erances, |isted for paraneters in appendix 2, should
not be confused with design tol erances specified for sinulator
manuf acture. Tol erances for the paranmeters listed in appendix 2
are the maxi mum acceptable to the Adm nistrator for sinmulator
val i dati on.

e. A convertible simulator will be addressed as a separate
simul ator for each nodel and series to which it will be converted
and FAA qualification sought. An FAA evaluation is required for
each configuration. For exanple, if an operator seeks
qualification for two nodels of an airplane type using a
convertible simulator, two ATG s or a supplemented ATG and two
eval uations are required.

f. For airplanes issued an original type certificate after
June 1980 or for significant amendnments to an original type
certificate, or for a supplenental type certificate which would
result in handling qualities or performance changes, only
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manufacturer's flight test data will be accepted for initia
qualification. Exceptions to this policy nmust be subnmtted to
the NSPM for review and consideration. It is the intent of the
FAA that all tests listed in this AC be applied to sinmulator
qualification. However, for airplanes which were type
certificated, their flight tests conpleted and data rel eased
before the issuance of this AC, the NSPMwi || consider the use of
alternative data fromthe airplane manufacturer. For ol der
ai rplanes, particularly those certificated before June 1980,
additional flight testing may be necessary. For a new type or
nodel of airplane, predicted data validated by flight test

whi ch has not received final approval by the manufacturer, can be
used for an interimperiod as determ ned by the FAA. In the
event that predicted data are used in progranm ng the simul ator
it should be updated as soon as practicable when actual airplane
flight test data beconme avail able. Unless specific conditions
war rant ot herw se, sinulator programm ng shoul d be updated within
6 nmonths after release of the final flight test data package by

t he airpl ane manufacturer.

g. If a problemwith a validation test result is detected
by the FAA Sinul ator Eval uation Specialist, the test my be
repeated. |If it still does not neet the test tol erance, the
operator nmay denonstrate alternative test results which relate to
the test in question. |In the event a validation test(s) does not
neet specified criteria, but the criteria is not considered
critical to the level of evaluation being conducted, the NSPM may
conditionally qualify the sinulator at that |evel. The operator
will be given a specified period of tine to correct the problem
and subnit the ATG changes to the NSPM for eval uation
Alternatively, if it is deternmined that the results of a
validation test would have a detrinental effect on the |evel of
qualification being sought or is a firmregulatory requirenment,
the NSPM may qualify the sinmulator to a |lesser level or restrict
maneuver s based upon the evaluation conpleted. For exanple, if a
Level D evaluation is requested and the sinulator fails to neet
| andi ng test tolerances, it could be qualified at Level A.

h. Eval uation dates will not be established until the ATG
has been revi ewed by the NSPM and determ ned to be acceptable.
Wthin 10 worki ng days of receiving an acceptable ATG the NSPM
will coordinate with the operator and PO to set a nutually
acceptabl e date for the evaluation. To avoid unnecessary del ays,
operators are encouraged to work closely with the NSPM during the
ATG devel oprment process prior to nmaking formal application.

i At the discretion of the FAA Sinul ator Eval uation
Specialist, the operator's pilots may assist in conpleting the
functions and validation tests during evaluations. However, only
FAA personnel should nmanipulate the pilot controls during the
functions check portion of an FAA eval uati on.

9. I NI TI AL OR UPGRADE EVALUATI ONS.



a. An operator seeking simulator initial or upgrade
eval uation nust submit a request in witing to the NSPM through
the PO or responsible FAA FSDO. This request should contain a
conpliance statenent certifying that the sinmulator neets all of

the provisions of this AC, that the cockpit configuration
confornms to that of the airplane, that specific hardware and
software configuration control procedures have been established,
and that the pilot(s) designated by the operator confirmthat it
is representative of the airplane in all functions test areas. A
sanple letter of request is included in appendix 4.

b. The operator should submit an ATG which includes:

(1) Atitle page with the operator and FAA approva
si gnature bl ocks.

(2) A sinulator information page, for each
configuration in the case of convertible sinulators, providing:

(i) The operator's sinulator identification
nunber or code.
(ii) Airplane nmodel and series being simulated.
(iii) Aerodynam c data revision.
(iv) Engine nodel and its data revision.
(v) Flight control data revision.
(vi) Flight Management Systemidentification and
revision |evel.
(vii) Sinulator nodel and manufacturer
(viii) Date of sinmulator nmanufacture.
(ix) Sirmulator conputer identification
(x) Visual system nodel and manufacturer
(xi) Motion systemtype and manufact urer

(3) Table of contents.

(4) Log of revision and/or list of effective pages.

(5) Listing of all reference source data.

(6) dossary of terns and synbols used.

(7) SOC with certain requirenments. SOC s nust provide
references to sources of information for show ng conpliance,
rationale to explain how the referenced nmaterial is used,
mat hemat i cal equations and parameter val ues used, and concl usions
reached. Refer to appendix 1, "Sinulator Standards," comments

colum, for SOC requirenents.

(8) Recording procedures or required equi pnent for the
val i dation tests.

(9) The following for each validation test designated
in appendix 2 of this AC:
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(i) Nane of the test.
(ii) Objective of the test.
(iii) Initial conditions.
(iv) Manual test procedures.
(v) Automatic test procedures (if applicable).
(vi) Method for evaluating sinulator validation
test results.
(vii) Tolerances for rel evant paraneters.
(viii) Source of Airplane Test Data (document and
page nunber).
(ix) Copy of Airplane Test Data.
(x) Sinulator Validation Test Results as obtai ned
by the operator.
(xi) A nmeans, acceptable to the NSPM of easily
conparing the sinulator test results to
ai rpl ane test data.

The operator's sinulator test results nust be recorded
on a nultichannel recorder, line printer, or other appropriate
recordi ng nmedia acceptable to the NSPM  Sinulator results should
be | abel ed using term nol ogy common to airplane paraneters as
opposed to conputer software identifications. These results
shoul d be easily conpared with the supporting data by enpl oying
cross-plotting, overlays, transparencies, or other acceptable
means. Airplane data docunents included in an ATG may be
phot ographi cally reduced only if such reduction will not alter
the graphic scaling or cause difficulties in scale interpretation
or resolution. Incremental scales on graphical presentations
nmust provide the resolution necessary for evaluation of the
paraneters shown in appendix 2. The test guide will provide the
docunent ed proof of conpliance with the simulator validation
tests in appendix 2. In the case of a sinulator upgrade, an
operator should run all validation tests for the requested
qualification level. Validation test results offered in a test
guide for a previous initial or upgrade evaluation should not be
used to validate sinulator performance in a test guide offered
for a current upgrade. For tests involving tine histories,
flight test data sheets, or transparencies thereof, and sinul ator
test results should be clearly marked with appropriate reference
points to ensure an accurate conpari son between sinul ator and
airplane with respect to tinme. Operators using line printers to
record tine histories should clearly mark that information taken
fromthe line printer data output for cross-plotting on the
ai rplane data. The cross-plotting of the operator's sinulator
data to airplane data is essential to verify sinulator
performance in each test. During an evaluation, the FAA will
devote its tinme to detailed checking of selected tests from

ATG. The FAA eval uation serves to validate the operator's
simul ator test results.

d. The conpl eted ATG and the operator's conpliance letter
and request for the evaluation will be submtted through the



operator's PO. The PO wll then subnmt the total package with
a letter of menorandum of endorsenment to the NSPM The ATG wil |l
be revi ewed and deternined to be acceptable prior to scheduling
an eval uation of the sinmulator.

e. A copy of an ATG for each type sinulator by each
si mul ator manufacturer will be required for the NSPMs file. The
NSPM may el ect not to retain copies of the ATG for subsequent
simul ators of the sane type by a particular manufacturer, but
will deternmine the need for copies on a case-by-case basis. Data
updates to an original ATG should be provided to the NSPMin
order to keep FAA file copies current.

f. The operator may el ect to acconplish the ATG validation
tests while the sinulator is at the manufacturer's facility.
Tests at the manufacturer's facility should be acconplished at
the latest practical time prior to disassenbly and shipment. The
operator nust then validate sinulator performance at the fina
| ocation by repeating at |east one-third of the validation tests
in the ATG and submitting those tests to the NSPM After review
of these tests, the FAA will schedule an initial evaluation. The
ATG nust be clearly annotated to indicate when and where each
test was acconpli shed.

g. In the event an operator noves a sinulator to a new
| ocation and its level of qualification is not changed, the
foll owi ng procedures shall apply:

(1) Advise the PO and NSPM of the npove.

(2) Prior to returning the sinulator to service at the
new | ocation, the operator should performa typical recurrent
validation and functions test. The results of such tests will be
retai ned by the operator and be avail able for inspection by the
FAA at the next evaluation or as requested.

(3) The NSPM may schedul e an evaluation prior to
return to service.

h. When there is a change of operator, the new operator
nmust acconplish all required administrative procedures including
the submi ssion of the currently approved Master Approval Test

Gui de (MATG through the PO to the NSPM The ATG nust be
identified with the new operator by displaying the operator's
name or |l ogo. The PO will then subnmt the package as descri bed
i n paragraph 9d above. The sinulator nay, at the discretion of
the NSPM be subject to an evaluation in accordance with the
original qualification criteria. However, a sinulator having
Phase | status resulting froma | andi ng naneuver approval under
AC 121-14B rust neet the Phase | requirenents in FAR Part 121,
Appendi x H, in the event of the sale or transfer of the simulator
from one operator to another

i The scheduling priority for initial and upgrade



eval uations will be based on the sequence in which acceptable
ATG s and eval uation requests are received by the NSPM

j- The ATG will be approved after the conpletion of the
initial or upgrade evaluation and all discrepancies in the ATG
have been corrected. This document, after inclusion of the FAA
Wi tnessed test results, beconmes the MATG. The MATG will then
remain in the custody of the operator for use in future recurrent
eval uati ons.

10. RECURRENT EVALUATI ONS.

a. For a simulator to retain its qualification, it will be
eval uated on a recurrent basis using the approved MATG.  Unl ess
ot herwi se determ ned by the NSPM recurring evaluations will be

acconpl i shed every 4 nonths by a Sinulator Eval uation Specialist.
Each recurrent evaluation, normally scheduled for 8 hours of
simulator tinme, will consist of functions tests and approxi mately
one-third of the validation tests in the MATG The MATGis to be
conpl eted annual ly.

b. Dat es of recurrent evaluations will normally not be
schedul ed beyond 30 days of the date due. Exceptions to this
policy will be considered by the NSPM on a case-by-case basis to

address extenuating circunstances.

c. In the interest of conserving simulator tine, the
foll owing Optional Test Program (OTP) is an alternative to the 8-
hour recurrent eval uation procedure:

(1) Operators of sinulators having the appropriate
automatic recording and plotting capabilities may apply for
eval uati on under the OTP.

(2) Operators must notify the NSPMin witing of their
intent to enter the OTP. |f the FAA determ nes that the
eval uati on can be accommpdated with 4 hours or | ess of

si mul at or
time, recurrent evaluations for that sinulator will be planned
for 4 hours. |If the 4-hour period is or will be exceeded and the
operat or cannot extend the period, then the evaluation will be
term nated and nust be conpleted within 30 days to maintain
qualification status. The FAA will then reassess the

appropri ateness of the OTP.

(3) Under the OTP, at |east one-third of all the
validation tests will be perfornmed and certified by operator
personnel between FAA recurrent evaluations. Conplete coverage
will be required through any three consecutive recurrent
eval uations. These tests and results will be reviewed by the FAA
Si mul at or Eval uati on Specialist at the outset of each eval uation.
The one-third of validation tests executed for each eval uation
shoul d be acconplished within the 30 days prior to the schedul ed
eval uati on or acconplished on an evenly distributed basis during



the 4-nonth period preceding the schedul ed eval uation. Twenty
percent of those tests conducted by the operator for each
recurrent evaluation will then be selected and repeated by the
Si mul at or Eval uati on Specialist along with 10 percent of those
tests not perforned by the operator

d. W th appropriate arrangenent and understandi ng between
the operator and FAA, an extended interval recurrent eval uation
schedul e based on seni annual FAA inspections can be arranged.
The extended interval evaluation schedule relies on quarterly
checks by the operator.

e. Prior to arrival for an on-site evaluation, the FAA
i nspector will notify the operator if any tests are planned to be
run that may require special equipnent or technicians. These
tests would include | atencies, control dynanics, sounds and
vi brations, or notion systemtests.

f. In instances where an operator plans to renove a
simul ator fromactive status for prolonged periods, the follow ng
procedures shall apply to requalify the sinulator pursuant to
this AC

(1) The NSPM and PO shall be advised in witing. The
notice shall contain an estimte of the period that the simulator
will be inactive.

(2) Recurrent evaluations will not be schedul ed during
the inactive period. The NSPMw |l renove the simulator from
qualified status on a nutually established date not |ater than
the date on which the first mssed recurrent evaluation would

have been schedul ed.

(3) Before a sinmulator can be restored to FAA
qualified status, it will require an evaluation by the NSPM The
eval uation content and tinme required for acconplishnment will be
based on the nunber of recurrent evaluations m ssed during the
i nactive period. For exanple, if the sinulator were out of
service for 1 year, it would be necessary to conplete the entire
test guide since under the recurrent evaluation program the MATG
is to be conpleted annually.

(4) The operator will notify the NSPM of any changes
to the original scheduled tinme out of service.

(5) The simulator will normally be requalified using
t he FAA-approved MATG and criteria that was in effect prior to
its removal from qualification; however, inactive periods
exceeding 1 year will require a review of the qualification
basi s.

(6) If these procedures are not possible, the
establishnment of a new qualification basis will be necessary.



11. SPECI AL EVALUATI ONS.

a. Bet ween recurring evaluations, if deficiencies are
di scovered or it beconmes apparent that the sinulator is not being
mai ntained to initial qualification standards, a specia
eval uation of the sinulator nay be conducted by the NSPMto
verify its status.

b. The simulator will lose its qualification when the NSPM
can no | onger ascertain nmaintenance of the original sinmulator
validation criteria based on a recurrent or special evaluation.
Additionally, the PO shall advise the operator and the NSPMif a
deficiency is jeopardizing training requirenents, and
arrangenents shall be nade to resolve the deficiency in the nost
ef fective manner, including the wthdrawal of approval by the
PO .

12.  MODI FI CATI ON OF SI MULATORS, MOTI ON SYSTEMS, AND VI SUAL
SYSTEMS.

a. In accordance with FAR Part 121, Appendi x H, operators
nmust notify the PO and NSPM at | east 21 days prior to making
sof tware program or hardware changes which night inpact flight or
ground dynam cs of a simulator. A conplete list of these planned
changes, including dynamics related to the notion and visua
systenms and any necessary updates to the MATG nust be
provi ded
in witing. Operators should maintain a configuration contro
systemto ensure the continued integrity of the sinulator as
qualified. The configuration control system may be exami ned by
the FAA on request.

b. Modi fications which inpact flight or ground dynanmi cs
systenms functions, and significant ATG revisions may require an
FAA eval uati on of the sinmnulator.

13. SI MULATOR QUALI FI CATI ON BASIS. The FAR require that

simul ators nmust nmintain their approved performance, functions,
and ot her characteristics. Except as provided in paragraph 2,

all initial upgrade and recurrent evaluations of those simnulators
initially qualified according to the acceptabl e nethods of
conpl i ance described herein will be conducted in accordance with
the provisions of this AC. Simulators approved prior to this AC
will continue to maintain their current qualifications as |ong as
they nmeet the standards under which they were originally
approved, regardl ess of operator, except as noted in paragraph
9h. Any sinulator upgraded to Level B, C, or D standards or any
vi sual system or notion system upgrade requires and initia

eval uation of that sinmulator, visual system or notion systemin
accordance with the provisions herein.

/sl WlliamJ. Wite
Acting Director, Flight Standards Service



APPENDI X 1. SI MULATOR STANDARDS

1. DI SCUSSI ON. Thi s appendi x describes the m ni mum si rmul at or
requi renents for qualifying Level A, Level B, Level C, and Leve
D airplane sinulators. An operator desiring evaluation of an
ai rplane sinulator not equipped with a visual system (nonvisua
simul ator) must conply with Level A sinmulator requirenments except
those pertaining to visual systenms. Appropriate FAR as indicated
in paragraph 3 of this AC nust be consulted when considering
particul ar sinmulator requirenments. The validation and functions
tests listed in appendices 2 and 3 nust al so be consulted when
determining the requirenments of a specific level sinmulator. For
Levels C and D qualification, certain sinulator and visual system
requi renents included in this appendi x nmust be supported with a
statement of conpliance and, in sone designated cases, an
objective test. Conpliance statenments will describe how the
requirenent is net, such as gear nodeling approach, coefficient
of friction sources, etc. The test should show that the
requi renent has been attained. In the following tabular |isting
of sinmulator standards required statenents of conpliance are
indicated in the comment col um.

SI MULATOR LEVEL COVMENTS
2. GENERAL A B C D

a. Cockpit, a X X X X
full-scale replica of
t he airpl ane sinmul at ed.
Direction of novenment of
controls and switches
identical to that in the
ai rplane. The cockpit,
for sinmulator purposes,
consi sts of all that
space forward of a
cross-section of the
fusel age at the nost
extrene aft setting of
the pilots' seats.
Addi tional required
crewrenber duty stations
and those required
bul kheads aft of the
pil ot seats are also
consi dered part of the
cockpit and nust
replicate the airplane.

b. Circuit X X X X
breakers that affect
procedures and/or result
i n observabl e cockpit



i ndi cati ons properly
| ocated and functionally
accurat e.

C. Ef fect of X
aer odynam ¢ changes for
various comnbi nations of
drag and thrust normally
encountered in flight
corresponding to actua
flight conditions,

i ncluding the effect of

change in airpl ane

attitude, thrust, drag,
altitude, tenperature,

gross wei ght, center of

gravity location, and

configuration.

d. Ground X
operations generically
represented to the
extent that allows turns
wi thin the confines of
the runway and adequate
control on the | anding
and roll-out froma
crosswi nd approach to a
runni ng | andi ng.

e. All rel evant X
i nstrunment indications
i nvol ved in the
sinul ati on of the
appl i cabl e airpl ane
automatically responded
to control nmovenment by a
crewnenber or external
di sturbances to the
si mul ated airpl ane;
i.e., turbulence or
wi ndshear

f. X
Conmuni cat i ons and
navi gati on equi prment
corresponding to that
installed in the
applicant's airpl ane
Wi th operation within
t he tol erances
prescribed for the
appl i cabl e airborne
equi pnent .

Nunerical val ues
nmust be presente
the appropriate
units for U S.
operations, for
exanple, fuel in
pounds, speeds
knots, altitudes
feet, etc.

See appendi x 3,
1, for further
i nformation
regardi ng | ong-
range

navi gati on

equi pnent .

din

n
in

par.



g. In addition X
to the flight
crewnenber stations, two
sui tabl e seats for the
i nstructor/check airman
and FAA inspector. The
NSPM wi | | consi der
options to this standard
based on uni que cockpi't
configurations. These
seats nust provide
adequate vision to the
pilot's panel and
forward wi ndows in
vi sual system nodel s.
Observer seats need not
represent those found in
the airplane but nust be
equi pped with simlar
positive restraint
devi ces.

h. Si nul at or X
systenms nust simulate
the applicable system
operation, both on the
ground and in flight.
Systens nust be operative
to the extent that
normal , abnormal, and
emer gency operating
procedures appropriate
to the sinul ator
application can be
acconpl i shed.

i I nstructor X
controls to enable the
operator to control al
requi red system vari abl es
and insert abnormal or
enmergency conditions
into the airpl ane
syst ens.

j- Cont r ol X
forces and contro
travel which correspond
to that of the replicated
ai rplane. Contro
forces shoul d react
in the sane manner as in
t he airplane under the



same flight conditions.
k. Si gni ficant X
cockpit sounds which
result from pil ot
actions correspondi ng
to those of the
ai rpl ane.

l. Sound of
precipitation,
wi ndshi el d wi per, and
ot her significant
ai rpl ane noi ses
perceptible to the
pil ot during nornmal
operations and the
sound of a crash when
the sinulator is |anded
in excess of |anding
gear limtation.

m Real i stic
anplitude and frequency
of cockpit noises and
sounds, including
precipitation, static
and engi ne and airfrane
sounds. The sounds shal
be coordinated with the
weat her representations
required in FAR Part 121,
Appendi x H, Phase 11
(Level D), Visua
Requi renent No. 3.

n. Ground X
handl i ng and aer odynani c
programm ng to include:

(1) Gound
effect -- for exanple:
roundout, flare, and
touchdown. This requires
data on lift, drag,
pitching nonent, trim
and power in ground
ef fect.

(2) Gound reaction --

reacti on of the airplane
upon contact with the
runway during |anding
to include strut
defl ections, tire

X X

X St at ement  of
Conpl i ance.

X Tests required for

noi ses and sounds
that originate from
the airplane or

ai rpl ane systens.

X St at ement  of
Conpl i ance. Tests
required.



friction, side forces,
and ot her appropriate
data, such as wei ght and
speed, necessary to
identify the flight

condi tion and
configuration.

(3) G ound
handl i ng characteristics
-- steering inputs to
i ncl ude crosswi nd,
braki ng, thrust
reversing, deceleration,
and turning radius.

0. W ndshear
nodel s whi ch provide
training in the specific
skills required for
recogni ti on of w ndshear
phenonena and execution of
recovery maneuvers. Such
nodel s nust be
representative of measured
or accident derived w nds,
but may i ncl ude
sinplifications which ensure
repeat abl e encounters.
For exanpl e, nodels may
consi st of independent
variable winds in multiple
si mul t aneous conponents.
W nd nmodel s shoul d be
avail abl e for the foll ow ng
critical phases of flight:

(1) Prior to
t akeof f rotation.

(2) At liftoff.

(3) During initia
clinb.

(4) Short final
approach

The FAA W ndshear
Training Aid presents one
accept abl e neans of
conpliance with sinmulator
wi nd nodel requirenents.
The ATG shoul d either

X

Tests required.



Tests

reference the FAA

W ndshear Training Aid
or present airplane

rel ated data on alternate
nmet hods i npl enent ed.

W nd nmodels fromthe
Royal Aerospace

Est abl i shnent (RAE), the
Joint Airport Wat her
Studi es (JAWS) Project
and ot her recogni zed
sources may be

i mpl enent ed, but nust

be supported or properly
referenced in the ATG

p. Representati ve XXXXXX

crosswi nds and instructor
controls for w nd speed
and direction.

qg. Representative
st oppi ng and directiona
control forces for at
| east the follow ng
runway conditions based
on airplane rel ated data.

(1) Dry
(2) Wet
(3) lcy

(4) Patchy Wet

(5) Patchy lcy

(6) Wet on
Rubber Resi due in Touchdown
Zone

r. Representati ve
brake and tire failure

dynam cs (including

anti skid) and decreased
brake efficient due to
brake tenperature based
on airplane rel ated data.

S. A nmeans for
qui ckly and effectively
testing simlar
programm ng and hardware.
This may include an
aut omat ed syst em whi ch
could be used for
conducting at |least a
portion of the tests in

St at ement  of
Conpl i ance.

bj ective tests
required for (1),
(2), (3), Subjective
check for (4), (5),
(6).

St at enment  of
Conpl i ance.

required for

decreased braki ng
ef ficiency due to
brake tenperature.

St at enment  of
Conpl i ance.



the ATG

t. Si nul at or X
conput er capacity,
accuracy, resolution,
and dynam c response
sufficient for the
qualification | eve
sought .

u. Control fee
dynam cs which replicate
t he airpl ane sinmul at ed.
Free response of the
controls shall match
that of the airplane
within the tol erance
gi ven in appendi x 2.
Initial and upgrade
eval uation will include
control free response
(col unmm, wheel, and
pedal ) neasurenents
recorded at the controls.
The nmeasured responses
nmust correspond to those
of the airplane in
t akeof f, cruise, and
| andi ng configurations.

(1) For

airplanes with

irreversible contro
systems, measurenments nay
be obtained on the ground
if proper Pitot static
i nputs are provided to
represent conditions
typi cal of those
encountered in flight.
Engi neering validation
or airplane manufacturer
rationale will be
submtted as justification to
ground test or omt a
configuration.

(2) For
simul ators requiring static
and dynamc tests at the
controls, special test
fixtures will not be
required during initia
evaluations if the

XX

St at ement  of
Conpl i ance. FAR
121, Appendix H
speci fies conputer
standard for Phases
Il & 11l (Levels C
and D)

Tests required. See
appendi x 2, par. 3.



operator's ATG shows

both test fixture results
and alternate test nethod
results, such as conputer
data pilots, which were
obt ai ned concurrently.
Repeat of the alternate
met hod during the initia
eval uati on may then
satisfy this test
requirenment.

V. Rel ative Tests required
responses of the notion
system visual system X X For Levels A and B
and cockpit instrunents response nust be
shall be coupled closely wi t hin 300
to provide integrated mlliseconds.
sensory cues. These
systenms shall respond to X X For Levels C and D
abrupt pitch, roll and response nust be
yaw i nputs at the pilot's wi thin 150
position within mlliseconds.

150/ 300 nilliseconds
of the tinme, but not
before the tine, when

the airplane woul d
respond under the sane
conditions. Visual scene
changes from steady state
di sturbance shall occur
within the system dynam c
response limt of 150/ 300
m|liseconds but not before
the resultant notion onset.
The test to determ ne
conpliance with these
requi renents shoul d
i ncl ude simultaneously
recordi ng the anal og
output fromthe pilot's
control colum, wheel
and pedal s, the output
from an accel eroneter
attached to the notion
system pl atform | ocat ed
at an acceptable | ocation
near the pilots' seats,
the output signal to the
pilots' seats, the output
signal to the visua
system di splay (including
vi sual system anal og
del ays), and the output



signal to the pilot's
attitude indicator or an
equi val ent test approved
by the Adm nistrator.
The test results in a
conpari son of a recording
of the sinulator's
response to actua
ai rpl ane response data
in the takeoff, cruise,
and | andi ng configuration.
The intent is to verify
that the simulator system
transport delays or tine
| ags are | ess than 150/ 300
mlliseconds and that the
noti on and vi sual cues
relate to actual airplane
responses. For airplane
response, acceleration in
the appropriate rotationa
axis is preferred.

As an alternative, a
transport delay test may
be used to denonstrate
that the simulator system
does not exceed the
specified limt of

150/ 300 mi |l li seconds.

This test shall neasure
all the delay encountered
by a step signal nigrating
fromthe pilots' contro

t hrough the control I oading
el ectronics and interfacing
through all the sinulation
software nodules in the
correct order, using a
handshaki ng protocol
finally through the

normal output interfaces
to the nmotion system to
the visual system and

i nstrument displays. A
recordable start time for
the test should be

provi ded by a pil ot

flight control input.

The test node shal

permt normal conputation
time to be consumed and
shall not alter the flow



of information through the
har dwar e/ sof t ware system
The transport delay of the
systemis then the tine

bet ween the control input
and the individual hardware
responses. It need only be
nmeasured once in each axis,
bei ng i ndependent of flight
condi tions.

W. Aer odynani ¢
nodel i ng whi ch, for
ai rpl anes issued an
original type certificate

after June 1980, includes
lowaltitude | evel-flight
ground effect, Mach effect
at high altitude, effects
of airfranme icing, nornal
and reverse dynam c thrust
ef fect on control surfaces,
aeroel astic representations
and representations of
nonlinearities due to

si deslip based on airplane
flight test data provided
by the manufacturer.

X. Aer odynani c X

and ground reaction
nodeling for the effects
of reverse thrust on
directional control

y. Sel f-testing
for sinulator hardware
and programrng to
deternine conpliance with
si mul at or perfornmance
tests as prescribed in
appendi x 2. Evidence of
testing nust include
si mul at or nunber, date,

St at ement  of

Conpl i ance. Tests

required. See
appendi x 2,

for further

i nformati on on
ground effect.

Mach effect,

aeroel astic
representations, and
nonlinearities due
to sideslip are
normal Iy included in
t he sinmul at or

aer odynam ¢ nodel
but the Statenent of
Conpl i ance nust
address each of
them Separate
tests for thrust
effects and a

St at enment  of
Conpl i ance and
denonstration of
icing effects are
required.

St at ement  of
Conpl i ance. Tests
required.

St at ement  of
Conpl i ance. Tests
required.



time, conditions,

t ol erances, and
appropri ate dependent
vari abl es portrayed in
conparison to the

ai rpl ane standard.

Aut omatic flagging of
"out - of -tol erance”
situations is encouraged.

z. Di agnosti c
anal ysis printouts of
simul ator mal functions
sufficient to determ ne
conpliance with the
Si mul at or Conponent
I noperative Guide (SCIG.
These printouts shall be
retai ned by the operator
bet ween recurring FAA
si mul at or eval uati ons
as part of the daily
di screpancy | og required
under FAR Section
121. 407(a) (5).

aa. Tinely X X
per manent update of
si mul at or har dware and
progranmm ng subsequent
to airplane nodification.

bb. Daily X X
preflight docunentation
either in the daily |og
or in a location easily
accessi ble for review

3. MOT1 ON SYSTEMS.

a. Motion (force) X X

cues perceived by the

pil ot representative of

t he airplane notions,

i.e., touchdown cues,

shoul d be a function of

the sinmul ated rate of

descent .

b. A notion X X
system having a
m ni mum of three
degrees of freedom

St at enment of
Conpl i ance.



C. A notion X X
system whi ch produces
cues at | east
equi valent to those of
a si x-degrees-of-freedom
synergistic platform
notion system

d. A means for X X X X
recordi ng the notion
response tine for
conmpari son with
ai rpl ane dat a.

e. Speci al X X X
effects programring to
i ncl ude:
(1) Runway

runbl e, ol eo deflections,
ef fects of groundspeed and
uneven runway
characteristics.

(2) Buffets on
the ground due to
spoi | er/ speedbr ake
extension and thrust
reversal

(3) Bunps after
lift-off of nose and main
gear.

(4) Buffet
during extension and
retraction of |anding
gear.

(5) Buffet in
the air due to flap and
spoi | er/ speedbr ake
ext ensi on.

(6) sStall
buffet to, but not
necessarily beyond,
the FAA certificated
stall speed, Vs.

(7)
Representative touchdown
cues for nmain and nose
gear.

St at ement  of
Conpl i ance. Tests
required.

See 2.v. of this
appendi x.



(8) Nosewhee

scuffing.
(9) Thrust
effect with brakes set.
f. Characteristic X St at ement  of
buffet notions that Conpl i ance.
result from operation of Tests required.

the airplane (for exanple,
hi gh- speed buffet,

ext ended | andi ng gear

fl aps, nosewheel scuffing,
stall) which can be sensed
at the flight deck. The
si mul ator mnust be
programed and
instrumented in such a
manner that the
characteristic buffet
nodes can be neasured and
conpared to airplane data.
Airplane data are al so
required to define flight
deck notions when the
airplane is subjected to
at nospheri c di sturbances.
General purpose

di sturbance nodel s that
approxi mat e denonstrabl e
flight test data are
acceptable. Tests with
recorded results which

all ow the conparison of
relative anplitudes
versus frequency are
required.

4. VI SUAL SYSTEMS.

a. Vi sual system X X X X
capabl e of neeting al
the standards of this
appendi x and appendi ces

2 and 3 (Validation and
Functi ons and Subjective
Tests Appendi ces) as
applicable to the | eve
of qualification
requested by the
applicant.

b. Optical system X X



capabl e of providing at

| east a 45 degrees

hori zontal and 30 degrees
vertical field of view

si mul taneously for each
pilot.

C. Cont i nuous
m ni mum col | i mated vi sua
field of view of 75
degrees horizontal and
30 degrees vertical per
pilot seat. Both pilot
seat visual systens shal
be able to be operated
si mul t aneousl y.

d. A means for X
recordi ng the visua
response tine for
vi sual systens
qual i fied under
AC 121-14C and
subsequent .

e. Verification X
of visual ground segnent
and vi sual scene content
at a decision height on
| andi ng approach. The
ATG shoul d contain
appropriate cal cul ations
and a drawi ng show ng the
pertinent data used to
establish the airpl ane
| ocation and visua
ground segnment. Such
data shoul d incl ude,

but is not limted to:

(1) Airport
and runway used.

(2) dide
sl ope transmtter
| ocation for the specified
runway.

(3) Position
of the glide slope
recei ver antenna rel ative
to the airplane nain
| andi ng wheel s.

W de angl e systens
provi di ng cross
cockpit view ng nust
provi de a mi ni mum of
150 degrees pil ot
hori zontal field of
view, 75 degrees

per pilot seat
oper at ed

si mul t aneousl y.



(4) Approach
and runway |ight
intensity setting.

(5) Airplane
pitch angle.

The above paraneters
shoul d be presented for
the airplane in I anding
configuration and a main
wheel hei ght of 100 feet
(30 neters) above the
touchdown zone. The

vi sual ground segnment and
scene content should be
deternmined for a runway
vi sual range of 1,200
feet or 350 neters.

f. For the NSPM X X X
to qualify precision
weat her m ni mum
accuracy on simulators
qual i fied under previous
advi sory circul ators,
operators nust provide
the information
required in e. above.

g. Vi sual cues X X
to assess sink rate and

dept h perception during
takeof f and | andi ng.

h. Test procedures X
to quickly confirm
vi sual system col or, RVR
focus, intensity, level,
hori zon, and attitude as
conpared to the simulator
attitude indicator

i Dusk scene X
to enable identification
of a visible horizon and
typical terrain
characteristics such as
fields, roads, bodies of
wat er .

j- A m ni num of X
ten level s of occulting.

St at ement  of
Conpl i ance. Tests
required.

St at ement  of
Conpl i ance. Tests
required.

St at enent  of
Conpl i ance. Test



This capability nust be
denonstrated by a visua
nodel through each
channel

k. Dayl i ght, dusk,
and ni ght visual scenes
w/ suf ficient scene content
to recogni ze airport, the
terrain, and ngj or
| andrmar ks around t he
airport and to
successfully acconplish a
vi sual landing. The
dayl i ght visual scene nust
be part of a total
dayl i ght cockpit
envi ronnent whi ch at | east
represents the amunt of
light in the cockpit on an
overcast day. Daylight
vi sual systemis defined
as a visual system
capabl e of producing, as
a mnimm full color
presentati ons, scene
content conparable in

detail to that produced by

4,000 edges or 1,000
surfaces for daylight and
4,000 |ight points for
ni ght and dusk scenes, 6
foot-lamberts of |ight
nmeasured at the pilot's
eye position (highlight
bri ghtness), 3 arc-ninutes
resolution for the field of
view at the pilot's eye,
and a display which is
free of apparent
quanti ztion and ot her
distracting visual effects
while the simulator is in
noti on. The sinul ator
cockpit anbient lighting
shall be dynamically
consistent with the
vi sual scene di spl ayed.
For dayli ght scenes, such
anbi ent |ighting shal
neither "washout" the
di spl ayed vi sual scene
nor fall below 5 foot
| anberts of |ight as

required.

St at ement  of
Conpl i ance.
required.

Tests



reflected from an
approach plate at knee
hei ght at the pilot's
station and/or 2 foot
| anberts of |ight as
reflected fromthe pilot's
face. All brightness and
resol ution requirenents
nmust be validated by an
a objective test and will
be retested at | east
yearly by the NSPM
Testing may be
acconpl i shed nore
frequently if there are
i ndi cations that the
performance i s degrading
on an accel erated basis.
Conpl i ance of the
bri ght ness capability may
be denonstrated with a
test pattern of white
light using a spot
phot onet er .

(1) Contrast
Ratio. A raster drawn
test pattern filling the
entire visual scene (three
or nore channel s) shal
consi st of a matrix of
bl ack and white squares
no |l arger than 10 degrees
and no smaller than 5
degrees per square with a
white square in the
center of each channel

Measur ement shall be nade
on the center bright
square for each channe
using a 1 degree spot
photoneter. This val ue
shal | have a m ni num

bri ght ness of 2
foot-lamberts. Measure
any adj acent dark squares.
The contrast ratio is the
bri ght square val ue

di vi ded by dark square
val ue.

M ni mum t est contrast
ratio result is 5:1



Not e: Cockpit ambi ent
light |evels should be
mai nt ai ned at Level D
(Phase 111) requirenents.

(2) Highlight
Bri ght ness Test.
Mai ntai ning the full test
pattern described above,
superi npose a highlight
area conpletely covering
the center white square of
each channel and neasure
the brightness using the 1

degree spot photoneter.

Li ght points or light
poi nt arrays are not
acceptable. Use of
calligraphic capabilities
to enhance raster
bri ghtness is acceptable.

(3) Resolution
will be denpnstrated by a
test pattern of objects
shown to occupy a visua
angle of 3 arc-minutes in
the visual scene fromthe
pilot's eyepoint. This
shoul d be confirned by
calculations in the
statement of conpliance.

(4) Light
poi nt size - not greater
than 6 arc-m nutes
nmeasured in a test pattern
consisting of a single row
of light points reduced in
length until nodulation is just
di scernible, a row of 40
lights will forma 4
degree angle or |ess.

(5) Light
poi nt contrast ratio - not
| ess than 25:1 when a
square of at least 1
degree filled (i.e., light
poi nt modul ation is just
di scernible) with |ight
points is conpared to the
adj acent background.



APPENDI X 2.  SI MULATOR VALI DATI ON TESTS

1. DI SCUSSI ON.  Si nul at or performance and system operati on must

be objectively evaluated by conparing the results of tests

conducted in the simulator to airplane data unless specifically

noted otherwise. To facilitate the validation of the sinulator

a multichannel recorder, line printer, or other appropriate
recordi ng device acceptable to the NSPM shoul d be used to

record
each validation test result. These recordings should then be
conpared to the airplane source data.

The ATG provided by the operator nust describe clearly and
distinctly how the simulator will be set up and operated for each
test. Use of a driver program designed to automatically
acconplish the tests is encouraged for all sinulators. Self
testing of simulator hardware and programing to determ ne
conpliance with all sinmulator requirenments is specified by FAR

Part 121, Appendix H, for Phase IIl (Level D) sinulators. It is
not the intent and it is not acceptable to the FAA to test each
si mul ator subsystem i ndependently. Overall integrated testing of

the sinmul ator nust be acconplished to assure that the tota

simul ator system neets the prescribed standards. A nmanual test
procedure with explicit and detail ed steps for conpletion of each
test must al so be provided.

The tests and tol erances contained in this appendi x nust be
included in the operator's ATG Levels B, C, and D sinulators
nmust be conpared to flight test data except as otherw se

speci fied. For airplanes certificated prior to June 1980, an
operator nmmy, after reasonable attenpts have failed to obtain
suitable flight test data, indicate in the ATG where flight test
data are unavail able or unsuitable for a specific test. For such
a test, alternative data should be submitted to the NSPM for
approval. Submittals for approval of data other than flight test
nmust include an explanation of validity with respect to avail able
flight test information

The Tabl e of Validation Tests of this appendi x generally
indicates the test results required. Unless noted otherw se,
simul ator tests should represent airplane performnce and
handling qualities at operating weights and centers of gravity
(CG typical of normal operation. |If a test is supported by

ai rplane data at one extrene weight or CG another test supported
by airplane data at mdconditions or as close as possible to the
ot her extrenme should be included. Certain tests which are

rel evant only at one extreme CG or wei ght condition need not be
repeated at the other extreme. Tests of handling qualities mnust
i nclude validation of augnmentation devices.

Simul ators for highly augnmented airplanes will be validated both
in the unaugnmented configuration (or failure state with the



maxi mum perm tted degradation in handling qualities) and the
augnented configuration. Where various |evels of handling
qualities result fromfailure states, validation of the effect of
the failure is necessary. Requirenments for testing will be

nmutual |y agreed to between the operator and the NSPM on a
case- by-case basis.

In the case of sinmulators approved under previous advisory
circular, the tolerances of this appendix may be used in
subsequent recurrent evaluations for any given test providing the
operator has submitted a proposed ATG revision to the NSPM and
has recei ved FAA approval .

2. TEST REQUI REMENTS. The ground and flight tests required for
qualification are listed in the Table of Validation Tests.
Conmput er generated simulator test results should be provided for
each test. The results should be produced on a nultichanne
recorder, line printer, or other appropriate recording device
acceptable to the NSPM Tinme histories are required unl ess

ot herwi se indicated in the Table of Validation Tests.

Fli ght test data which exhibit rapid variations of the neasured
paraneters may require engineering judgnment when maki ng
assessnments of simulator validity. Such judgnent nust not be
limted to a single paraneter. All relevant paraneters rel ated
to a given maneuver or flight condition nust be provided to allow
overall interpretation. When it is difficult or inpossible to
mat ch simulator to airplane data throughout a tinme history,

di fferences nust be justified by providing a conparison of other
rel ated variables for the condition being assessed.

a. Par amet ers, Tol erances, and Flight Conditions. The
Tabl e of Validation Tests of this appendi x describes the
paraneters, tolerances, and flight conditions for simulator
val idation. When two tolerance values are given for a paraneter,
the less restrictive may be used unl ess ot herw se indicated.

If a flight condition or operating condition is shown which does
not apply to the qualification |evel sought, it should be

di sregarded. Sinulator results nust be |abeled using the

tol erances and units given.

b. Fli ght Conditions Verification. Wen conparing the
paraneters |isted to those of the airplane, sufficient data nust
al so be provided to verify the correct flight condition. For
exanple, to show that control force is within + or - 5 pound
(2.225 daN) in a static stability test, data to show the correct
ai rspeed, power, thrust or torque, airplane configuration,
altitude, and other appropriate datumidentification paranmeters
shoul d al so be given. [|f conparing short period dynam cs, nornal
accel eration may be used to establish a match to the airplane,
but airspeed, altitude, control input, airplane configuration

and ot her appropriate data nust also be given. All airspeed
val ues should be clearly annotated as to indicated, calibrated,



etc., and like values used for conparison.
NOTE: The application of this appendi x to sinmulator

validation requires reference to FAR Part 121, Appendix H, to
acquire full know edge of sinulator criteria for approval.

TABLE OF VALI DATI ON TESTS
Test Tol erance Fl i ght Condition

1. PERFORMANCE

a. TAX

(1) Mninmum + or - 3 Feet Ground/ Takeof f

Radi us Turn (0.9m or 20% of
Ai rpl ane Turn Radi us

(2) Rate of Turn + or - 10% or Ground/ Takeof f
vs. Nosewheel + or - 2 degreel/sec.
Steering Turn Rate
Angl e

b. TAKEOFF

(1) Gound + or - 5% Tinme and Ground/ Takeof f
Accel eration Di stance or + or - 5%
Ti me and Time and + or - 200
Di st ance Feet (61 Meters) of

Di st ance

(2) M ninum Maxi mum Ai r pl ane Ground/ Takeof f
Control Speed Lateral Deviation
Ground (VncgQ) + or - 25% or
Aer odynani c + or - 5 Feet
Controls Only (1.5 Meters)
per Applicable
Ai rwort hi ness
St andard

or
Low Speed,
Engi ne
| noperative
Ground Contr ol

Characteristics

(3) M ninmum + or - 3 Kts Ground/ Takeof f

Unsti ck Speed Ai r speed

or equival ent + or - 1.5 degree
as provided by Pitch

t he airpl ane



manuf act ur er

(4) Normal
Takeof f

+ or - 3 Kts Ground/ Takeof f
Ai rspeed and First

+ or - 1.5 degree Segnent Clinb
Pitch

+ or - 1.5 degree

Angl e of Attack

+ or - 20 Feet (6 Meters)
Al titude

+or - 501b (2.224 dN)
or + or - 10%

Col um For ce*

(5) Critical
Engi ne
Fai l ure on
Takeof f

+ or - 3 Kts Ground/ Takeof f
Ai rspeed and First

+ or - 1.5 degree Segnent Clinb
Pi tch,

+ or - 1.5 degree

Angl e of Attack

+ or - 20 Feet

(6 Meters) Altitude

+ or - 2 degree Bank
and Sideslip Angle

+ or - 5.0 1b (2.224 dN)
or + or - 10%

Col um For ce*

+ or - 5.01b (2.224 dN) or
+ or - 10% Rudder Peda
For ce*

+ or - 3.0 1b (1.334 dN)
or 10% Ai |l eron Weel

For ce*
(6) Crosswi nd + or - 3 Kts Ground/ Takeof f
Takeof f Ai r speed and First
+ or - 1.5 degree Segnent Clinb
Pi tch,

+ or - 1.5 degree
Angl e of Attack

+ or - 20 Feet (6 Meters)
Al titude
+ or - 2 degree Bank and
Sideslip Angle
+ or - 5.0 1b (2.224 dN)
or + or - 10% Col um Force*
+ or - 5.01b (2.224 dN) or
+ or - 10% Rudder Peda
For ce*
+ or - 3.0 1b (1.334 dN) or
10% Ai | eron Wheel Force*

(7) Rejected
Takeof f

Over al | G ound
Di stance + or - ?



Braki ng Effort
+ or - ?
(To Be Determ ned)

c. CLIMB
(1) Normal dinb + or - 3 Kts Clinb Wth All
Al l Engi nes Ai rspeed Engi nes
Operating + or - 5% or Operating
+ or - 100 FPM
(0.5 Meters/ Sec.)
Cimb Rate
(2) One Engine + or - 3 Kts Second Segmnent
| noperative Ai rspeed Clinb Wth One
Second Segment + or - 5% or Engi ne
cinb + or - 100 FPM | noperative
(0.5 Meters/ Sec.)
Cim Rate,
but not |ess than
t he FAA Approved
Fl i ght Manual

Rate of Clinb

(3) One Engine + or - 3 Kts Approach Cinb
| noperative Ai rspeed Wth One
Approach Clinmb + or - 5% or Engi ne
for Airpl anes + or - 100 FPM | noperative
Wth icing (0.5 Meters/ Sec.)
Accountability Cinb Rate,
per approved but not |ess than
AFM t he FAA Approved

Fl'i ght Manual Rate
of Cinb
d. STOPPI NG

(1) Deceleration + or - 5% of Tinmne. Landi ng
Ti me and For di stance up to
Di st ance, 4000 Feet (1220 m)

Wheel Brakes + or - 200 Feet (61 m)
Usi ng Manual or + or - 10% whi chever
Braki ng, Dry is smaller. For
Runway ( No di stance greater
Reverse t han 4000 Feet
Thrust) (1220 m)
+ or - 5% distance
(2) Deceleration + or - 5% Time and Landi ng

Ti mre and

Di st ance,
Rever se
Thrust, Dry

the Smal | er of

+ or - 10% or 200
Feet (61 Meters)
of Di stance



Runway ( No

| data nay be used.

| Accel eration Tine
| and Di st ance

| shoul d be

| recorded for a

| mi ni mum of 80% of

Wheel Braking)
(3) Stopping Tine Representative Landi ng
and Di st ance, St oppi ng Ti nme
Weel Brakes, and Di stance
Wet Runway
(No Reverse
Thrust)
(4) Stopping Tine Representative Landi ng
and Di st ance, St oppi ng Ti nme
Weel Brakes, and Di stance
I cy Runway
(No Reverse
Thrust)
ENG NES
(1) Acceleration Ti + or - 10% Approach or
Tt + or - 10% Landi ng
(2) Deceleration Ti + or - 10% Ground/ Takeof f
Tt + or - 10%
I = Initial Evaluation
R = Recurrent Eval uation
Qualification Coment s
Requi r enent
| Al B | C| D
I I I I I
I I I I I
1a(1) I I I I I
| | TR IR| IR
I I I I I
I I I I I
| I I I I
1 a.(2) | | TR IR| IR
I I I I I
| I I I I
| | | | | Unf act or ed
| | | | | ai rcraft
1 b.(1) | TR| IR|] IR] IR |certification
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

| t ot al

segnent .



1 b.(2)

1 b.(3)

1 b.(4)

1 b. (5)

| (Brake rel ease to
|V sub r).

IR

| Engi ne failure

| speed nust be
[within + or - 1
| knot of airplane
| engi ne failure

| speed.

|

IR

|V sub mu is

| defi ned as

| t hat speed at

| which the | ast

| mai n | andi ng gear
| I eaves the

| ground. Main

| I andi ng Cear

| Strut Conpression
| or equi val ent

| ai r/ ground signa
| shoul d be

| | recorded.

| as a mi nimum from
| 10 Kts before

| start of

| rotation.

I
| Record Takeof f

| profile from

| brake rel ease to
| at | east 200 ft.
| (61 Meters)

| Above Ground

| Level (AGL).

| *Applies only to
| reversible

| control systens.

| Record Takeof f

| profile at

| mexi mum t akeof f
| wei ght to at

|l east 200 ft.

| (61 Meters) AGL.
| Engi ne failure

| speed nust be
[within + or - 3
| Kts of airplane
| dat a.

| *Applies only to



br eaki ng

1 b. (6)

1 b.(7)

1c.(1)

1c.(2)

1c.(3)

| reversible
| control systens.

IR

| Record Takeof f

| profile to at

| east 200 ft.

| (61 Meters)

| AGL with sanme

| relative wi nd

| profile as

| ai rpl ane test.

| *Applies only to
| reversible

| control systens.

IR

| Auto brakes will
| be used where
| appl i cabl e.

| | Maxi mum

| effort, Auto or
| Manual

I
I
I
| My be a

| Shapshot Test.

| Manuf acturer's
| gross clinb

| gradi ent nmay be
| used for flight
| test data.

| May be a Snapshot
| Test.

| Manuf acturer's

| gross clinb

| gradi ent nmay be
| used for flight
| test data. Test
| at wei ght

| al titude,

| tenperature
[limted

| conditions.

| My be a

| Shapshot Test.

| Manuf acturer's
| gross clinb

| gradi ent nmay be
| used for flight
| test data. Use
| near maxi num



1d. (1)

1d.(2)

1 d.(3)

1 d.(4)

1e. (1)

| andi ng wei ght .

| Time and Di stance
| shoul d be
| recorded for at
| I east 80% of the
| total segnent
| (TD to Ful
| Stop). Brake
| system pressure
| shoul d be
| | avai | abl e.

| Time and Di stance
| shoul d be

| recorded for at

| east 80% of the
| t ot al

| denonstrat ed

| reverse thrust

| segnent .

I
I
I
| FAA approved

| Ai rpl ane Fli ght

| Manual (AFM data
| i s acceptable.

| FAA approved AFM
|data is
| accept abl e.

| Ti = Total tinme
[frominitia
|throttle novenent
[until a 10%

| response of a
|critical engine
| paraneter.

| Tt = Total tinme
[fromTi to 90%

| go_around power.
| Critical engine
| paranmeter should
| be a neasurenent

| of power
| (N1, N2, EPR
| Torque, etc.)

| Plot fromflight
|[idle to
| go- around power



power

| | | | |for a rapid
| | | | | (slam) throttle
| | | | | movenent .
| I I I I
1e. (2 | IR] IR|] IR| IR |Test from maxi num
| | | | | t akeof f power to
| | | | | 10% of maxi mum
| | | | | t akeof f
| | | | | (90% decay in
I I I I | pover). Tine
| | | | | hi story shoul d be
| | | | | provi ded.
I I I I I
TABLE OF VALI DATI ON TESTS (Cont' d)
Test Tol erance Fl i ght
Condi tion
2. HANDLI NG QUALI TI ES
a. STATI C CONTROL CHECKS **
(1) Colunmm Position + or - 2 Ibs Ground
vs. Force and (0.89 daN) Breakout
Surface Position + or - 5 1bs (2.224 daN)
Calibration or + or - 10% Force
Thrust) + or - 2 degree Elevator
(2) Weel Position + or - 2 Ibs Ground
vs. Force and (0.89 daN) Breakout
Surface Position + or - 3 Ibs (1.334 daN)
Calibration or + or - 10% Force
+ or - 1 degree Aileron
+ or - 3 degree Spoiler
(3) Pedal Position + or - 51bs Ground
vs. Force and (2.224 daN) Breakout
Surface Position + or - 5 1bs (2.224 daN)
Calibration or + or - 10% Force
+ or - 2 degree Rudder
(4) Nosewheel + or - 2 Ibs Ground
St eering (0.89 daN) Breakout
Force & Position + or - 3 Ibs (1.334 daN)
or + or - 10% Force
+ or - 2 degree Nosewheel
Angl e
(5) Rudder Pedal + or - 2 degree Ground
St eering Nosewheel Angl e

Cal i bration



** Col um, wheel, and pedal position vs. force shall be neasured
at the control. An alternate nethod acceptable to the NSPM

lieu of the test fixture at the controls is to instrument the
simul ator in an equivalent manner to the flight test airplane.
The force and position data fromthis instrunmentation can be
directly recorded and matched to the airplane data. Such a
permanent installation would elimnate the need for installation
of external devices.

(6) Pitch Trim + or - 0.5 degree of G ound
Cal i bration Comput er Trim Angl e and
I ndi cat or vs. + or - 10% Trim Rate Go- Around
Comput ed

(7) Alignment of + or - 5 degree of Ground
Power Lever Power Level Angle
Angl e vs.

Sel ect ed Engi ne
Par anmet er (EPR
N1, Torque, etc.)

(8) Brake Pedal + or - 51b (2.224 daN)
Posi tion Vs. or 10%
Force + or - 10% or 150 ps

(1033 kPa) brake
hydraul i c pressure

b. DYNAM C CONTROL CHECKS **

(1) Pitch Control + or - 10%of tine for Takeof f,
first zero crossing, Crui se
and + or - 10(n+1) % of Landi ng
period thereafter.

+ or - 10% anplitude

of first overshoot.

+ or - 20% of anplitude
of 2nd and subsequent
overshoots greater

than 5% of initia

di spl acenent .

+ or - 1 overshoot.

** Colum, wheel, and pedal position vs. force or tine shall be
neasured at the control. An alternate nmethod acceptable to the
NSPMin lieu of the test fixture at the controls is to instrunent
the simulator in an equival ent manner to the flight test

ai rplane. The force and position data fromthis instrunentation
can be directly recorded and matched to the airplane data. Such
a permanent installation would elininate the need for
installation of external devices.

(2) Roll Control Sanme as (1) above. Takeof f,



Cr ui se,

Landi ng
(3) Yaw Control Sanme as (1) above. Takeof f,
Crui se,
Landi ng
LONG TUDI NAL
(1) Power Change + or - 3 Kts Appr oach
Dynami cs Ai rspeed to
+ or - 100 Feet Go- Around
(30 Meters) Altitude
+ or - 20%or + or - 1.5

degree Pitch

(2) Flap/slat
Change
Dynami cs

+ or - 3 Kts
Ai rspeed
+ or - 100 Feet

(30 Meters) Altitude
+ or - 20% or + or
- 1.5 Degree Pitch

Retraction,
After
Takeof f.

Ext ensi on,
Approach to
Landi ng

(3) Spoiler/ + or - 3 Kts Crui se and
Speedbr ake Ai rspeed Appr oach
Change Dynanics + or - 100 Feet

(30 Meters) Altitude
+ or - 20%or + or - 1.5
degree Pitch

(4) Gear Change + or - 3 Kts Airspeed Takeoff to
Dynami cs + or - 100 Feet Second

(30 Meters) Segnent

Al titude cinmb,

+ or - 20% or Approach to
+ or - 1.5 degree Landi ng
Pitch

(5) Gear and Fl ap/ + or - 1 second or Takeof f,

Sl at Operating 10% of Tine Appr oach
Ti mes
(6) Longitudinal + or - 1 degree Crui se
Trim Pitch Control Appr oach,
(Stab and El ev) Landi ng
+ or - 1 degree
Pitch Angle
+ or - 5% Net Thrust
or Equi val ent

(7) Longitudinal + or - 51bs Cr ui se,
Maneuveri ng (+ or - 2.224 daN) Appr oach
Stability or + or - 10% Col um Landi ng
(Stick Forcel/Q) Force or Equi val ent



Sur f ace

(8) Longitudinal + or - 51bs Appr oach
Static (+ or - 2.224 daN)
Stability or + or - 10% Col um
Force or Equival ent
Sur f ace
(9) stick Shaker, + or - 3 Kts Second
Airfrane Buffet, Airspeed Segnent
Stall Buffet, + or - 2 degree Bank Cling and
for speeds higher Approach or
than stick shaker Landi ng
or initial
buf f et
(10) Phugoid + or - 10% of Period Crui se
Dynami cs + or - 10%of Tinme to
1/2 or Double
Anpl i tude or
+ or - .02 of Danping
Rati o
(11) sShort Period + or - 1.5 degree Crui se
Dynami cs Pitch or
+ or - 2 degreel/sec.
Pitch Rate
+ or - .10g Nornal

Accel eration

d. LATERAL DI RECTI ONAL

(1) M ninmum Contr ol + or - 3 Kts Takeof f or
Speed, Air Ai r speed Landi ng
(V sub nta), (Wi chever
per Applicable i s nost
Ai rwort hi ness critical in
St andard ai rpl ane)
or
Low Speed Engi ne
| noperative
Handl i ng
Characteristics
in Ar
(2) Roll Response + or - 10% or Crui se and
(Rat e) + or - 2 degreel/sec. Approach or
Roll Rate Landi ng
(3) Roll Response + or - 10% or Appr oach
to Roll + or - 2 degreel/sec. or Landing
Controller Rol | Rate

Step I nput




(4) Spiral Correct Trend, Crui se
Stability + or - 2 degree Bank
or + or - 10%in
20 Seconds
(5) Engine + or - 1 degree Second
| noperative Rudder Angl e or Segnent and
Trim + or - 1 degree Tab Approach or
Angl e or Equi val ent Landi ng
Pedal
+ or - 2 degree
Sideslip Angle
(6) Rudder Response + or - 2 degreel/sec. Appr oach
or + or - 10% or Landing
Yaw Rat e
(7) Dutch Roll, Yaw + or - 0.5 sec. or Crui se and
Danmper OFF + or - 10% of Period. Approach
+ or - 10%of Tine to Landing
1/2 or Double
Anpl i tude or
+ or - .02 of Danping
Rati o.
+ or - 20%or + or - 1 sec.
of Time Difference
Bet ween Peaks of
Bank and Sidesli p.
(8) Steady State For a given rudder Approach or
Sideslip position Landi ng
+ or - 2 degree
Bank, + or - 1 degree
Si desl i p,
+ or - 10% or
+ or - 2 degree
Ai | eron,
+ or - 10% or
+ or - 5 degree Spoiler
or Equival ent \Wee
Posi tion
e. LANDI NGS
(1) Normal Landing + or - 3 Kts Landi ng
Ai r speed
+ or - 1.5 degree
Pitch
+ or - 1.5 degree

Angl e of Attack
+ or -
+ or -

10% Al titude or
10 Feet (3 Meters)



(2) Crosswi nd + or - 3 Kts Landi ng

Landi ng Ai rspeed
+ or - 1.5 degree
Pitch

+ or - 1.5 degree

Angl e of Attack

+ or - 10% Altitude or

+ or - 10 Feet (3 Meters)
+ or - 2 degree Bank Angle
+ or - 2 degree Sideslip
Angl e or Yaw Angl e

(3) One Engine + or - 3 Kts Landi ng
| noperative Ai rspeed
Landi ng + or - 1.5 degree
Pitch

+ or - 1.5 degree

Angl e of Attack

+ or - 10% Altitude or

+ or - 10 Feet (3 Meters)
+ or - 2 degree Bank Angle
+ or - 2 degree Sideslip
Angl e or Yaw Angl e

(4) Directional + or - 5 Kts Landi ng
Cont r ol Ai rspeed
(Rudder

Ef f ecti veness)
Wth Reverse
Thrust, Symretric
and Asynmetric

f. GROUND EFFECT

(1) A Test to + or - 1 degree Landi ng
Denonstrate El evator or Stabilizer
Longi t udi nal Angl e
Ground Effect + or - 5% Net

Thrust or Equi val ent

+ or - 1 degree Angle

of Attack

+ or - 10% Hei ght/ Al titude
or + or - 5 Feet (1.5 m)
+ or - 3 Knots Airspeed

+ or - 1 degree Pitch
Attitude

3. MOTI ON SYSTEM

a. Frequency Response As specified by
operator for
si mul at or accept ance.



Leg Bal ance

As specified by
operator for
si mul at or accept ance.

Turn Around Check

As specified by
operator for
si mul at or accept ance.

Characteristic
Buf f et Motions

See Appendix 1
para 3.f.

VI SUAL SYSTEM - ( Not e:
addi ti ona

Vi sual G ound
Segnent (VGS)

Refer to Appendix 3 for

vi sual tests).

+ or - 20%
Threshol d |ights
must be visible if
they are in the
vi sual segnent.

(See exanple in
Comment s. )

Landi ng.
Static at
100 ft.
(30 Meters)
Whee

Hei ght
Above
Touchdown
Zone on
dide
Sl ope.
Runway
Vi sua
Range =
1200 Ft. or
350 Meters.

Vi sual System

Denonstrati on

Col or Mode
Vi sual RVR Denonstrati on
Cal i bration Mode

Vi sual Displ ay
Focus and
Intensity

Denpnstrati on
Mode

Vi sual Attitude vs.
Simul ator Attitude
I ndi cator (Pitch
and Rol | of

Hori zon)

Denpnstrati on
Mode

Denonstrate 10
Level s of Occulting

Through Each Channe

of System

Denpnstrati on
Mode



5.  SI MULATOR SYSTEMS

a. VISUAL, MOTION, AND COCKPI T | NSTRUMENT RESPONSE

Vi sual, Modtion, and 150 milliseconds or Takeof f,
I nstrunent Systens | ess after airplane Crui se
response to an response. Appr oach
abrupt pil ot Landi ng
controller input,
conpared to airplane 300 mlliseconds or Takeof f,
response for a | ess after airplane Crui se
simlar input. response. Approach or
Landi ng
or
Transport Del ay 150 mlliseconds or Pitch
| ess after control Rol I, Yaw
novenent .
300 mlliseconds or Pitch
| ess after control Rol I, Yaw
novenent .
b. SOUND

Real i stic anplitude and frequency of cockpit noises
and sounds, including precipitation static, and
engi ne and airframe sounds. The sounds shall be
coordi nated with the weat her representations
required in FAR Part 121, Appendix H, Phase 11
(Level D), Visual Requirenment No. 3.

c. DI AGNOSTI C TESTI NG

(1) A neans for quickly and effectively testing
si mul ator progranm ng and hardware. This
could include an autonated system which
could be used for conducting at |east a
portion of the tests in the ATG

(2) Self testing of sinmulator hardware and
programm ng to determ ne conpliance with
Levels B, C, and D Sinul at or Requirenents.

(3) Diagnostic analysis as prescribed in FAR
Part 121, Appendix H, Phase Il (Level D)
Si mul at or Requi rement No. 5.

= Initial Evaluation
Recurrent Eval uation

Py}
1



Qualification Comment s
Requi r enent

A B C D

I I

I I

I I

I I
2 a. (1) IR|] IR |Uninterrupted
| | control sweep,
I

| stop to stop.

I R | Uninterrupted
| control sweep,
| stop to stop.
I

I R | Uninterrupted
| control sweep,
| stop to stop.
I

I R | Uninterrupted
| control sweep,
| stop to stop.

2 a.(3)

2 a.(4)

2 a.(b)

2 a.(6) IR | Measure trimrate
| for go-around.
| Trimrate input
| and surface rate
|[time history is
| appropri ate.
I

I R | Si nul t aneous
| recording for al
| engi nes. A
| 5 degree
| tol erance applies
| agai nst ai rpl ane
| data and between
| engi nes. May be
| Shapshot Test.
I

I R | Si nul at or
| comput er out put
| results may be
| used to show
| conpl i ance.
| Rel ate hydraulic
| system pressure
| to pedal position

2 a.(7)

2 a.(8)



2 b. (1)

contro

2 b.(2)

2 b.(3)

2 c.(1)

|in a ground
| static test.

I
| Dat a shoul d be
| | nor mal

| di spl acenment in

| both directions.

| Approxi mately 25%
|[to 50% of ful

| t hr ow.

I

|n is the

| sequenti al period
|of a full cycle

| of oscillation.

I

| Refer to

| paragraph 3 this
| appendi x.

I
I
I
| Dat a shoul d be
| normal contro
| di spl acenent.

| Approxi mat el y

| 25% t o 50% of
| full throw

| Dat a shoul d be
| normal contro
| di spl acenent.

| Approxi mat el y
| 25% t o 50% of

| full throw

I
| Wng flaps should

| remain in the

| appr oach

| posi tion.

| Time history of

| uncontrolled free
| response for tine
| i ncrenent from5
| seconds before
|[the initiation

| of the

| configuration

| change to 15

| seconds after

| conpl eti on of the



| configuration

2 c.(2)

2 c.(3)

2 c.(4)

2 c.(5)

| change.

IR

IR

| Time history of

| uncontrolled free
| response for tine
| i ncrenent from5
| seconds before
|[the initiation of
| the configuration
| change to 15

| seconds after

| conpl eti on of the
| configuration

| change.

IR

| Time history of

| uncontrolled free
| response for tine
| i ncrenent from5
| seconds before
|[the initiation of
| the configuration
| change to 15

| seconds after the
| conpl eti on of the
| configuration

| change.

IR

:
I
| Time history of

| uncontrolled free
| response for a
|time increment of
| 5 seconds before
|[the initiation of
| the configuration
| change to 15

| seconds after the
| the conpletion of
| the configuration
| change.

IR

| Nor mal and
| al ternate fl aps,
| ext ensi on and
| retraction.
| | Nor mal gear,
| ext ensi on and
| retraction.
| Al ternate gear,
| extension only.



2 c.(6)

2 c.(7)

2 ¢c.(8)

2 c.(9)

2 c.(10)

or

2 c.(11)

IR

| May be Snapshot
| Tests.

IR

| My be series of
| Shapshot Tests.

| Force or surface
| def | ecti on nust

| be in correct

| di rection.

| Approxi mately 20
| degree, 30

| degree, and 45

| degree bank angl e
| shoul d be

| present ed.

IR

| Data for at |east
| 2 speeds above

| and 2 speeds

| bel ow trim speed.
| My be a series

| of Snapshot

| Tests.

IR

I
I
I
| Stall Warning

| Si gnal shoul d be
| recorded and nust
| occur in the

| proper relation
|[to stall.

IR

| Test shoul d
| i nclude 3 ful
| cycl es
| (6 overshoots
| after input
| | conpl et ed)

| that sufficient
|[to determine tine
|[to 1/2 anplitude
| whi chever is

| I ess.




Rudder

2 d. (1)

2 d.(2)

2 d.(3)

N

d. (4)

2 d.(5)

2 d.(6)

2 d.(7)

2 d.(8)

IR

:
I
I
| V sub nca may be
| defined by a

| per f or mance or

| control limt

| whi ch prevents

| denonstrati on of
| V sub nta in the
| conventi ona

| manner.

| Test with nornal
| wheel defl ection
| (about 30% .

I
I
I
| Rol'l rate
| response.

| Ai rpl ane data

| averaged from
[multiple tests

| may be used. Test
| for both

| di rections.

| May be Snapshot
| Tests.

I

I

| Test with

| stability

| augnent ati on ON
| | and OFF.

| step input of

| approxi mately 25%
| rudder peda

| t hr ow.

I

I

IR

| Test for at |east
| 6 cycles with

| stability

| augnent ati on OFF.

IR

| My be a series
| of Snapshot
| Tests.



2 e. (1)

2 e. (2

2 e.(3)

2 e.(4)

IR

I
I
I
I
| Test froma

| M ni mum of 200
[ft. (61 Meters)

| AGL to Nosewhee

| Touchdown.

| Derotation nay be
| shown as a

| separate segnent
|[fromthe tinme of

| mai n gear

| t ouchdown.

IR

| Test froma

| M ni mum of 200
[ft. (61 Meters)
| AGL to Nosewhee
| Touchdown and
|[rollout to 60

| Kts. Use near

| mexi mum | andi ng
| wei ght with sane
| Rel ative W nd

| Profile as
|aircraft test.

IR

| Test froma

| mi ni mum of 200

[ft. (61 Meters)

| AGL to Nosewhee
| | Touchdown.

IR

| Ai rpl ane test

| dat a required,

| however, airplane
| manuf acturer's

| engi neering

| si mul ator data

| mey be used for

| reference data as
| 1 ast resort.

| Ai rpl anes with

| denonstrat ed

| m ni mum speed for
| rudder

| ef fectiveness

|+ or - 5 Kts.

| X hers, test to

| verify sinulator

| reets conditions
| denonstrat ed by



denpnstrate

2 f.(1)

| ai rpl ane
| manuf act urer.

I

I

| See paragraph 4,
| this appendi x.

| A rational e nust
| be provided with
| justification or
| results.

|
I
| Appropriate test
| to denpnstrate

| Frequency

| Response

| required.

I

I

| Appropriate test
| to denpnstrate

| Leg Bal ance

| required.

| Appropriate test
I |to

| Smoot h Turn
| Around required.

I

| Conpl i ance

| st at enent

| required. Test
| required.

:
I
| The ATG shoul d

| i ndicate the

| source of data,
|[i.e., ILS GS

| antenna | ocati on,
| pil ot eye

| reference point,

| cockpit cutoff

| angl e, etc., used
| to nake visual

| ground segnent

| scene content

| cal cul ati ons.

| Tol erance

| Exanple: [|If the



| cal cul at ed VGS

| for the airpl ane
|[is 840 ft., the
| 20% t ol erance of
| 168 ft. may be

| applied at the

| near or far end
| of the sinulator
| VGS or nmmy be

| split between

| both as long as
| the total of 168
|[ft. is not

| exceeded.

| My be required
| for recurrent
| eval uati on.

|
I
| One test is

| required in each
| axis (pitch

[ roll, and yaw)

| for each of the

| 3 conditions

| conpared to

| ai rpl ane data for
|a simlar input.

| (Total 9 tests.)

| Vi sual change may
| start before

| roti on response,

| but notion

| accel erati on nust
| occur before

| conpl eti on of

| vi sual scan of
|[first video field
| cont ai ni ng



t he

| di fferent
| i nformation.
I
IR |One test is
| required in each
| axis. (Total 3
| tests.)
I
| See Appendix 1
[Item 2. v.
I
I

IR | Test results nust
| show a conpari son
| of the anplitude
| and frequency

| | | | | cont ent of

I
I
I
I
I
I
I
I
I
I
I
I
5 b.
I
I
I

| sounds t hat

| originate from

| t he airplane or

| ai rpl ane systens.

5 c. (1) I R

5 c¢.(2)

5 c¢.(3)

I
I
I
I

-
I
I
I
I
I
I
I
I
I
| IR
I

I
I
I
I
I
IR |
I
I
I
I
I

3. CONTROL DYNAM CS. The characteristics of an airplane flight
control system have a major effect on the handling qualities. A
significant consideration in pilot acceptability of an airplane
is the "feel" provided through the cockpit controls.

Consi derable effort is expended on airplane feel systemdesign in
order to deliver a systemwth which pilots will be confortable
and consider the airplane desirable to fly. In order for a

simul ator to be representative, it too nust present the pilot
with the proper feel; that of the respective airplane. This fact
is recognized in FAR Part 121, Appendix H, Phase Il (Level C)

Si mul at or Requi rement 10, which states: "Aircraft control fee
dynam cs shall duplicate the airplane simulated. This shall be
deternmi ned by conparing a recording of the control feel dynam cs
of the sinulator to airplane neasurenents in the takeoff, cruise,
and | andi ng configuration."

Recordi ngs such as free response to an inpulse or step function
are classically used to estinate the dynam c properties of
el ectronechani cal systens. |In any case, it is only possible to



pul se

estimate the dynamic properties as a result of only being able to
estimate true inputs and responses. Therefore, it is inperative
that the best possible data be collected since close matching of
the sinmulator control |oading systemto the airplane systens is
essential. The required control feel dynamic tests dictated by
FAR Part 121, Appendix H, are described in 2.b. of the Table of
Val i dati on Tests of this section.

For initial and upgrade evaluations, it is required that contro

dynam ¢ characteristics be neasured at and recorded directly from

the cockpit controls. This procedure is usually acconplished by
nmeasuring the free response of the controls using a step or

input to excite the system The procedure nmust be acconplished
in takeoff, cruise, and landing flight conditions and
configurations.

For airplanes with irreversible control systems, neasurenments may
be obtained on the ground if proper Pitot-static inputs are

provi ded to represent airspeeds typical of those encountered in
flight. Likewise, it may be shown that for sone airplanes,
takeoff, cruise, and |anding configurations have |like effects.
Thus, one may suffice for another. |f either or both

consi derations apply, engineering validation or airplane

manuf acturer rationale nust be submtted as justification for
ground tests or for elimnating a configuration. For sinulators
requiring static and dynamc tests at the controls, special test
fixtures will not be required during initial and upgrade
evaluations if the operator's ATG shows both test fixture results
and the results of an alternative approach, such as conputer

pl ot s which were produced concurrently and show sati sfactory
agreenent. Repeat of the alternative nmethod during the initia
eval uati on would then satisfy this test requirenent.

a. Control Dynam cs Eval uations. The dynam c properties
of control systens are often stated in ternms of frequency,
danmpi ng, and a nunber of other classical nmeasurenments which can

be found in texts on control systens. |In order to establish a
consi stent neans of validating test results for sinmulator contro
| oading, criteria are needed that will clearly define the

interpretation of the nmeasurenments and the tol erances to be
applied. Criteria are needed for both the underdanped system and

t he overdanped system including the critically danped case. In
case of an underdanped systemwith very |ight danping, the system
may be quantified in terms of frequency and danmping. In

critically danped or overdanped systens, the frequency and
danping is not readily nmeasured from a response tinme history.
Therefore, sonme other neasurenment nust be used.

b. For Levels C and D Sinulators. Tests to verify that
control feel dynami cs represent the airplane nust show that the
dynam ¢ danping cycles (free response of the control) match that
of the airplane within specified tolerances. The nethod of
eval uating the response and the tolerance to be applied are



Each

descri bed bel ow for the underdanped and critically danped cases.

(1) Underdanped Response. Two neasurenents are
required for the period, the time to first zero crossing (in case
arate limt is present) and the subsequent frequency of
oscillation. It is necessary to nmeasure cycles on an individua

basis in case there are nonuniform periods in the response.

period will be independently conpared to the respective period of
the airplane control system and, consequently, will enjoy the
full tolerance specified for that period.

The danpi ng tol erance shoul d be applied to overshoots on an

i ndi vidual basis. Care should be taken when applying the

tol erance to small overshoots since the significance of such
overshoots beconmes questionable. Only those overshoots |arger
than 5 percent of the total initial displacenment should be

consi dered significant. The residual band, |abelled T(A sub d)
on Figure 1 is + or - 5 percent of the initial displacenent
anplitude A sub d fromthe steady state value of the oscillation.
GCscillations within the residual band are considered

i nsignificant. When conparing simulator data to airplane data,
the process should begin by overlaying or aligning the simulator
and airplane steady state val ues and then conpari ng anplitudes of
oscillation peaks, the tinme of the first zero crossing, and

i ndi vi dual periods of oscillation. The sinulator should show the
same numnber of significant overshoots to within one when conpared
agai nst the airplane data. This procedure for evaluating the
response is illustrated in Figure 1

(2) Critically Danped and Overdanped Response. Due to
the nature of critically danped responses (no overshoots), the
time to reach 90 percent of the steady state (neutral point)
val ue should be the sanme as the airplane within + or - 10
percent. The sinulator response should be critically danped
also. Figure 2 illustrates the procedure.

Tol er ances

The following table summari zes the tol erances, T. See Figures 1

and 2 for an illustration of the referenced neasurenents.
T(P sub 0) + or - 10% of (P sub o)
T(P sub 1) + or - 20% of (P sub 1)
T(P sub 2) + or - 30% of (P sub 2)
T(P sub n) + or - 10% n+l1l)% of (P sub n)
T(A sub n) + or - 10%of (A sub 1), + or - 20% of

Subsequent Peaks
T(A sub d) + or - 5% of (A sub d) = Residual Band
Overshoots +1

c. Al ternative Method for Control Dynamics. One airplane
manuf act urer has proposed, and the FAA accepts, an alternative
nmeans for dealing with control dynamics. The nethod applies to



ai rplanes with hydraulically powered flight controls and
artificial feel systens. |Instead of free response
measur enent s,
the system woul d be validated by neasurenments of control force
and rate of novenent.

For each axis of pitch, roll, and yaw, the control shall be
forced to its maxi num extrenme position for the follow ng distinct
rates. These tests shall be conducted at typical taxi, takeoff,
crui se, and | anding conditions.

(1) Static Test - Slowy nove the control such that
approximately 100 seconds are required to achieve a full sweep
A full sweep is defined as novenent of the controller from
neutral to the stop, usually aft or right stop, then to the
opposite stop, then to the neutral position.

(2) Slow Dynam c Test - Achieve a full sweep in
approxi mately 10 seconds.

(3) Fast Dynamic Test - Achieve a full sweep in
approxi mately 4 seconds.

NOTE: Dynami c sweeps may be limited to forces not exceeding
100 1b.

(1) Static Test - Itens 2.a.(1)(2) and (3) of this
appendi x.

(2) Dynanmic Test - 2 1b. or 10 percent on dynam c
i ncrement above static test.

The FAA is open to alternative neans such as the one described
above. Such alternatives nust, however, be justified and
appropriate to the application. For exanple, the nmethod

descri bed here may not apply to all manufacturers' systenms and
certainly not to airplanes with reversible control systens.

Hence, each case nust be considered on its own nerit on an ad hoc
basis. Should the FAA find that alternative methods do not
result in satisfactory simnulator performance, then nore
conventionally accepted nethods nust be used.

4, GROUND EFFECT. During |anding and takeoff, airplanes
operate for brief tinme intervals close to the ground. The
presence of the ground significantly nodifies the air flow past
the airplane and, therefore, changes the aerodynanic
characteristics. The close proximty of the ground inposes a
barrier which inhibits the downward flow normally associated with
the production of [ift. The downwash is a function of height
with the effects usually considered to be negligible above a

hei ght of approxi mately one wi ngspan. There are three main
effects of the reduced downwash:

a. A reduction in dowwash angle at the tail for a



conventional configuration.

b. An increase in both wing and tail lift because of
changes in the relationship of lift coefficient to angle of
attack (increase in |lift curve slope).

c. A reduction in the induced drag.

Rel ative to out-of-ground effect flight (at a given angle of
attack), these effects result in higher lift in ground effect and
| ess power required for level flight. Because of the associated
effects on stability, they also cause significant changes in

el evator (or stabilizer) angle to trimand stick (colum) forces
required to maintain a given lift coefficient in level flight
near the ground.

For a simulator to be used for takeoff and in particularly
landing credit, it nust faithfully reproduce the aerodynam c
changes which occur in ground effect. The paraneters chosen for
simul ator validation nust obviously be indicative of these
changes. The primary validation paranmeters for |ongitudina
characteristics in ground effect are:

a. El evator or stabilizer angle to trim

b. Power (thrust) required for level flight (PLF).
c. Angl e of attack for a given lift coefficient.
d. Hei ght/al titude.

e. Ai r speed.

This listing of paraneters assunes that ground effect data is
acquired by tests during "fly-bys" at several altitudes in and
out of ground effect. The test altitudes should, as a mninmm
be at 10 percent, 30 percent, and 70 percent of the airplane

wi ngspan and one altitude out of ground effect; e.g., 150 percent
of wi ngspan. Level fly-bys are required for Level D, but not for
Level C and Level B. They are, however, acceptable for al

| evel s.

If, inlieu of the level fly-by method for levels B and C, other
nmet hods such as shall ow glidepath approaches to the ground

mai nt ai ni ng a chosen paraneter constant are proposed, then
additional validation paraneters are inportant. For exanple, if
constant attitude shall ow approaches are chosen as the test
maneuver, pitch attitude, and flight path angle are additiona
necessary validation paraneters. The selection of the test
nmet hods and procedures to validate ground effect is at the option
of the organi zation perfornming the flight tests; however,
rati onal e must be provided to conclude that the tests perforned
do i ndeed validate the ground effect nodel.



The al |l owabl e | ongi tudi nal paraneter tol erances for validation of
ground effect characteristics are:

El evator of Stabilator Angle + or - 1 degree

Power for Level Flight (PLF) + or - 5%

Angl e of Attack +or -1
Al titude/ Hei ght + or - 10%
or +or -5 (1.5 m)

Ai rspeed + or - 3 Knots

Pitch Attitude + or - 1 degree

The lateral -directional characteristics are also altered by
ground effect. Because of the above-nentioned changes in |ift
curve slope, roll danping, as an exanple, is affected. The
change in roll damping will affect other dynam c nodes usually
eval uated for simulator validation. |In fact, Dutch-rol

dynam cs, spiral stability, and roll-rate for a given latera
control input are altered by ground effect. Steady headi ng

sideslips will also be affected. These effects nust be accounted
for in the sinmulator nmodeling. Several tests such as "crossw nd
| andi ng, " "one engi ne inoperative |anding," and "engine failure

on takeoff" serve to validate |ateral-directional ground effect
since portions of them are acconplished while transiting
altitudes at which ground effect is an inportant factor

Figure 1. Under-danped Step Response
[ Fl GURE NOT | NCLUDED]

Figure 2. Critically-danped Step Response
[ Fl GURE NOT | NCLUDED]

APPENDI X 3. FUNCTI ONS AND SUBJECTI VE TESTS

1. DI SCUSSI ON. Accurate replication of airplane systens
functions will be checked at each flight crewnenber position by
an FAA Sinul ator Eval uation Specialist. This includes procedures
usi ng the operator's approved manual s and checklists. Handling
qualities, performance, and sinulator systens operation will be
subj ectively assessed by an FAA Si mul ator Eval uati on Speci ali st
qualified in the respective airplane.

At the request of a PO, the Sinulator Evaluation Specialist my
assess the simulator for a special aspect of an operator's
training programduring the functions and subjective portion of a



recurrent evaluation. Such an assessnment may include a portion
of a LOFT scenario or special enphasis itenms in the operator's

training program Unless directly related to a requirenment for
the current qualification level, the results of such an

eval uation would not affect the simulator's current status.

Operational principal navigation systenms including inertia

navi gati on systens, OVEGA, or other |ong-range systens, and the
associ ated el ectronic display systens will be evaluated if
installed. The Sinmulator Evaluation Specialist will include in
his report to the PO the effect of the system operation and
system limtations.

2. TEST REQUI REMENTS. The ground and flight tests and other
checks required for qualification are listed in the Table of
Functi ons and Subjective Tests. The table includes maneuvers and
procedures to assure that the sinmulator functions and perforns
appropriately for use in pilot training and checking in the
maneuvers and procedures delineated in FAR Part 61 and FAR Part
121, Appendices E and F. It also contains tests to assure
conpliance with FAR Part 121, Appendi x H, and other regul atory
provi sions. Maneuvers and procedures are included to address
sonme features of advanced technol ogy airplanes and i nnovative
training prograns. For exanple, "high angle of attack
maneuvering" is included to provide an alternative to "approach
to stalls."” Such an alternative is necessary for airpl anes

enpl oying flight envelope linmting technology. The portion of
the tabl e addressing pilot functions and maneuvers is divided by
flight phases. Visual systens tests are |isted separately as are
speci al effects.

Al systems functions will be assessed for normal and, where
appropriate, alternate operations. Normal, abnornmal, and
enmergency procedures associated with a flight phase will be

assessed during the evaluation of nmaneuvers or events wi thin that
flight phase. Systens are |isted separately under "Any Flight
Phase" to assure appropriate attention to systenms checks.

TABLE OF FUNCTI ONS AND SUBJECTI VE TESTS  SI MULATOR LEVEL
A B C D
1. FUNCTI ONS AND MANEUVERS

a. PREPARATI ON FOR FLI GHT

(1) Preflight. Acconplish a X X X X
functions check of all switches,
i ndi cators, systens, and equi pnent at al
crewrenbers' and instructors' stations and
deternmine that the cockpit design and
functions are identical to that of the
ai rpl ane sinul at ed.

b. SURFACE OPERATI ONS ( PRE- TAKEOFF)



(1) Engine start. X X
(i) Normal start.

(ii) Alternate start
procedures.

(iii) Abnormal starts and
shut downs (hot start, hung start, ect.).

(2) Pushback/ power back. X
(3) Taxi. X X
(i) Thrust response.
(ii) Power lever friction.
(iii) Ground handling.
(iv) Nosewheel scuffing.

(v) Brake operation (normal
and al ternate/ emergency).

(vi) Brake fade (if
applicable).

(vii) Oher.
C. TAKEOFF
(1) Normal. X X

(i) Engine paraneter
rel ati onshi ps.

(ii) Acceleration
characteristics.

(iii) Nosewheel and rubber
st eeri ng.

(iv) Crosswi nd (maximum
denonstrat ed) .

(v) Special performance.
(vi) Instrunent takeoff.

(vii) Landing gear, wing flap,
| eadi ng edge device operation.



(viii) Oher.
(2) Abnornmal / Ener gency. X
(i) Rejected.

(ii) Rejected special
per f or mance.

(iii) Wth failure of npst
critical engine at nost critical point along
takeoff path (continued takeoff).

(iv) Wth wi ndshear.

(v) Flight control system
failure nodes.

(vi) Oher.
d. | NFLI GHT OPERATI ON
(1) dinb. X

(i) Normal.
(ii) One engine inoperative.
(iii) Oher.
(2) Cruise. X

(i) Performance
characteristics (speed vs. power).

(ii) Turns with/w thout
spoil ers (speed brake) depl oyed.

(iii) High altitude handling.
(iv) High speed handling.

(v) Mach tuck and trim
over speed warni ng.

(vi) Normal and steep turns.
(vii) Performance turns.
(viii) Approach to stalls (stall
war ni ng, buffet, and g-break) cruise, takeoff,

approach, and | andi ng configuration.

(ix) High angle of attack



maneuvers (crui se, takeoff, approach, and
| andi ng) .

(x) Inflight engi ne shutdown
and restart.

(xi) Maneuvering with one
engi ne i noperative.

(xii) Specific flight
characteristics.

(xiii) Manual flight control
reversion.
(xiv) Flight control system
failure nodes.
(xv) Oher.
(3) Descent. X X
(i) Normal.

(ii) Maximmrate.

(iii) Manual flight control
reversion.

(iv) Flight control system
failure nodes.

(v) Oher.
e. APPROACHES
(1) Nonpreci sion. X X

(i) Approach procedure(s),
one or nore of the follow ng.

-- NDB

-- VOR, RNAV, TACAN
-- DME ARC

-- LOC/ BC

-- LDA, LCC, SDF

-- ASR

(ii) M ssed approach.
(iii) Al engines operating.

(iv) One or nore engines
i noperative.



(2) Precision.
(i) PAR
(ii) ILS.
(A
i noper ati ve.
(O

approach

X X
Nor mal .
(B) Engine(s)
Category | published

1 Manual |y

controlled with and without flight director

to 100 ft.

(maxi mum denonstrat ed) .

(D)
approach
autothrottle, autoland.
operating m ssed approach
(B)
publ i shed approach
failure.
tailw nd.
crossw nd.
i noperative.
(iii) Mssed
(A
operating.
(B)

i noperative.

(30 m) below CAT I

m ni ma.

2 Wth crossw nd

3 W th w ndshear

Category 11

publ i shed

1 Aut ocoupl ed,

2 Al

engi nes

Category 11

1 Wt h generator

2 Wth 10 knot

3 Wth 10 knot

4 One engi ne

approach

Al'l engines

One or nore engines



(3) Visual. X X X X

(i) Abnormal wi ng
flaps/sl ats.

(ii) Wthout glide slope
gui dance.

f. VI SUAL SEGVENT AND LANDI NG

(1) Normal.
(i) Crosswi nd (maximm
denonstrat ed) . X X X
(ii) FromVFR traffic pattern. ---(Reserved)---
(iii) From nonprecision
approach. X X X
(iv) From precision approach. X X X

(v) Fromcircling approach. X X X X

NOTE: Sinulators with visual systens

whi ch permt conpleting a circling approach
wi t hout violating FAR Section 91.175(e) may
be approved for that particular circling
approach procedure.

(2) Abnornmal / enmer gency. X X X X
(i) Engine(s) inoperative.
(ii) Rejected.
(iii) Wth wi ndshear

(iv) Wth standby (m ninum
el ectrical/hydraulic) power.

(v) Wth longitudinal trim
mal f uncti on.

(vi) Wth lateral-directiona
trimmal function.

(vii) Wth loss of flight
control power (manual reversion).

(viii) Wth worst case failure
of flight control system (nobst significant
degradation of fly-by-wire systemwhich is
not extrenely inprobable).



(ix) Oher flight control
system failure nodes as dictated by training
program

(x) Oher.
g. SURFACE OPERATI ONS ( POST LANDI NG)
(1) Landing roll and taxi.
(i) Spoiler operation.

(ii) Reverse thrust operation.

(iii) Directional control and
ground handling, both with and without
reverse thrust.

(iv) Reduction of rudder
ef fectiveness with increased reverse thrust

(rear pod-mounted engi nes).

(v) Brake and anti-skid
operation with dry, wet, and icy conditions.

(vi) Brake operation.
(vii) Oher.
h. ANY FLI GHT PHASE

(1) Airplane and power pl ant
systens operation. X

(i) Air conditioning.
(ii) Antiicing/deicing.
(iii) Auxiliary powerplant.

(iv) Comunications.
(v) Electrical.

(vi) Fire detection and
suppr essi on.

(vii) Flaps/slats/speed brakes
(viii) Flight controls.
(ix) Fuel and oil.

(x) Hydraulic.



(xi)

Landi ng gear.

X X X X

(xii) Oxygen.
(xiii) Pneumatic.
(xiv) Powerplant.
(xv) Pressurization.
(2) Flight managenent and gui dance
syst ens.
(i) Airborne radar.
(ii) Automatic |anding aids.
(iii) Autopilot.
(iv) Collision avoidance
system
(v) Flight control conputers.
(vi) Flight data displays.
(vii) Flight managenent
conput ers.
(viii) Head-up displays.
(ix) Navigation systens.
(x) Stall warning/avoi dance
(xi) Stability and contro
augnent ati on.
(xii) Wndshear avoi dance
equi pnent .
(3) Airborne procedures. X
(i) Holding.
(ii) Air hazard avoi dance
(iii) Wndshear.

(4) Engine Shutdown and parking. X

operation.

(i) Engine and systens



(ii) Parking brake operation.
(5) Oher.
2. VI SUAL SYSTEM

a. Accurate portrayal of environnment X
relating to sinmulator attitudes.

b. The di stances at which runway X
features are visible should not be | ess than
those listed below. Distances are neasured
fromrunway threshold to an airplane aligned
with the runway on an extended 3 degree glide
sl ope.

(1) Runway definition, strobe
lights, approach lights, runway edge white
lights and VASI lights from5 statute niles
(8 kiloneters) of the runway threshol d.

(2) Runway centerline lights and
taxiway definition from3 statute nmiles (4.8
kil ometers).

(3) Threshold lights and touchdown
zone lights from2 statute mles (3.2
kil ometers).
(4) Runway markings within range
of landing lights for night scenes; as
required by 3 arc-mnutes resol uti on on day
scenes.

c. Representative airport scene X
content including:

(1) Airport runways and taxiways.
(2) Runway definition.

(i) Runway surface and
mar Ki ngs.

(ii) Lighting for the runway
in use including runway edge and centerline
lighting, touchdown zone, VASI, and approach
lighting of appropriate colors.
(iii) Taxiway |ights.
d. Operational |anding |ights. X

e. I nstructor controls of: X



(1) doudbase.

(2) Visibility in statute mles
(km) and RVR in feet (neters).

(3) Airport selection.

(4) Airport lighting.

f. Vi sual system conpatibility with
aer odynam ¢ programr ng. X
g. Vi sual cues to assess sink rates

and depth perception during | andi ngs.
(1) Surface on taxiways and ranps.

(2) Terrain features.

h. Dusk and ni ght visual scene
capability.
i M ni mum of three specific airport
scenes.
(1) Surfaces on runways, taxiways,
and ranps.

(2) Lighting of appropriate color
for all runways including runway edge,
centerline, VASI, and approach lighting for
the runway in use.

(3) Airport taxiway |ighting.

(4) Ranps and term nal buildings
whi ch correspond to an operator's
Line-Oriented Flight Training and Line
Oriented Sinul ator scenari os.

j- General terrain characteristics and
signi ficant | andmarks.

k. At and bel ow an altitude of 2,000
feet (610 m) height above the airport and
within a radius of 10 miles (16 kil oneters)
fromthe airport, weather representations,

i ncluding the follow ng:

(1) Variable cloud density.
(2) Partial obscuration of ground

scenes; the effect of a scattered to broken
cl oud deck.



(3) Gradual break out.
(4) Patchy fog.

(5) The effect of fog on airport
lighting.

l. A capability to present ground and
ai r hazards such as another airplane crossing
the active runway or convergi ng airborne
traffic.

m Operational visual scenes which
portray representative physical relationships
known to cause | anding illusions such as

short runways, |anding approaches over water
uphi Il or downhill runways, rising terrain on
t he approach path, and uni que topographic
features.

n. Speci al weat her representations of
[ight, nmedium and heavy precipitation near a
t hunder storm on takeof f, approach, and
| andi ngs at and below an altitude of 2,000
feet (610 m) above the airport surface and
within a radius of 10 miles (16 kil oneters)
fromthe airport.

0. Wet and snow- covered runways
i ncluding runway lighting reflections for
wet, partially obscured lights for snow, or
suitable alternative effects.

p. Real i stic color and directionality
of airport Iighting.

qg. Weat her radar presentations in
ai rpl anes where radar information is
presented on the pilot's navigation
instruments. Radar returns should correlate
to the visual scene.

r. Freedom from apparent quanti zati on
(aliasing).

3. SPECI AL EFFECTS
a. Runway runbl e, oleo deflections,
ef fects of groundspeed and uneven runway

characteristics. X

b. Buffets on the ground due to
spoi |l er/ speedbrake extension and thrust



reversal

c. Bunps after lift-off of nose and
mai n gear.

d. Buf fet during extension and

retraction of |anding gear

e. Buffet in the air due to flap and
spoi |l er/ speedbr ake extension and
approach-to-stall buffet.

f. Touchdown cues for main and nose
gear.

g. Nosewheel scuffing.
h. Thrust effect with brakes set.

i Representative brake and tire
failure dynam cs (including antiskid) and
decreased brake efficiency due to high brake
tenperatures based on airplane rel ated data.
These representations should be realistic
enough to cause pilot identification of the
probl em and i npl enentati on of appropriate
procedures. Sinulator pitch, side |oading,
and directional control characteristics
shoul d be representative of the airplane.

j- Sound of precipitation and
signi ficant airplane noises perceptible to
the pilot during nornmal operations and the
sound of a crash when the simulator is |anded
in excess of |anding gear limtations.
Si gni ficant airplane noises should include
noi ses such as engine, flap, gear, and
spoil er extension and retraction and thrust
reversal to a conparable | evel as that found
in the airplane. The sound of a crash should
be related in sonme | ogical manner to | anding
in an unusual attitude or in excess of the
structural gear linitations of the airplane.

k. Ef fects of airfrane icing.

APPENDI X 4. EXAMPLES
FI GURE 1. APPLI CATI ON LETTER

FI GURE 2. ATG COVER PAGE

X XX
X X
X X
X XX
X X
X X
X X
X X
X X
Page No
1
2



FI GURE 3. SI MULATOR | NFORMATI ON PAGE 3

APPENDI X 4. EXAMPLES (Cont' d)

Name, PO, (Operator)

Addr ess

City, State, Zip

Dear M. __ :

______ (Nane) ___~ Airlines requests evaluation of our

______ (Type)____ airplane sinulator for Level __
qualification. The __ (Nane) simulator with

______ (Nane) __ visual systemis fully defined on page

of the acconpanyi ng approval test guide (ATG. W have conpl eted
tests of the sinmulator and certify that it neets all applicable
requi renents of FAR Section 121.407 (or FAR Sections 135.335 or
125.297), FAR Part 121, Appendix H, and the gui dance of AC 120-
40B. Appropriate hardware and software configuration contro
procedures have been established. OQur pilots have assessed the
simul ator and found that it confornms to the __ ( Nane)
Airlines (Type) ai rpl ane cockpit configuration and
that the sinmulated systens and subsystens function equivalently
to those in the airplane. Qur pilots have al so assessed the
performance and flying qualities of the sinmulator and find that
it represents the respective airplane.

(Added conments as desired.)
Si ncerely,

FIGURE 1. Application Letter

OPERATOR NAME

OPERATCOR ADDRESS

FAA APPROVAL TEST GUI DE
( Al RPLANE MODEL)
(Type of Sinul ator)

(Sinmulator Identification Including Manufacturing,
Serial Nunber, Visual System Used)



(Si nmul at or

FAA I nitial Evaluation
Dat e:

Locati on)

FAA, Manager, Nationa
Si mul at or Program

FIGURE 2. Exanple ATG Cover Page

OPERATCR SI MULATOR CODE:

Al RPLANE MODEL :

AERODYNAM C DATA REVI SI ON:

ENG NE MODEL AND REVI SI ON:

FLI GHT CONTRCLS DATA REVI SI ON:

FLI GHT MANAGEMENT SYSTEM

SI MULATOR MODEL AND MANUFACTURER:

DATE OF SI MULATOR MANUFACTURE:

SI MULATOR COMPUTER:

VI SUAL SYSTEM MODEL AND
MANUFACTURER:

VI SUAL SYSTEM COVPUTER:

MOTI ON SYSTEM

BA707#1

Stratos BA707-320

BA707- 320 CPX-8D July 1988
CPX-8D- RPT-1 June 1988
BA707-320 May 1988

Berry XP

MID- 707 Ti nker

1988

Cl A

ClearView P-T
5 Channe

LBM 6

Ti nker
6 DOF

FIGURE 3. Sinulator Information Page

APPENDI X 5. W NDSHEAR QUALI FI CATI ON



1. APPLICABILITY. This appendix applies to all simulators used
to satisfy the training requirenents of FAR Part 121 pertaining
to the certificate holder's approved |ow altitude w ndshear
flight training program

2. STATEMENT OF COWPLI ANCE. A statenent of conpliance is
required to include the foll ow ng:

a. Docunents that the aerodynam c nmodel is based on airplane
data supplied by the airplane manufacturer, or other naned
source, and that any change to environnmental w nd paraneters,

i ncludi ng variances in those parameters for w ndshear conditions,
once inserted for conputation, should result in the correct
si mul at ed perfornmance.

b. Exanples where envirorunental w nd paranmeters are
currently evaluated in the sinmulator (i.e., crossw nd takeoff,
crosswi nd approach, or crosswi nd |andings, etc.).

3. QUALIFICATION BASIS. The addition of w ndshear programming
to a simulator in order to conply with the qualification for
requi red wi ndshear training does not change the origina
qualification basis of the sinmulator

4. MODELS. The wi ndshear nodels installed in the simulator
software that will be used for qualification evaluation nust:

a. Provide cues necessary for recognition of the onset of a
wi ndshear phenonmena and potential performance degradation that
would require a pilot to initiate recovery procedures. The cues
nmust include one or nore of the foll owing, as nay be appropriate:

(1) Rapid airspeed change of at |east +/- 15 knots.
(2) Stagnation of airspeed during the takeoff roll

(3) Rapid vertical speed change of at |east +/- 500
feet/per mnute.

(4) Rapid pitch change of at |east +/- 5 degrees.
b. Be adjustable in intensity (or other paranmeter to
achi eve
the desired effect) so that after encountering and recognizi ng
the wi ndshear, and with the application of recommended procedures
for escape from such a windshear, the following results may be
achi eved:

(1) The performance capability of the sinulated airplane
permits the pilot to naintain a satisfactory flightpath.

(2) The performance capability of the sinulated airplane
does not permit the pilot to maintain a satisfactory flightpath
(crash).



to

c. Be available for use in the approved wi ndshear flight
training program The nmeans used to acconplish the
"nonsurvivabl e" scenario of paragraph 4b(2), which involve
operational elements of the sinulated airplane, nust reflect
paranmeters which fall within the dispatch Iinmtations of the
ai rpl ane.

5. TESTS.

a. The operator should identify two of the required training
wi ndshear nodel s (one takeoff and one approach) to be
denonstrated for Approval Test Cuide (ATG purposes and shoul d
define the wind conponents of these two nodels for the survivable
scenario. This definition should be presented in graphica
format so that all conponents of the wi ndshear are shown,
including initiation point, variance in nmagnitude, and either
time or distance correlation as nmay be appropriate. The
si mul ator nust be operated at the same gross wei ght, airplane
configuration, and initial airspeed in both of the follow ng
situations for the two nodels selected (total of four tests):

(1) Through calmair
(2) Through the sel ected survivabl e wi ndshear

b. In each of these four situations, at an "initiation
poi nt" (that point being where the onset of w ndshear conditions
is, or would have been recogni zed, depending on the test being
run), the recommended procedures for w ndshear recovery shall be
applied, and the results shall be recorded, as specified in
par agraph 6. These recordi ngs shall be nade wi thout the presence
of progranmed random turbul ence and, for the purposes of this
testing, it is recomended, although not required, that the
simul ator be flown by neans of the sinulator's autodrive function
(for those simulators that have autodrive capability) during the

tests. Turbulence which results fromthe wi ndshear nodel is

be expected, and no attenpt may be nmade to neutralize turbul ence
fromthis source

6. RECORDI NG PARAMETERS.

a. |In each of the four ATG cases, an electronic recording
(time history) must be nmade of the foll ow ng paraneters:

(1) Indicated or Calibrated Airspeed.
(2) Indicated Vertical Speed.

(3) Pitch Attitude.

(4) Indicated or Radio Altitude.

(5) Angle of Attack.



(6) Elevator Position.

b. These recordings shall be initiated at |east 10 seconds
prior to the initiation point and continued until recovery is
conplete or ground contact is nade. For those sinulators not
capabl e of electronic recording of the above paraneters, video
recordi ngs which have been cross plotted into a tinme history
format will be considered an acceptabl e nmeans of data
presentation. |If data of sufficient resolution for elevator
position is not obtainable using this nethod of video cross
plotting, then stick position my be used. Special, tenporary
i nstrumentation readout installations nay be required to record
t hese paraneters on video tape.

7. EQUI PMENT | NSTALLATION. For those sinul ators where w ndshear
war ni ng, caution, or guidance hardware is not provided as
original equiprment with the airplane, and, therefore,
subsequent|ly added to the airplane and sinulator, a statenent of
conpliance is required stating that the simulation of the added
si mul ator hardware and/or software, including associated cockpit
di spl ays and annunci ations, functions the same or equivalent to
the system(s) installed in the airplane. This statenent shall be
supported by a bl ock diagram describing the input and out put
signal flow and conparing it to the airplane configuration

8. APPROVAL TEST CUI DE (ATG).

a. The operator must develop the statenment of conpliance,
acconplish the performance deternination and recordi ng, and
forward the resulting information to the National Sinmulator
Program Manager (NSPM) at the foll owi ng address:

Federal Aviation Administration
Nat i onal Sinul at or Program Manager, AFS-205
3400 Norrman Berry Drive
East Point, GA 30344
Tel ephone (404) 763-7773

When it is received and accepted, the NSPMwi Il return the
package to the operator with instructions to include the
information in the ATG

b. The sinulator will be scheduled for an evaluation in
accordance with normal procedures. Use of recurrent evaluation
schedules will be used to the mexi mum extent possible.

c. During the onsite evaluation, the evaluator should ask
the operator to run the performance tests and record the results.
The results of these onsite tests will be conpared to those
results previously approved and placed in the ATG

d. ATG s for new or upgraded sinmulators shall contain or
reference the information described in paragraphs 2, 4, 5, 6, and



7 of this appendix as may be appropriate for the sinulator.

9. FUNCTI ONAL EVALUATION. A sinul ator eval uation speciali st
must fly the sinulator in at |east two of the avail abl e w ndshear
scenarios to evaluate subjectively the performance of the
simulator as it encounters the progranmed wi ndshear conditions
according to the foll ow ng:

a. One scenario will include paraneters that enable the
pilot to maintain a satisfactory flightpath.

b. One scenario will include paraneters that will not enable
the pilot to maintain a satisfactory flightpath.

c. Oher scenarios may be exanmi ned at the discretion of the
si mul ator eval uation specialist.



