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TABLE OF OBJECTIVE TESTS—Continued
QPS requirements
Simulator Infarmiation Para-
Test Tolerance o gl Test detalls notes graph &
alsfc|o
Repeatabilty NIA x | % | x| x | demonstration is

required and must
be made part of
the MQTG. The
assessment pro-
cedures must be
designed to en-
sure that the mo-
tion system con-
tinues to perform
as originally quali-
fied. An example
demonstration is
described in para-
graph 7, Motion
Cue Repeatabilily.

4, Sound System [Reservad]

Begin Information

5, Control Dynamics

a. 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
cackpit controls. Considerable effort is
exge'nded on airplane feel system design in
order to deliver a system with which pilots
will be comfortable and consider the airplane
desirable to fly. In order for a simulator to be
representative, it too must present the pilot
with the proper feel; that of the respective
airplane, Aircraft control feel dynamics shall
duplicate the airplane simulated. This shall
be determined by comparing a recording of
the control feel dynamics of the simulator to
airplane measurements in the takeoff, cruise,
and landing configuration.

b. Recordings such as free response to an
impulse or step function are classically used
to estimate the dynamic properties of
electromechanical systems. In any case, it is
only possible to estimate the dynamic
properties as a result of only being able to
estimate true inputs and responses.
Therefore, it is imperative that the best
possible data be collected since close
‘matching of the simulator control loading
system to the airplane systems is essential.
The required control feel dynamic tests are
described in this attachment, This is usually
accomplished by measuring the free response
of the controls using a step or pulse input to
excite the system.

c. For airplanes with irreversible control
systems, measurements may be obtained on
the ground if proper pitot-static inputs are
provided to represent airspeeds typical of
those encountered in flight. Likewise, it may
be shown that for some airplanes, takeoff,
cruise, and landing configurations have like
effects. Thus, one may suffice for another. If
either or both considerations apply,
engineering validation or airplane
manufacturer rationale must be submitted as

justification for ground tests or for
eliminating a configuration.

(1) Control Dynamics Evaluations. The
dynamic properties of control systems are
often stated in terms of frequency, damping,
and a number of other classical
measurements which can be found in texts
on control systems. In order to establish a
consistent means of validating test results for
simulator control loading, criteria are needed
that will clearly define the interpretation of
the measurements and the tolerances to be
applied. Criteria are needed for both the
underdamped system and the overdamped
system, including the critically damped case.
In the case of an underdamped system with
very light damping, the system may be
guan(iﬁed in terms of frequency and

jamping. In critically damped or
overdamped systems, the frequency and
damping is not readily measured from a
response time history. Therefore, some othex
measurement must be used.

(2) For Levels C and D Simulators. Tests to
verify that control feel dynamics represent
the airplane show that the dynamic damping
cycles (free responss of the contral) match
that of the airplane within the specified
tolerances. An acceptable method of
evaluating the response and the tolerance to
be applied are described below for the
underdamped and critically damped cases.

d, Tolerances. (1) Underdamped Response.
(a) Two measurements are required for the
periad, the time to first zera crossing (in case
arate limit is present) and the subsequent
frequency of oscillation. It is necessary to
measure cycles on an individual basis in case
there are nonuniform periods in the
response. Each period will be independently
compared to the respective period of the
airplane control system and, consequently,
will enjoy the full tolerance specified for that
period.

(b) The damping tolerance will be applied
to overshoots on an individual basis. Care
must be taken when applying the tolerance
to small overshoots since the significance of
such overshoots becomes questionable. Only

those overshoots larger than 5 percent of the
total initial displacement will be considered
significant. The residual band, labeled T(Aq)
on Figure 1 is %5 percent of the initial
displacement amplitude A, from the steady
state value of the oscillation. Oscillations
within the residual band are considered
insignificant. When comparing simulator
data to airplane data, the process would
‘begin by overlaying or aligning the simulator
and airplane steady state values and then

comparing amplitudes of oscillation xeaks.
the time of the first zero ing, an
individual periods of oscillation. To be

satisfactory, the simulator would show the
‘same number of significant overshoots to
within one when compared against the
airplane data. This procedure for evaluating
the response is illustrated in Figure 1 of this
attachment.

(2) Critically Damped and Overdamped
Response. Due to the nature of critically
damped responses (no overshoots), the time
to reach 90 percent of the steady state
{neutral point) value would be the same as
the airplane within 410 percent. The
simulator response must be critically damped
also. Figure 2 illustrates the procedure.

{3)(a) The following summarizes the

tolerances, T. for an illustration of the
referenced measurements. (See Figures 1 and
2 of this attachment):
T(Po) £10% of Py
T(P,) £20% of Py
T(A) £10% of A
T(Ay) 5% of Au=
Qvershoots £1

(b) In the event the number of cycles
completed outside of the residual band, and
thereby significant, exceeds the number
depicted in figure 1 of this attachment, the
following tolerances (T) will apply:

T(P,) £10(n+1)% of P,, where “n” is the next
in sequence.

e. Alternative Method for Control
Dynamics. (1) An alternative means for
dealing with control dynamics applies to
airplanes with hydraulically powered flight

420% of Subsequent Peaks
Residual Band



Table  2.b.(6) ---  Under Test details:  “…. wind speed and direction vs. altitude” should be “….wind speed and direction vs. altitude and time” 

Table  2.d.(1) --- Level A and B should be deleted.
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TABLE OF OBJECTIVE TESTS—Continued
QP requirements
Simulator Information Para-
Test Tolerance oL ] Test detalls ot graph8
alelc]|o
(11) Sway .. Al least 90 inches tofal move- | N/A .. X | x
ment.
(12) Surge . At least 68 inches total move- | N/A .. x| x
ment.
b. Minimum Acceleration
(1) Pitch ., Al least B0/sec? x An SOC is required
(2) Roll ... Al least B0%/sac? .. X for 3.b,(1) through
(3) Yaw Al least 80%sec? . (6). (Applicable to
(4) Heave Al least 0.6g In each direction | NIA x il evaluations
only.) The **" in
the Simuiator
Level column ap-
plies if this DOF s,
used.
(5) Sway Al least 0.6g in each direction X
(6) Surge . At least 0.6 in each direction s
(7) Pich . At least 100%sec? % | X |AnSOC s required
(®) Roll At least 100%sec? X | x | for3n.7) through
(9) Yaw At least 100°/sec? X | X | (12). (Appicable
(10) Heave At least 0.8g in each direction X | X | tolnital evalua-
..... . tions only.)
(1) Sway Aiaast 0.6g in each direction x| x
(12) Surge . Atleast 0.6g in each direction x| x
. Minimu )
(1) Pich . Al least 20%sec x| x An SOC is required
(2) Roll . Alleast 20%sec x| x for 3.c.(1) through
(3) Yaw .. At least 20%/sec w | e (). (Appicable to
(4) Heave At least 20 in/sec .. R Initial evaluations
(5) Sway Atleast 20 in/sec . x| x only,) The **"in
(8) Surge Atleast 20 Infsec . 5|l = the Simulator
Level column ap-
plies i this DOF is.
used.
(7) Pich . At least 20° X | x |AnsoCis required
(8) Roll Atleast 20° . X | X | for3c(7) through
(9) Yaw .. At least 20° . X | X | (12) (Appicable
(10) Heave . At least 24/in sec X | X | tolnital evalua-
(11) Sway(12) Surge Al least 28/in sec X | x| tionsonly.).
At least 28/in sec x| x
d. Fraquency Response
Nol o exceed 45° 8t 4 Hz ... X | X [ X | X |Ademonstration

Phase lag

required and must
be made part of
the MQTG. linject
an acceleration
command info the
Kinematic trans-
formation equa-
tions and meas-
uring the accel-
eration output of
the motion plat-
form. The re-
spanse bandwidth
must be deter-
mined in each ap-
plicable
wransiational de-
gree of freedom.

e. Motion Cue





Table 2.e. --- Correct typo for Deceleration.
[image: image3.jpg]60344 Federal Register/Vol, 67, No. 186/Wednesday, September 25, 2002 /Proposed Rules

TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

i Simulator Information Para-
Test Tolerance Sl level el noles graph &
Als|c|o
g. Brake Fade
Damonstrate Decreased | Norie .. Takeoff or Landing .. X | X | AnSOC is required.
Braking Efficiency Due The demonstra-
1o Brake Temperature. tion must show
decreased braking
efficiency due to
brake lempera-
tura, Substan-
tiating data must
be provided,
h. Windshear
Demonstrate Windshear | See Aliachment 6 Takeoff and Landing X | X | Requires windshear | See Attachment &

Models.

models ha pro-
vide training in the
specific skills
needsd to recog-
nize windshear
phenomena and
1o execute recov-
ary procedures
Ses Attachment &
for tests, toler-
ances, and proce-
dures.

for information re-
lated (o Level A
and B simulators.

i. Envelope Protection Functions

The requirements of tests i. (1) through (6), of this attachme:

sponse to control inputs

during entry into envelope prote

. Flight test da

nt are applicable to computer
ion limi ta must be provide

controlled aifplanes anly. Time history resulls are required for simulator re-

d for both normal and non-ner

rmal control states,

(1) Overspeed . 15 Kts Alrspeed | Cruise . ; X | X |(CCA: Testin Nor-
mal and Non-nor-
mal cantrol state.).

(2) Minimum Speed ........ | 3 Kis Airspeed ‘Takeoff, Cruise, and X | X |(CCA: Test in Nor-

Approach o mal and Non-nor-
Landing. mal control state.).

(3) Load Fagtor 40,1 Normal Acceleration Takeoff and Cruise X | x| (cca: Testin Nor-
‘mal and Nor-nor-
mal contral state.).

{4) Pitch Angle .. +15° Pitoh Gruise, and Go X | X | (CCA: Testin Nar-

Avound. mal and Non-nor-
mal control state.).

{5) Bank Angle £2° or £10% Bank Approach X | X | (CCA: Testin Nor-
‘mal and Non-nor-
mal control state.).

(6) Angle of Atack ... | +1.5° AOA .. Second Segment X | X | (CCA: Testin Nor-

Climb, and Ap- ‘mal and Non-nor-
proach or Landing. mal control state.).

3. Motion System

a. Minimum Excursion

1) Pitch .. At least +40° x| x An SOG is required

At least +40° x| x for 3:a.(1) through
Al least #45° . 2 | e (6). (Applicable to
At least 40 inches total move- ol x Initial evaluations
. ment. x| x anly.) The ** in
(5) Sway At least 45 inches total move- R the Simulator
. ment. Level column ap-

(6) Surge. At least 50 inches total move- plies if this DOF is

ment. used..

(7) Pitch . At least 150° X | X |AnSOCis required

(8) Rall At least £50° X | X | for3a(n) though

(9) Yaw .. Al least 450° X | X | (12) (appicable
1 inilal evalua-
tions only.).

(10) Heave .. At least 68 inches total move- x| x

ment,




Table  2.f.(1) and (2) --- Terms Ti and Tt as defined in attachment 4 should be elaborated in a figure, with emphasis to clarify Tt.

Table  2.f.(2) --- Should be selected for Levels A, B, C and D

3. Handling Qualities --- This title should move to next page. 
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

Test

Tolerance

Flight
conditions

Simulator
level

8|c

Test details

Information
notes.

Para-
graph 6

(8) Go Aroung

43 Kis Alrspeed, +1.5° Pitch,
+1,5° Angle of Attack.

Go Around

x

x

Additionally, a Go
Avound with an
engine incperative
is required, This
test must be ton-
ducted at niear
maximum landing
weight and with
the critical engine
inoperative. (Not
required for sin-
gle-engine air-
planes.) A normal,
allengines-oper-
ating, Go Around
with the autopilot
engaged must
3lso be dem-
onstrated (if appli-
cable) at medium
fanding weight.
(CCA: Testin
Normal and Non-
normal control
state).

(7) Directional Control
(Rudder Effectiveness)
with symmetric reverse.
thrust.

2 degisec yaw rate ..

On Ground

Record results from
2 speed approxi-
‘mating touchdown
speed to the min-
imum thrust re-
verser operation
speed. Airplane
manufacturer’s
engineering simiu-
lator data may be
considered as an
allemative. Yaw
control is applied
in both directions
untl reaching min-
imum thrust re-
verser operation
speed.

(8) Directional Control
(Rudder Effectiveness)
with asymmetric re-
verse thrust,

45 knots

On Ground .

Maintain heading
with yaw control,
Record results
from a speed ap-
proximating touch-
down spaed to 3
speed at which
control of yaw
‘cannot be main-
tained. The toler-
ance applies lo
this lower speed.
Airplane manufac-
turer's engineering
simulator data
may be consid-
ered as an alter-
native.

f. Ground Effect

Demonstrate Longitudinal
Ground Effect.

#1° Elevator or Stabiizer
Angle, and 5% Net Thrust
or Equivalent, and £1° Angle
of Attack, and +10% Height!
Altude or 5 ft (1.5 m), and
3 Knols Airspeed, and #1°
Pitch Alitue,

Landing

The Ground Effect
model must ba
validated by the
test selected and
a rationale must
be provided for
selecting the par-
ticular test.

The test selected for
validation is at the
option of the
sponsor. See
paragraph 6,
Ground Effect, in
this attachment for
additional informa-
ton

Yes.




For simulators requiring Static or Dynamic tests …..       …….with reversible controls.  This information should be moved to page 60331, paragraph b. Discussion.

Table  3.a.(3) --- “CCA: Position vs. force not required …. “ should be added in Test details. Fly-by-wire rudder system  exists now.
Table  3.a.(5) --- Deadband tolerance of +/-0.5 deg is unrealistically too tight. Should be increased to +/-2 deg.
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements
Simulator Information Para-
Test Tolerance con L) Test detalls o graph &
8
... | 43 Kis Airspeed, £15° Pitch, | Landing .. X Record resuls from | Derotation may be | Yes.
+1.6° Angle of Altack, +10% aminimum of 200 | shown s a sepa-
or £10 1 (3 m) Alitude, Ad- i (61m) AGL lo rate segment from
ditionally, for those simula- nose-wheel louch- | the fime of MLG
tors of airplanes with revers- down, Resulls touch down.
ible fight control system: with medium,
StickiColumn Force £10% or light, and near
£5 1bs (£2.2 daN). maximum landing
weights must be
shown. (CCA:
Test in Normal
and Non-normal
control state).
(2) MinimumiNo Flap +3 Kis Airspeed, 415° Pitch, | Minimum Cerlified x Record results from | Derotation may be
Landing. +1.5° Angle of Attack, +10% | Landing Flap Con- aminimum of 200 | shown as @ sepa-
or 10 i (3 m) Alltude. Ad- | figuration. (61 m) AGL to rate segment from
ditionally, for those simula- nosewheel touch- | the time of MLG
tors of airplanes wilh revers- down with air- touch down.
ible fiight conirol system: plane at near
Stick/Column_Force, +10% Maximum Landing
or 5 Ibs 9/22 daN). Weight.
(3) Grosswind Landing ... | £3 Kt Airspeed, +1.5° Pitch, | Landing . x| x Record resuls from Yes
+1.5° Angle of Attack, +10% a minimum of 200
or 410 ft (3 m) Alitude, +2° fL(61m) AGL,
Bank Angle, £2° Sideslip through
Angle. Additionally, for those nosewheel touch
simulators of airplanes vith down, 1o 50% of
reversible flight control sys- Vi Speed. Use
tems: Wheel force, £10% or maximum dem-
£3 Ib (1.3 daN) and Rudder onstrated cross-
pedal force, +10% or 25 Ib wind if available. If
(2.2 daN), not avallable use
20Kts.
(4) One Engine Inoper- | £3 Kis Airspeed, £1.5° Pitch, | Landing .. x| x Record resulls from .| Yes.
ative Landing (Not re- | +1.5% Angle of Attack, +10% a minimum of 200
quired for Single-en- Alttude or +10 f (3 m), £2° (61 m) AGL,
gine airplanes.). Bank Angle, £2° Sideslip through
Angle. nosewheel touch
down, to 50% of
Vir speed.
(5) Autoland (if applica- | £5 t (1.5 m) Flare Height, 0.5 | Landing .. X Record Lateral Devi- | This test is not a
ble) sec T, =140 fumin (7 m/ alion and continue | substilute for the
sec) Rale of Descent al 1o Autopilot dis- Ground Effects.
Touch-down, +10 ft (3 m) connec. test raquirement.
Lateral Deviation from Max-
imum  demonstrated cross-
wind (autoland) deviation.




Table  3.b.(1), (2) and (3) --- Paragraph 3 should be 5 under Information notes.
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i TABLE OF OBJECTIVE TESTS—Continued

k\" QPS requirements
Simulator information Para-

Flight level notes raph 8
conditions Test details grap
AlBl|ec|D

Test Tolerance

(3) Roll Response to +10% or +2%/sec. roll rale ..... | ApproachorLand- | X | X | X | X |Record from initi- Yes,

Cackpit Rall Controller ing. ation of roll
Step Input. through 15 sac-
onds after control
is retumed o neu-
tral and released.
After the roll rate
is established, the
controfier is re-
turned to neutral
and the remaining
response is ta be
“hands-off."
(CCA: Test in
Normal and Non-
normal control
state).

(4) Spiral Stabillty ........ | £2° Bank or £10% in 20 sec- | Cruise o % | x| x| x| Record resuts for
onds. Bank must ba in the both directions.
proper direction. Airplane data
averaged from
multiple tests may
be used. (CCA:
Test in Non-nor-
mal control state).

(5) Engine Inoperative | +1° Rudder angle or +1° Tab | Second Segment X | x| X | X |May be Snapshot
Trim. angle or equivalent pedal, |  Climb, and Ap- Tests.
42° Sideslip angle. proach or Landing.

(6) Rudder Response ... | 2%/sec. o +10% Yaw Rate ... | ApproachorLand- | X | X | X | X |Record resultsfor | ...
4 ing. stability aug-

mentation system
@ ON and OFF. A

rudder step input
of 20%-30% rud-
der pedal throw is
used, (CCA: Test
in Normal and
Non-normal con-
trol state).

(7) Dutch Rall, (Yaw 0.5 sec. or +10% of period, | Cruise, and Ap- X | X | x| x |Record resuls for at
Damper OFF). +10% of tine to % or dou- | proach or Landing, least & cycles with
ble ampliude or £02 of stabillty aug-
damping rallo, £20% or +1 mentation OFF.
sec. of time differance be- (CCA: Testin
twean peaks of bank and Non-normal con-
sideslip. ol state).

(8) Steady State Sidesllp | For given rudder position +2° | Approach orLand- | X | X | X | X | Propeller driven air-
Bank, £1° Sideslip, +10% or ing. planes must test
2° Aileron, +10% or #5° in each direction.
Spoiler or equivalent wheel May be a series
posilion or force. Addition- of shapshot test
ally, for those simulators of results using at
airplanes  with  reversible Ioast two rudder
fiight control systems: Wheel positions.

force, ¥10% or %3 Ib (1.3
daN), and Rudder pedal
force, +10% or £5 Ib (22
daN).

e. Landings




 Table  3.b.(3) --- “CCA: Test not required …..” should be added. Fly-by-wire rudder system exits now.
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

Test

Tolerance

Flight
conditions

Simulator
level

Test details

Information
notes

Para-
araph 8

(8) Longitudinal Static
Stabilty.

45 Ib (£2.2 daN) or +10% Col-
umn Force or Equivalent
Surface Position

‘Appraach

Record results for at
least 2 speeds
above and 2
speeds below trim
speed. May be
series of shapshot
test resuls. (CCA:
Test in Normal or
Non-normal con-
ol stata),

Yes

(9) Stick Shaker, Air-
frame Buffet, Stall
Speeds.

43 Kis Airspeed, +2° Bank for
speeds higher than stick
shaker or inital buffet, Air-
planes with reversible flight
conirol systems, +10% or £5
Ib (2.2 daN)) Stick/Column
force.

Second Segment
Climb, and Ap-
proach or Landing.

Record the stall
warning signal
and buffet on-set,
i applicable. The
signal must ocour
in the proper rela-
tion 1o buffeUstall.
Airplanes exhib-
ting a sudden
pitch atiude
change or ‘g
break” must dem-
onstrate this char-
acteristic, (CCA:
Test in Normal
‘and Non-normal
control state),

(10) Phugoid Dynarmics ..

+10% of Period, +10% of Time
1o %% or Double Amplitude or
£02 of Damping Ratio.

The test must in-
clude whichever is
less of the fol-
lowing: Three full
cycles (six over-
shoots after the
input is com-
pleted), or The.
number of cycles
sufficient to deter-
mine time {0 ¥ or
double amplitude.
(CCA: Testin
Non-normal con-
rol state),

(1) Short Period Dy-
namics.

#1.5° Pitch or 42°isec. Pitch
Rate, £0.10g Acceleration.

Gruise ..

(CCA: Testin Nor-
‘ma and Norvnor-
mal cantrol state).

d. Lateral Directional

(1) Minimum Contro!
Speed, Air (Vines), pOr
Applicable Airworthi-
ness Standard or Low
Speed Engine Inoper-

ative Handling Charac-

teristics in Al

Takeoff o Landing
(Whichever is
most critical in the
airplane).

(CCA: Test in Nor-
mal or Non-nor-
mal control state).

Low Speed Engine
Inoperative Han-
diing may be gov-
emed by & per-
formance or con-
tral limit that pre-
vents demonstra-
tion of Vipe, in fhie
conventional man-
ner.

(2) Roll Respanse (Rate)

410% Roll Rate or + 27/sec.
Additionally, for those
Ulators of airplanes with re-
varsible flight control sys-
tems: wheel farce £10% or
=3lb (1.3 daN).

Cruise, and Ap-
proach or Landing,

Record results for
normal wheel de-
flection (about
30%)




Table  3.c.(4) --- Second Segment Climb should be deleted under Flight conditions.

Also in Test details: Typo – CAA should be CCA.

Table  3.c.(6) --- Tolerance: +/-1 deg Pitch Control (Stab and Elev). Please clarify application of this tolerance. Does it mean +/-1 deg on Stab and no tolerance on Elev, or no tolerance on Stab and +/-1 deg on Elev, or split tolerance (say) +/-0.5 deg on Stab and +/-0.5 deg on Elev? Which is correct?  
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

Test

Tolerance

Flight
conditions

Simulator
level

c

Test details

Information
notes

Para-
greph 8

(3) SpoileriSpeedbrake
Change Dynamics.

3 Kis Airspead, 100 ft (30
m) Altiude, 20% or +1.5°
Pitch.

Cruise

X

Recard the uncan-
trolled free re-
sponse from 5
‘seconds before
the configuration
change is initiated
10 15 seconds
after the configu-
ration change is
completad. (CCA:
Test in Normal
and Non-normal
control state),

(4) Gear Change Dynam-
ics.

£3 Kis Airspeed, £100 ft (30
m) Altitude, 420% or +1.5°
Pitch,

Takeoff, Secand
Segment Climb,
and Approach.

Record the time his-
tory of uncon-
rolled free re-
sponse for a time
increment from 5
seconds before
the canfiguration
change is iniliated
o0 15 seconds
after the configu-
ration change is
completed. (CAA:
Test in Normal
and Non-normal
control state).

(5) Allemate Landing
Gear and Altemate
Flap/Siat Operating
Times.

41 second or £10% of Time ....

Takeaff and Ap-
proach.

Record all data
throughout full
range. Record ex-
tension and re-
traction for alter-
nale flap oper-
ation. Record ex-
tension only for al-
temate gear oper-
ation. Tabular
data from produc-
tion airplanes are
acceptable.

Intermediate incre-
ment times are
not required.

Yes.

(6) Longitudinal Trim

+1° Pitch Control (Stab and
Elev.), +1° Pitch Angle, £5%
Net Trust or Equivalent.

Cruise, Approach,
and Landing

May be Snapshot
Tests. (CCA: Test
in Normal and
Non-normal con-
ol state).

Yes,

(7) Longitudinal Maneu-
vering Stabilty (Stick
Forcelg).

25 b (+2.2 daN) or £10% Col-
umn Force or Equivalent
Surface Pasition,

Crise, Approach,
and Landing.

Record results for
approximately 20°
and 30° of bank
for approach and
fanding configura-
tions. Record re-
sults for approxi-
mataly 20°, 30°,
and 45° of bank
for the cruise con-
figuration. May be
a series of
shapshot test re-
sulls. (CCA: Test
in Normal and
Non-normal con-
rol state).
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

Test

Tolerance

Fiight
canditions

Simulator
fevel

B¢

Test dtails.

Information
notes

Para-
graph 8

(2) Roll Control

=10% of fime for fist zero
crossing, and +10 (n£1)% of
period thereafter, £10% am-
pitude of first overshool,
£20% of ampitude of 2nd
and subsequent overshoots
greater than 5% of nitial dis-
placement (A, 1 over-
shoot.

Takeoff, Cruise, and
Landing.

x

Data must show
normal control dis-
placement in both
directions. Toler-
ances apply
against the abso-
lute values of
‘each period (con-
sidered independ-
ently). Normal
controf displace-
ment for this test
s 25% 10 50% of
full throw. CCA:
Test not required
if cockpit con-
troller is installed
in the simulator.

" is the sequential
period of & full
cycle of oscilla-
tion, Refer to
paragraph 3 of
this attachment for
more information

(3) Yaw Control

£10% of time for first zero
crossing, and +10 (n£1)% of
period thereafter, +10% am-
pliude of first overshoot,
£20% of amplitude of 2nd
and subsequent overshoots
greater than 5% of inilial dis-
placement (Aj), 1 over
shoot

Takeofl, Cruise, and
Landing.

Data must show.
‘normal control dis-
placement in both
directions. Toler-
ances apply
against the abso-
lute values of
each period (con-
sidered independ-
ently). Normal
control displace-
ment for this test
is 25% to 50% of
full throw,

‘n" is the sequential
period of a full
cycle of oscilla-
tion. Refer to
paragraph 3 of
this attachment for
more information

(4) Small Control Inputs

£20% Body Rales ...

Cruise and Ap-
proach,

This test is applica-
ble in all three
axes. Small con-
ol inputs are 5%
of total travel.

c. Longitudinal ...

(1) Power Change Dy-
namics,

43 Kis Airspeed, +100 fl (30
m) Altitude, 20% or 1.5°
Pitch.

Approach ..

Wing flaps must re-
main in the ap-
praach position.
Record the uncan-
troled fraa re-
sponse from 5
seconds befors
the power change
is initiated to 15
seconds after the
power change is
completed. (CCA:
Testin Normal
and Non-normal
control state.).

(2) FlapiSiat Change Dy-
namics.

+3 Kis Airspeed, +100 ft (30
m) Alltude, £20% or +1.5°
Pitch

Takeoff, and Ap-
proach.

Record the uncor-
trolled free re-
sponse from 5
seconds before
the configuration
change is inltiated
1015 seconds
afier the configu-
ration change is
completed. (CCA:
Test in Normal
and Non-normal
control state).




Table  3.d.(3) --- Delete “cockpit” under Test.

Table  3.d.(6) --- Under Test: Add Yaw Damper ON and OFF.

Table  3.d.(7) --- Delete Level A, not in AC 120-40C.
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TABLE OF OBJECTIVE TESTS—Continued
\, GPS requirements
Simulator Information Para-

Flight level i notes raph 8
conditions. Test details 9
aflc|p

Test Tolerance

(6) Pitch Trim Callbration | 0.5° of Computed Trim Angle, | Ground and Go x| x | x | x | Trimrate must be
(Indicator vs, Com- +10% Trim Rate. Avound. checked using the
puted) and Rate. pilot primary trim

control (ground)
and using the
autopilot or pilot
primary trim con-
trol in flight at go-
around flight con-
ditions.

(7) Alignment of Power | £5° of Power Lever Angle ..... | Ground .. % | x| x| x |Reguires recording | ...
Lever Angle vs. Se- for all engines. No
Iectad Engine Param- simulator throttie
eter (.. EPR, Ny, position may be
Tarque, elc). more than 5° (in

sither direction)

from the airplanie
throttie position,

Also, no simulator

throtle position

may differ from
any other simu-
lator throtle posi-
tion by more than

5. Where power

levers do not have

angular travel, a

tolerance of 0.8

in (2 cm) applies.

In the case of pro-

peller powered

airplanes, if a pro-

peller lever is
present, it must
also be chacked.

May be a series
of shapshot test
results.

(8) Brake Pedal Position | 45 Ib (2.2 daN) or 10% Force, | Ground . x | x | x | x |Hydraulic system s | e
vs. Force and Brake +150 psi (1.0 MPa) or +10% pressure must be
System Pressure. Brake System Pressure. related to pedal
position through a
ground static test.

b. Dynamic Control Chacks

£10% of time for first zero | Takeoff, Cruise, and X | X |Datamustshow [ " is the sequential
crossing and £10 (n=1)% of |  Landing, normal control dis- | period of a full
period thereatter, +10% am- placement in both | cycle of oscilla~
plitude of first overshoot, directions. Tofer- | tion. Refer to
220% of amplitude of 2nd ances apply paragraph 3 of
and subsaquent overshoots against the abso- | Ihis attachment for
greater than 5% of initial dis- lule values of mors infarmation
placement (Ay), +1 over- sach period (con-
shaot. sidered independ-
enlly). Normal
control displace-
‘ment for this test
is 25% 0 50% of
full throw. CCA:
Test not required
if Gockpit con-
troller is installed
in the simulatar.

(1) Pitch Conirol
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements.

) Simuator Information Para-
Test Tolerance oHgm fevel Test details notas araph 8
B ]c|D
For simulators requir-

ing Static or Dynamic

tests at the controls (1.

column, wheel, rudder

pedal), special test fix-

ures wil not be required

during initia or upgrade

evaluations f the spon-

sor's QTG/MQTG shows

both test fixlure results

and the resuls of an al-

temative approach, such

25 computer plots pro-

duced concurrently, that

show saisfaclory agree-

ment. Repeat of the al-

ternaiive mathod during

the iniial or upgrade

evaluation would then

salisfy this test require-

ment. For inial and up-

grade evaluations, the

control dynamic charac-

{eristics must be meas-

ured at and recorded di-

rectl from the cackpit

controls, and must be ac-

complished in takeof,

crulse, and landing fight

conditions and configura-

tions. Contact the NSPM

for clarfication of any

ssue regarding airplanes

with reversible controls

a. Static Control Chacks

(1) Column Position vs. | Breakout: 2 b (09 daN). | Ground .. X | % | % |Record resuts for Yes.
Force and Surface Po- | Force: £10% or 25 Ib (2.2 an unintemupled
siion Calibration. daN) and £2° Elevalor. control sweep to

the stops. CCA:
Posilion vs. force
ot required if
cockpil controller
is installed in the
simulator.

(2) Wheel Postion vs. | Breakout: %2 b (0.9 daN). | Ground . x | x | x| Record resuts for Yes
Force and Surface Po- | Force: £10% or 23 Ib (13 an uninterrupled
sition Calibration. daN) and +1° Aferon, £3° control sweep to

Spoiler Angle. the stops. CCA:
Posilion vs, force
ol required If
cocipil contraller
is installed in the
simulator.

(3) Rudder Pedal Posi- | Breskout: 25 b (22 daN). | Ground . X | % | X |Record resuls for
ion vs. Force and Sur- | Farce +10% or &5 b (22 an unintermipted
face Position Callbra- | dan) and £2° Rudder Angle. contral sweep o
tion. the stops.

(4) Nosewhee! Steering | Breakout: 22 [b (0.9 daN). x | x | x |Record results of an
Force & Posttion. Force: £10% or 43 Ib (1.3 uninterupted con-

dan) and 2¢ Nosewhael irol sweep to the
Angle. stops.

(5) Rudder Pedal Steer- | £2° Nosewheel Angle, 0.5 | Ground . X | X | X |Record resus of an Yes.

ing Callbration. Deadband. uninterrupted con-
irol sweep to the
stops.




Table  3.e.(6) --- These are two tests, and should be listed as two separate tests.
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements.

Test

Tolerance

Flight
condltions

Simulator.
level

AlB]c

Test detalls

Information
notes

Para-
greph &

(2) Deceleration Time
and Distance, using re-
verse thrust and no
whee! brakes.

5% Time and the smalier of
£10% or £200 ft (61 m) of
Distance.

Landing, Dry Run-
way.

x| x|x

Record lime and
distance for at
least 80% of the
total demonstrated
reverse thrust
segment. Data on
the position of
ground spollers,
(including method
of deployment, i
used) must be.
provided. Eng-
neering dala may
be used for the
medium and light
gross waight con-
ditions.

Data is required for
medium, light, and
near maximum
fanding gross
weights.

Yes.

(3) Deceleration Dis-
tance, using wheel
brakes and no reverse
thrust

+10% of Distance or 2200 ft
(81 m)

Landing, Wet Run-
way.

The FAA-approved
AFM data or FAA
accepled ground
handing model
calculations are
permissible.

(4) Deceleration Dis-
tance, using wheel
brakes and o reverse
thrust.

+10% of Distance
(61 m).

or 200 ft

Landing, ley Run-
way.

The FAA-approved
AFM data or FAA
accepted ground
handiing model
calculations are
permissible.

f. Engines

(1) Acceleration .

0% T, 410% T .

Approach o landing

Record engine
power (Ni. Ny,
EPR, Torque,
elc) from idie to
go-around power
for a rapid (slam)

throttle movement.

(2) Deceleration .

3. HANDLING QUALITIES

+10% Tu £10% T,

Ground/Takeoft

Record engine
power (Ni, Ny
EPR, Torque,
etc.) from Max T/
O power to 90%
decay of Max T/O
power for a rapid
(stam) throttle
movement.

Yes.




Table  3.g. --- This is a demonstration test. It does not belong in Table of Objective Tests. It should be moved to Attachment 1, like other demonstration tests.

Table  3.h. --- Tolerance required in Attachment 6 should be written in Tolerance column.

Table  3.i --- Distinction should be made for those tests that are not necessary if airplane flight control computers are used in simulator.

Table  3. Motion System --- This table number should be 4, and  subsequent tables should be changed accordingly.

Comments on  proposed requirements:

 - What deficiencies in training have been recorded, as track record, for the currently qualified simulators that highlight insufficiency in the AC 120-40B motion system requirements?  

- Justify the proposed minimum excursion, acceleration and velocity ranges. How do these compare to a typical current Level C motion system?

- What is the added training value by ‘higher’ proposed minimum requirements?

- From motion system point of view, the requirements for Levels C and D seem unbalanced. The requirements for surge, heave, pitch, roll and yaw can (generally) be met using a motion system with 60-inch stroke actuators. Sway of 90 inches total operational excursion requires a system with approximately 72-inch actuators.

- Increased foot-print of motion system meeting proposed requirements will limit use of some of existing facilities.- All SOCs, in view of objective tests, are redundant. Table  3.d ---  Under Test details: MQTG should read as QTG and MQTG.  Also there is typo – Iinject should be Inject.

Table  3.e --- Motion cue repeatability being a subjective demonstration should be moved to Attachment 1.
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TABLE OF OBJECTIVE TESTS—Continued
'\%/ QPS requirements
information
Test Tolerance s Test datails notes

(2) One engine Inoper-
alive Second Segment
Climb.

3 Kis Airspeed, £5% or £100
FPM (0.5 m/Sec) Climb
Rale, but not less than the
FAA-Approved Airplane
Flight Manual (AFM) Rate of
Climb.

Second Segment

Climb with one:
‘enging inoperative.

x

Record results at
airplane limiting
canditions of
weight, alttude, &
temperature. Man-
ufacturer’s gross
climb gradient
may be used for
flight tes! data.
May be a Snap-
shot Test.

(3) One Engine Inoper-
ative En route Climb,

+10% Time, +10% Distance,
+10% Fuel Used.

En route Glimb

Record results for at
least a 5000 ft
(1550 m) climb
segment. Ap-
proved Perform-
ance Manual data
may be used.

(4) One Engine Inoper-
ative Approach Climb

43 Kts Airspeed, 45% or £100
FPM (05 miSec) Climb

Approach Climb

‘With One Engine

Record results at
not less than 80%

(if Approved AFM re- Rate. but ot fess than the | Inoperalive, of the FAA-certifi
quires specific per- Approved AFM  Rate of cated maximum
formance in icing con- | Climb. Janding weight.
ditions). Manufacturer's
gross clmb gra-
dient may be used
for flight test data,
May be a Snap-
shol Test.
d. Cruise
(1) Level Acceleration | £5% Time Cruise .. Record resulls for a

‘and Decaleration.

minimum of 50
Kts speed change.

(2) Gruise Performance ..

05 EPR 5% of Ny and Na,
£5% of Torque, +5% of Fuel
Flow.

May be a Snapshot
Test; however, a
minimum of 2
consecutive snap-
shots with a
spread of at least
5 minutes will be
required.

©. Ground Deceleeration

(1) Deceleration Time
‘and Distance, using
manual application of
wheel brakes and no
reverse thrust.

5% of Time. For distance up
to 4000 ft (1220 m); £200 ft
(61 m) or +10%, whichever
is smaller. For distance
greater than 4000 ft (1220
m); 45% of distance,

Landing, Dry Run-
way.

Record time and
distance for at
least 80% of the
segment from
touch down to ful
stop. Data on
brake system
pressure and po-
sition of ground
spollers (including
method of deploy-
ment, if used)
must be provided.
Engineering data
may be used for
the medium and
light gross weight
conditions,

Data is required for
medium, light, and
near maximum
fanding gross
weights.
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TABLE OF OBJECTIVE TESTS—Continued

QPS requirements

Test

Tolerance

Flight
conditions

Simulator
level

El

Test delails

Information
notes:

Para-
araph 8

(6) Grosswind Takeoff ...

3 Kis Arspeed, +1.5° Pitch,
£1.5% Angle of Attack, £20 ft
(6 m) Altiude, +2° Bank and
Sideslip Angle. Additionally,
for those simulators of air-
planes with reversible fight
control systems: Stick/Col-
umn Force; +10% or +5 Ib
(22 daN); Whesl Force;
+10% or 23 Ib (1.3daN); and
Rudder Pedal Force; £10%
or 25 Ib (2.2 daN).

Ground/Takeoff and
First Segment
Climb,

X

Record takeoff pro-
file from brake re-
lease to at least
200t (61 m)
AGL. Requires
test data, includ-
ing information on
wind profile (ie.,
wind speed and
direction vs. alli-
tude), for a cross-
wind component
of at least 20 Kis.,
but not more than
the maximum (or
maximum dem-
onstraled) cross-
wind for the air-
plane.

(7) Rejected Takeoff

45% Time or +1.5 sec; £7.5%
‘Distance or £250 t (£76 m.

Ground(Takeoff

Record time and
distance from
brake application
1o full stop, The
airplane must be
at or near the
maximum takeoff
gross weight. Use
maximum braking
effort, auto or
manual.

Autobrakes wil be
used where appli-
cable,

Yes.

(®) Dynamic Engine Fail-
ure After Takeoff.

£20% Body Rates ...y

1st Segment Climb

Engine failure speed
must be within £3
Kis of airplane
dala. Record
Hands Off from 5
secs. before 105
secs. after engine
failure o
30°Bank, which-
ever occurs first,
and then Hands
On until wings
level recovery.
Engine failure
may be a snap
deceleration 1o
idls. (CCA: Test
in Normal AND
Non-normal can-
trol state),

Far safely consider-
ations, airpiane
fight test may be
performad out of
ground effect at a
safe alltude, but
wilh correct air-
plane configura-
tion and airspeed

c. Climb,

(1) Normal Ciimb

3 Kis Alrspeed, 5% or +100
FPM (05 miSec) Climb
Rale.

All Engines Oper-
ating..

Record resuls at
nominal climb
speed and at
nominal alitude:
Manufacturer's
gross cimb gra-
dient may be used
for fight test data
May be a Snap-
shot Test




Begin Information

5. Control Dynamics

a. 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. Considerable effort is

expended on airplane feel system design in

order to deliver a system with which pilots

will be comfortable and consider the airplane

desirable to fly. In order for a simulator to be

representative, it too must present the pilot

with the proper feel; that of the respective

airplane. Aircraft control feel dynamics shall

duplicate the airplane simulated. This shall

be determined by comparing a recording of

the control feel dynamics of the simulator to

airplane measurements in the takeoff, cruise,

and landing configuration.

b. Recordings such as free response to an

impulse or step function are classically used

to estimate the dynamic properties of

electromechanical systems. In any case, it is

only possible to estimate the dynamic

properties as a result of only being able to

estimate true inputs and responses.

Therefore, it is imperative that the best

possible data be collected since close

matching of the simulator control loading

system to the airplane systems is essential.

The required control feel dynamic tests are

described in this attachment. This is usually

accomplished by measuring the free response

of the controls using a step or pulse input to

excite the system.

c. For airplanes with irreversible control

systems, measurements may be obtained on

the ground if proper pitot-static inputs are

provided to represent airspeeds typical of

those encountered in flight. Likewise, it may

be shown that for some airplanes, takeoff,

cruise, and landing configurations have like

effects. Thus, one may suffice for another. If

either or both considerations apply,

engineering validation or airplane

manufacturer rationale must be submitted as

justification for ground tests or for

eliminating a configuration.

(1) Control Dynamics Evaluations. The

dynamic properties of control systems are

often stated in terms of frequency, damping,

and a number of other classical

measurements which can be found in texts

on control systems. In order to establish a

consistent means of validating test results for

simulator control loading, criteria are needed

that will clearly define the interpretation of

the measurements and the tolerances to be

applied. Criteria are needed for both the

underdamped system and the overdamped

system, including the critically damped case.

In the case of an underdamped system with

very light damping, the system may be

quantified in terms of frequency and

damping. In critically damped or

overdamped systems, the frequency and

damping is not readily measured from a

response time history. Therefore, some other

measurement must be used.

(2) For Levels C and D Simulators. Tests to

verify that control feel dynamics represent

the airplane show that the dynamic damping

cycles (free response of the control) match

that of the airplane within the specified

tolerances. An acceptable method of

evaluating the response and the tolerance to

be applied are described below for the

underdamped and critically damped cases.

d. Tolerances. (1) Underdamped Response.

(a) Two measurements are required for the

period, the time to first zero crossing (in case

a rate limit is present) and the subsequent

frequency of oscillation. It is necessary to

measure cycles on an individual basis in case

there are nonuniform periods in the

response. Each period will be independently

compared to the respective period of the

airplane control system and, consequently,

will enjoy the full tolerance specified for that

period.

(b) The damping tolerance will be applied

to overshoots on an individual basis. Care

must be taken when applying the tolerance

to small overshoots since the significance of

such overshoots becomes questionable. Only

those overshoots larger than 5 percent of the

total initial displacement will be considered

significant. The residual band, labeled T(Ad)

on Figure 1 is 5 percent of the initial

displacement amplitude Ad from the steady

state value of the oscillation. Oscillations

within the residual band are considered

insignificant. When comparing simulator

data to airplane data, the process would

begin by overlaying or aligning the simulator

and airplane steady state values and then

comparing amplitudes of oscillation peaks,

the time of the first zero crossing, and

individual periods of oscillation. To be

satisfactory, the simulator would show the

same number of significant overshoots to

within one when compared against the

airplane data. This procedure for evaluating

the response is illustrated in Figure 1 of this

attachment.

(2) Critically Damped and Overdamped

Response. Due to the nature of critically

damped responses (no overshoots), the time

to reach 90 percent of the steady state

(neutral point) value would be the same as

the airplane within 10 percent. The

simulator response must be critically damped

also. Figure 2 illustrates the procedure.

(3)(a) The following summarizes the

tolerances, T, for an illustration of the

referenced measurements. (See Figures 1 and

2 of this attachment):

T(P0) 10% of P0

T(P1) 20% of P1

T(A) 10% of A1, 20% of Subsequent Peaks

T(Ad) 5% of Ad = Residual Band

Overshoots 1

(b) In the event the number of cycles

completed outside of the residual band, and

thereby significant, exceeds the number

depicted in figure 1 of this attachment, the

following tolerances (T) will apply:

T(Pn) 10(n+1)% of Pn, where ‘‘n’’ is the next

in sequence.

e. Alternative Method for Control

Dynamics. (1) An alternative means for

dealing with control dynamics applies to

airplanes with hydraulically powered flight
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