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HILITARY SPECIFICATION -
FLYIRG QUALITIES OF PILOTED AJRPLANES

This specification 1s approved for use by all
Departments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scoppe. This specification contains the requirements for the f'lyineg and
handling qualities, in flight and on the ground, of U.S. Military, manned,.
piloted airplanes except for flight at airspeeds below V.., (MIL-F-83300}.
is jntended to assure flying qualities that provide adequate mission
performance and flight safety regardiess of design implementation or flicht

control systean mechanization. The structure of the.specification allows {ts

use to guide these aspects in design tradeoffs, analyses and tests,

1t

1.2 Application. The flying qualities of all airplanes proposed or contracted
for shall be in accordance with the provisions of this specification. The
requirements apply as atated to the combination of airframe and related
subsystems, Stability augmentation and control augmentation are specifically
to be included when provided in the airplane. The automstic flight control
system 13 also to be considered to the extent stated in MIL-F-9490 or
MIL-C~18248, whichever applies. The requirements are written in terms of
cockpit flight controls that produce essentially pitching, yawing and folling
aoments. This approach ia not meant to preclude other modes of control fer
special purposes., Additional or alternative requirements may be imposed by the -
procuring activity in order to fit better the intended use or the particular

design.

1.3 Claagification of airplanes. For the purpoae. of this specification. an

airplane shall be placed in one of the follouinn Clasnses:

Class I Small, light airplanes such as

4t writire
HifRilly UVLALWY

Primary trainer
Light abaervation

Beneficial commenta (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should
be asddressed -to: ASD/ENESS, Wright-Patterson AFE, OH 45433 by using
the self-addressed Standardization Document Improvement Proposal
(DD Form 1426} appearing at the end of this document or by letter.
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Class 11 Medium welgnt, low-to-medium maneuverability airplanes such as
Heavy vtility/search and rescue

Light or medium tranaport/cargo/tanker

Early warnlng/electronic countermeasures/airborne command,
control, or communications relay

Antisubmarine

AmomirTd Fmamammsd
NoIGWLVY kil BUHIPVI &

Reconnaissance
Tactical bomber
Heavy attack
Trainer for Class Il

Class 111 Large, heavy, low-to-medium maneuverability airplanes auch as
Heavy transport/cargo/tanker
"Heavy boaber

Patrol/early warning/electronic countermeasures/airborne command,
control, or communications relay
Trainer for Class 111

Class 1V  NHigh-maneuverabllity airplanes such as
fighter/interoeptor
Attack
Taotical reconnaissance
Otservation
Trainer for Class IV

The procuring activity will assign an airplane to one of these Classes, and the
requirements for that Cless shall apply. When no Clgns is specified in a
requirement, the requirepent shall apply to all Classes., When operational
missions so dictate, an airplane of one Claas may be required by the procuring
activity to meet selected requirements ordinarily specif
another Class,

1,3.1 - = . The letter -L following a Class
designation identifies an sirplane a3 land-based; carrier-based airplanes are

simf{larly identified by -C. When no such differentiation is made in a
requirement, the requireament shall apply to both land-based and carrier-based
ajrplanes.

1.4 E;ign&_fnaag_nnsssnziga The Flight Phases have been combined into three

Categories which are referred to in the requirement statements. These Flight

Phases shall be considered in the context of total missions ao that there will
be neo gap between succesaive Phases of any flight and so that tranaition will
be smooth., 1n certain cases, requirements are directed at apecifie Flight
Phases identified in the requirement. When no Flight Phase or Category is

stated in a requirement, that requirement shall apply to all three Categories.
Flight Phases deacriptive of @most military airplane missions are:

Reonterminal Flieht Phases:

Category A - Those nonterminal Flight Phases that require rapld maneuvering,

precision tracking, or precise flight-path: control, Included in
this Category are:

N

-
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d attack (CA)
c. Weapon delivery/launch {wD)
d. Aerial recovery (AR)
¢. Reconnaissance {RC)
f. 1In-flight refueling {receiver) (AR)
g. Terraln following {TF)
h. Antisubmariﬁe search (AS)

i, Close formation flying (FF).

Those nonterminal Flight Phapes that are normally sccomplished
using gradual maneuvers and without precision tracking, although
accurate flight-path control may be required, Included in this

FPoubnmamer ama s
b=

Category ar
a, Climb (CL)

b, Cruise (CR)

¢, Loiter (LO)

d. 1ln-flight refueling (tanker) (RT)
e, Descent (D) |

f. Emergency descent (ED)

h. Aerial delivery (AD).

Category ¢ - Terminal Flight Phases are normally accoﬂpliéhed using gradual

maneuvers and usually require accurate fllght-path control.
Included in this Category are: .

a. Takeofr (TO)

b. Catapult takeoff (CT)
c¢. Approach (PA)

d. Have-orf/go-arqﬁnd (W0)

e. Landing (L)

When hecessary, recategorization or addition of Flight Phases or delineation of
requirements for special situations, e¢.g., zoom ¢limbs, will be accomplished by

the procuring activity.
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1.5 Levels of flvine gggl;;;gs where possible, the requirements of section 3

taed in term hree values of the stabllity or control parameter

VoA e muGlada¥y Wi SRR VS

have been stated in ter th

being specified. Each value is a minimum condition to meet one of three Levels
of acceptability related to the ability to complete the operational missions
for which the airplane is designed. The Levels are:

Level 1 Flying qualities clearly adequate for the mission Flight Phase

Level 2 Flying qualities adequate to accomplish the mission Flight Phase,
but some increase in pillot workload or degradation in misslon
effectiveness, or both, exists '

Level 3 Flying qualities such that the airplane can be controlled safely,
but pilot workload is excessive or mission effectiveness is

inadequate, or both, Category A Flight Phases can be terminated
safely, and Category B and C Flight Phases can be completed.

2. APPLICABLE DOQCUMERTS

2.1 Jlasues of documents. Tho following documents, of the issue in effect on

the date of invitation for bids or reauesat for proposal, form a part of this
specification to the extent specified herein:

SPECIFICATIONS

MILITARY

MIL-D-8708 Demonstration Requirements for Airplanes

MIL-A-8861 Airplane Strength and Rigidity Flight Loads

M1L-F-9U4g90 Flight Control Systems - Design, Installation and Test of,

Piloted Aircraft, General Specification for

| MIL-C-18244 Control and Stabilization Systems, Kutomatic. Piloted Aircraft,

General Specification for

MiL-F-18372 Flight Control Systems, Design, Installation and Test of,
Aircraflt {General Specification for)

MIL-W-25140 Weizht and Balance Control Data {for Airplanes and Rotorcraft)
MIL-F=B3300 Flying Qualities of Plloted V/STOL Aireraft

MIL-S-83691 Stall/Post-Stall/Spin Flight Test Demoustration Requirements for
Airplanes

STANDARDS
MIL~STD-756 Reliability Prediction .
(Copies of specifications and standdrds required by contractors in connection

with specific procurement functions should be obtained from the procuring
activity or as directed by the contracting officer).
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3. REQUIREMENTS .

3.1 General reguirementy

3.1.1 QOperstional missions. The procuring activity will apecify the
operational missions to be considered by the contractor in designing the
airplane to meet the flying qualities requirements of this specification.
These missions will include all associated Flight Phases and tasks, such as
takeoff, takeof! abort, landing and missed approach. Operational missions
ineclude the entire spectrum of intended usage to include aircrew upgrade and
training.

3,1.2 Loadines. The contractor shall define the envelopes of center of
gravity and corresponding weights that will exist for each Flight Phase. These
envelopes shall include the most forward and aft ceater-of-gravity vositions as
defined in MIL-W-25140. In addition, the contractor shall determine the
maximum center-of-gravity excursions attainable through failures in systeams or
components, such as fuel sequencing, hung stores, ete., for each Flight Phase
to be considered in the Failure States of 3.1.6.2. Within these envelopes,
plus a growth margin to be specified by the procuring activity, and for thne

excursions cited above, this specification shall apply.

3.1.3 Moments and prodqueta of inertia. The contrsctor shall define the
moments and products of inertia of the airplane associated with all loadings of
3.1.2, The requirements of this specification shall apply for all moments and
products of inertla 8o defined,

3.1.% Exterpal stores. The requirements of this specificatiocn shall apply for
all combinations of external stores required by the operational miasions. The
effects of external stores on the weight, moments of inertia, center-of-gravity
position, and aerodynamic characteristics of the airplane shall be considered
for each mission Flight Phase. When the stores contain expendable loads, the
requirements of this specification apply throughout the range of store
loadings. The external stores and store combinations to be considered for
flying qualities design will be specified by the procuring activity. In
establishing external store combinations to be investigated, consideration
shall be given to asymmetric as well as to symmetric combinations.

3.1.5 Configurations. The requirements of this =pecification shall apply for
all configurations required or encountered in the applicable Flight Phases of
1.4, A (crew-) selected configuration is defined by the positions and

adjustments of the various selectors and controls available to the crew except
for piteh, roll, yaw, throttle and trim controls., Examples are: the flap
control setting and the yaw damper ON or OFF. The selected configurations to
be examined must consist of those required for performance and mission
accomplishment. Additional configurations to be investigated may be defined by

the procuring activity,

3.1.6 State of the airplane. The State of the airplane is defined by the

selected configuration together with the functional status of eaoch of the
airplane components or gystewus, throttle setting, welght, moments of inertia,
center-of-gravity position, and external store complement. The trim setting
and the positions of the pitch, roll and yaw controls are not included in the
definition of Airplane State since they are often specified in the
requirements,
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3.1.6.1 Airoplane Normal States. The contractor shall define and tabulate all

pertinent items to describe the Airplane Normal (no component or aystem
failure) State(s) assoclated with each of the applicable Flight Phases, This
tabulation shall be in the format and shall use the nomenclature specified in
6.2. Certain items, such as weight, moments of inertia, center~of-gravity
position, wing sweep, or thrust setting may vary continuously over a range of
values during a Flight Phase. The contractor shall replace this continuous
variation by a limited number of values of the parameter in question which will
be treated as specific States, and which include the moat critical values and
the extremes encountered during the Flight Phase in question.

3.1.6.2 Airplane Failure States. The contractor shall define and tabulate all

Airplane Fallure States, which consist of Airplane Kormal States modified by
one or more malfuncticns in alrplane components or systems; for example, a
discrepancy between a selected conficuration and an actual configuration.
Those malfunctions that result in center-of-gravity positions outside the
center-of-gravity envelope defined in 3.1.2 shall be included. Each wode of
failure shall be considered. Failures occurring in any Flight Phase shall be
considered in all subsequent Flight Phases,

3.1.6.2.% Adirplane Specinl Failure States. Certain components, systems, or
combinations thereof may have extremely remote probability of failure during a
given flight. These failure probabilities may, in turn, be very difficult to
- predict with any degree of accuracy, Special Failure States of this type need
not be considered in complying with the requirements of Section 3 if

Léband bnae
Justification for considering the Failure States as Special {s submitted by

contractor and approved by the procuring activity.

3.1.7 Operational Flight Envelopes. The operationai flight envelopes define

the boundaries in terms of speed, altitude and load factor within which the
airplane must be capable of operating in order to accomplish the miasions of
3.1.1. Envelopes for each applicable Flight Phaae shall be established with
the guidance and approval of the procuring activity. 1In the absence of
specific guidance, the contractor shall use the representative conditions of
table I for the applicable Flight Phases,

[ 3T
e

3.1.8 Service Flight Envelopes. For each Airplane Normal State the contractor
shall estabiish, subject to the approval of the procuring activity, Service
Flight Envelopes showing combinations of speed, altitude and normal
acceleration derived from airplane limits as distinguished from mission
requirements. For each applicable Flight Phase and Airplane Hormal State, the
boundaries of the Service Flight Envelopes can be coincident with or lie
outside the corresponding Operational Flight Envelopes, but in no case shall
they fall inside those Operatfonal boundariea., The boundaries of the Service
Flight Envelopes shall be based on considerations discussed in 3.1.8.1,

3.1.8.2, 3.1.6.3 and 3.1.8.4,
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TABLE I. Qoerational Flizght Envelopea
FLIGHT AIRSPEED ALTITUDE LDAD FACTVIR
PHASE
- v ™ YOV M h n n
CATRECOORY FLIGHT PHASE Ogin min aax Cmax %in Cqat %in | Cuax
AIR-TO-AIR COMBAT {0O) 1.4V Yuat WL Combat -1.01 o
o Ceiling .
GROUND ATTACE (CA) 1.3 vg Vit MsL Hediva | ~1.0|
WEAPON DELIVERY/LAUNCH v Vv NSL Lonbat .5 .
{wD) range MAT Celling
——
A AERIAL RECOVLRY (AR} v, MSL Lomhat .5 ]
1.2 "'s jald Ceiling .
RECONNAFSSANCE {RC) 1.3 ¥ v MSL Combiat - -
s AT Ceiling
IN-FLIGHT REFUEL (RECELVER) 1.7 ¥ v MsL 5 2.0
(Rn) 5 Y C.ﬁll
Celling
TERRAIN FOLLOWING (TF) v"h" vu“ L 10,000 fr.] .0 3.5
ANTISUBNARINE SEARCH (AS) 1.2 ¥ Vyot WSL Medium o 2.0
Cosbat
CLOSE FORMATION FLYING (FF} 1.4 V. va MSL Ceillng -1.0 n,
CLtMB (CL) A5 Y 1.3 v M5L Crulsing] .5 1.0
R/C krc Celling
CRUISE (CR) v MSL Cruising] .5 1.0
v“"'" _"“ Catling
: BV : Crulsing
wiTEr (L0) 5 Vord 1.3V wioo e ) S| 20
' Cruising
(A FLIGT REFUEL (TAKKER) | L4 Vg Vit WL | cetting | 5 | 20
Trulsing
DESCENT (D) 1.4 \'s \I““ NSL Cellin .5 .0
Trulsing
BMERGENCY DESCENT (ED) 1.4 \’s V-’ uSL Cellin 8 2.0
EMERGENCY DECELERATION 1.4V v MSL Cruising| s 2.0
(o) 5 L Celling
AFRIAL DELIVERY (AD) 1.2 v 200 ht wsL  |10.,000 £t| o 2.0
TAKEOFF (T0) Ninimm Normal V-‘ nsL 10,000ftd .8 1.0
. Takeofl Speed
CATAPULT TAKEOFF (CT) Winimm Catapuld Y - B
End Atrspesd “utn et $ ¢
30 kt
C APPROACH [PA) Minimm Normal V-“ 5L 10,0001t .§ .0
Appreach Speed ]
WAVE -OFF /GO~ AROUND (WD) Minims Normal V'.‘l sl 10,000fr.] .5 2.0
Approach Speed
LANDING (L) Minigm Normal 9-, sl 10.000£1.] .5 1.0
Landing Speed

'Apprvpruu to the cperstionsl mission.
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3.1.8.1 Maximum service speed. The maximum service speed, Vgpay or Mpa,, for
each altitude is the lowest of:

a. The maximum permissible speed
oW the apeed at which intclerable buffet

safe margin be
is ter

[+ W ol

c., The maxiaoum airspeed at MAT, for each altitude, for dives (at all angles)
from VmaT B8t all altitudes, from which recovery can be made at 2,000 feet above
MSL or higher without penetrating a safe wmargin from loss of control, other
dangerous behavior or intolersble buffet, and without exceeding structural
limits,

'3.1.8.2 Minimum service speed. The minimum service speed, Vgipn or Mgip, for
each altitude is the highest of:

a. 1.1 Vg
b. Vg + 10 knots equivalent airspeed

¢. The apeed below which full airplane-nose-up pitch control power and trim
are insufficient to maintain straight, steady flight

d. The lowest speed at which level flight can be maintained with MRT and,
for Category C Flight Phases:

¢, A speed limited by reduced visidbility or an extreme piteh attitude that
would result in the tail or aft fuselage contacting the ground.

3.1.8.3 Maximum service altitude. The maximum service altitude, hpay, for a
giveén speed 13 the maximum altitude at which a rate of olimb of 100 feet per
minute can be maintained in unaccelerated flight with MAT,

2 1A h Caruina 1aad FfantAama Mavimiym nnd mindmam ﬂﬂminn Tmand antars nle)
Jo Tavae™™ Eah Y Ay, ARk A M ) ) v AR AWML G WAL AU eV M ‘.vu- &N WAL Wi REL T 4

(n(-)]1, shall bHe established as a function of speed for several aignificant
altituvdes. The maximum [minimum] service load factor, when trimmed for 1g
fiight at a particular speed and altitude, is the lowest [highest)
algebrafcally of:

a. The positive [nezative) structural limit load factor

b, The steady load factor corresponding to the minimum allowable value ef lift
coefficient for stall warning (3.4.2.1.1.2)

¢. The steady load factor at which the pitch control i3 in the full
airplane-nose-up [nose-down} position

d. A safe margin below [above] the load factor at which intolerable buffet or
structural vibration is encountered,

3.1.9 Esnmia:iQLg_ElishL_Enxnlgnea: The contractor shall define Permissible

Flight Envelopes which encompass all regions in which operation of the airplane
is hoth allowable and possible, consistent with 3.1,10.3.3. These Envelopes
define boundaries in terms of apeed, altitude and load factor.

8
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3.1.10 -Application of Levels. Levels of rlying qualities as indicated in 1.5

are employed in this specification in realization of the possibility that the
airplane may be required to operate under abnormal conditiens, Such
abnormalities that may occur as a result of either flight outaide the
Operational Flight Envelope, fallure of airplane components, or both, are
permitted to comply with a degraded Level of flying qualities as specified in

3.1.10.1 through 3.1.10.3.3 {see also 4,1.1).

The minimum required flying
qQualities for Airplane Normal States (3.1.6.1) are as apecified in table II.

TABLE II. Levels for Airplape Normal) States.

Within Within .
Operational Flight . Service Flight
Envelope Envelope
Level 1 Level 2

3.1.10.2 Reouirements for Airolane Failure States, When Airplane Fallure

States exist (3.1.6.2), a degradation in flying qualitles is permitted only if
the probability of encountering a lower Level than specified in 3.1.10.1 is
sufficiently small, At intervals established by the procuring activity, the

contractor shall determine, bssed on the most accurste avallable data, the

prohability of occurrence of .each Afrplane Failure State per flight and the
effect of that Failure State on the flying qualities within the Operational and
Service Flight Envelopes. These determinations shall be based on MIL-5TD=T756

except that:

a, 4l airplane components and systems are assumed to be operating for a time
period, per {light, equal to the longest operational miasion tiwme to be
considered by the contractor in designing the airplane, and

b. Each specific failure ia assumed to be present at whichever point in the
Flight Envelope being considered is wost critical (in the flying qualities
sense), Froa thease Failure State probabilities and effects, the contractor
shall determine the overall probability, per flight, that cne or more flying
qualities are degraded to Level 2 because of one or more failures. The
contractor shall alao determine the prodbabllity that one or wore flying
qualities are degraded to Level 3, These probabilities shall be lesa than the

values specified in table 1I11.
tu {except an approved Sped
emeter outside the Level 3

Badlina G4
raiiure ota
t.

'ﬂ w
o
'1 m
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TABLE 1II. v i tates.
Probability of . Within Operational Within Service
Encountering Flight Envelope Flight Envelope
Level 2 after failure < 102 per flight
level 3 after failure < 10-4 per flight < 10-2 per flight
3.1.30.2.1 Requirements for apecific fajlures. The requiremeants on the

effects of specific tyoes of failures, e.g., propulsion or flight control
system, shall be met on the basis that the specific type of failure has
otcurred, regardless of its probability of oceurrence,

3.1.10.3 Exceptions
3.1.10.3.1 Ground operation and termina) Flieht Phases. Some requirements

pertaining to Lakeofl, landing and taxiing involve coperation outside the
Gperational, Service and Permissible Flieht Envelopes, as at Vg or on the
ground, When requirements are stated at conditions such as these, the levels
shall be applied as If the conditions were in the Operational Flight Envelope.

3.1.10.3.2 NHhen Levels are net specified. Within the Operational and Service
Flight Envelopes, all requirements that are not identified with specific Levels

shall be met undepr all conditions of component and system failure except
approved Airplane Special Failure States (3.1.8.2.1}.

3.1.10.3.3 Flight quiside the Service Flisht Envelope. From all pointa in the
Permiszible Flieht Envelopes, it shall be possible readily esnd safely to return
to the Service Flight Envelope without exceptional pilot skill or technique,
regardiess of cooponent or system failures. The requirements on flight at nich
ancle of attack, dive characteristics, dive recovery devices and dangerous

rlighi. conditions shall also apply.

3.1.11 Interpretation of sub i mw. 1n several instances
throunhout the specification subjective terms, such as objectionable fiight

echaracteristics, realistiec time delay, normal pilot technique and excessive
1osa of altitude or buildup of speed, have been employed to permit latitude
where ahnolute quantitative ecriteria wight be unduly restrictive, Final
determination of compliance with requirements so worded will be made by the
procurine activity (1,5),

3.1.12 Intarpretation of quantitative requirements. The numerical

requirements of this specification generally are stated in terms of a linear
mathematical deseription of the airplane. Certain factors, for example flight
control system nonlinearities and higher-order characteristics or serodynamic
nontinrarities, can cause the aircraft response to differ significantly from
that of the linear model. The contractor shall define equivalent clasaical
systems whiech have respongen most clonely matehing those of the actual
ajreraft.. Thon those numerical requirements of aection 3 which are stated in
terms of linear system parameters (such as frequency, damping ratio and =uodal
phase angles) apply to the parameters of that equivalent system rather than to
any particular modes of the ‘actual higher-order system. The procuring activity
shall be ihe juige ol the adequacy of the response mzteh between egquivalent and
actual aircraft.

10
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3.2 Lopritudinal flving gualities
3.2.1 Loneitudinal stability with respeci to speed
3.2.1.1 Lopritudinal static stability. For Levels 1 and 2 there shall be no

tendency for airspeed to diverge aperiodically when the airplane is disturbed

from trim with the cockpit controls fixed and with them free. This requirement
will be considered satisfied if the variations of pitch control force and pitch
control position with airspeed are smooth and the local gradients stable, with:

a. Trimmer and throttle controls not moved from the trim settines bv the crew,
and :

b. 1lg acceleration.normal to the flight path, and

c. Constant sltitude

over a range about the trim speed of *15 percent or 250 knots equivalent
airapeed, whichever is less (except where limited by the boundaries of the
Service Flight Envelopes)., Alternatively, thias requirement will be considered
satisfied {f stability with respect to speed is provided through the flight
control system, even though the resulting pitch control force and deflection
gradients may be zero. For Level 3 the requirements may be relaxed, subject to
approval by the procuring activity of the maximum instability to be allowed for
the particular case, In no event shall its time to double amplitude be less
than 6 seconds. In the presence of one or wore other Level 3 flying qualities,
no static longitudinal imstability will be permitted unlesz the flight agfety
of that combination of characteristics has been demonstrated to the
satiafaction of the procuring activity, Stable gradients mean that the piteh
controller deflection and force increments reouired to maintain straight,
steady flight at a different speed are in the same sense a3 those required to
initiste the speed change; that is, airplane-nose-down control to fly at a
faster speed, airplane-nose-up control to fly at a slower speed. The term
1

control force or control nsition

gragient does not include that pertion of the control force or ¢
versus airspeed curve within the breakout force range.

3,2.1.1.1 Relaxatiop in transonic flisht. The requirecents of 3.2.1.1 may be

relaxed in the transonic speed range provided any divergent airplane motiona or
reversals in slope of pitch control force and position with speed are gradual
and not objectionable to the pilot. In no case, however, shall the
requirementa of 3.2.1.1 be relaxed more than the following:

a. Levels 1 and 2 -~ For center-stick controllera.,ho'IOQal force gradient

ghall be more unstable than 3 pounds per 0.01 M nor shall the force change
exceed 10 pounds in the unstable direction, The corresponding limits for vheel
controllers are 5 pounds per 0.01 M and 15 pounds, respectively

b, Level 3 ~ For center-stick controllers, no'local force gradient shall be
more unstable than & pounds per 0,01 M nor shall the force ever exceed

20 pounds in the unstable direction. The corresponding limits for wheel
contfollers are 10 pounds per 0.01 M and 30 pounds, reéspectively.

This relaxation does not apply to Level 1} for any Flight Phase which requires
prolonged transonic operation.

11
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3.2.1.1.2 Piteh control force variations durinz rapid speed chanees. When the
alrplane iz accelerated ang decelerated rapidly throuzh the coperational speed

at apl t
range and through the transonic speed renge by the most eritical combination of
changes in power, actuation of deceleration devices, steep turns and pullups,
the maenitude and rate of the associated trim chance shall not be s0 great as
to cause dlifficulty in malntaining the desired load factor by normal pilot
techniques,

3.2.1.2 Phugoid stabjlity. The long-period airspeed oscillations which occur
when the airplane seeks a stabilized airspeed following a disturbance shall
neet the following requirements:

3. Level 1 eemaa Cp at least 0.04
h. Level 2 <=w-- (p at least 0
c. Level 3 «--a- T3 at least 55 seconds

These reauirements apply with the piteh control free and alsc with 1t fixed,

‘They need not be met transonically in cases where 3.2.%1.1.1 permits relaxation

of the static stadbility requirement.

- 3.2.1.3 Flight-path stahilitv. Flight-path stability is defined in terms of

flight-path-angle change where the airspeed is changed by the use of pitch
control only (throttle settine not chanzed by the crew). For the landing

approach Flight Phase, the curve of flight-path angle versus true alrspeed
shall have a local slope at Vogin Which is nezative or less positive than:

a. Llevel 1 --e-- 0.06 degrees/knot
b, Level 2 ———ua 0.15 deerees/knot
t. Level 3 ==«u-- 0.24 degreea/knot.

The thrust setting shall be that required for the normal approach glide path at
Vo . The slope of the curve of flisht-path anzle versus airapeed at 5 knotse

slower than V4 shall not be more than 0.05 degreea per knot more positive
than the slope a v°m1 , 83 illustrated by:

M t“h!n.sl . '“g!n
v (Tas), KT

- \

3 .

=

=

-

-

s

-

//' REGION OF REGION OF
POSITIVE -t~
DIFFERENCE I / ::orzsi ':ﬁ;:é:‘
SLOPES ROT 10
EICEED .0% DEG/T
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3.2.2 Longitudinal maneuvering characteristics
3.2.2.1 Short-peried response. The short-period response of angle of attack

which occurs at approximately constant speed, and which may be produced by
abrupt pitch control inputs, shall meet the reguirements of 3.2.2.1.1 and
3.2.2.1.2. These requirements apply, with the cockpit control free and wit
fixed, for responses of any magnitude that might be experienced in sgervice
If oscillations are nonlinear with amplitude, the requirements ahall apply to
each cycle of the oscillation. In sddition to meetinm the numerical
requirements of 3.2.2.1.1 and 3.2.2,.1.2, the contractor shall show that the
airplane has suitable response characteristics in atmospheric disturbances (3.7

and 3.8).

3.2.2.1.1 Short-period frequency and acceleration gensitivity. The equivalent
« ahal) be within the limits shown

short-period undamped natural freguency, “ngp, 2hé
ctly controlling normal force
3 may be relaxed if

1
on figures 1, 2 and 3. If suitable means of directl
are provided, the lower bounds on “ngp and n/o of figure
approved by the procuring asctivity,

3,2,2.%.,2 Short-period damping. The equivalent short-period daaping ratlo,

Uspy hall be within the limits of table IV,

TABLE IV. Short-peried damping ratlo limits.

-
[

W &
ni
use.

Category A and C Flight Phases { Category B Flight Phases
Level Minimum | Maximum Minimum | Maximum
1 0,135 1.30 0.30 2.00
2 ’ 0.25 2,00 0.20 2.00
3 0.15%{ ~ -0.15" -

SMay be reduced at altitudes above 20,000 feet if approved by the procuring
sctivity, :

3.2.2.1.3 HReaidusl oacillations. Any sustained residual .oscillations in calm

air shall not interfere with the pilot's ability to perform the tasks required
in service use of the alrplane., For Levels 1 and 2, oscillations in nermal

acceleration at the pilot's station greater than 20.05g will be conaidered
as will pitch attitude oscillations greater

avnansiva far any Flioht Phase, 11 »pl

A i T W & WE WA Ry

than *3 mils for Category A Flight Phases recuiring precise control of
attitude., These requirements shall apply with the pitch control fixed and with

it free,

352.2-2' 1] - B = = LT ¢ 3 <
In steady turning flight and in pullups at constant speed, there shall be no

tendency for the airplane pitch-attitude or apgle of attack to diverge
aperiodically with controls fixed or with controls free, For the above
conditions, the incremental control force and control deflection required to
maintain a change in normal load factor and pitch rate shall be in the same
sense (aft-more positive, forward-uwore negative) as those required to initiate
the change. These requirements apply for all local gradlents throughout the

range of service load factors defined in 3.1.8.4.
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3.2.2.2.1 Control forces in mapeuvering flight. At constant speed in
steady turning flight, pullups and pushovers, the variation in pitch controller

force with steady-state normal acceleration shall have no objectlonable non-
linearities within the following load factor ranges:

Clasas Min. Max.
I, II & III .5 Slng(e+) + V) or 3
Iv 0 whichever is less

Qutside this range, a departure from linearity resulting in & local gradient
which differs from the average gradient for the maneuver by more than

50 percent is considered excessive, except that larger increases in force
gradient are permissible at load factors greater than 0.85 n,. All local force
gradienta shall be within the limits of table V. In addition, Fga/nz; should be
near the Level 1 upper boundaries of table V for combinations of high frequency
and low damping. The term gradient does not include that portion of the force
versus n, curve within the breakout force.

Since the range of acceptable force gradients for side stick centrollersa varies
with the control deflection gradient and the task to be performed, the
contractor shall show that the contrecl force gradients will produce suitable
flying qualities.

3.2.2.2.2 Coptrol motions in maneuvering flight. For all types of pitch
controllers, the control motions in paneuvering flight shall not be so large or
s0 smail as to be objectionable. For Category A Flight Phases, the average
gradient of pitch-control force per unit of pitch-control deflection at
constant speed shall not be less than 5 pounds. per inch for wheel and
center-stick controllers or 2.0 pounds per degree for side-stick controllers
for Levels 1 and 2.

3.2.2.3 mmmummmmnm There shall be no tendency

"for pilot-induced oscillations, that is, sustained or uncontrolleble

oscillations resulting from the efforts of the pilot to control the airplane.
The pitch attitude response dynamics of the airframe plus control aystem ahall
not change abruptly with. the motion amplitudes of pitch, pitch rate or normal
acceleration unless it can be shown that this will not resuit in a pilot-
induced oscillation. The requirezents in 3.2.2.3.1 and 3.2.2.3.2 shall be met
for all expected airplane motion amplitudes and frequencies, starting at any
service load factor. . .

3.2.2.3.1 Dynagic control forcea in paneuvering flight. The frequency
response of normal acceleration at the pilot to pitch control force shall be
such that the inverse amplitude 1s greater than the following for all
frequencies greater than 1.0 rad/sec. Units are pounds per g.

Level 1° Level 2 Level 3
One~handed Controllers LN 12— —B-
n -1 - ng -1 np=-1
Two-handed Controllérs 30 25 —
np -1 np -1 ng -1
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TABLE V. Pitch mapeyverine force gradient limita.
Center Stick Controllera
Level Maximum Gradient, Minimum Gradient
(Fa/n)pax, pounds per g (Fa/n)gine POUnds per g
1 240 The higher of
n/ao 21
but not more than 28.0 np-1
nor less than _S6 @ and 3.0
np-1
2 360 The higher of
n/a 18
but not more than 42.5 ng~1
nor less than _B8% and 3.0
nL-1
3 56.0 The hicher of
788
nL-1
o and 2.0

*For ny <3, (Fs/nN)max

is 268.0 for Level 1, 42.5 for Level 2,

¥heel Controllera
Maximum Gradient, Hlnimuﬁ Gradient,
Level (Fs/n)pax, pounda per g (Fg/n)gin, pounds per 2
500 The higher of
n/a : 35
1 but not more than 120.0 ng-!
nor less than 120 and 5.0
np-1
115 The higher of
n/a 30
2 but not more than 182.0 nL~1
nor les=s than 182 and 6,0
np-1
3 240.0 5.0
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3.2.2.3.2 Control feel. The deflection of the pilot's control must not lead
the control force throughout the f{requency range of pilot control inputs. In
addition, the peak pitch control forces developed during abrupt maneuvers shall
not be objectionably light, and the buildup of control force during the
maneuver entry shall lead the buildup of normal acceleration.

3.2.3 Lonsitudinal control

3.2.3.1 Lenmitudinal control in unaccelerated flieght. In erect unaccelerated
flight at all aervice altitudes, the attainment of all speeds between Vg and
Vmax shall not be limited by the effectiveness of the longitudinal control or
controls,

3.2.3.2 Longitudingl control in maneuvering flight. Within the Operational
Flight Envelope, it shall be possible to develop, by use of the pitch control
alone, the following range of load factors:

Levels 1 and 2 =v==- nNg(=) to ngl+)

Level 3 —ca—- n = 0.5 to the lower of:
a) no(#)
b) n = 2.0 for ng(+) £ 38 ‘
0.5 [ng(+) + 1) for ngle) > 32

Thia maneuvering capability is required at the lg trim speed and, with trim and
throttle settings aot changed by the erew, over a range about the trim speed
the leaser of *15 percent or ¥50 knots equivalent airspeed (except where
limited by the boundaries of the Operational Flight Envelope). Within the
Service and Permissible Flight Envelopes, the dive-recovery reguirements of
3.2.3.5 and 3.2.3.6, respectively, shall be met.

3.2.3.3 Lonmitudinal control in takeoff. The effectiveness of the pitch
control shall not restrict the takeoff perforsance of the airplane and shall be
sufficient to prevent over-rotation to undesirable attitudes during takeoffs,
Satisfactory takeoffs shall not be dependent upon use of the trimmer control
during takeoff or on complicated control manipulation by the pilot. For
nose-wheel airplanes it ahall be poasible to obtain, at 0.9 Vmip, the pitch
attitude which will result in takeoff at Vpin. For tallewheel airplanes, it
shall be poasible to maintain any pitch sttitude up to that for a level

thrust-line at 0.5 Vg for Clasa I airplanes and at Vg for Class II, IIJ, and IV
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airplanes. These reguirements shall be met on hard-surfaced runways. In the
event that an airplane has a wission requirement for operation from unprepared
fields, these requirements shall be met oo such flelds.

3.2,3.3.1 Longitudinal control in cataopult fakeoff. On airplanes designed for
cutapult tukeoff, Lhe effectivonons of the pitch control shall be sufficient to
prevent the airplane from pitching up or down to undesirable attitudes in
catapult takeoffs at speeds ranging from the minimum safe launching speed to a
launching speed 30 knots higher than the sinimum. Satisfactory catapult
takeofrs shall not depend upon complicated control manipulation by the pilot.

_____ < :a P - s LR S B ey, SRR ey £ e bla l

3.2.3.3.2 Longitudinal coptrol force and travel in taKegof{f. With the trim
setting optional but fixed, the pitch-control forces required during all tyoes
of takeoffs for which the airplane is designed, including short-field takeoffs
and assisted takeoffs such as catapult or rocket-augmented shall be within the
following limits:

Nose-wheel and bicvele-cear airplanes

Classes I, IG‘C -------- 20 pounds ﬁull to 10 pounds push
Claases I1-C, IV-L =~-=«= 30 pounds pull to 10 vounds push
Classes iI-L, I1] ~aem=- 50 pounds pull to 20 pounds push
Iall:ﬁnsgl_ainnlanga

Classes I, II-C, IV «=e- 20 pounds push to 10 pounds pull
Claases 11-L, IlI --—-=ue 35 pounds push to 15 pounds pull

The pitch-control travel during these takeoffs shall not exceed 75 percent of
the total travel, stop-to-stop. Here the term takeoff includes the ground run,
rotation and lift-off, the enauing acceleration to Vp,y (TO), and the transient
caused by assist cessation. Takeoff power shall be maintained until Vmay (TO)}
is reached, with the landing gear and high-1lift devices retracted in the normal
manner at speeds from Vo, (T0) to Viax(TO) .

3.2.3.4 Longitudina) control in landing. The pitch control shall be
sufficiently effective in the landing Flight Phase in close proximity to the
ground, that in calm air:

a. The geometry-limited touchdown attitude can be maintained in level flight,
or

b. The lower of Vg(L) or the guaranteed landing speed can be obtained,
Thia requirement shall be met with the airplane trimmed for the approach Flight

Phase at the recommended approach speed., The requirements of 3.2.3.4 and
3.2.3.4.1 define Levels 1 and 2, and the requirements of 3.4.10 define Level 3.

20
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3.2,3.4,1 Lopgitudinal control forges in lapnding. The pitch-control forces
required to meet the requirements of 3.2.3.4% shall be pull forces and shall not
exceed:

Classes I, 1I-C, IV ----- 35 pounds
Classes II-L, II] ~=wee=- 50 pounds

3.2.3.5 Longitudinal control forces in dives - Service Flfeht Envelope, With
the airplane trimmed for level flight at speeds throughout the Service Flight
Envelope, the control forces in dives to all attainable speeds within the
Service Flight Envelope shall not exceed S0 pounds push or 10 pounds pull for
center-stick controllers, nor 75 pounds push or 15 pounds pull for wheel
controllers, In similar dives, but with trim optional following the dive

entry, it shall be possible with normal piloting techniques to maintain the

forces within the limits of 10 pounda push or pull for center-stick
controllers, and 20 pounds push or pull for wheel controllers. In event that
operation of the trim system requires removal of one hand from a wheel control
the force limits shall be as for a center-stick, The forces required for
recovery from these dives shall be in accordance with the gradients specified
in 3.2.2.2.1 although speed may vary during the pullout,

30203-6 = 4
With the airplane trimmed for level flight at Vyar but with trim optional in
the dive, it shall be possible to maintain the pitch control force within the
1imits of 50 pounda push or 35 pounds pull in dives to all attainable speeds
vithin the Permissible Flight Envelope. The force required for recovery from
these dives shall not exceed 120 pounds. Triw and deceleration devices, ete.,

may be used to aasist in recovery 1f no unusual pilot technique is required,

3.2.3.7 Lengitudinal control in aldeslios. With the airplane trimmed for
straight, level flight with zero sideslip, the pitch-oontrol force required to

maintain constant speed in steady sidealips with up to 50 pounds of pedal force

_in either direction shall not exceed the pitch-control force that would result

in a 1g change in normal acceleration. In no case, however, shall the
pitch=control force exceed: .

Center-stick controllers =-=+= 10 pounds pull to 3 pounds push
Wheel controllers =-e-e--===== 15 pounds pull to 10 pounds push

If a variation of pitch-control force with sidéalip does exiat, it ip» preferred

that increasing pull force accompany increasing sideslip, and that the
maznitude and direction of the force change be similar for right and left

sideslips. These requirements define Levels | and 2. For Level 3 there shall
be no uncontrollable pitching motions associated with the sideslips discussed

above,

3.3 Lateral-directional flvine qualities

3.3.1 Lateral-directional mode characteristics
3.3.1.1 Lateral-directional oscillationa (Putoh roll).
and damping ratlio, &g, of LHe iateral-directional oseil s following & yaw

L gy

4id Ui
disturbance input shall exceed the minimum values in tabdle VI. The
requirements shall be met in trimmed and in maneuvering flight with cockpit

he frequency, UYngy,

= ot Y meed mas & pomas

T
£
e
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controls fixed and with then free, in oscillations of any magnitude that might

Y |

be experienced in operaiional use.

amplitude, the requirement shall apply to each cycle of the osecillation.

oalm air residual oscillations may be tolerated only if the amplitude 1s

sufficiently small that the motions are not objectionable and do not impair
misaion performance. For Category A Flight Phases, angular deviations shall be

less than *3 mils.

In

TABLE V1, Minimum Dutch roll frequency and da®ping.
Flight Phase . | Min Cquwp,* Min wpny
Level Category Class Min cd' rad/sec. rad/sec.
A (CO and GA) Iv 0.4 - 1.0
A I, IV 0.19 0.35 1.0
11, I11 | 0.19 0.35 0.4**
1 E All 0.08 0.15 0.4t
c 1, 11-C,
v 0.08 0.15 1.0
11-L, 11I| 0.08 0.10 0.4
2 A1l All 0.02 0.05 0.4**
3 All All 0 - o.4%*
®  The governing danping requirement is that ylelding the larger value of
except that a §y of is the oaximum required for C .

#8 (Class I]1 airplanes may be exgepted from the minimum

aubject to approval by the procuring activity, if the r

through 3.3.2.4.1, 3.3.5 and 3.3.9.4 are oet.

b4

when wj |¢/8]4

{increased above the’

- ry

Level 1 - Afgqun =

d
Level 2 = Acdmnd=
Level 3 - A;d”nd=

with @, in rad/sec.
d

d
148{w

L009 (w

.005 (wy

Iu
L]

£

e R ]

I
ndlwa
2 le/8
d

1 - 201
l Loh N ]

d

|d - 20)

|d - 20)
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3.3.1.2 EQll mede. The roll-mode time constant, 1y, Shall be no greater than
the appropriate value in table VII.

TABLE VII. ugxumm_muzxmﬁ_um_cmunnh_nmnu

flignt
Phase Class Level
Category 1 2 3
A 1, Iv 1.0 | 1.4
II, I1I 1.413.0
B ©oAn 1.4}3.0 | 10
c 1, I1-C, v |1.0] 1.4
11-L, I1I 1.4 | 3.0

3.3.1.3 Spiral stabilitv. The combined effects of spiral stability,
flight-control-system characteristics and rolling moment change with speed
shall be such that following a disturbance in bank of up to 20 degrees, the
time for the bank angle to double shall be greater than the values in

table VIII. This requirement shall be met with the airplane trimmed for
wings-level, zero-yaw-rate flight with the cockpit controls free,

TABLE VIII. Spiral atability - minimum time to double amplitude.

Flight Phase
Category Level 1 Level 2 Level 3
AL C 12 sec 8 sec § sec
B 20 sec 8 sec b sec
3,.3.1.4 Coupled roll-apiral oscillation. For Flight Phases which involve more
than gentle maneuvering, such as CO and GA, the airplane characteristics shall

R Y Ry o =mllmbk wall anntead

not exhibit a coupled roll-spiral mode in reasponse to the pliot rolii conirod
commands. A coupled roll-spiral mode will be permitted for Category B and C
Plight Phases provided the product of frequency and damping ratio exceeds the
following requirements:

Leyel tksﬁnné rad/sec

1 0.5

2 0.3

3 ' .15
3.3.2 Laterai-directional dvpamic response characteristics. Lateral-
directional dynamic response characteristics are atated in terus of response to
atmospheric disturbances and in terms of allowable roll rate and bank
oscillations, sideslip excursions, roll control forces and yaw control forces
that ocour during specified rolling ‘and turning maneuvers both to the right and
to the left, The requirements of 3.3.2.2, 3.3.2.3 and 3.3.2.4 apply for roll
commands of all magnitudes up to the magnitude required to meet the roll
performance requirements of 3,3.4 and 3.3.4.1.
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3.3.2.17 Lateral-directional r Lo atmespherde disturbances. The
combined effect of vmg, &d, 'K, [#/B[4s 3p/e, gust sensitivity, and
flighh-controlFsy;tcm nonlinearities on reaponse and controllability
characteristics in atmospheric disturbances shall be considered {see 3.8.3).
In particular, the roll accelerstion, rate and displacemeat responses to side
gusts shall be investigated for airplanes with large rolling moment due to
sidenlip,

3.3.2.2 Holl rate oscillations. Following a yaw=-control-free step roll
control command, the roll rate at the first minimum following the first peak
shall be of the same sizn and not less than the following percentage of the

roll rate at the first peak:

Level Flight Phase Category . Percent
1 A&C 60
8 25
2 AL C 25
B ' 0

For al) Levels, the change in bank angle shall always be in the direction of
the roll control coumand, The roll command shall be held fixed until the bank
angle has changed at least 90 degrees.

3.3.2.2.1 Additional roll rate requirement for small inputs. The value of the
parameter Ppgn/Pay fOllowing a yaw-control-free step reoll command shall be
within the limits shown on figure & for Levels 1 and 2. This reoulirement
applies for step roll-control commands up to the magnitude which causes 8
60~degree bank angle change in 1.7Ty4 seconds.

3.3.2.3 Bank angle gscillations. The value of the parameter @psp/@av
following a yaw-control-free impulse roll control command shkall be within the

limits as shown on figure 5 for Levels 1 and 2. The impulse shall be as abrupt
as practical within the strength limits of the pilot and the rate limits of the
roll control aysten.

3.3.2.4 §1gg;11n“g3ggﬁgigng. Following a yaw=-control-free step roll control
command, the ratioc of the sideslip increment, AR to the parameter k (6.2.6)
shall be less than the valves specified herein. The roll command shall be held
fixed until the bank angle has changed at least 90 degrees,

I
Adverse Sideslip Proverse Sideslip
Flight Phase (Rimht roll command {Right roll command
Level Category causes rieht sideslip .causes left sideslip
T A 6 degrees 2 degrees
B&C 10" degrees ' 3 degrees
2 All 15 degrees g U degrees

24
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FIGURE 4. Roll rate oscillation limitakions.
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3.3.2. 4.1 i 1 r L a . The amount of
sideslip following a yaw-control-free step roll control command shall be within
the limits as shown on figure 6 for Levels 1 and 2. This requirement shall
apply for step roll control commands up to the magnitude which causes a
60-degree bank angle change within T4 or 2 seconds, whichever is longer.

1o g ey ar e e ey = e .
1k —T- —_1 1 w i %

r
L ,A%V LEVZL 2
: S AP EBIS S b BRI TS

12 t FLIGHT PHASE &
oA CATEGORIES B & CJ
3 V/ LEVEL 1

x 1] ) —
st - FLIGHT PHASE @q,
a A L N\ |—CATEGORY A <7

2 2 PP L L L LI Ll L LEVEL 1 ‘4@2

PP PII A7 A I 1P 77770777774

0 =un -80 -120 -160 ~-200 ~2b0 -280 -320 -360
Vg (DEG)
FIGURE 6.
3.3.2.5 Control of aideslip in rolls. In:the rolling maneuvers described in

3.3.4, but with coordination sllowed for all Classes, directional-control
effectiveness shall be ndeguate to maintain zero sideslip with pedal force not
greater than 50 pounds for Class IV airplanes in Flight Phase Category A, Level
1, and 100 pounds for all other com ‘1aas_ Flioht Phase Catesorv

'] PUUIIUG IV Qid Vielivi W Aaidy TiitAww Wil Wy ¥

and Level,

3.3.2.6 Iurn coordination. 1t shall be possible to waintain steady
coordinated turns in either direction, using 60 degrees of bank for Class IV
airplanes, 45 degrees of bank for Class I and II airplanes, and 30 degrees of
nhank for Class III airplanes, with a pedal force not exceeding U0 pounds, It
shall be possible to perform steady turns at the same bank angles with yaw
controls free, with a roll stiock force not exceeding S5 pounds or a roll wheel
force not exceeding 10 pounds, These requirements constitute Levels 1 and 2,
with the airplane trimmed for wings-level straight fiight.-

3.3.3 Pilot-induced oacillations. There shall be no tendeney for sustained or
uncontrollable lateral-directional oscillaticns resulting from efforts of the
pilot to control the airplane,

3.3.4 Rgll control effectiveneas. Roll performance in terms of a bank angle
change in a given time, @, is specified in table IXa for Class I and Class Il

airplanea, in 3.3.4,1 for Class IV airplanes, and in 3.3.4.2 for Class III
airplanes., For rolls from banked flight, the initial conditlon shall be
coordinated, that is, zero lateral acceleration., The requiremeats apply to

roll commands to the right and tc the left, initiated both from steady bank
angles and from wings-level Flight except as otherwise stated. Inputs shall be-
abrupt, with time measured from the initiation of control force application.

The pitch control srall be fixed throughout the maneuver, Yaw control pedals
shall remain free feor Class IV airplanes for Level 1, and for all carrier-based
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airplanes in Category C Flight Phases for Levels 1 and 2; but otherwlse, yaw
control pedals may be used to reduce sideslip that retards roll rate (not to
produce aidesalip which augments roll rate) if such contreol inputs are simple,
easily coordinated with roll control inputs and consistent with piloting
techniques for the airplane c¢lass and mission, For Flight Phase TO, the time
required to bank may be increased proporticnal to the ratio of the rolling
moment of inertia at takeoff to the largest rolling moment of inertia at
landing, for weights up to the maximum authorized landing weight.

TABLE IXa, Roll performance for Class I and II airplanes.
Iime to Achieve The Following Bank Ancle Chanze (Seconda}

Category A Category B Category C
Class . Level 60° kso 600 yso 300 259
I 1 1.3 1.7 1.3
I 2 1.7 2.5 1.8
I 3 2.6 3.4 2.6
II-L 1 1.“ 1.9 1.8
II-L 2 1.9 2.8 2.5
II-L 3 2.8 308 3-6
II"C 1 1.” ‘-9 1.0
II-C 2 1.9 208. 1-5
II-C 2.8 3.3 2-0

3.3.4.7 Roll performance for Class IV airplapes. Roll performance in terms of
@y for Class IV airplanes is specified in table IXb. Additional or alternate
roll performance requirepents are specified in 3.3.4.1.1 and 3.3.4,1.2; these
requirements take precedence over table IXb. Roll performance for Class IV
airplanes is sopecified over the following ranges of airspeeds:

Speed Range . Equivalent Airspeed Range
Symbol For Level 1 For Levela 2 & 3
VL Vomin &V < Vmin ¢ 20 KTS Voin S V & Vmyn + 20 KIS
L Voin + 20 RTS(Y) SV < 1.8 Vo1 Vpip + 20 KIS S V € 1.4 Vpyp
M , 1.8 Vop, £V < .7 Vgax(2) 1.4 Vpyn £ ¥V < .7 Vpax
H .7 Vmaxtz)‘Vivomax ) 7 Voax £ V £ Vpayx

(1) or Vg, whichever is greater {2) or Vog,, Whichever is less

ra



http://www.abbottaerospace.com/technical-library

M1L-F-B785C

TABLE IXb. Rell performance for Class IV airplanes.

Time to Achieve The Fellowing Bank Angle Change {Seconds)

Sneed Category A Category B Category C

Level Range 30° | 50° ] 90° 909 30°
VL 1.1 2.0 Tel
1 L 1.1 1.7 1.1
M 1.3 1.7 1.1
B 1.1 1.7 1.1
YL 1.6 2,8 1.3
2 L 1.5 2.5 1.3
M ’ ‘ 1.7 2.5 1.3
K 1.3 2.5 1.3
VL 2.6 3.7 2.0
3 L 2.0 3.0 2.0
[ 2.6 3.4 2.0
H 2.6 3."‘ 2.0

3.3.4.%.1 Roll performance in Flisht Phase ﬁQ. Roll performance for Class IV

airplanes in Flicht Phase CO is specified in table IXc in terms of @ for 360°
rolls initiated at lg, and in table IXd for rolls initiated at load flactors
between .8ng(-) and .8ng (4},

3.3.4.7,2 Roll performance in Flight Phase GA. The roll performance
- requirements for Class IV airplanes in Flight Phase GA with larze complements
of external stores may be relaxed from those specified in table IXb, subject to
approval by the procuring activity. For any external loading specified in the
contract, however, the roll performance shall be not less than that in

table IXe where the roll performance is specified in terms of @t for rolls
initiated at load factors between .Bny(-) and .8ny(+). For any asymmetric

loading specified in the contract, roll control power shall he aufficient to

S W (=1t § AW R A wss W

hold the wings level at the maximum load factors apecified in 3.2.3.2 with
adequate control margin (3.4.10).

3.3.4.1.3 Roll response. Stick-controlled Class IV airplanes in Catemory A
Flight Phase shall have a roll response to roll control force not greater than
15 degrecs in 1 second per pound for Level 1, and not greater than 25 degrees
in 1 second per pound for Level 2, For Category C Flight Phases, the roll
sensitivity shall be not greater than 7.5 degrees in 1 second per pound for
Level 1, and not greater than 12,5 decrees in 1 second per pound for Level 2.

In case of conflicrt bhatusen the renuiremeqtn af® 2.1 h 1.2 and 2.7 80 17 tha
L1y TANFIASE B er B NP Ak o e A b - & Wi O JeJeTa Ve WM e Ji T Jy wiie

4
requirements of 3.3.4.1.3 shall govern, The term sensitivity does not include
breakout forece,
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TABLE 1Xe. Flleht Phase GA roll performance.
Time to Achieve The Following Bapk Angle Change (Seconds).
Speed
Level Range 300 500 900 180¢

VL 105

1 L 1.7
M 1.7 3.0
H 1.5
vL 2.8

2 L. 2.2
M 2.4 §,2
H 2.4
VL 4.4

3 L 3.8
M 3.4 6.0
H 3.4

3.3.4.2 Rol) performance for Claas III alrplanes. Roll performance in terams
“of @¢ for Class III airplanes is specified in table IXf over the following
ranres of airspeeds:

Speed Range Airspeed Range
Symhol For Level 1 For Levels 2 & 3
L : V°m1n £V < 1.8 Vgin Voin £V € 1.8 Vpin
M 1.8 Vmin (V) LV € .7 Vgay (2) 1.B Vqin £V < .7 Vpax
H T Voax (22 gV Vg 7 Vpax £V £ Vpax
(1) Or Vomin whichever is greater {2) 6r Vomax whichever is less

TABLE TXf. Claas III roll performsnce. .

Time to Achieve 30° Bank Angle Change {Secondal.
Speed
Level Range Category A Category B, Category C
L 1.8 2.3 2.5
1 M 1.5 2.0 2.5
H 2.0 2.3 205
L 2.” 3!9 ulc
2 M 2.0 3.3 . 4,0
H 2.% 3-9 uoo
3 © All 3.0 5.0 6.0
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3.3.4.3 Roll control forges. The stick or wheel force reguired to obtein the

JIs3:%:3 A0LL CONSI O A0OGEms 21E Dbk U( e€L ILICE

rolling performance specified in 3,3.4, 3.3.4,1 and 3.3.4.2 shall be neither
greater than the maximum in table X nor less than the breakout force plus:

a. Level 1 -=-.. ane-fourth the values in table X
b. Level 2 wwoma: one-eighth the values in table X
¢, Level 3 «—w=- Zero

TABLE X. Maximum roll conirol force.

) Flight Phase . Maximum Max imum
Level Class Category Stick Force | Wheel Force
(Pound) {Pound)
1 I, 11-C, IV A, B 20 40
. c 20 20
11-L, 11X A, B 25 50
c . 25 25
2 1, 11-C, IV A, B 30 60
C 20 20
I1-L, III A, B 30 60
c 30 30
3 ALl ' ALl 35 70

3.3.4.% Linearity of roll resconse, There shall be no objectionable
nonlinearities in the variation of rolling response with roll control
deflection or force, Sensitivity or sluzgishness in response to small control
deflectiona or force shall be avoided. :

3.3.4.5 Hheel control throw. For airplanes with wheel controllers, the wheel
throw necessary to meet the roll performance requirecents apecified in 3.3.4
and 3.3.4.2 shall not exceed 60 degrees in either direotion. For completely
mechanical systems, the requirement may be relaxed to 80 degrees.

3.3.5 Directional control characteristics. Directional stabllity and control
characteriatics shall enable the pilot to balance yawing moments and control
yaw and aideslip. Senaitivity to yaw control pedal foroes shall be
sufficiently high that directional control and force requirements can be met
and satisfactory coordination can be achieved without unduly high pedal forces,
yet sufficlently low that occasional fmproperly coordinated contreol inputs will

ade th fln‘lnn ual‘ [2 Y.

moat aamisvvale da -
wnc aAvaLiFy

not seridusly Gegra

3.3.5.1 Directionsl contro) with speed chagse. When initially tricamed

directionally with symmetric power, the trim change of propeller-driven
airplanes with speed shall be such that wings-level straight flight can be
maintained over a speed range of *30 percent of the tria spssd or 2100 imotls
equivalent pirspeed, whichever is leas (except where limited by boundaries of
the Service Flight Envelope) with yaw-control~-pedal forces not greater than
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100 pounds for Levels 1 and 2 and not greater than 180 pounda for Level 3,
without retrimming. For other airplanes, yaw-control-pedal forces shall not
exceea 40 pounds at the specified conditions for Level 1 and 2 or 180 pounds
for Level 3.

3.3.5.1.1 Directional control with asvmmetric loading.. When initially trimmed
directionally with each asyametrlic loading apecified in the contract at any

spsed in the Operational Flight Envelcope, it shall be possible to sainteain a

atraight flight path throughout the Operational Flight Envelope with
yaw-control-pedal forces not greater than 100 pounds lor Levels 1 and 2 and not
greater than 180 pounds for Level 3, without retrimming.

3.3.5.2 Directional control in wave-off (go-around). For propeller-driven
Class IV, and- all propeller-driven carrier-based airplanes the response to
thrust, configuration and airspeed change shall be such that the pilot can
maintain straight flight during wave-off {go-arcund) initiated at speeds down
to Vg (PA) with yaw-control-pedal forces not exceeding 100 pounds when triumed
at Vg (PA)., For other airplanes, yaw-control-pedal forces shall not exceed
ho poﬁ%gs for the specified conditieons. The preceding requirements apply for
Levels 1 and 2. For all airplanes the Level 3 requirement is to maintaln
straight flight in these conditions with yaw-control-nedal forces not exceeding
180 pounds, For all Levels, bank angles up to 5 degrees are pernitted,

3.3.6 Lateral-directional characteristics in steadv sidesalipa. The
requirements of 3.3.6.1 through 3,3.6.3.1 end 3,3.7.1 are expreased 1in terms of
characteristics in yaw-control-induced steady, zero-yaw-rate sideslips with the
airplane tripmed for wings-level strajight flight., Requirements of 3.3.6.1
through 3.3.6.3 apply at sideslip angles up to those produced or limited by:

a, Full yaw-control-pedal deflection, or
b. 250 pounds of yaw-control-pedal force, or
¢. Maximum roll contraol or surface deflection,

except that for single-propeller-driven airplanes during wave-off (go-around),
yaw-control-pedal deflection in the direction opposite to that required for
wings~level atraight flight need not be considered beyond the deflection for a
10=-degree change in sideaslip from the wings-level stralght flight condition,

3.3.6.1 XYawine moments in steadv sideslips. For sidealips specified in 3.3.6,
right yaw-control-peda} deflection and force shall produce left sidealips and
left yaw=control-pedal deflection and force shall produce rieht sideslips. For
Levels 1 and 2 the following requirements shall apply., The variation of
aideslip angle with yaw-control-pedal deflection shall be essentially linear
for sideslip angles between +15 degrees and =15 degrees, For larger sideslip
angles, an increase in yaw-oontrol-pedal deflection shall alwaya be reguired
for an increase in =mideslip. The variation of aideslip angle with
yaw=control-pedal force shall be essentially linear for sideslip angles between
+10 degrees and -10 degrees. Although a lightening of pedal foroce is
acceptable for sideslip angles outaide this range, the pedal forece shall never
reduce to zero. .

3.3.6.2 Side forces in steadv sideslips. For the sldéslips of 3.3.6, an
increase in right bank angle shall accompany an increase in right sideslip, and
an increase in left bank angle shall accompany an increase in left sideslip.
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3.3.6.3 Rolling momenty in steadvy ajdealipa. For the sideslips of 3.3.6, left
roll«control deflection and force shall accompany left sldeslips, and richt
roll-control deflection and force shall accompany right sideslips. For Levels
1 and 2, the variation of roll-control deflection and force with sideslip
angle shall be essentislly linear.

3.3.6.3.1 Exception for wave-off (Ro-around). The requirezent of 3,3.6.3 may,
if necessary, be excepted for wave-off (go-around) if task performance is not
impaired and no more than 50 percent of roll control power avajlable to the
pilot, and no more than 10 pounds of roll-control force, are required in a
direction opposite to that specified in 3.3.6.3.

3.3.6.3.2 Popitive effective dihedral limit. For Levels 1 and 2, positive
effective dihedral {right roll control for right sideslip and left roll control

for left sideslin) shall never be so great that more than 75 percent of roll

LWl ATA W PEWUCIEAPS ided oYWl ww oY e & Mo e VS et

control power available to the pilot, and no sore than 10 pounds of roll-atick
force or 20 pounda of roll-wheel force, are required for sidealip angles which
oight be experienced in service employment. :

3.3.7 Lateral-directicnal control in crosswinds. It shall be poasible to take
off and land with normal pilot skill and technique in 90-degree crosswinds,
from either aide, of velocities up to those specified in tabls XI.
Roll-control force shall be within the limits specified in 3.3.%.2, and
yaw-control-pedal forces shall not exceed 100 pounds for Level 1 or 180 pounda
for Levels 2 and 3. This requirement can normally be wet. through compliance
with 3.3.7.1 and 3.3.7.2.

TABLE XI. (Croaawind yelocity.

Level Class Croaswind
. R § . 20 knots
and
2 11, III, & 1V 30 knots
Water-based 20 knots
airplanes B
3 .. | ALl one-half the values
’ for Levels 1 and 2

3.3.7.1 Final aphroach in crosawinds. For all airplanes except land-based

airplanes equipped with crosswind landing gear, or otherwise constructed to
land in a large crabbed attitude, yaw- and roll-control power shall be adequate
to develop at least 10 degrees of aideslip (3.3.6) in the power approach with
yaw control pedal foroes not exceeding the values specified in 3.3.7. For
Level 1, roll control shall not exceed either 10 pounds of force or 75 percent
of control power available to the pilot. For Levels 2 and 3, roll-control
force shall not-exceed 20 pounds.
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7.2 Takeoff run and landing rollout in crosswinds. Yaw and roll control

er, in coniunction with other normal means of control, shall be adequate to
maintain a straight path on the cround or other landing aurface. Thisa
requirement applies in calm air and in crosswinds up to the values specified in
table XI with cockpit control forces not exceeding the values specified in

3.3.7,
3.3.7.2.1 Cold- and wet-weather goeration. The requirements of 3.3.7.2 apply

on wet runways for all airplanes, and on snow-packed and icy runways for
airplanes intended to operate under such conditions. If compliance is not
demonsatrated under these adverse runway conditions, directional control ahall
be maintained by use of aerodynamic coatrols alone at all airspeeds above

50 knots for Class IV airplanes and above 30 knots for all others., For very
slippery runways, the requirement need not apply for crosswind components at
which the force tending to blow the airplane off the runway exceeds the
opposing tire-runway frictional force with the tires supporting all of the

airplane’s weight.

3.3.7.2.2 Qﬂp:igé:Qgggﬂ_ﬂj:plgngg. All carrier-based airplanes shall be
capable ¢of maintaining a straight path on the ground without the use of wheel

brakes, at airapeeds of 30 knote and above, during takeoffs and landings in a
90-degree crosswind of at least 10 percent Vg(L). Cookpit control forces shall
be as specified in 3.3.7. .

3.3.7.3 Iaxiinz wind speed limita. It shall be possible to taxi at any angle
to a 35-knot wind for Claas I airplanes and to a 45-knot wind for Class II,
I1I, and IV airplanes.

3.3.8 Lateral-directional control in dives. Yaw and roll control power shall
be adequate to maintaln wings level and sideslip zero, without retrimming,
throughout the dives and pullouts of 3.2.3.5 and 3.2.3.6. 1In the Service
Flight Envelope, roll control forces shall not exceed 20 pounds for
propeller-driven airplanes or 10 pounds for other airplanes, "Yaw-control-pedal
forces shall not ‘exceed 180 oounds for propeller-driven airplanes or 50 pounds
for other airplanes.

N . - i
3.3.9 Lateral-directional control with asvmmetric thrust. Asymmetric loss of
thrust may be caused by many factors including engine faflure, inlet unatart,
propelier failure or propeller-drive failure. Following sudden asymmetric loss
of thrust from any factor, the airplane shall be safely controllable in the

_eroaswinds of tabhle XI from the unfavorable direction. The recuiresents of

p=d=d g A4 3~ L= LU N € 4ild JIEBULE LBiTELLaliile L A ITEIEIE LY

3.3.9.1 through 3.3.9.4 apply for the appropriate Flight Phases when any single
failure or malperforpance of the propulaive aystem, including inlet or exhauat,
causes loss of thrust on one or more engines or propellers, considering alsc
the effect of the failure or walperformance on all subsystems powered or driven
by the failed propulasive system,

3.3.9.1 Thrust loas durine takeoff run. It shall be poasible fer the pllot to
maintain control of an airplane on the takeofr aurface following sudden loas of
thruat from the most eritical factor., Thereafter, it shall be possible to

snhiava and maintain a nfnniahf nath on the takeaff aurface without a deviation

ARV W RaRs AENS M lA WA B EE TA W owE P F e, wer Watw wamEew e w s B owmw o - oE Fewa e e e v e o

of more than 30 feet from the path originally intended, with yaw-control-pedal
forces not exceeding 180 pounds. For the continued takeoff, the requirement

shall be met when thrust is lost at speeda from the refusal speed (based on the
shortest runway from which the airplane is designed to operate) to the maximum
takeoff speed, with takeoff thrust maintained on the operative engine(s), using
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only controls not dependent upon friction against the takeoff surface or upon
release of the pitech, roll, yaw or throttle controls. For the aborted takeoff,
the requirescent shall be met at all speeds below the maximum takeoff apeed;
however, additisnal controls such as nosewheel steering and differential
braking may be used. Automatic devices which normally operate in the event of
8 thrust failure may be used in either case.

3.3.9.2 Thrust loss after takeoff. During takeoff it shall be possible
without a change in selected configuration to achieve straight flicht following

sudden asymmetric loss of thrust from the mpat eritical factor at speeds from
Vain (TO) to Vgay (T0), and thereafter to maintain straight flight throughout
the climbout. The yaw-control-pedal force reouired to maintain straight flight
with asymmetric thrust shall not exceed 180 pounds. Roll control shall not
exceed either the force limits specified in 3,3.4.2 or 75 percent of avallable
control power, with takeoff thrust maintained on the operative enzine(s) and
trim at normal setting for takeoff with symmetric thrust. Automatic devices
which normally operate in the event of a thrust feilure may be uvaed, and the
airplane may be banked up to 5 degrees away froz the inoperative enxine.

3.3.9.3 Iransient effects. The airplane motions following sudden asymmetric
loas of thrust shall be such that dangerous conditions can be avoided by pilot
corrective action. A realistic tize deley (3.4.8) of a least 1 second shall be
incorporated.

3.3.9.4 Asvmmetric thrust - vaw controls free. The static directional

stability shall be such that at all speeds sbove 1.4 Vgyp, with asymmetric loss
of thrust from the most critical factor while the other engine(s) develop
normal rated thrust, the airplane with yaw contrcl pedals free may be balanced
directionally in steady straight flight. The trim settings ahall be those
required for wings-level straight flight prior to the failure. Roll-control
forces shall not exceed the Level 2 upper limits apecified in 3.3.4.2 for
Levels 1 and 2 and shall not exceed the Level 3 upper limits for Level 3.

3.3.9.5 Iuo engines inoperative. At the one-engine-out speed for maximuo
range with any engine initially failed, It shall be poasible upon failure of

the most eritical remaining engine to stop the transient motion and thereafter
to maintain straight rlight from that speed to the apeed for maximum range with
both engines fafiled. In additicn, it shall be possible to effect a safe

' pecovery at any service speed above ¥ (CL) following sudden aimultaneous

failure of the two critical failing englhes.
3.% Miscellaneous lving cualities
3.4.1 Dangerous flight conditions. Danzerous conditions may exist where the

airplane should not be flown. When approaching these flight conditions, it
shall be possible by clearly discernible meana for the pilot to recoanlize the
impending dangers and take preventive action. -Final determination of the
adequacy of all waraing of impending dangerous:flight conditions will be made
by the procuring activity, considering functional effectiveness and
reliabliiity. : *

3.4.%.1 Harping and indication. Warning or indication of approach to a

dangerous condition shall be clear and unambiguous. For example, a pilot must
be able to distinguish readily among stall warning (which requires pitching
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down or increasine speed), Mach buffet (which may indlecate a need to decrease
speed), and normal airplane vibration (which indicates no need for pilot
action).

3.4.1.2 pDevlces for indication, warnine, preventicon, regovery. It is intended
that dangerous flight conditions be eliminated and the requirements of this

specification met by appropriate aerodynamic design and mass distribdbution,

rather than through incorporation of a apecial device or devices, BSuch devices
may be used only 1 the procuring activity approves the need, the design
eriteria, possible Special Failure States (3.1.6.2.1) and the devices
themselves, #As a minimum, these devices shall perforp their function whenever
needed but shall not limit flight within the Operational Flieht Envelope.
Neither normal nor inadvertent operation of such devices shall create & hazard
to the airplane. For Levels 1 and 2, nuisance operation shall not be possible,
Functional failure of the devices shall be indicated to the pilot.

3.4.2 Flisht at hizh anele of attack. The requirements of 3.4.2 through
3.4.2.2.2 concern stall warning, stalls, departure froam contrelled flight,
post-atall eyrations, spins, recoveries and related characteriatics. They
apply at speecds and ancles of attack which in general are outside the Service
Flight Envelope. Tnev are intended to assure safety and the absence of mission
limitations due to high angle of attack characteristica.

3.4.2.1 Stalls. The atall is defined in terms of airspeed and angle of attack
in 6.2.2 and 6.2.5 respectively. It usually i{s a phenomencn caused by airflow
separation induced by high aungle of attack, but it may instead be determined by

"‘some limit on usable anrle of attack. The stall requirements apply for all

Airplane Normal States in straight unaccclerated flieht and in turns and
pullups with attainable normal accelerations up to n;. Specifically, the
Airplane Normal States assoclated with the configurations, throttle settings
and trim settinss of 6.2.2 shall be investigated; also, the reguiremeats apply
to Airplane Failure States that affect stall characteristics.

3.4.2.7.1 Stal) approuch. The stall approach shall be accompanied by an
easlly perceptible warning consisting of shaking of the cockplt controlas,
buffeting o shaking of the airplane, or a combination of both. The onset of
this warning shall occur within the rances specified in 3.4.2.1.1.1 and
3.8.7.1.1.2 but not within the Operational Flight Envelope. The increase in
vbuffeting intenslty with further increase in angle of attack shall be
sufficientiy aarked to be nnted by the pilot. The warning shall continue until
thae anzle of attack is reduced Lo a value less than that for warning onset. At
all aneles of attack up teo Lhe stall, the cockpit controls shall remain
elffective in uheolir normal sense. and small control inputs shall not result in
departure from controlled fiizht. Prior to the stall, uncommanded oscillaticons
shail not be ohjectinnable to the pilot.

1.4.2.1.0.1 ¥arnine speed for skalls at lg normal to the flisht path. Warning
onart for stalls ot lg normal to the flieht path shall occur between the
followine limits when the stall is aporoached araduallv:

*
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Flight Phase Mipimum Speed for Opset Maximup Soeed for Onaet

Approach Higher of 1.05Vg or Higher of 1.10Vg or
. Vg + 5 knota Vg + 10 knots

All Other Highel‘ Or 1-05‘15 or ngher‘ of 1.15vs or
" Vg + 5 knots Vg + 15 knots

3.4.2.1.1.2 Harping range for accelerated stalls. Onset of stall warning

shall occur cutside the Operational Flight Envelope aasoclated with the
Airplane Normal State and within the following range or peraentage of 1ift at
stall at that airspeed, in that Airplane State, when the.stall is approached

gradually:

Elignt Phase . Minimum Lift at Onset Maximup LifS at Onpet
Approach 82% Cy stell 90% Cg, stall
All Other 75% C, stall 908 Cp stell

3.4.2.1.2 Stall characteristics. In the unaccelerated stalls of 3.4.2.1, the
airplane shall not exhibit rolling, yawing or downward pitching et the atall

which cannot be controlled to stay within 20 degrees for Clesses I, II and I1],
or 30 degrees for Class IV airplanes. It is desired that no pitchup tendencles
occur in unaccelerated or accelerated stzlls. In unaccelerated stalls, mild
nose-up pitch may be acceptable if no pitch control force reversal ccours and
if nc dangerous, unrecoverable or objectionable flight conditions reauvlt. A
mild nose-up tendency may be acceptable in accelerated stalls if the
operational effectiveness of the airplane is not compromised and:

a. The airplane has adequate stall warning

b. Pitch control effectiveness is such that it is possible to stop the pitchup
promptly and reduce the ancle of attack, and

¢. At no point during the stall, stall approsch-or recovery does any portion
of the alrplane exceed structural limit loads.

The requirements apply for all stalls, including stalla entered abruptly.

3.4.2.1.3 Stall orevention and recovery. It shall be possible to prevent the

stall by moderate use of the pitch control alone at the onset of the stall
warning. It shall be posaible to recover from a stall by simple use of the
pitch, roll and yaw controls with cockpit control forces not to exceed those of
3.4.5.1, and to regain level flight without excessive loss of altitude or
buildup of speed. Throttles shall remain fixed until speed has begun to
increase and an angle of attack below the stall has been regained unless
complimnce would result in exceeding ancine operating limitations. In the
straight-flight stalls of 3.4.2.1, with the airplane trimmed at an airspeed not
greater than 1.4Vg, pitch control power shall be sufficient to recover from any

attainable angle of attack.
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3.4.2.1.3.1 One-enzine-out stalls. On multi-encine airplanes, it shall be

possibie to recover safely from stalls with the critical engine inoperative.
This requirement applies with the remaining enzines at up to:

Elight Phase Ihrust
TO Takeoff
CL Normal e¢limb
PA Normal approach
w0 Waveoff

3.4.2.2 Ppat-atall gyrations and spins. The post-stall gyration and apin
requirements apply to all modes of motion that can be entered from upsets,
decelerations, and extreme maneuvers appropriate to the Class and Flight Phase
"Category. Entries from inverted flight shall be included for Class I and IV
airplanes. Entry angles of attack and sideslip up to maximum control
capabjlity and under dynamic flight conditions are to be included, except as
limited by structural considerations. For all Classes and Flight Phase
Categories, thrust settings up to and including MAT shall be included, with and
without one critical engine inoperative at entry. The reauirements hold for
all Airplane Normal States and for all statea of atability and control
‘augmentation aystems, except approved Special Failure States. Store release
shall not be allowed during loss of control, spin or gyration, recovery, or
subsequent dive pullout. Automatic disengagement of augmentation systems,
however, i35 permissible if it 18 necessary and does not prevent meeting any*
other reguirements; re-enzagement shall be possible in flight following
recovery.

3.4.2.2.1 '2gnanLyzg_:;gm_ggngngllgg_zligng. All Classes of airplanes shall be

extremely resistant to departure from contrelled flight poat-atall'qyrationa

Ly {mml
and spins. The airplane shall exhlbit no uncoammanded motion which cannot be

- arrested promptly by simple application of pilot control. In addition, the
procuring activity may designate that certain training airplanes shall be
capable of a developed spin and consistent recovery.

3.4.2.2.2 Recoverv from post-stall avrations and apina. For airplanes which,
aseording to MIL-A~8861 must be structurally designed for spinning, the

following requirements apply. The proper recovery technique(s) must be readily
ascertainable by the pilot, and simple and easy to apply under the motions
encountered. Whatever the motions, safe consistent recovery.and pullout shall
be possible without exceeding the control forces of 3.4.4.1 and without
exceeding structural limitations. -A single technique shall provide prompt
recovery from all post-stall gyrations and inciplent spins, without requiring
the pilot to determine the direction of motion and without tendency to develop
a8 spin. Thé same technique used to recover from post-stall gyrations and
incipient spins, or at least a compatible one, is also desired for apin
recovery. For all wodes of spin that can occur, these recoveries shall be
attainsble within the number of turns, measured from the initiation of recovery
action, specified as follows:

Llass Elight ‘Phase Iurns for fecovery
1 Category A, B 1-1/2
) 1 PA 1
Other Clasesas PA 1
Other Classes A&DB 2
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Avoidance of a spln reversal or an adverse mode change shall not depend upon
precise pilot control timing or deflection. It is desired that all airolane2
be readily recoverable from all attainable attitudes and motions. The
post-stall characteristics of those airplanes not reguired to comply with
requirements of this paragraph shall be determined by analysis and model test.

3.4.3 Cross-axis couoling in roll mancuvera. For Class 1 and IV airplanes in
yaw-control-free, pitch-control-fixed, maximum=-performance rolls through 360
degrees, entered from straight flight or fronm turns, pushovers, or pulluos
ranging Og to 0.8 n., the resulting yaw or pitch motions and sideslip or angle
of attack changes shall neither exceed structural limits nor causeé other
dangerous flight conditions such as uncontrollable motions or roll
autorotation.

During combat-type maneuvers {nvolvine roils through angles up to 360 deqrees
and rolls which are checked at a ziven bank angle, the vawing and pitching
shall not be 30 severe as to impair the tactical effectiveness of the maneuver.
These requirements define Level 1 and 2 operation. For Class II and III
airplanes, these requirements apply in rolls through 120 de=rees and rolls
which are checked at a given bank angle.

3.4.4 Control harmonv. The pitch- and roll-control force and displacement
sensitivities and breakout forces ahall be compatible so that intentional
inputs to one control axis will not cause inadvertent ;nputs to the other.

2.4.4.1 ;gn&ggl_gg;gg_ggg:g;gngign. The cockpit control forces reouired to
perform maneuvers which are normal for the airplane should bave magnitudes
which are related to the pilot's capability to produce such forces in
combination. The fellowing control force levels are conaidered to be limiting

~ values compatible with the pilot's capabllity to apply simultanecus forces:

Side-stick or 50 pounds - 25 pounds

Center=-stick
Wneel 75 pounds 40 pounds _
Pedal . ' 175 pounds

3.4.5 pBuffet. Within the poundaries of the Operational Flight Envelope, there
shall be no objectionable buffet which might detract froo the effectiveness of
the airplane in executing its intended nissions.

3:4.6 Release of stores. The intentional release of any atores shall not
result in objectionable flignt characteristica for Levels 1 and 2. However,
the intentional release of stores shall never result in dangerous or
intolerable flight characteristics. This requirement applies ror all flisht
conditions and store loadings at which normal or emergency store release 1s
permissible.

3.4.7 me . Operation of
ooveable parts such as bomb way doors, cargo doors, armament pods, refueling
devices and rescue equipment, or firing of weapons, release of bombs, or
delivery or pickup of cargo shall not cause buffet, tris changes, or other
characteristics which impair the tactical effectiveness of the airplane under
any pertinent flight condition. These requirements shall be met for Levels 1
and 2. .
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3.4.8 Iransiepts following failures. The airplane motions following sudden
airplane system or component failures shall be such that dangerous conditions
can be avoided by pilot corrective action. A realistic time delay between the
failure and initiation of pilot corrective action shall be incorporated when
determining compliance. This time delay should include an interval between the
occurrence of the failure and the occurrence of & cue such as acceleration,
rate, displacement, or sound that will definitely indicate to the pilot that a
fallure has occurred, plus an additional interval which represents the time
required for the pillot to diagnose the situation and initiate corrective

action.

3.4.9 Failures. No single failure of any component or systeam shall result in
dangerous or intolerable rlying qualities; Special Failure States (3.1.6.2.1)
are excepted. The crew member concerned shall be provided with immediate and
‘easily interpreted indications whenever failures occur that require or limit
any flight crew action or decision.

3.4.10 Coptrol] margin. Contreol authority, rate and hinge moment capablility
shall be sufficient to assure safety throughout the combined range of all
attainable angles of attack (both positive and negative) and eideslip. This

requirement applies to the prevention of loss of control and to recovery from

any situation for all maneuvering, including pertinent effects of factors such
as regions of control-surface-fixed inatability, inertial coupling, fuel slosh,
the influencc of symmetric and asymmetric stores (3.1.4), stall/post-stall/spin
characteristics (3.4.2 through 3.4.2.2.2), atmospheric ‘disturbances (3.8) and
Airplsne Failure States (3.1.10.1 and 3.1.10.2; maneuvering flight appropriate
to the Failure State i1s to be included). Consideration shall be taken of the
degrees of effectiveness and certainty of operation of limiters, cg control
malfunction or mismanagement, and transients from failures in the propulsion,
flight contrel and other relevant systems.

©3:4.11 Direct force controls. Use of devices for direct normal-force control

and direct ‘side~force control shall not produce objectionable changes in

attitude for any amount of control up to the maximum available. This
requirement shall be met for Levels 1 and 2.

-3.5 Lharacteristics of the primary flight control svatem

3.5.1 c £5. As used in this specification, the term

primary flight control system includes the pitch, roll and yaw controls,
stabllity augmentaticn syatems, and all mechanisms and devices that they
operate. The requirements of this section are-concerned with those asapects of
the primary flight control system which are directly related to the flying
qualities. These requirements are in addition to the requirements of the
applicable control systes design apecification, e.g., MIL-F-9450 or
MIL-C-18244 .

3.5.2 hechanical characterigstics. Some of the important mechanical
characteristica of control systems (including servo valvea and actuators) are:
friction and preload, lost motion, flexibility, mass imbalance and inertia,

nonlinear gearing, and rate limiting.o Requirements for some of these

characteristics are conteined in 3.5.2.% through-3.5.2.4: Meeting these

separate requirementz, however, will not necessarily ensure that the overall
system will be adequate; the mechanical characteristics must be compatible with
the nonmechanical portions of the control system and with the airframe dynamic
characteristics.

Lo
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3.5.2.1 i § i 14 breakout forces . Longitudinal, lateral and
/ directional controls should exhibit positive centering in flight at any norwmal
trio setting. Although absclute centerinz is not required, the combined
effects of centering, breakout force, stability and force gradient shall not
produce objectionable flight characteristices, such as poor precision-tracking
ability, or permit lerge departures from trim conditions with controls free.
Breakout forces, including friction, preload, etc., shall be within the limits
of table XJI. The values in table XII refer to the cockpit control force
required to start movement of the control surface in flight for Levels 1 and 2;
the vpper limits are doubled for Level 3.

TABLE XII. Allowable breakout forces, pounda.

-

) : Classes 1, 1I-C, IV Classes II-L, III
i - Control Min. Max. Min.. Max.
Piteh Stick 12 3 /2 5
; - - Wheel /2 ] \72 7
Roll Stick 1/2 2 i/72 g
/ Wheel 1/2 3 1/72 §
‘ Yaw Pedal 1 7 1 14

( -~ Measurement of breakout forces on the ground will ordinarily suffice in lleu of

H actual rlight weasurement, provided that gqualitative azreement between ground
measuremsant and flinht observation ean he eatablished.

I 3.5.2.2 Qggknlg_ggngngl_rngg_nlgx. The free play in each cockpit control,
that 18, any motion of the cockpit control which does not move the control
surface in- flight, shall not result in objectionab;q flight characteristics,

gll-amplitude eontrol inputs.

/ particulariy fo

"IL

3.5.2.3 Rate of control displacement. The ability of the airplane to perform
the operational maneuvers required of it shall not be limited in the

atmospheric disturbances specified in 3.7 by control surface deflection rates

(3.8.3.1, 3.8.3.2 and 3.4.10). For powered or boosted controls, the effect of
engine speed and the duty cycle of both primary end secondary control together
. with the pllot control techniques shall be included when establishing

. compliance with this requirement.

3.5.2.4 Adijustable contirols. When a cockpit control is adjustable for pllot
physical dimensions or ccmfort, the control forces defined in 6.2 refer to the
pean adjustment. A force referred to any other adjustment shall not differ by
more than 10 percent from the force referred to the mean adjustment.

3.5.3 Dynamic characteristics. A lineer or smoothly varying airplane response
to cockpit-control deflection and to control forge shall be provided for all
amplitudew of control input. The response or the control surraces in flight

2 §?%§%3§:£2£%g?§r E B AT
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TABLE XIII. Allowable control surface lags.
. Allowable Laz, deg Control Upper Frequencv, rad/sec
Category A & C Catecory B Piteh the larger of uwngp
Level Flight Phases Fligcht Phases] and 2.0
i i5 30
2 30 us roll & | the largest of “ny,
3 60 60 vaw | 1/tg and 2.0

In addition, the response of the ajirplane motion shall not exhibit a time
delay longer than the following for a pilot-initiated step control force input.

TABLE XIV. Allowable airplane response delay.

Level Allowable Delay Sec
1 0.10
2 0.20
3 0.25

Further, the values of the equivalent time delay derived from eguivalent
system match of the airecraft response to cockplit controls shall not exceed the
values of table XIV.

3.5.3.17 Dampine. All control system oscillations shall be well damped, unless
they are of such an amplitude, frequency snd phasing that they do not result in
objectionable oacillations of the cockpit controls or the airframe during
abrupt maneuvers and during flight in atmospheric disturbances.

_3.5.h Auegmentatjion-svatems. Operatinn of stability auqmentation a
[Ty + 4 an

ugmentation systems and devices shall not introduce

or ground handling characteristics.

2

3.5.5 Fajlures. The following events shall not cause dancerous or intolerable
flying qualities:

a. Complete or partial loss of any function of the augmentation system
followine a single failure -

PR A

er Lo alternate control modes

[ W W

b. Fajlure-induced transient motionz and trim chanees either immediately after
fa or upon subsequent transl

¢. Configuration ehanges required or recommended following fallure.
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3.5.5.% Failure transients. With controls free, the airplane motions due to
failures described in 3.5.5 shall not exceed the following limits for at least
2 seconds following the failure, as a function of the Level of flying qualities

after the failure transient has subsided:

Levels 1 and 2 +.5¢ incremental normal or lateral acceleration at the

(after failure) pilot's station and *10 degrees per second roll rate, except
that neither stall angle of attack nor structural limits
shall be exceeded. 1In addition for Category A, vertical or
lateral excursions of 5 feet, *#2 degrees bank angle

Level 3 No danmerous attitude or atructural limit is reached, and
(after failure) no dangerous alteration of the flight path results from
which recovery is impossible.

3.5.5.2 Irim chances due to failures. The chanzes in control forces required
to maintain attitude and sideslip for the fajilures described in 3.5.% shall not
exceed the following limits for at leaat 5 seconds following the fallure:

Pitch ——— ~e- 20 pounds
Roll = = 10 pounds
Taw =< - --- 50 pounds

3.5.6 Iranafer to alternate control modes. The transient motlons and trim

changes resulting from the intentional engagement or disengagement of any
portion of the primary flight control system by the pilot shall be such that
dangerous flying qualit;es never result.

3.5.6.1 Transfer transients. With controls free, the transients resulting
from the situations deseribed in 3.5.6 shall not exceed the following limits
for at least 2 seconds following the transfer:

Within the 40.1g normal or lateral acceleration at the pilot's
Operational station and 3 degrees per second roll
flight Envelope ' .

Within the - 40.5g at the pilot's station, *5 degrees per
Service Flight second roll, the lesser of *5 degrees aideslip and the
Envelope structural limits.

These requirements apply only for Airplane Normal Statea.

Irim changes. The changes in control forces required to maintain

3.5.6.2
attituda and sideslip for the aituationa described in 3.5.6 shall not exceed
the following limits for at least 5 seconds following the transfer:

Piteh - 20 pounds

ROll =emcocmec—a- g 10 vounds

Yaw - - 50 pounds

These requirementa apply only for Airplane Normal Siatea

43



http://www.abbottaerospace.com/technical-library

MIL-F-8785C

3.6 Characteristics of secondary control svstems

3.6.1 Irim system. In straight flight, throughout the Operational Flight
Envelope the trimming devices shall be capable of reducing all the cockpit
control forces to zero for Levela 1 and 2. For Level 3 the untrimmed
steady~-state cockpite~control forces shall not exceed 10 pounds pitch, 5 pounds

roll and 20 pounds pedal. The fallures to be considered in applying the Level

2 and 3 requirements shall include trim sticking and runaway in either
direction. It is permiassible to meet the Level 2 and 3 requirements by
providing the pilot with alternate trim mechanisms or override capability.
Additional requirements on trim rate and authority are contained in MIL-F-949D
and MIL-F-18372.

3.6.1.1" Irim for asymmetrig thrust. For all wulti-engine airplanes, it shall
be possible to trim the cockpit-control forces to zero in straight flight with
up to two engines inoperative following asymmetric loss of thrust from the most
critical factors (3.3.9). This requirement defines Level 1 in level-flight
cruise at speeds from the maximum-range speed for the engine(s)=-out
configuration to the speed obtainable with normal rated thrust on the
functioning engine(s). Systems completely dependent on the feiled enmines

ahall also be considered failed.

3.6.1.2 Rate of trim operation. Trim devices shall operate rapidly enough to
enable the pllot to maintain low control forces under changing conditions
normally encountered in service, yet not so rapidly as to cause oversensitivity
or trim precision difficultiea under any conditionsa. Specifically, it shall be
possible to trim the pitch control forces to less than *10 pounds for
center-stick airplanes and *20 pounds for wheel-control airplanes throughout

8. dives and ground attack maneuvers required in normal service operation and
b. level-flight accelerations at maximum augmented thrust from 250 knots or
VR/c., whichever is less, to Vp,, at any altitude when the airplane is trimmed
for level flicht prior to initiation of the mansuver. In the event that
operation of the trim system requires removal of one hand from the
vheel-control, Level 1 force limits shall be as for a center=-atick.

3.6.1.3 Stalling of trim svatems. - Stalling ‘of a trim system due to
aerodynamic loads during maneuvers shall not result in an unsafe condition.
Specifically, the lonzitudinal trim system shall be capable of operating during
the dive recoveries of 3.2.3.6 at any attainable permissible n, at any poasible

position of the triaming devige.

3.6.1.4 Iprim avatem irreversaibilitv. All trieming devices shall maintain a
given setting indefinitely unless changed by the pilot, or by a special
automatic interconnect {such as to the landing flaps), or by the overation of
an augmentation device. If an automatic interconnect or augmentation device 1ia
used in conjunction with a trim device, provision shall be made to enaure the
accurate return of the device to its initial trim position on removal of each
interconnect or augmentation command.

3.6.2 Speed and flight-vath gontrol devices. The effectiveness and response
times of the longitudinal controls shall be sufficient to provide adequate

control of flight path and airspeed at any flight condition within the
Operational Flirht Envelope. This requirement may be met by use of devices
such as throttles, thrust reversers, auxiliary drag devices and flaps.

by
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3.6.3 Iranaients and trim chanses. The transients and steady-state trim
changes for normal operation of secondary control devices (such as throttle,
thrust reversers, flaps, slats, speed brakes, deceleration devices, dive
recovery devices, wing sweep and landing gear) shall not impose exceasive
control forces to maintain the desired heading, altitude, attitude, rate of
olimb, speed or load factor without use of the trimmer control. This
requirement applies to all in~flight configuration changes and combinations of
changes made under service conditions, including the effects of aaymmetric
operations such as unequal operation of landing gear, speed brakes, slata or
flaps. In nc case shall there be any objectionable buffetinag or cscillation
caused by such devices. More specific requirements on secondary control
devices are contained in 3.6.3.1, 3.6.4 and 3.6.5 and in MIL-F-9490 and

H-Il"F-1B372 .

3.6.3.1 Piteh trim changea. The piteh trim changes caused by operation of
secondary control devices shall not be so large that a peak pitch control force
in excess of 10 pounds for center-stick controllera or 20 pounda for wheel
controllers is required when such eonfiguration changes are made in flight

under conditions representative of operaticnal procedure. Generally, the

conditions listed in table XV will suffice for determination of compliance with
this requirement. (For airplanes with variable-sweep wings, additional
reguirements will be imposed consistent with operational employment of the
vehicle). With the airplanes trimmed for each specified initial condition, the
peak forae required to maintain the specilied parameter constant following the
specified configuration chanze shall not exceed the stated value for a time
interval of at least 5 seconds following the completion of the pilot action
initiating the configuration change. The magnitude and rate of trim change
subsequent to this time period shall be =such that the forces are easily
trimmable by use of the normal trimming devices.. These requirements define
Level 1. For Levels 2 and 3, the allowable forces are increased by S0 percent.

3.6.4 munmm_mmm. Operation of any auxilisry device

intended solelv faor div overy g} hall alwavs produce a poaitive increment of

== SV 7 2ilail aAlwW Uee LoL b1 i U

normal acceleration, bu e total normal load factor shall never exceed O. Bn,
controls free.

3.7 Atmospheric disturbances

3.7.1 Form of the disturbance models. Where feasible, the von Karman form
shall be used for the continuous turbulence model, so that the flying qualities
analyses will be conaistent with the comparable structural enalyses. When no
comparable structural analysis is perforwed or when it 1s not feasible to use
the von Karwan form, use of the Dryden form will be permissible. In general,
both the continuous turbulence model and the discrete gust model shall be used.
The scales and intensities used in determining the gust magnitudes for the
diacrete gust model shall be the same as those in the Dryden turbulence model.

ot
"!

[}
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( 3.7.1.1 Turbulence model (von Karman form). The von Karman form of the
/ spectra for the turbulence velocitles is:

. 2
¢u (@) = Uu 2Lu ]
g n [ 1+ {1,339 Luﬂ)ZIVE

o
A Vv?
1 + 3( 1,339 l.vﬂ.
[ 1+ (1.339 |.vs:)7]”/"

o? L 1 +-%( 1.339 Lwn)2
8 n [ 1+ (1.339 LuﬁT?]rTVB

3.7.1.2 JTurbulence model (DPrvden form). The Dryvden form of the spectra for

the turbulence velocities ls:

2
¢u @ = Uu ZLu 1
g T 14 (Lun)7

2 2
o, (@) = % by 130
£ n 11+ (Lv9)7]?

2 ' »
¢ (0 =% L, 1+sam

———
¢ n (1 + (L |
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3.7.1.3 Discrete gust model. The discrete gust model may be used for any of
the three gust-velocity components and, by derivation, any of the three angular
components.

The discrete eust has the "1 - cosine" shape givern by:

-t
»
.

a
¢

vV =

v
m X
v =g (1- cos T )} .0 ¢ xsg d.
m
vy , X > d
v----.--'---.--
- .
v /
Telsee ..
d
m distance, x, ft

The discrete gust above may be used sinely or in multiples in order to assess
airplane response to, or pilot control of, large disturbances. ' Step functicn
or linear ramp susts may alsn be used.

3.7.2 Medium/hirh-altitude model. The scalea and intensities are based on the

agunumpl.ion Lhat Lurbhulencs above 2060 feel {0 iontropie. Then

3.7.2.1 Turhwlenne scale leneths. The geales to he used are

1 - 1 - 1 = 2 80 oot using the von Knrman farm o
by = Ry T Ry S &y ST TN Sarst il VRS avvRs wsed [ [*1

by, = Ly = Ly = 1,190 feet usine Lhe Dryden form.

4.7.2.2 Turbulence jntensities. Root-mean-square turbulence intensities are
ahown on figure 7 a3 functions of altitude and nrobablility of exceedance.
Simplified variations For apnlicatinn to the requirements of this specification
are indicated.

3.7.2.3 Gust leneths. Several values of dp shall be used, each chosen so that
ihe fFust is tuned to eéacn of the natural Mrequencles of the airplane and its
riight control system (hicher-frequency structural modes may be excepted). For
the Severe intensitvies modes with wavelengths less than the turbulence scale
lenrth may be cxeceptnd. -

3,720 guat macnitapdes.  The Liaid. and Moderate qust macenitudes ug, Vg, Wg
shall be determined from fizure R using values'of dy, dy, dz determined
according to 3.7.2.¢, and the appropriate RMS turbulence intensities from
figure 7. Severe rust maenitudes shall be:

a. hhH ft/sec EAS at Vg, qust penetration speed

uy
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b. 60 ft/sec EAS at Vomai
c. 25 ft/sec EAS at V.,

d. 50ft/sec EAS at speeds up to Vm;x (PA) with the landing gear and other
devices which are open or extended in their maximum open or maximum extended

positions

e. For altitudes sbove 20,000 feet the gust magnitudes may be réduced linearly
from: ’

(1) 66 ft/sec EAS at 20,000 feet to 38 ft/sec EAS at 50,000 feet for the
Vg condition

{2) 50 ft/sec EAS at 20,000 feet to 25 ft/sec EAS at 50,000 feet for the
vomax condition

(3) 25 ft/sec EAS at 20,000 feet to.12.5 rt/sec EAS at 50,000 feet for the
Vaax conditlon

f. For altitudes above 50,000 feet the equivalent gust velocity specified at
50,000 feet shall be multiplied by the factor J/ o/osg . the square root of the
ratio of air density at altitude to standard atmospheric density at 50,000
feet.

3.7.3 -altitude dis ce model. This section specifies the model of
atmospheric disturbances to be used for all Category C operations. The effects
of wind shear, turbulence and gusts may be analyzed separately. Some analysis
and piloted simulation is required considering a complete environmental
representation, demonstrating compliance with the requirements with the
cumulative effects of wind shear, turbulence and gusts. A non-Gaussian
turbulence representation together with a wind model may also be used to
represent the patchy, intermittent nature of actual measured turbulence.

3.7.3.1 Hind speeds. The wind speed at 20 feet above the ground, upzqg, is
shown on figure 9 as a function of probability of occurrence. The values to be
used for the different intensities of atmospheric disturbance are indicated.

3.7.3.2 Mind shear. The magnitude of the wind scalar shear is defined by the
use of the following expression for the mean wind profile as a function of
altitude:

v =u 1n (h/zo)

w. 20 1n ( 20/:05

1]

where z, = 0.15 feet for Category € Flight Phase

2.0 feet for other Flight Phases.
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3.7.3.3 Yector shear. Different orientations of the mean wind.relative to the
runway for Category C, or relative to the aircraft flight path for other Flight
Phases, ahall be considered. In addition, changes ip direction of Lhe mean
wind speed over a given height change shall be considered as follows:

Disturbance Change in Height of
intensity mean wind vector shear
heading feet
degrees
LIGHT 0 ——
MODERATE g0 600
SEVERE 90 300

A range of values for the initial wind orjentation and the initial altitude for
onset of the shear shall be considered. Relative to the runway, magnitudes of
usp sin Y, greater than the crosswind values in 3.3.7 or tallwind component at
20 feet greater than 10 knots need not be considered. At any altitude other
than 20 feet these limits do not apply.

3.7.3.4 TJurbulence. The turbulence models of 3.7.1.7 or 3.7.1.2 shall be

used. The appropriate scale lengths are shown on figure 10 as functions of
altitude. The turbulence intensities to be used are o = 0.1 upg, and a,
and o, given by figure 11 as functions of 0o, and altifuce.

3.7.3.5 Guats. Discrete gusts of the form specified in 3.7.2.3 shall be used,
with both single and double ramps to be considered. Several values of dp shall
be used, each chosen so that the gust is tuned to each of the natural
frequencies of the sirplane and its flight control system. The gust magnitudes
shall be determined from figure B using the appropriste values from figures 10

and 11. The two halves of & doubie gust do not have to be the same length or
magnitude. :
3.7.4 This section specifies the model of

atmospheric disturbances toc be used for carrier landing operations. This model
shall be used in analysis and piloted simulation to determine aircraft control
response and path control accuracy during carrier landing. This model
supplements but does not replace the low-altitude model of 3.7.3.

The terminal approach carrier landing disturbance model shall be used
during simulation of the last 1/2 mile of the carrier approach. The u veloclity
component is alligned with the wind over deck. Total disturbance velocities are
computed by adding segments caused by random free-air turbulence, uy, ¥vq, Wy}
steady ship-wake disturbance, up, Wp; periodic ship-motion-induced turbulence,
ug, w3; and random ship-wake disturbance, uy, vy, wy. The totel air
disturbance conponents Ug, Vg and_us are then computed as:

us=u1 +u2+u3+uu.

VE v + Vu

Hsewq +H2+H34uu
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The {nput to all of the random disturbance f{lters shall be generated
by flltering the wide-band, Gaussian output of zero-mean, unit-variance
random-number generators.

3.7.4.1 Free-gir turbulence components. The frec-alr turbulence components
vhich are independent of aircraft relative position are repregented by
filtering the output of white-noise generators described 1o 3.7.4 to produce
the following spectra:

200

%l(") =T+ (100 7

per radian/foot

o (q) = 5900(1 + (400 £)?]
V) [1 + (1000R)2)[1 + (44080)2;

per radian/foot

71.6

%,(m " T+ (100 M2

per radian/foot

21.7.4.2 Steady component of carrier ajrwake. The steady companenta of the

carrier afrwake ucovnist of a reduction in the steady wind and a8 predominant

upwash aft of the ship wulcn are functions of range. Figure 12 illustrates the ~—

steady wind functions wuy/Vy,q and wy/Vy,q as functiona of position aft of
the ship center of pitch.

3.7.4.3 Perjodic component of carrier airwake. The periodic component of the

airwake varies with ahip pitching frequency, pitch magnitude, wind over deck
and alrcraft range. These components are computed as follows:

= g + 0,
u, Bﬁvw,dfz.zz 0009%)C

wy ﬂsvv,d(la.gﬁ + 0.0018X)C

V-V,
/d\ X
¢ » cosinedw [ t{} + LLEA + P
{p\.( o.asvu/d) o.asvuld] }

Ship piteh frequency, radians/second.

where: @ =
Q5 = Ship pitch amplitude, radians. -
P = Random phase, radians.

The u component is set to zero for X ¢ -2236 feet, and the w component is set
to zero for X < =536 feet.
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3.7.4.4 Random component of carrier air wake. The ship-related random
velocity components are computed by filtering white nolse (3.7.4) as follows:

- al{X)v21(X) (Input)

4 T(Njw + 1
0.035 V ,dJG.GG(Input)
Yo © Yy T 3.334w + 1

where: a(X) = RMS Amplitude-ft/sec. {(Figure 13)

T(X) = Time constant-sec. (Figure 13)

Imm:iWMMmWWMTF ju 1 ain (10 v t)
L output JU”'OJJ

3.7.5 Application of the disturbance model in apalvses. The gust and

" turbulence velocities shall be applied to the alrplane equations of wotion

through the serodynamic terms only, and the direct effeot on the aerodynamic
sensors shall be included when such sensors are part of the airplane
augmentation system. When using the discrete gust medel, all aignificant
aspects of the penetration of the guat by the airplane shall be incorporated in
the analyses. Application of the disturbance model dependsa on the range of
frequenciea of concern in the analyses of the airframe. When atructural modes
are significant, the exact distribution of turbulence velocities ahould be
considered. For this purpose, it is acceptable to consider u, and v, e= being
one~dimensional functiona only of x, but Wg shall be considered two-

dimenzional, a function of both x and y, for the evaluation of aerodynamic
forces and moments.

- When structural modes are not significant, airframe i-igid-body responses may be

evaluated by considering unifora gust or turbulence immersion along with linear

gradienta of the disturbance velocitiea. The uniform immeraion is accounted
for by u_, v, and w. defined at the airplane cantar of: gravity The ansular

“F =g ==z 225 =225 [Ll FaSUT SFSLENI e D= awy . EeaV% ERAfy

velocities due to turbulence are equivalent in effect te airplane angular
velocities. Approximations for these angular velocitiea are defined (precisely
at very low frequencies only) as follows:

. ow v
- - - -_.8 - o ——p - . ——
ug q ’ pg a‘y ' rs' ox

The apectra of the angular velocity disturbances due to turbulence are then
given by:

nlhym

124 O.BL*- 2 Q-

o (W) =;-‘-"- "Eh a8 (@) =‘—1,7-;-b——7-ow ®. ¢ (n) = 28, @
e wars(Rel T 1w (SR T p o 1+(Se) T
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where b = wing span. The turbulence components Ug, Vg: Wg and pg shall be
considered mutually independent (uncorrelated) in a statistical aense
However, Qg is-‘correlated with Wy and r;, is correlated with v For the

discrete gusts Lhe linear gradienL glves angular veloclty perturbations of the
form:

TX
Pg a pmsin (E;? 05 x g dm

For the low-altitude model, the turbulence velocity components ug and w

are to be taken along axes with ug aligned along the relative mean wind vector
and wg vertical.

3.8 FHeguiremepts for use of the disturbance models

Explicit consideration of the effects of disturbances on flying qualities, if
required by the procuring activity, shall be in accordance with requirements in
3.8.2 through 3.8.3.2. In particular, 3.8.3.1 will replace 3.1.10.1 and
3.8.3.2 will replace 3.1.10.2.

3.8.1 Use of disturbance models. Paragraphs 3.7.1 through 3.7.4.4 specify

models of wind shear, continuous random turbulence and discrete gusts that
shall be used to assess:

a. The effects of certain environmental conditions on the flying qualities of
the airplane.

b. The abllity of a pilot to-recover from upsets caused by environmental
conditions.

c. Flight path control precision during manual and automatic¢ carrier landing.

For the purpose ol this specification the atmosphere shall be considered to
con3isat of three regions: low altitude (ground level to approximately 2,000
feet AGL). medium/high altitude (above approximately 2,000 feet) and, for
carrier landing only, terminal approach (0-300 feet altitude and 1/2 mile to
touchdown). The low altitude model shall apply to Category C and any other
Flight Phase (e.g. ground attack, terrain following) deaignated by the
procuring activity. The medium/high-altitude model i{s intended to apply to
those Flight Phases where proximity to the ground is not a factor, generally
Categories A and 6. 1n application it will be permissible to use conditions at
an average altitude tor the medium/high-aititude model only. The carrier
landing disturbance model will apply to carrier-based aircraft only.

3.8.2 Qualitative degrees of suitability. In assessing the qualitative
sujtability of flying qualities three intensities of disturbances shall be
considered. These intensities are Light, Moderate and Severe aa defined in
3.7. The requirements for the effects of thése disturbances are contained in
3.8.3.1 and 3.8.3.2 for the different Flight Envelopes and Airplane States.
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The qualitative degrees of suitability of flying qualities are categorized as
follows: '
Satisfactory Flying qualities clearly adequate for the mission Flight
Phase

Flying qualities adequate to accomplish the mission Flight
Phase, but some increase in pilet workload or degradetion
in mission effectiveneas, or both, exists

Acceptable

Controllable Flying qualities such that the airplane can be controlled
safely, but pilot workload is excessive or misaion
effectiveneas i» inadequate, or both. Category A Flight
Phases can be terminated safely, and Category B and C

Flight Phases can be completed,

#lying qualities such that control can be maintalned long
enough to fly out of a disturbance. All Flight Phases can
be terminated safely and a wave-off{/go-around can be
accomplished.

3.8.3 Effects of atmospheric disturbances. Levels of flying qualitles as
indicated in 1.5 are employed in this apecification in realization of the

possibility that the airplane may be required to operate under abnormal
conditions. Such ebnormalities may occur alsoc as a result of extreme
atmospheric disturbances, or some combination of conditions. For these factors
& degradation of flyinz qualities is permitted as specified in 3.8.3.1 and .
3.8.3.2 (mee also 4.1.1). -

Recoverable

3.8.3.1 Reguirements for Airpiame Normal States. In atmospheric disturbances
the minimum required rlying qualities for Airplane Normal States (3.1.6.1) are
as specified in table XVI.

TABLE XV1. Levels for Afrplane Normal States.
* Atwmospheric Within Cperatiocnal Filsht Within Service Flight
Disturbances _ Envelope Envelope
LIGHT TO Quantitative requirements Quantitative requirements
CALM Level V; qualitative Level 2; qualitative
requirements Satiafactory requirements Acoeptable
MODERATE TO Quantitative requirecents Quantitative requirements
LIGHT Level 1; qualitative Level 2; qualitative
requirementa Acceptable requirements Controllable
or better or better
SEVERE TO Qualitative requirements Qualitative requirements
MODERATE Controllable or batter Recoverable or better

3.8.3.2

wWhen Airplane Faflure

Requiregents for Alrolane Failure States
States exist (3.1.6.2), a degradation in flying qualitiesa is permitted only if
the probability of encountering a lower Level than specified in 3.8.3.1 is
At intervals established by the procuring activity, the
contractor shall determine, based on the most accurate available data, the
probability of occurrence of each Airplane Failure State per flight and the

sufficiently small.
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effect of that Fallure State on the flying qualities within the Operational and
Service Flight Envelopes. These determinations shall be based on MIL-STD-756
except that:

8. All airplane components and systems are assumed to be operating for a time
period, per (light, equal to the ldhdest operational mission time to be
considered by the contractor in designing the airplane, and

b. Each specific faflure is assuned to be present at whichever point in the

Flight ‘Envelope being considered in most eritical (in the flying qualities
sense).

From these Fallure State probabilities and effects, the contractor shall
determine the overall probability, per flight, that one or more flying
qualities are degraded to Level 2 because of one or more failures. The
contractor shall also determine the probabllity that oneé or more flying
qualities are degraded to Level 3. Table XVII specifies the requirements as
functions of the probability of encountering the degradation in flying
qualities. '

TABLE XVII.

18 for Airplatie Failupé .

Atmospheric failure State I¢ Failure State 1188

Disturbances ’ -

LIGHT TO Quantitetive requirements __Quahtitatiﬁé requirements

CALM Level 2 and qualitative "LEvdl"3 gnd qualitative
requirements Acceptable raquirEments Controllable
or better " or better

MODERATE TO Quantitative requirements Quantitative requirements

LIGHT Level 2 and qualitative Level 3 2hA gqualitative
requirements Controllable rejuirements Recoverable
or better or better

SEVERE TO Qualitative requirements -

"MODERATE Recoverable or better

®  For flight in the Operational Flight Envelope: .
Probability of encountering degraded levels of flying qualitlea due to

Pallunaflal ¢ 10=2 /¢
ABALWI WIS N IV =il

4%  For flight in the Operaticnal Flight Envelope:
Probability of encountering degraded levels of flying qualities due to
failure{s) ¢ 10-8/fl{ght, and for flight in the Service Flight Envelope:
Probability of encountering degraded levels of flying qualities due to
failuore(s) ¢ 10-2/f1light

4. QUALITY ASSURANCE

4.1 Compliance demonstration. Compljiance with all requirements of section 3
shall be demonstrated through analysis. In addition, compliance with many of
the requirements will be demonatrated by simulation, flight test, or both. The
methods for demonstrating compliance shall be established by agreement between
the procuring activity and the contractor. Representative flight conditions,
configurations, externzl store complements, loadings, ete., shall he deteruined
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for detailed investigations in order to restrict the number of design and test
conditions. The selected design points must be sufficient to allow accurate
extrapolation to the other conditions at which the requiresents apply.

Table XVIII apecifies general guidelines but the peculiarities of the specific
airplane design may require additional or alternate test conditions. The
required fallure analyses shall be thorourh, excepting only approved Special
Failure States {3.1.6.2.1). .

4.1.1 Analvtical compliance

4.1.1.1 Effects of Fallure Stptes. To determine theoretical compliasnce with
the requirements of 3.1,10.2, the following steps must be perforumed:

a. Ildentify those Airplane Failure States which have a significant effect on
fiying qualities (3.1.6.2) : )

b. Define the longest flight duration to be encountered during operatlonal
missions (3.1.1) '

c. Determine the probébllity of encountering varjous Airplene Fallure Stateas
per flight, based on the above flight duration (3.1.10.2)

d. Determine the degrée of flving qualities degradation assoclated with each
Airplane Failure State in terms of Levels as defined in the specific
requirements

e. Determine the most critical Airplane Fallure States {sssuming the fallures
are present at wnichever point in the Flight Envelope being considered is most
eritical in a flying qualities sense), and compute the total probability of
eacountering Level 2 flying qualities in the Operational Flight Envelope due to
equipment fallures. Likewise, compute the probability of encountering Level 3
qualities in the Operational Flight Envelope, ete. :

f.. Compare the computed values above with the requirezents specified in
3.1.10.2 and 3.1.10.3. An example which illustrates an approximate estimate of
the probabilities of. encounter follows: if the failures are all statistically
independent , determine the sum of the probabilities of encountering all
Airplane Pallure States which degrade flying qualities to.Level 2 in the
Operational Envelope. This aum must be leas than 10-2 per flight.

If the requirements are not met, the designer must conaider alternate courses
such as: ' ‘

a. Iamprove the'airplane flying qualities associated with the more probable
Failure States, or

b. Reduce the probabililty of encountering the more probable Failure States
through equipment redesign, redundancy, etc.

Regardless of the probability of encountering any given Afrplane Failure States

(with the exception of Specinl Failure States) the flying qualities shall not
degrade below Level 3.
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4.1.1.2 Effects of atmospheric disturbances. Paragraph 4.1.1.1 indicates a
procedure for satiafying the requirements on the degrading effects of Airplane
Fallure States, without consideration of disturbances. Atmospheric
disturbances also may cause a degradation in pilot opinion as specified in
3.8.2. 1n application, numerical values of control force and deflection, and
al ebmndy sbhnba nnd dunamisa masnanaas nanamatarns [ Ffarn avomnlao B R E-_/D and

I 3SLEEUY-JL8Lt iU UYHAHLIUY T'COpvliot pal duvves & Jawi Taaupysew ¥ S

t) are to be conasldered as mean values in the presence of atmospheriec
disturbances. These frequently are equlvalent to the values in eglwm air.
Numerical values of frequency-response parameters and of control authority are
effective values for the airplane in each particular intensity of atmospheric
disturbance. The qualitative requirementas of 3.8.3.1 and 3.8.3.2 should then
be assessed for both Airplane Normal States and critical Failure States
identified in 4.1.1.1.

4.1.1.3 Computptional pssumptions. Assumptions a and b of 3.1.10.2 are
scmewhat conservative, butl they simplifly the regulred computations in 3.1.10.2

[} -l
& Pi .
and ‘provide a set of workable ground rules for theoretical predictiona. The

reasons for these assumptions are:

a. "... components and systems are ... operating for a time period per flight
equal to the longest operational mission time ...". Since moat component
failure data are in terms of failurea per flight hour, even though continuous

"operation may not be typical (e.g. yaw damper ON during supersonic flight

only), fallure probabilities must be predicted on a per rlight basis using a
"typical™ total flight .time. The "longest operational mission time™ as
“typical® is a natural result. If acceptance cycles-to-failure reliability
data are avallable (MIL-STDP=756), these data may be.used for prediction
purpnsas based on maximum cycles per operationel mission, subject to procuring
activity approval. 1In any event, compliance with the requirements of 3.%1.10.2,
as determined in accordance with Section 4§, is based on the probability of
encounter per flight.

b. -*... failure is assumed to be present at whichever point ... is most
critical ...". This assumpticn is in keeping with the requirements of 3.1.6.2
regarding Fiight Phases subsequent to the actual failure in question. In cases

‘thal are unreaiiatic from the operational standpoint, the specific Airplane

Failure States might fall in the Airplane Special Failure State classification
(3.1,6.2.1)

§.1.2 Simulation. The danger, extent or difficulty of flight testing may
dictate simulation rather than flight test to evaluate some conditions and
events, such as the influence of Severe disturbances, events close to the
ground (except 3.2.3.4 shall be demonatrated in flight), combined Failure
States and disturbances, ete. ‘ln addition, by agreement with the procuring

‘activity, piloted simulation shall be performed before first flight of a new

airplane desiyn in order to demonstrate the suitabllity of the handling
qualitles, and also to dumunstrate compliance with qualitative requirements in
atmospheric disturbances and in the critical conditions identified in 4.1.1.1.
Where simulation is the ultimate method of demonstrating compliance for a
requirement, the simulation model shall be validated with flight test data and
approved by the procuring activity:
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4.1.3 FElight test demonstration. The required flight teats will be deflined by
operational, technical and safetvy considerations as decided jointly by the
procuring activity, the test agency and the contractor using reaults from U.1.1
and 4.1.2. It 1s not expected that flight test demonstration of the
requirements in Moderate and Severe disturbances will be done unless reouired
by the airplane missjon. Some flights can be expected to encounter actual
disturbances; then the qualitative requirements would apply if the disturbance
intensity could be categorized.

4.2 Airplane States. The parameters defining Alrcraft Statea shall be
tabulated. Table XIX illustrates an acceptable format.

6.2.1 'ﬂg1gnLg;nnleggngg_gf_ingngig. Terms specified in table XV¥III such as
fheaviest weight™ and "greatest moment of inertla® mean the heaviest and
greatest consistent with 3.1.2 and 3.1.3. When a eritical center~of-gravily

position is identified, the airplane weight and associated moments of inertia
shall correspond to the most adverse service loading in which that critical

center-of-gravity position is obtained.

8.2.2 genter-of-gravity positions. Terms specified in table XVI1I sueh a3s

"most forward c.g.® and moat aft c.c.™ mean the most forward or aft consiatent
with 3.1.2. When a critical weight or moment of inertia is tdentified, the
center-of-gravity position shall correapond to the most adverse service losding
in which that eritical weicht or moment of inertia is obtained.

4.2.3 Thrust settings. Thrust settings shall be as listed in table XIX.

4.3 pesien and test conditions

4.3.1 Altitudes. For terminal Flight Phases, it will normally suffice to
examine the selected Alrplane States at only one altitude below 10,000 feet
(low altitude). For nonterminal Flight Phases, it will normally suffice to
examine the selected Alrplane States at one altitude below 10,000 feet or at
the lowest operational altitude (low altitude), the maximum operaticnal
altitude (h ), and one intermediate altitude. When the maximum operational
altitude is agove 40,000 feet or when stability or control characteristics vary
rapidly with altitude, more intermediate altitudes than specified in table
XVII1 shall be investigated. When the Service Flight Envelope extends far
above or below the Operational Flight Envelope, the service-altitude extremes
must be considered.

§.3.2 Special conditions. In addition to the flight conditions previously

indicated, the speed-altitude combinations that result in the following shall
all be 1nvnnf1 ed. where annliecahle:

estigated. where applicahle:
a. Maximum normal acceleration response per degree of controller deflection
b. Maximum normal acceleration response per péund of control force

¢. Highest dynamic pressure and-hiéhest Mach pumber.
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TABLE XVIII.

Design and test condition muidelines.
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TABLE XVIII. Design and test condition guidelines. (Continued)
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TABLE XVIII. Desien and test condition guidelipes. (Continued)
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TABLE XVIII. Design and test condition guidelines. (Continued)
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4.4 Tests at apecialized facilities. Certain tests, by their nature, can be

conducted only at specialized facilitles which are not accessible to either the
procuring activity or the contractor except at the option of a third
organization. In such cases, when an agreement of test supoort at the
speclalized facility is obtained by the procuring activity, an analysis of
results obtained in the tests is a necesaary part of the analytical compliance
demonstration.

5. PREPARATION FOR DELIVERY
5.1 Section 5 1s not applicable to this specification.

6. NOTES

‘6.1 Intended use. This specification contains the flyine qualities

requirements for piloted airplanes and forms one of the bases for determination
by the procuring activity of airplane acceptability. - The specification
consists of design requirements in terms of criteria for use in stability and
control calculations, analysis of wind tunnel test results, simulator
evaluations, flight testing, etc. The requirements should be met as far as
possible by providing an inherently good baaic airframe. Cost, verformance,
reliability, maintenance, stc. tradeoffa are necessary in deteraining the
proper balance between basic airframe characteristics and augmented dvnamic
response characteristies. The contractor should advise the procuring activity
of any significant design penalties which may result from meeting any

particular requirement.

6.2 perinitiona. Terms and symbols uséd throughout this specification are
defined as follows:

.6.2.1 Geperal.
‘S ' - wing area
s - Laplace operator -
Q - = dynamie pressure
MSL = mean sea level
To - time to double amplitude; Ty = -.693/fw, for

oscillations, T = .6937 for first-order divergences

Airplane Normal - the domenclatﬁre and format of table XIX shall be
States used in defining the Airplane Normal States (3.1.6.1)

A
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6.2.2

Service ceiling

Combat celling

Crulising ceiling

hma 4

homax-

h°rnin

C.R.

Speeds
Equivalent
ajirspeed, EAS
Calibrated

airapeed

Refusal speed

altitude at a given airspeed at which the rate of
climb is 100 ft/min at stated weight and engine
thrust

altitude at a given airspeed at which rate of climd
is 500 ft/min at stated weight and engine thrust

altitude at a pgiven airpseed at which rate of clieb
is 300 ft/min at NRT at stated weight

maximum service altitude {defined in 3.1.8.3)
maximum operational altitude (3.1.7)
minimum operational altitude (3.1.7)

airplane center of gravity

true airspeed multiplied by JE; whereo 18 the ratio
of free-stream density at the given altitude to
standard sea-level air density

airspeed-indicator reading corrected for position and
instrument error but not for compressibility

the maximum speed to which the pirplane can
accelerate and then stop in the avallable runway
length '

Mach number

airspeed along the fiight path (where appropriate, V
@ay be replaced by M in thia specification),

- stall sapeed (ecuivalent airspeed), at lg normal to
the flight path, defined as the highest of:

a. sopeed for steady straight flight at C
first local maximum of the curve of 1ii
coelficient (L/gS) vs. angle of attack which
occurs as Cp is increased from 2ero

y the

b. speed at which uncommarnded pitching, rollinz or

vawing occurs (31.4.2.1.2)

st VRS S

¢. speed at which intolerable buffet or structural
vibration is encountered

1

T2
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Conditions for determining Vs-
The airplane shall be initially trimmed at
approximately 1.2 Vg with the rollowing acttinea,

after which the trim and throttle setlines shall be
held conatant:

Elieht Phage Ihrust Settings® Irim Setting
Climb (CL) Normal climb For straight flight
Descent (D) Normal descent For straight flight
Emergency descent (ED) Idle For straight flight
Ezergency deceleration {DE) Idle For straight rllight
Takeoff (TO) Takeoff _ Recommended takeoff setting
Approach {(PA) Normal approach For normal approach
Wave-off/go-around (WO) Takeoff For normal approach
Landing (L) 1dle For normal approach
All other - ' " TLF at 1.2 Vg For stralght flight

¢ Either on all enginesa or on reﬁaining engines with critical engine
inoperative, whichever ylelds the higher value of Vg.

In flight test, it is necessary to reduce speed very
slowly (typically 1/2 knot per second or less) to
minimize dynamic lift effects. The load factor will
generally not be exactly 1g when stall occurs;j when
this is the case, Vg 18 defined as follows:
R -
vs—fl-l.f

vhere V and ne are the measured values at stall, nr
being the load factor normal to the flight path.

Vg(X), VpinlX), - short-hand notation for the speeds Vs, Vmin, VYmax
Vaax(X) for a given configuration, weight, center-

: ‘ of-gravity position, and external store combination
associnted with Flight Phase X. For example, the
designation Vgay(TO) is used in 3.2.3.3.2 to
emphasize that the speed intended (for the welght,
center of gravity), and external store combination
under consideration) 1{'s Vp,, for the configuration
assoclated with the takeoff Flight Phase. This i»
necessary to ‘avold confusion,” since the conflguration
and Flight Phase change from takeoff to climb during
the maneuver.
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Verin - trim apeed

Vend . - speed for maximum endurance

YL/ = speed for maximut lift-to-drag ratio

VRrse - speed for waximum rate of climb

vrange - speed for maximum rande in zero wind conditions
VNRT ~ high speed, level flight, normal rated thrust
VMRT ’ - high speed, level flight, military rated thrust
VMAT ) - high speed, level flight, maximum augmented thrust
Vaax - maximun service speed (defined in 3.1.8.1)
Vatn - pininuam service speed (defined in 3.1.8.2)
Vomnx - maxiamum operational speed (3.1.7)

Vozin - minimum operational speed (3.1.7)

Vg - gust penetration apeed

6.2.3 Ihrust and power

Thrust and power - for propeller-driven airplanes, the word fthrust”
shall be replaced by the word "power®™ throughout the
specification

TLF - thrust for level flight

NRT - normal rated thrust, which is the maximum thrust at
which the engine can be operated continuously

" MRT - militarv rated thrust, which is the maximum thrust at
: which the encine can be operated for a specified
period

MAT : ‘ - maximum augmented thrust: maximum thruat, augmented

by all means available for the Flight Phase
Takeoff thrust. - maximum thrust available for takeoff
6.2.4 Control oarameters
Piteh, roll, - the stick or wheel and pedals manipulated by the

yaw controls pilot to produce pitching, rolling and yawing moments
respectively; the cockpit controls

T4
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Pitech control force, F§ ™

Roll control force -

Yaw-control pedal force -

Direct normal force -

control

HIL-F-8785C

component of applied force, exerted by the pilot on
the cockpit eontrol, in or parallel to the plane of
aymmetry, acting at the center of the stick grip or
wheel in a direction perpendicular to a line between
the center of the stick grip end the stick or control
oolumn pivot

for a stick control, the component of control force
exerted by the pilot in a plane perpendicular to the
plane of symmetry, aoting st the center of the atick
grip in a direction perpendicular to a line between
the center of the stick grip and the stick pivot.
For a wheel control, the total moment applied by the
pilot shout the wheel axis in the plane of the wheel,

- hn

J:..JA . o - ant mda
TOUR LIIE WTEL PaVYuw LY

divided by the average radius

the pilot's grip

difference of push-force components of forces exerted
by the pilot on the yaw-control pedals, lying in
planes parallel to the plane of symmetry, measured
perpendicular to the pedals at the normsl point of
application of the pllot's 1nstep on the reapective
yaw-control pedals

B device producing direct normal force for the
primary purpose of controlling the flight path of the
airplane. Direct normal force control is the
descriptive title given to the concept of directly
modulating the normal force on an airplane by
changing its lifting capabilities at a constant angle

" of attack and constant airapeed or by controlling thu

Control power -

normal force component of such items as jet exhausts,
propellers, and fans

effectiveness of control surfaces in applying forces
or moments to an airplane. For example, 50 percent
of "available roll control power is 50 percent of the
maximum rolling moment that is available to the pilot
with allowable roll control force

6.2.5 Longitudinal parapeters

qSP -~ damping ratio of the short-period oscillation
”nsp -~ undamped natural frequency of the short-period
oscillation
Cp_ - damping ratic of the phugoid oscillation
“ry, - undamped n;tural frequency of. the phugold oscillation
h - pormal acceleration or normal load factor, measured

at the ¢.g.

15
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nL

Omaxs Opin

n{+), nf{-)

n
Omax* MOmin

n°(¢, ' no(")

LOAD FALTOR - g's

A ]

n

symmetrical flight limit load factor for a given
Airplane Normal State, based on structural
conaiderations

maximum and minimum service load factors

for a given altitude, the upper and lower boundaries
of n in the V-n dlagrams depictineg the Service Flight
Envelope

maximum and minivum operational load factors

for given altitude, the upper and lower boundaries of
in the V-n diaarams deplizting the Qperational Flight

Envelope

N

N

%
\\ .
N
=3 ]
. s pE——— sl TR RN, R —— ' - A
~ S1LE
A IRSPEED
LA
-~

—

g

———— n {+) AKD n (-} (CPERATIONAL FLIGHT ENVELOPE)
— == n(+¢) AND n(-) (SERVICE FLIGHT ENVELOPE)

angle of attack; the angle in the plane of symmetry
between the fuselace reference line and the tangent
to the flight path at the airplane center of gravity
the stall angle of attack at const

conficuration, weight, center of qravity position and
external-sltore dombination associated with a given
Airplane Normal State; defined a= the lowest of the
following:

ant aneed for the

*

1. Aagle of attack for the highest steady load
factor, normmal to the flight path, that can be
attained at a glven speed or Mach number
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b. Angle of attack, for a given speed or Hach
nusber, at which uncommanded pitehing, rolling er
yawing occurs (3.4.2.1.2)

c. Angle of attack, for a given speed or Mach
number, at which intolerable buffeting is
encountered,

11ft coefficient at ag defined above.

the ateady-state normal acceleration change per unit
change in angle of attack for an incremental pitch
control deflection at constant speed (airapeed and
Mach number)

gradient of steady-state pitch control force versus n
at constant speed (3.2.2.2.1)

climb angle, positive for climbing flight
Y = ain -1 (vertical speed/true airspeed)

piteh attitude, the angle between the x-axis and the
horlzontal

aerodynamnic 1ift plus thrust comoonent normal to the
rllght path

6.2.6 meﬂimﬂnmmmm

5&8

-4
7]

& W L7

-

displacesent of the roll contrel stiek or wheel along
its path

first-order roll mode time constant, positive for
stable mode

first-crder rell mode tinme constant, positive for
atable mode

undamped natural frequency of numerator quadratic of
¢/8,c transfer function

damping ratio of numerator quadratic or¢/5As
transfer function

undamped natural frequeacy of the Dutch roll
oscillaetion ’

damping ratio of the Duteh roll oscillation
2n
damped period of the Dutch roll, Tq = 71 -cj
n
d

17
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“hps

tRs

pDSC

h-)

av

o08C
av

AB

barnk angle measured in the y-
b

undamped natural frequency of a coupled roll-spiral
oacillation

damping ratioc of a coupled roll-spiral oscillation

2 plane, between the
y-axis and the horizontal {6.2.1)

bank angle change in time ¢, in response to control
deflection of the form given in 3.3.4

roll rate about the x-axis (6.2.1)

a measure of the ratio of the oscillatory component
of roll rate to the average coamponent of roll rate
following a yaw-control-free step roll coatrol
command :

posc Py + P3 B 2p2

g, €0.2: =
é Pav Py *tpyt 2p,
T, > 0.2 Posc - Py '_Eg
d top )
av 1 2

where py, py, and p3 are roll rates at the first,
second and third peaks, reapectively. (Figures 14
and 15).

a measure of the ratio of the oacillateory component
of bank angle to the average component of bank angle
following a pedals-free impulse aileron control

command :
L <g.2: ¢osc - ¢t ¢3 - 2¢2
d 65\" ¢l + ¢3 + 24’2
t, » 0.2: ¢osc -'¢l _ ¢2
d ) dav ¢l + ¢2

where #,, ¢, ®5 are bank engles at the first,

'second and third peaks, respectively.

sideslip angle at the center of gravity, angle
between undisturbed flow and plane of symmetry.
Positive, or right sideslip corresponds to incident
flow approaching from the right side of the plane of
symmetry

maximum change in sideslip oocurring within 2 seconda
or one half-period of -the Dutch roll, whichever ia

greater, for a step roll-control command (figures 14
and 15) :

ratio of "command roll performance®™ to "applicable
rell performance réquirement” of 3.3.4 or 3.3.4.1,
where;
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-a. "Applicable roll performance requirement®,
( $¢) requirement, is determined from 3.3.Y and
3.3.4.1 for the Class, Flight Phase Category and
Level under conaideration

b. "Commanded roll performance”, ( ¢;) command, i3 the
bank angle attalned in the stated time for a given
step roll command with yaw control pedals employed as
apecified in 3.3.4 and 3.3.4.1

(¢,)
(¢)

St requirement

command

“K =

L - time for the Dutch roll oscillation in the sideslip

8 . response to reach the nt? local maximum for a right
step or pulse roll-control command, or the nth local
minimum for a left command. In the event a step

control input cannot be accomplished, the control

=kal A& mmome -
shall be moved as abruptly as practicszl and, for

purposes of this definitien, time shall be measured
from the instant the cockptit control deflection
passes through half the amplitude of the commanded
value. For pulse inputs, time shall be measured from
a point halfway through the duration of the pulse

¥ - phase angle expressed as a lag for a cosine

representation of the Duteh roll oseillation in
sideslip, where

v, = - 2%9-t + {n - 13360 {degrees)

B d nB

with n as in t, above

¥p/B - phase angle between roll rate and sideslip in the
free Duteh roll oscillation. Angle is positive when
p leads B by an angle between 0 and 180°

(e8], - at any instant, the retio of amplitudes of the
bank-angle and sideslip-angle envelopes in the Dutch
roll mode .

Examples showing measurement of roll-sideslip coupling parameters are shown on
figure 14 for right rolls and figure 15 ror'le?t roils. 3ince several
oscillations of the Dutch roll are required to measure these parameters, and
since for proper identification large roll rates and bank angle changes must
generally be avoided, step roll control fnputs should be small. It should be -
noted that since Vg 15 the phase angle of the Dutch roll component of
sideslip, care must be taken to select a peak far enough downstream that the
position of the peak is not influenced by the roll mode. In practice, peaks
occurring one or two roll mode time constants after the alleron input will be

relatively undistorted. Care must also be taken when there 13 ramping of the
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aideslip trace, since ranping will displace the position of a peak of the

trace from the corresponding peak of the Dutch roll component. In practice,
the peaks of the. Dutch roll component of sideslip are located by first drawing
a line through the ramping portion of the pideslip trace and then noting the
times at which the vertical distance between the line and the sidealip trace is
the greatest. {see following sketch for Case (a) of figures 14§ and 15.)

RIGHY
‘P ------ r-------r ------ .l-.----I ....... ‘l -------------- Q. ------- :. ------ ~. -----
i H ' H : ' H
: : : : : : :
L : : ; : g : : i i
1 --.---1.------!,...----...-.o--s------‘------ :---.-.-‘.-...--.-.:....--‘... ---.----... ’
Yo =-308° L ':
P : : : :
o 2 ""”t'"""';‘"“"':" A " . : T $omoane 3
s : i : : 2nd MiNCMAM
i\ T AT TR S ; pranns }. u-g."."% ...... i
: : d : F.‘ = 2,06 8EC ] i : :
0 "‘C; H 4 - P H H H : H
: t : 2 : | : [] { 5 H s
Pooob b T - BEC T N N
R S SE R et goemees it frese fosescpencnend
1 : P S S S S P :
S O SO A N DU S SR AUV SO
-2 ...... - dessnms o TR - Y despnana Semvssm P S [, [ —— temmman -
LEFT
R B S S e S g T ;
: ) : : ; i ; ! : H :
- i 1 : : : : : ! : : :
-« - + ——— ; 4 : — - + .
® S S S S P
H ! : H : : : ; H
N : i I i
\ 2 | L] [ é
TIME - 3EC

Since the first loecal maximum of the Dutech roll gomponent of the sideslip
response occurs at t = 2.95 seconds, ’

-360° -
v, = 2%+ (- 27360 = 238005 95) « -303 degrees
A Td nB 1.5 -

-Level 1 flying qualities of a Class IV airplane in the approach are under
examination; ao the roll performance requirement from-table 1X upon which the
parameter "k" in the sideslip excursion requirement (figure 6) is based, is

- 9+ = 30 degrees {n 1 second with rudder pedals free (as in the rolls of
3.3.2.4). From the definitions, "k" for this condition is,

(¢,)

k = 1 _command
N‘l)l-eqt.iirmue:nt ) '
Therefore from figures 14 and 15: - -
Case (a), k = 9.1/30 = 0.30 : Case (c), k = 6.8/30 = 0.23
Case (b), k = 8.1/30 = 0.27 Case (d), k = 6.0/30 = 0.20
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6.2.7 Atmespheric diaturbances parameters

=1
spatial (reduced) frequency (radians per foot)
temporal frequency {radians per second), where w = QV
time (seconds)

disturbance veloclity along the x~axis, positive
forward (feet per second) '

disturbance veiocity along the y-axls, positive to
pilot's right (feet per second)

disturbance velocity along the z-axis, positive down
(feet per second)

Note: Random ug, Vg, wg have Gaussian {(normal)
ions

distribu

magnitude of wind over the aircraft carrler deck
{feet per second} '

root-mean-square disturbance intensity, whare

02 = / 0()dR = S ¢ (w)du

root-mean-square intensity of ug
root-dean-squara intenﬁtty of vg
root-mean-square intensity of wg

scale for ug (feet)

scale for vg (feet)

scale for vy (feet)

spectrum for ug, where oug(n) = V¢us(w)
spectrum for vgs Where °vs(9) o V¢vg(m)
spectrun for wg, where Ous(ﬂ) - V¢ug(w)

generalizéd discrete gust intensity, positive along
the positive axes, m = x, ¥, z (feet per second)

generalized diaﬁrete gust lenzth (always positive)
m=Xx, Yy, £ (feet)

wind speed gt 20 feet above the ground
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X - distance from airplane ¢o ship center of piteh,
negative aft of ship (feet)

U - mean wind direction relative to runway (3.7.3.3)

6.2.8 Ierms used {n high sngle of attaci requirements

Post-stall - The flight regime involving angles of attack greater than nominal
stall angles of attack. The airplane characteristics in the post-stall regime
@may consist of three more or less distinct consecutive types of alrplane motion

following departure from controlled flight: poat-stall gyration, incipient
spin, and developed spin.

Post-stall gyration (PSG) - Uncontrolled motions about one or more airplane
axis following departure from controlled flight. While this type of airplane

motion involves angles oFf attack hicher than 2tall angls. lpusr an

2loma wm
olLvea 5.8 =y vuun dajiuvi wviinll wwdss aAlimsety ) AURV @iimaTUS WAy OO

encountered intermittently in the course of the motion.

Spin - That part-of the post-stall airplane motion which is characterized by a
sustained yaw rotetion. The gpin may be erect or inverted, flat (high angle of
attack) or steep (low but atill stalled angle of attack) and the rotary motions
@ay have oscillations in piteh, roll and yaw superimposed on them. The
inciplent apin is the initial, transient phase of the motion during which it is
not possible to identify the spin mode, usually followed by the developed spin,
the phase during which it is possible to identify the spin wmode.

6.3 Interpretation of Fo/n limits of table V. Because the limits on Fy/n are
a fundtion of both ny ané n/G , table V Ig rather complex. To illustrate its
use, the limits are presented on figure 16 for an airplane having a
center-stick controller and np = 7.0.

M

WHIH -

BADCENT O LIRS ¢OATRAL FogsT!

1

n/x ~ glr4d

- - ~

Center-stick controller, n; = 7.0

— . e — . ———

314-“
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augrmentation gains in the primary flight control aystem are sometimes
accomplished by scheduling the changes as a function of the settings of
secondary control devices, such as flaps or wing aweep. This practice is
generally acceptable, but gearings and gains normally should not be scheduied
as a function of trim control settings since pilots do not always keep
airplanes in trim.

6.5 Engine considerations. Secondary effects of engine operation may have an
important bearing on flying qualities and should not be overlooked in desisn.
These considerations are: the influence of encine gyroscopic moments on
airframe dynamic motions; the effects of engine operation (including flameont
and intentional shutdown) on characteristics of flight. at hich angle of attack
(3.4.2); and the reduction at low rpm of onqlno—derived power for operating the
flight control syatem.

6.6 eqt s vela {pm ; B
Since aeroelasticity, control equipment and structural dynamlca may exert an

important influence on the airplane flying qualities, such effects should not
he oveprlooked in calculations or analvses direeted toward investimation of

W AWWRAWY ALl WHAWMAMU VAWl Wi G S s e e C3LARELIV

compliance with the requirements of this specification.

6.7 Application of Levels. Part of the intent of 3.1.10 is to ensure that the
probability of encountering significantly degraded flving qualities because of
component or subsystem failures is small. For example, the probability of
encountering very degraded flying qualitiea {Level 3) must be leas than
specified values per flight.

PRy

parameters for a given Airplane Failure State the following defin
Drovided'

6.7.1 Level definitions. To determine the degradation in flying qua al
itio

a. Level 1 is better than or equal to the Level 1 boundary, or number,
specified in Section 3

b. Level 2 iz worse than Level 1, but no worse than the Level 2 boundary, er
number

¢. Level 3 is worse than Level 2, but no worse than the Level 3 boundary, or
number.

When & given boundary, or number, is identified as Level 1 and Level 2, this
means that flying qualities outside the boundary conditions ahown, or worse
than the number given, are at best Level 3 flying qualities. Also, since
Level t and Level 2 requirements are the same, flying gualities must be within
this coumon boundery, or number, in both the Operational and Service Flight
Envelopes for Airplane Normal Statea {3.1.10.1). Airplane Failure States that
do not degrade flying qualities beyond this common boundary are not considered

in geeting the requirements of 3.1.10.2. Airplane Failure States that

represent degradations to Level 3 must, however, be included in the computation
of the probability of encountering Level 3 degradatilons in both the Operational
and Service Flight Envelopes. Agaln degradation beyond the Level 3 boundary is
not permitted regardleas of component failures.
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6.8 Related documents. The documents listed below, while they do not forom
part of this specification, are so closely relaied to it that their con téﬁt
should be taken into aceount in any application of this specification.

-

SPECIFICATIONS
MILITARY
MIL-C-5011 Charts; Standard Alrcraft Cheracteristics and Performance,

Piloted Alreraft
MIL-M-T7700 Manual, Flicht

MIL-A-BBGO Airplane Strength and Rigidity - General Specification for
MIL-A-8871 Airplane Strength and Rigidity Flight and Cround Operations Test
MIL-G-3B478  General Requirements for Angle-of-Attack-Based Systems

STANDARD

MILITARY

MIL-STD-882 ° Systems Safety Program for Systems and Associated Subsystems and
Equipmant: Reguirement for

PUBLICATIONS
AFSC Design Handbooks

DH 1-0 General
DH 2-0 Aeronautical Systems®

AFFDL Technical Report

IR 6972 Background Information and User Guide for MIL-P-8785B, Military
Specification - Flying Qualities of Plloted Airplanes, August
1969

6.9 Marminal indicia.. Asterisks are not used in this revision to identify
changes with respect to the previous issue due to the extensiveness of the
changes.

Custodiana: Preparing Activity:
Army - AV Air Porce - 11
Navy - A3
Alr Farce = 11 : Project 15GP-0030

)
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NUMERICAL INDEX
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Application « & o & 4 o 4+ o ¢ v s o a8 4w s e s
Claasification of airplanes . . . . . « » . . & .
Land- or carrier-based designation . . . . . . .

Flight Phase CateSories . . « o =« o o « « & « &+ =
Levels of flying qualities . . . ¢« ¢ + ¢« & . . &
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NUMERICAL INDEX {Continued)

Additional sideslip reguirement
for small inputs
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Pilot-induced oscillatlons
Roll control effectiveneas
Roll performance for Class IV airplanes
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Rell response
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3.4.2.1.2 Stall characteristics . . « i + 2 ¢« v o & &
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