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MILITARY SPECIFICATION

QUALITIES‘OF PILoTED V/STOL AIRCRAFT

1, SCOPE .4NZCLASSIFICATIONS

1.1 *. This specification contains the requirements for the flying
qualities of U.S. military piloted vertical-and short takeoff and lamding
(V/STOL) aircraft operating at speeds less than Vcon.

1.2 Application, The requirements of this specification shall be applied
to assure that ne limitations on flight safety or on the capability to per-
form intended missions will result from deficiencies in flying qualities.
The flying qualities for all V/STOL aircraft proposed or contracted for
shall be in accordance with the provisions of this specification unless
specific deviations are authorized by the procuring activity. Guidance
on application of these requirements can be found in the Background Informa-
tion and User Guide (BIUG) referenced in 6.7. Additional or alternate
special requirements may be specified by the procuring activity. For
example, if the form of a requirement should not fit a particular vehicle
configuration or control mechanization, the procuring activity may at its
discretion agree to a modified requirement that will maintain am equivalent
degree of acceptability. The requirements of MIL-F-8785 shall apply for
operation at speeds in excess of Vcon.

1.2.1 Ground effect. Requirements are not written specifically for
operations in or out of ground effect. The height above ground where
cnrnpliancemust be demonstrated is dictated by the requirements for the
particular Flight Phase (1.4) of the operational mission under considera-
tion.

1.2.2 Operation uader instrument flight conditions. It is assumed that
IFR capability is inherent in all milita~ aircraft operational missions,
and therefore the detailed requirements are intended to reflect this
assumption. Exceptions to this general assumption are noted in specific
requirements.

1.3 Classification of aircraft. For the purpose of this specification,
an aircraft shall be placed in one of the following Classes:

Class I Small, light aircraf~ such as

Light utility
Prim~ trainer
Light observation FSC 1500
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Class 11

Class 111

Class IV

Medium weight, low-to-mediummaneuverability aircraft such as

Utility
Search and.rescue
Medium tra.nsport/cargo/t.ank&r
Early warning/electronic countermeasures/s,irborne

command, control, or comuumications relay
Antisubmarine
Assault transport
Reconnaissance
Tactical bomber
Heavy attack
Trainer for Class II.

Large, heavy, low-to-medium maneuverability aircraft such .ss

Heavy transport./cargo/tanker
Heavy bomber
Patrol/early warning/electronic countermeasures/airborne

commsad, control, or communicationsrelay
Heavy search and rescue
Trainer for Class III.

High-maneuverability aircraft such as

Fighter/interceptor
Attack
Tactical reconnaisssmce
Observation
Combat search and rescue
Trainer for Class IV.

The procuring activity will assign an aircraft to one of these Classes,
and the requirements for that Class shall apply. When no Class is speci-
fied in a requirement, the requirement shall apply to all Classes. When
operational missions so dictate, an aircraft of one Class may be required
by the procuring activity to meet selected requirements ordinarily
specified for aircraft of another CIXS.

1.4 Flight Phase Categories. 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
so that there will be no gap between successive Phases of any flight.
In certain cases, requirements are directed at specific 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 descriptive of most tilitsry aircraft missions are:

●
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●

I

●

●

Nonterminal Flight Phases:

Category A -

a.
b.
c.
d,
e.
f.

:.
i.

j.

Category B -

a.
b.
c,
d.
e.
f.
g.
h.
i.

j.

Those nonterminal Fligkt Phases that require rapid
maneuvering, precision tracking, or precise flight-
path control. Included in this Category are:

Air-to-air combat (CO)
Ground attack (GA)
Weapon delive~/launch (WD)
Aerial recovery (AR)
Reconnaissance (RC)
In-flight refueling (receiver) (RR)
Terrain following (TF)
Antisubmarine search (AS)
Close formation flying (FF)
Precision hover (PH)

Those nonterminal Flight Phases that are normally
accomplished using gradual maneuvers and without
precision tracking, although accurate flight-path
control may be required. Included in this Category
are:

Climb (CL)
Cruise (CR)
Loiter (LO)
In-flight refueling (tanker) (RT)
Descent (D)
Rmergency descent (ED)
Emergency decelebration(DE)
Aerial delivery (AD)
Hover (H)
Nonterminal transition (NT)

Temiirial“FlightPhases:

Category C - Terminal Flight Phases that are normally accomplished
using gradual maneuvers and usually require accurate
flight-path control. Included in this Category are:

a. Vertical takeoff (VT)
b. Short takeoff (ST)
c. Approach (PA)
d. Wave-off/go-aroumd (WO)
e. Vertical landing (VL)
f. Short landing (SL)

‘!3. Terminal transition (T1’)

When necessary, recategorization or addition of Flight Phases or delinea-
tion of requirements for special situations will be accomplished by the
procuring activity.
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1.5 Levels of flvinp aualities. Where possible, the requirements of
section 3 have been stated in terms of three values of the stability or
control parsmeter 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 aircraft is designed, The L6xels
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 pilot workload
or degradation in mission effectiveness, or bOth,
exists.

Level 3: Flying qualities such that the aircraft can be
controlled safely, but pilot workload is excessive
or mission effectiveness is inadequate, or both.
Category A Flight Phases csn be terminated safely,
smd Category B and C Flight Phases cam be completed.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effeet on the date of
invitation for bids or request for proposal, form a part of this specifi-
cation to the extent specified herein:

SPECIFICATIONS

Military

MIL-F-9490

MIL-c-18244

MIL-F-18372

MIL-W-25140

I
MIL-F-8785

STANDARDS

I
MIL-STD-756

4

Fli@t Control Systems - Design, Installation and Test‘of,
Piloted Aircraft, General Specification for

Control and Stabilization Systems, Automatic, Piloted
Aircraft, General Specification for

Flight Control Systems, Design, Installation and Test of,
Aircraft (General Specification for)

Weight and Balance Control Data (for Airplanes and
Rotorcraft)

Flying Qualities of Piloted Airplanes

Reliability Prediction

I

I

I
I

0

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


MIL-F-83300

(Copies of documents required by suppliers in connection with specific
procurement functions should be obtained from the procuring activity or
as directed by the contracting officer.)

3. REQUIRENC3NTS

3.1 General requirements

3.1.1 Operational missions. The procuring activity will specify the
operational missions to be considered by the contractor in designing the
aircraft to meet the flying qualities requirements of this specification.
These missions will include the entire spectrum of intended operational
usage.

3.1.2 Loadings. 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 center-of-gravity
positions as defined in MIL-W-25140. In addition, the contractor shall
determine the maximum center-of-gravity excursions attainable through
failures in systems or components, such as fuel sequencing, hung stores,
etc., 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 the excursions cited above, this
specification shall apply.

3.1.3 Moments of inertia. The contractor shall define the moments of
inertia associated with all loadings of 3.1.2. The requirements of this
specifics’~ionshall apply for all moments of inertia so defined.

3.1.4 External stores. The requirements of this specification shall apply
for all combinations of external stores required by the operational mis-
sions. The effects of external stores on the weight, moments of inertia,
center-of-gravityposition, and aerodynamic characteristics of the air-
craft 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 speci-
fied by the procuring activity. In establishing external store combina-
tions to be investigated, consideration shall be given to asymmetric as
well as to symnetric combinations, and to various methods of attachment to
the @rframe (e.g., single-point sling, multi-point sling, rigid, etc.).

3.1.5 Configurations. The requirements of this specification 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 (except
for the pitch, roll, yaw, thrust magnitude, and trim controls), for example,
flap setting, wing.amgle setting, duct-rotation setting, nozzle setting,

5
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Stability-augmen tation-system(SAS)-selector setting, etc. The selected
configurations to be examined must consist of those re<uired for
performance and mission accomplishment. Additional configurations to be
investigated may be defined by the procuring activity.

3.1.6 State of the aircraft. The State of the aircraft is defined by the
selected configuration together with the functional status of each of the
aircraft components or systems, thrust magnitude, weight, 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 Aircraft State since they are often
specified in the re~uirements. The position of the thrust magnitude control
shall nOt be considered am element of the Aircraft State when the thrust
magmitude is specified in a requirement.

3.1.6.1 Aircraft Normal States. The contractor shall define and tabulate
all pertinent itenm to describe the Aircraft Normal (no component or system
failure) State(s) associated with each of the applicable Flight Phases.
This tabulation shall be in the format and shall use the nomenclature shown
in 6.2. Certain items, such as weight, moments of inertia, center-Of-
gra~tY position, thrust magnitude and thrust angle control SettingS, may

vq Continuously over a range of values during a Flight Phase. The con-
tractorshall replace this continuous variation by a limited number of
values of the parameter in question which will be treated aa specific
States, and which include the most critical values and the extremes
encountered during the Flight Phase in question.

3.1.6.2 Aircraft Failure States. The contractor shall define and tabulate
all Aircraft Failure States, which consist of Aircraft Normal States modi-
fied by one or more malfunctions in aircraft components or systems; for
example, a discrepancy between a selected configuration and an actual con-
figuration. Tnose malfunctions that result in center-of-gravity positions
outside the center-of-gratity envelope defined in 3. 1.2 shall be included.
Each mode of failure shall be considered. Failures occurring in any Flight
Phase shall be considered in all subsequent Flight Phases.

3.1.6.2.1 Aircraft Special Failure States. Certain components, systems,
or combinationsthereof 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 justification for considering the Ftilure States as Special
is submitted by the contractor and approved by the procuring activity.

3.1.7 Operational Flight Envelopes. The Operational Flight Envelopes
define the boundaries in terms of speed, altitude, and load factor within
which the aircraft must be capable of operating in order to accomplish the
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missions of 3.1.1. Additional envelopes in terms of parameters such as
rate of descent, flight-path angle, and side velocity m~ also be specified.
Envelopes for each applicable Flight Phase shall be established with the
guidance and approval of the procuring activity. In the absence of specific
guidance, the contractor shall use the representative conditions of table I
for the applicable Flight Phases.

3.1.8 Service Flight Envelopes. For each Aircraft Normal State (but with
thrust varying as required), the contractor shall establish, subject to the
approval of the procuring activity, Service Flight Envelopes showing combi-
nations of speed, altitude, and load factor derived from aircraft limits as
distinguished from mission requirements. Additional envelopes in terms of
parameters such as rate of descent, flight-path angle, and side velocity may
also be specified. A certain set or range of Aircraft Normal States generally
will be employed in the conduct of a Flight Phase. The Service Flight Enve-
lopes for these States, taken together, shall at least cover the Operational
Flight Envelope,for the pertinent Flight Phase. The speed, altitude, and load
factor boundaries of the Service Flight Envelopes shall be based on considera-
tions discussed in 3.1.8.1, 3.1.8.2, 3.1.8.3, 3.1.8.4, and 3.1.8.5.

3.1.8.1 Maximum service speed. The maximum service speed, Vm=, for each
altitude below the sertice ceiling for the configuration under consideration
is the lowest of:

a. The maximum permissible speed

b. The speed which is a safe margin below the value at which
intolerable buffet or structural vibration is encountered

c. The speed limited by am extreme nose-down pitch attitude

d. The maximum airspeed, in descents, from which recovery can
be made without penetrating a safe margin from loss of
control, intolerable buffet, or other dangerous behavior,
and without exceeding structural limits.

3.1.8.2 Minimum service speed. The minimum service speed, Vmin, for each
altitude below the service ceiling for the configuration under considera-
tion, in fore and aft flight, is the highest algebraically of:

a. 35 knots rearward (-35 knots)

b. The speed which is a safe margin above the speed at which
intolerable buffet or structural vibration is encountered

c. A speed limited by reduced forward field of view or
extreme nose-up pitch attitude
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d. Other speed at MAT which is a safe margin above the value
where pitch, roll, or yaw control available is insufficient
to maintain l-g level flight.

3.1.8.3 serviceside velocity. The service side-velocity boukdary for
the configuration under consideration is defined by the maximum side
velocity associated with each speed between Vm= and Vfin (as defined by
3.1.8.1 and 3.1.8.2) from which recove~ to straight and level flight“canbe
made without penetrating a safe margin from loss of control or other dangerous
behavior.

3.1. 8.4 Maximum service altitude. me maximum service altitude, hmu,
for a given speed is the maximum altitude at which a rate of clinibof
100 feet per minute can be maintained in unaccelerated flight with MAT.

3.1.8.5 Service load factors. Maximum [and minimum] service load factors,
n(+) [n(-)], shall be established as a function of speed for several signi-
ficant altitudes. The maximum [minimum] service load factor, when trimmed
for l-g flight at a particular speed and altitude, is the.lowest [highest1
algebraically of:

a. The positive [negative] structural limit load factor

b. The steady load factor at which the pitch control is in
full aircraft-nose-up [nose-down] position with the thrust
magnitude control in a position to maximize [minimize] the
load factor

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

3.1.9 Permissible Flight Envelopes. The Permissible Flight Envelopes
encomuass all regions in which operation of the aircraft is both allowable
and possible. fiese are the bo~daries of flight conditions outside the
Service Flight Envelope which the aircraft is capable of safely encountering.
Transient load factors, power settings, and emergency thrust settings may be
representative of such conditions. The Permissible Flight Envelopes define
the boundaries of these areas in terms of velocity, altitude, and load
factor. Additional envelopes, in terms of parameters such as rate of
descent, flight-path angle, and side velocity may also be specified.

3.1.9.1 Maximum permissible speed. The maximum permissible speed for each
permissible altitude for the configuration under consideration shall be the
lowest of:

a. The limit speed based on structural considerations

b. The limit speed based on engine considerations

c. The speed at which intolerable buffet or structural
vibration is encountered

9
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a. The maximumairspeed,in descents,fromwhich recoverycanbe
made withoutencounteringloss of control,intolerablebuffet
or structuralvibration,and withoutexceetingstructural
limits.

3.1.9.2 Minimumpermissiblespeed. The minimum permissible speed for each
permissible s.ltitude far the configuration under consideration, in fore and
aft fligbt, shall be the highest algebraically of:

a. 35 knots resrward (-35 knots)

b. The speed, at MAT, below which pitch, roll, or yaw control
avsilable is insufficient to maintain l-g level fli@t

c. The speed below which intolerable buffet or structural
vibration is encountered.

3.1.10 Applications of Levels. Levels of flying qualities as indicated
in 1.5 are employed.in this specification in realization of the possibility
that the aircraft may be required to operate under abnormal conditions.
Such abnormalities that may occux as a result of flight outside the Opera-
tional Flight Envelope, the failure of aircraft 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.

3.1.10.1 Requirements for Aircraft Normal States. The minimum.required
flying gualities for Aircraft Normal States (3,1,6.1) are as shown in
table II.

TABLE II, Levels for Aircraft Normal States

=

3.1.10.2 Requirements for Aircraft Failure States. When Aircraft
Fsilure St~ a degradation in flying qualities is per-
mitted only if the probability”of encountering a lower Level thau spe~i-
fied in 3.1,10.1 is sufficiently small. The contractor shall determine,
based on the most accurate available data, the probability of occurrence
of each Aircraft Failure State per flight snd the effect of that Failure
State on the flying quslities within the Operational and Service Flight
Ehvelopes. These smalyses shall be updated at intervals specified by the
procuring atititity. These determinations shall be based on MIL-STD-756
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and systems are assumed to be
equal to the longest operational

mission time”to be considered by the contractor in designing the aircraft,
and (b) each specific failure is assumed to be present at whichever point
in the Flight Envelope being considered is most critical (in the flying
qualities sense). From these Failure 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 centractor shall also determine the probability that one or more flying
aualities are demaded to Level 3. These probabilities shall be less than
{he values shown-in table III.

TABLE III. Levels for Aircraft Failure States

Probability of Within Operational Within Service
Encountering Flight Envelope Flight Envelope

Level 2 after ftilure < 10-2 per fIi@t

Level 3 after failure < 10-4 per flight < 10-2 per flight

In no case shall a Failure State (except an approved Special Failure State)
degrade any flying quality outside the Level 3 limit.

3.1.10,2.1 Specific failures. The requirements on the effects of specific
types of failures, e.g., propulsion (3.8.9 ).or flight control system (3.5.5),
shall be met on the basis that the specific type of failure has occurred,
regardless of its probability of occurrence.

3.1.10.3 Exceptions

3.1.10.3.1 Ground operation. Some requirements pertaining to takeoff,
landing, and taxiing involve ground operation outside the @eratiOnal,
Service and Permissible Flight Envelopes. When requirements are stated for
these conditions,“the Levels shall be applied as if the conditions were in
the Operational Flight Envelope.

3.1.10 .3.2 When Ievek am not specified. Within the @erati On~ =d
Service Flight Envelopes, all requirements that are not identified with
specific Levels shall.be met under all conditions Of cOmpOnent ~d sYstem
failure except approved Aircraft Special Failure States (3.1.6.2.1).

3.1.10 .3.3 Flight outside the Service Flight Enveloue. From all points
in the Permissible Flight Envelope, it shall be possible readily and
safely to return to the Service Flight Envelope without exceptional pilot
skill or technique, regardless of component or system failures. The
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requirements of 3.8.1 and 3.8.2 shall also apply.

3.1.10.3.4 Operation in critical hei&t-velocity conditions. Some propul-
sion system failures in the critical height-velocity regime msy be cats.s-
trophic. Although the aircraft would not meet the requirements of
3.1.10.3.3 for flight within the Permissible Flight Envelope following such
propulsion system failures, there may be cases where the critical height-
velocity conditions will fall within the Operational Flight Envelope for
all other Aircraft States because flight under these conditions is essential
to accomplishment of the operational missions of 3.1.1. Special requirements
RISYbe specified by the procuring activity for conditions encountered during
and after’the propulsion system failure. The size of the critical height-
Yelocity regime is subject to the approval of the procuring activity.

3.1.11 Cockpitcontrols. Requirements are written on the basis of con-
ventional cockpit controls, e.g., stick or wheel plus rudder pedals, with
either a conventional throttle or a helicopter-type collective control.
The form of thrust shgle control has not been assumed. Aircraft having
cockpit controls other thsn conventional (e.g., side arm control) are
excluded from the requirements which reflect the type of control (e,g.,
response to a l-inch stick deflection), but not others (e.g., roll perform-
ance requirements). The procuring activity will impose alternate require-
ments for nonconsentional cockpit controls.

3.2 Hover and low speed. The hover smd low-speed requirements apply to
those Flight Phases of the operational missions of the aircraft which
include hovering at zero ground speed in steady winds from any direction
Up to the limits of the Service Flight Envelope, and maneuvering in any
direction at speeds up to the limits of the Sertice Flight Envelope, except
that the requirements specified under 3.3 apply for those conditions where
the forward speed component is,greater than 35 knots TAS. The requirements
of 3.5, 3.6, 3.T smd 3.8 are also applicable in this speed regime.

3.2.1 Equilibrium characteristics. Without attaining excessive attitudea,
it shall be possible to hover over a spot in steady winds of up to 35 knots
from any direction relative to the aircraft heading, except as limited by
the boundaries of the Service Flight Envelope.

3.2.1.1 Changing trim. The local slope of the equilibrium attitude-speed
relationship shall not exceed 0.6 degrees per knot for speed perturbations
of at least 10 knots in either direction about the trim speed. Thirty-five
knots or the limits of the Service Flight Envelope, ~10 degrees roll atti-
tude, or an attitude change of z1O degrees in pitch need not be exceeded.
The configuration and trim may be different at each trim condition but
they must remain fixed while determining the attitude-speed variations about
the trim condition. The fuselage reference bank attitudes must not exceed
~10 degrees at sny trim speed, These requirements shall be satisfied at
all forward trim speeds, backward trim speeds, and sidewsrd trim spee&
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both to the left and to the right, up to the limits of the Service
Flight Envelope or 35 knots, whichever is less in magnitude.

3.2.1.2 Fixed trim. For aircraft required to perform rapid hovering turns
in winds up to 35 knots or as otherwise specified.bythe proctiing activity,
the local slope of the equilibrium attitude-speed relationship shall not
exceed O.6 degrees per knot. The total fuselage reference pitch attitude
change shall not exceed 20 degree:,,and the bsnk attitude shall not exceed
~10 degrees. These requirements apply at all steady forward speeds, back-
ward speeds, sidewsrd speeds both to the left and to the right, up to the
lindtS of the Service Flight Envelope or 35 knots, whichewr is less in
magnitude, with configuration smd trim fixed.

3.2.1.3 Cockpit control gradients. The following requirements shall be
satisfied at all,forward trim speeds, backward trim speeds, snd sideward
trim speeds both to the left end to the right, up to the limits of the
Service Flight Envelope or 35 knots, whichever is less in magnitude. This
requirement shall apply for speed perturbations of at least 10 knots in
both directions about the trim speed except that the aircraft need not
exceed .35knots or the limits of the Service Flight En,velope. The configu-
ration and trim may be different at each trim condition, but they must
remain fixed while determining the control gradients.

Level 1:

Level 2:

Level 3:

The variations of cockpit control force and control position
with airspeed shall be smooth and the local gradients stable
or zero for both the pitch and roll cockpit controls. The
gradients shall be essentially linear with no objectionable
changes in the slope of force’or position with speed.

For those Flight Fhases of the operational missions of 3.1.1
for which IFR operation is required, the Level 2 requirement
is the same as for Level 1. In all other cases, the Ievel 2
requirement is the same as Level 3.

The Level 1 requirements shall apply for the local control
force gradients. The local pitc.i-&d roll control position
gradients may be unstable, provided the change in cockpit
control position does not exceed one-half inch in the unstable
direction over the speed range specified.

Stable pitch control gradients mean that incremental pull forces and aft
displacement of the cockpit control are required to maintsin slower or more
rearward airspeeds and the opposite to maintain faster or more forward
airspeeds.

Stable roll control gradients mean that incremental right force and right
displacement of the cockpit control are required to maintain right transla-
tions or right sideslips and the opposite to maintain left translations or
left sideslips.
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http://www.abbottaerospace.com/technical-library


.,

MIL-F-83300

The term gradient does not include that portion of the control force or
control position versus airspeed curve within the preloaded breakout
force or friction bsmd.

3.2.2 namic response requirements

3.2.2.1 Pitch [roll]. The following requirements
dynamic responses of the.aircraft with the cockpit

shall apply to the
controls free and

with them fixed following an external disturbance or an abrupt pitch
[roll] control input in either direction. The requirements apply for
responses of smy magnitude that might be experienced in operational use.
If oscinations are nonlinear with amplitude, the oscihat ory require.
ments shall apply to each cycle of the oscillation.

Level 1:

Ievel 2:

Level 3:

3.2.2.2

All aperiodic responses (real roots of the longitudinal charac.
teristic equation and the lateral-directional characteristic
equation) shall be stable. 0scillatory modes of frequency
greater thsn 0.5 radie.nsper second shall be stable. Oscilla-
tory modes with frequency less than or equal to O.5 radians per
second may be unstable provided the damping ratio is less
unstable than -.10. Oscillatory modes of frequency greater thsm
1.1 radians per second shall have a damping ratio of at least 0.3.

For those Flight Phases of the operational missions of 3.1.1
for which IFR operation is required, the Level 2 requirement is
the same as for Level 1. In all other cases, for Level 2,
divergent modes of aperiodic response shall not double amplitude
in less thsa 12 seconds. Oscillatory modes may be unstable pro-
vided their frequency is less thsm or equal to 0.84 radians per
second ad their time to double amplitude is greater than 12
seconds. Oscillatory modes of frequency greater tham 0.84
radisns per second shall be stable.

Divergent modes of aperiodic response shall not double amplitude
in less than 5 seconds. Oscillatory modes may be unstable pro-
vided their frequency is less them or equal to 1.25 radians per
second and their time to double amplitude is greater thnn 5
seconds. Oscillator modes of frequency greater than 1.25
radians per second shall be stshle~

Directional damping. While hovering at
mode shall be stable and the time constant shall

For Level 3 operation
divergence in yaw.

u

Level 1: 1.0 second

Level 2: 2.0 seconds

there shall be no tendency

zero airspeed, the yaw
not exceed the following:

toward aperiodic

0’

I
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● 3.2.3 Control characteristics. To ensure adequate hover and low-speed
control characteristics,the following requirements shall be satisfied
starting from flight at constant speed with zero angular rate.

3.2. 3.1 Control power. With the wind from the most critical directions
relative to the aircraft, control remaining shall be such that simultaneous
abrupt application of pitch, roll and yaw controls in the most critical
combination produces at least the attitude changes specified in table IV
within one second from the initiation of control force application.

‘rAEm Iv. Attitude Change in One Second or kss (Degrees)

Level Pitch Roll Yaw

1 33.0 :4.0 +6.0

2 ~2.o +2.5 ~3.o

3 :2.0 :2.0 +2.0—

3.2.3.2 Response to control input. The ratio of the maximtunattitude
change, occurring within the first second following an abrupt step dis-
placement of the appropriate cockpit control, to the magnitude of the
cockpit control commamd shall lie within the bounds of table V. There
shall be no objectionable nonlinearities in aircraft response to control
deflections and forces.

TARLE V. Response to Control Input
in One Second or Less (Degrees per Inch)

Pitch Roll Yaw

Level Min Max Min Max Min Max

1 3.0 20.0 4.0 20.0 6.0 23.0

2 2.0 30.0 2.5 30.0 3.0 45.0

3 1.0 40.0 1.0 40.0 1.0 50.0

3.2.3.3 Mmeuvering control margins. when aUtOmatic stabilization and
control equipment or devices are used to overcome an aperiodic instability
of the basic aircraft, both the magnitude of the instability and the
installed control power shall be such that at least 50 percent of the
nominal control moment can be commanded by the pilot in the critical
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direction through the use of the cockpit controls. This requirement

aPPlies thrOu&out the %r~i ce Fli@t En~elOpe within ~15 knots TAS
of the trim speed,

3.2.4 Controllags. Stertingfrom trimmed hovering or low-speed flight,
the angular acceleration response in the cosunanded direction shall be
developed within O.1 seconds after the initiation of step displacements
of the pitch, roll and yaw cockpit controls. In addition, the initial
maximum angular acceleration shall be achieved within O.3 seconds after
the initiation of the cockpit control comnend. These requirements apply
for input amplitudes of up to 0,5 inches.

3.2.5 Vertical flight characteristics. The requirements of 3.2,5,1
through 3.2.5.3 are applicable to ascending or descending flight with
sirspeeds up to 35 knots TAS. They shall be met while maintaining in
reserve the attitude control power called for in 3.2,3.1.

3.2.5.1 Hei~t control power. Starting from a steady descent rate of not

greater thsm 4 feet per second, sufficient height control power shall be
available to produce upward vertical accelerations of not less than those

specified in table VI following an abrupt step input of the thrust magni -
tude control. In any case, the steady state thrust-to-weight ratio
available, T/W, shall not be less than that specified in table VI.

‘MRLE VI. Hei@t Control Power Requirements

I Level I Incremental I T/W
Vertical Acceleration. I

g’s

1 I 0.10 1.05
I I

2 ().05 1.02

I I

3 1.01

3.2.5.2 Thrust magnitude control lags. The following requirements shall
be satisfied following au abrupt steP input Of the thrust magnitude cOn-
trol from the nominal setting corresponding to a steady descent rate of
between 5 and 10 feet per second:

Level 1: It shall be possible to achieve 63 percent of a commanded
increm~tal thrust of at les.stO.05W in not more than
0.3 seconds.

Level 2: It shsll be possible to achieve 63 percent of a comnsnded incre-
mental thrust of at least 0.02W in not more thsn 0.6 seconds.
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Level 3: It shall be possible to achieve 63 percent of a commsnded incre.
mental thrust of at least O.OIW in not more than 0.6 seconds.

3.2.5.3 Response to thrust ma~itude control input. Following an abrupt
step displacement of the thrust magnitude controlj the ratio of the maximum
rate of climb occurring within the first second to the magnitude of the
cockpit control input shall lie within the boumds of table VII. This
requirement is for hovering in still air amd for inputs up to the maximum
permissible.

TABLR VII. Response to Thrust Magnitude Control Input in One Second or Less
(Climb Rate in Feet per Minute per Inch of Control Deflection)

Level Minimum Maximum

1 100 750

2 50 1200

3 2000

3.2.5.4 Vertical damping. The translational height damping in vertical
flight (i.e., the vertical force proportional to vertical velocity) shall
not be in the uustable sense.

3.3 Forward flight. The forward flight requirements apply to those Flight
Phases of the operational missions of the aircraft which include equilibrium
flight or maneuvering in the speed range of 35 knots TAS to Vcon. The require-
ments of 3.5, 3.6, 3.7 .md 3,8 are also applicable in this speed regime.

3.3.1 Longitudinal equilibrium. With the aircraft trirmnedat speeds from
35 knots forward to Vcon, the following requirements shall be satisfied
for perturbations of ~10 knots from the trim speed except where limited by
the boundaries of the Service Flight Envelope. The configuration and trim
UIW be different at each trim condition, but shall remain fixed while
determining the control gradients.

Level 1: The variations of pitch control force and control position
with pitch attitude and airspeed shall‘be smooth sud the local
gradients stable or zero.

Level 2: For those Flight Phases of the operation~ missions of 3.1.1 for
which IFR operation is required, the Level 2 requirement is the
same as for Level 1. In all other cases, the Level 2 require-
ment is the same as for Level 3.
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Level 3: The Level 1 requirements shall apply except that the
local pitch control position gradients may be unstable.
However, the change in the pitch control position shall
not exceed one-half inch in the unstable direction over
the speed range or pitch attitude range associate& with
the unstable gradient.

MIL-F-83300 I

Stable pitch control gradients mean that incremental pull force and aft
displacement of the cockpit control are required to maintain nose-up
attitudes or slower airspeeds snd the opposite to maintain nose-down attit-
udes or higher airspeeds. The term gradient does not include that portion
of the control force or control position versus pitch attitude or airspeed
curve within the preloaded breakout force or friction band.

3.3.2 Longitudinal dynsmic response. The following requirements shall
aPPti tO the dYn~c resPOnse of the aircraft with the pitch control free
and with it fixed. These requirements apply following ~ disturba.ncein..
smooth air, and following abrupt pitch control inputs in each direction,
for responses of any magnitude that might be experienced in operational
use. If the oscollations are nonlinear with amplitude, the requirements
shall apply to each cycle of the oscination.

Level 1:

Level 2:

Levei 3:

18

The response of the aircraft shall not be divergent Ci.e.,
all roots of the longitudinal characteristic equation of the
aircraft shall be stable). In addition, the undamped”natural
frequency, ~, aud dsmping ratio, c, of the second-order
pair of roots (real or complex) that primarily determine the
short-term response of angle of attack following an abrupt
pitch control input shall meet the Level 1 requirements of
figure 1.

For those Flight Ph.esesof the operational missions of 3,1.1
for which IFR operation is re~uired, the Level 2 requirement
is the same as for Level 1. In all other cases, for Level 2,.
divergent modes of aperiodic response shall not double smpli.-
tude in less than U seconds. 0sci.llatory modes may’be
unstable provided their frequency is less thsm or equal to
0.84 radians per second snd their time to double smplitude is
greater than 12 seconds. In addition, the undamped natural
frequency and damping ratio of the second-order pair of roots
(rea or complex) that primarily determine the short-term
response of angle of attack following an abrupt pitch.control
input shall meet the Level 2 requirements of figure 1.

Divergent modes of aperiodic response shall not double
amplitude in less than 5 seconds. 0sci.llatory responses shall
be stable; however, em instability will be perinitted provided
its frequency i.sless than 1.25 Fadiems per second end its
time to double amplitude is greater than 5 seconds.

●’
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● 3.3.3 Residual oscillations.
not interfere with the pilot!s

Any sustained residual oscillations shall
ability to perform the tasks required in

operational use of the ‘tircraft. For Leveis 1 and 2, oscillat{ons in
normal acceleration at the pilotis station greater than ~0.05g will be
considered excessive for any Flight Phase. These requirements shall apply
with the pitch control fixed and with it free.

3.3.4 Pitch control feel and stability in maneuvering fli~t. In steady
turning flight, and in pullups at constant speed, increased pull forces and
aft displacement of the cockpit pitch control shall be required to ma.intsin
increases in angle of attack, normal acceleration and nose-up pitch rate
throughout the range of angle of attack .smdload factor in the Servi&e Fligh
Envelope. Increases in push forces and forward displacement of the cockpit
pitch control shall be required to maintain reductions of angle of attack
and normal acceleration in pushovers at constant speed.

3
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Figure 1. SHORT-TERM LONGITUDINAL FESPONSE REQuIREMENTS
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3.3,4.1 Pitch control forces in maneuvering flight. In steady turning
flight, in pullups, amd in pushovers, at constant speed, the variation
in pitch control force with steady-state normal acceleration or angle
of attack shall be approximately linew. In general, a departwe from
linearity resulting in a local gradient which differs from the average
gradient for the maneuver by more than 50 percent is considered excessive.
For Levels 1 and 2 the local value of the pitch control force gradient
with normal acceleration shall never be less thzn 3 pounds per g. There
shall be no undesirable inputs to the pitch control system due to changes
in linear or angular accelerations produced by gusts or thrust magnitude
control inputs. The term gradient does not include that portion of the
force versus normal-acceleration or angle-of-attack cur~e within the pre-
loaded breakout force or friction band,

3.3.5 Pitch control effectiveness in maneuvering flight. When the
aircraft is trimmed in unaccelerated flight at any speed and altitude
in the Operational Flight Envelope, it shall be possible to develop at
the trim speed the limiting attitude or angle of attack of the Opera-
tional Flight Envelope.

3.3,5.1 Maneuvering control margins. When automatic stabilization and
control equipment or devices.are used to overcome an aperiodic instability
of the basic aircraft, both the magnitude of the instability and the
installed control power shall be such that at least 50 percent of the
nominal control moment is available to the pilot in the critical direction
through the uze of the pitch control. This requirement applies throughout
the Service Flight Envelope within 115 knots TAS or 15 percent of the trim
speed, whiche~er is greater.

3.3.5.2 Speed and flight-path control. The aircraft dynamic characters.
tics, together with the effectiveness and response times of the pitch,
thrust magnitude, and thrust ~gle controls, shsll be such that adequate
control of the flight path and airspeed can be maintained at .zllpermissible
angles of attack and load factors.

3.3.6 Pitch control in sideslips. With the aircraft trimmed for straight
flight with zero sideslip, the pitch control force required to maintain
constat speed in steady, constsnt-heading sideslips, shall not exceed
one-third of the limits of 3.5.3 in the pull direction‘or one-sixth of the
limits of 3.5.3 in the puzh direction. This requirement shall be met for
sideslips up to the magnitude specified in 3.3.11 or the magnitude which
can be generated by 50 pounds of yaw control force, whichever is less.
If a variation of pitch control force with sideslip does exist, it is pre-
ferred that increasing pull force accnmpsny increasing sideslip, smd that
the ma~itude and direction of the force change be similar for right znd
left sideslips. In addition, in the steady sideslip conditions specified
above, a margin of at least 20 percent of the nominal control moment in
pitch shall be available as an allowance for the control of gust disturb-
ances. This requirement applies in level flight and in climbs end
descents to the limits of the appropriate Flight Envelopes,

20
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3.3.T Lateral-directional characteristics

3.3.7.1 Lateral-directional.oscillations (Dutch roll). The frequency,

“n!lad ‘api~g ‘atio’
<d, of the lateral-directional oscillations

fo lowlng a dlsturbance input, for exzqle a yaw control doublet, shall
exceed the minimums specified on figure 2. The requirements shall be met
with controls fixed ad with them free for oscillations of any magnitude
that might be experienced in operational use. If the oscillation is non-
linear with smplitude, the requirements shall apply to each cycle of the
oscillation. Residual oscillations may be tolerated only if the amplitude
is sufficiently small that the motions are not objectionable and do not
impair mission performance. With control surfaces fixed 2 shall always, Ond
be greater thsn zero.

3.3.T.2 Roll mode time constant, The roll mode shall be stable and the
time constant, TR, sh~l be less thsn the following:

Level 1: 1.4 seconds
Level 2: 3.0 seconds
Level 3: 10.0 secondz

3.3.T.3 ~iral stability. The combined effect
flight-control system characteristics, and trim
be such that following a disturbance in bank of

of spiral stability,
chsnge with speed shall
up to 10 degrees, the

time for the bsak angle to double shall be greate~ than the-following:

Level 1: 20.0 seconds
Level 2: 12.0 seconds
Level 3: 4.0 secondz

These requirements shall be met with the cockpit controls free and the
aircraft trimmed for zero-bank-angle, zero-yaw-rate flight.

3.3.8 Roll-sideslip coupling. The requirements on roll-si.deslip coupling
are stated in term of allowable bamk angle oscillations, sideslip excur-
sions, roll control forces and yaw control forces that occur during specified
rolling and turning maneuvers. The requirements of 3.3.8.1 and 3.3.8.2

aPPly.for bOth right sad left roll control cnmmands of all magnitudes Up to
the magnitude required to meet the roll performance requirements Of 3.3.9,
unless otherwise stated,

3.3.8.1 Bank angle oscillations. The value of the parameter $0 ~/$AV
~following a yaw-control-free impulse roll centrol command shall e

within tie I&its specified in ~igure 3 for Levels 1 and 2. The impulse
shall be as abrupt zs practical within the strength limits of the pilot
end the rate limits of the roll control system. For Levels 1 zmd 2, @AV
shall always be in the direction of the roll control command.
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THEBOUNDARIES OUTSIDE THE

RANGESHOWNAREDEFINED BY

STRAIGHT LINE EXTENSIONS

ACCEPTABLE

U~A~TABLE EIiL @d = 1.25 RAO/SEC

!=1= 1=

D
T2=3 SECONDS

‘d = 0.84 RAD/SEC,,

LEVEL 1
FLIGHT PHASECATEGORIES A AND C

%d > o.= RAD/SEc

,
-2 -1 0 I

Fjsure 2. LATERAL-DIRECTIONALOSCILLATORYREQUI=NTS
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Figure 3. BANK ANGLE OSCILLATION Limitations

from3.3.8.2 SideslTp exctirsions. The amount of sidesli.presulting
abrupt roll control commsnds shall not be +xcessi.veor re@re com-
plicated or objectionable rudder coordination. For Fli@it Phsse Cate-
gories A and C, the ratio of the maximum ch~ge in sideslip sngle to the
initial pesk magnitude in roll response, lA8/$ 1, for an abrupt roll
control pulse conmmnd shsll not exceed the 1At specified .. figure 4.
h addition, lAf3/$11x 1$/L31dshall not exceed the limit specified on
figure 5.
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3.3.8.3 Control of sideslip in rolls. In the rolling maneuvers destribed
in 3,3.9, yaw-control effectiveness shall be adequate to maintain zero
sideslip with yaw control forces not exceeding those of 3.5.3.. This re-
quirement applies to rolling maneuvers of magnitude up to the required
roll performance of 3.3.9. For inputs smaller thau those required to
meet the roll performance requirements of 3.3.9, the resultant forces shall
be divided by the ratio of the bank angle obtained at the time specified
in 3.3,9 to the bank sngle required, and the results compared with the
limits of 3,5.3 for compliance.

3.3.8.4 Turn coordination. It shall be possible tO maintain Stea~,
constant-altitude coordinated turns in either direction, using bank singles
up to either that required to produce a turn rate of 10 degrees per second
or a bank angle of 60 degrees for Class IV aircraft, 45 degrees for Class I
and Class II aircraft, or 30 degrees for Class III aircraft. Yaw control
forces shall not exceed 40 pounds smd roll control forces shall not exceed
5 pounds. This requirement applies to Level 1, with the aircraft trimmed
for zero-bank-sngle straight flight.

3.3.9 Roll control effectiveness. The time to change bank angle by
30 degrees (t30) to the right or left from a trimmed zero-roll-rate
condition shall not exceed the value specified in table VIII. The time
shall be measured from the initiation of roll control force application.
Yaw control may be used to reduce sideslip that retards roll rate (not to
produce sideslip that augments roll rate), provided that yaw control inputs
axe simple, easily coordinated with roll control inputs, and are consistent
with piloting techniques for,the aircra’ftin its mission. Roll control
shall be sufficiently effective, in combination with other normal means of
control, to balemce the aircraft laterally throughout the Service Flight
Envelope in the atmospherec environments of 3.7.

TARLE VIII. Roll Centrol Effectiveness

class tso - seconds

~vel 1 Level 2 Level 3

I 1.3 1.8 2.6

II 1.8 2.5 3.6

III 2.5 3.2 4.0

IV 1.0 1.3 2.0
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3.3.9.1 Roll control forces.
obtain the rolling performance

The roll control forces required to
snecified in 3.3.9 shall lie between

the maximums and minimums

TABLE IX.

of tabie IX.

Roll Control Forces (Pounds)

3.3.9.2 Linearity of roll response. There shall be no objectionable
nonlinearities in the variation of roll response with roll control
deflection or force.

3.3.9.3 ~eel control throw. For all aircraft with wheel controllers,
the wheel throw necessary to meet the roll performance requirements-.
sPecified in 3.3.9 shall not exceed 60 degrees in either diri-c.ti.on,For
completely mechanical systems, the requirements may be relaxed to 80 degrees.

3,3.9.4 Yaw-control-induced rolls. For Levels 1 and 2 the application of
right yaw control force shall not result in left rolls and the applic-
tion of left yaw control force shall not result in ri&t rolls.

3,3.10 Directional control effectiveness. Yaw control shall be suffi-
ciently effective, in combination with other normal means of control, to
balance the aircraft directionally throughout the Service Flight
Envelope in the atmospheric environments of 3.7.

3,3.10.1 Directional response to yaw control input. The yaw attitude
change within the first second following an abrupt step displacement of
the yaw control shall not be less tham:

Level 1: 6.o degrees
Level 2: 3.0 degrees
Level 3: 1.0 degree

This requirement applies with all other cockpit centrols fixed.

3.3.10.2 Linearity of directional response. There shall be no objec-
tionable nonlinearities”in the variation of directional response with
yaw control deflection or forces. Excessive sensitivity or-sluggish-
ness in response to small yaw control deflections or forces shall be
avoided.
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3.3.10.3 Directional control with speed change. With the aircraft
initially trimned directionally with symmetric power, it shall be
possible to maintain zero-bsmk-amgle straight flight over a speed range
of +3o percent of the trim speed or ~20 knots whichever is less (except
whe=e limited by the boundaries of the Service Flight Envelope). The yaw
control forces shall not be greater than those of table XIII for propeller-
driven aircraft and not greater than one-half those of table XIII for
other aircraft. These requirements must be satisfied without retri!mning.

3.3,10.3.1 Directionalcontrol with asymmetric loadin~. With the air-
craft initially trimned directionally with any asynrnetricloading
specified in the contract at auy speed in the Operational Flight Envelope,
it shall be possible to maintain a straight flight path throughout the
Operational Flight Envelope with yaw control forces not exceeding those
of table XIII, without retrimming,

3.3.11 Lateral-directionalcharacteristicsin steadysideslips. The
requirements of 3.3.11.1through 3.3.11.3.1are expressed in terms of
characteristics in yaw-control-induced steady zero-yaw-rate sideslips
with the aircraft trimmed for zero-bamk-amgle straight flight. Sideslip
angles to be demonstrated shall be the lesser of 25 degrees or sin-l
(30/airspeed in knots), or those limited by structural limitations, or
the yaw control and roll control force limits of table XIII. In any
event, the minimum sideslip to be demonstrated shall be the lesser of

15 degrees or sin-l (30/airspeed ii knots).

3.3.11.1 Yawing moments in steady sideslips. For the sideslips speci-
fied in 3.3.11, right yaw control deflection and force shall be required
in left sideslips and left yaw control force and deflection shall be
required in right sideslips.

For Ievels 1 and 2, the following requirements apply. The variation of
sideslip angle with yaw control deflection and force shall be essentially
linear for sideslip angles between +15 and -15 degrees. For larger
sideslip angles, au increase in yaw control deflection shall always be
required for an increase in sideslip and, although a reduction of yaw
control force gradient is acceptable outside this range, the following
requirements shall apply:

Level 1; The gradient of sideslip augle with yaw control
force shall not reverse slope

Level 2: The gradient of sideslip angle with yaw control
force is permitted to reverse slope provided the
sign of the yaw control force does not reverse.

The term gradient does not include that portion of the yaw control
force versus sideslip-angle curve within the preloaded bre&out force or
friction band.
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3.3.11.2 Bank angle in steady sideslips. For the sideslips specified
in 3.3.11, an increase in right bank angle shall accompany an increase
in right sideslip, and SD increase in left bank angle shall accompany
am incresse in left sideslip.

3.3.11.3 Rolling moments in steady sideslips. For the sideslips
specified in 3.3.11, left roll con”troldeflection and force shall be
required in left sideslips, and right roll control deflection and force
shall be required in right sideslips. For Levels 1 and 2, the variation
of roll control deflection amd force with sideslip angle shall be
essentially linenr.

3.3.11.3.1 Positiveeffective dihedral limit. For Level 1, positive
effective dihedral (right roll control for right sideslip and left roll
control for left sideslip) shall never be so great that more tham 50
percent of the roll control power available to the pilot or 7.5 pounds
of roll control force are required for sideslip angles which might be
experienced in service employment. The corresponding limits for Level 2
shall be 75 percent and 10 pounds.

3.4 Transition, The transitionrequirementsare applicable to the
accelerating or decelerating transition maaeuver itself, and not to the
msneuveri,ngcapability when operating about a fixed operating point
defined by some trim speed lying in the range between hover and Vcon.
For operation around such fixed operating points, the requirements of
3.2 ~d 3.3 shall apply. Compliance shall be demonstrated when performing
transition profiles as defined by the mission requirements. The trs.nsi-
tion maneuver requirements shall be met for all applicable Aircraft
States except Aircraft Special Failure States.

3.4.1 Acceleration-decelerationcharacteristiccs. From everypossible
fixed operating point at speeds below Vcon, with the alrcraft trimmed at
the operating point, it shall be possible to accelerate rapidly and
safely to Vcon at approximately constant altitude and also on any other
flight path as required by the operational missions of 3.1.1. From
trimmed steady, level, unaccelerated flight at Vcon, it shall be possible
to decelerate rapidly and safely, at approximately constant altitude
and also on any other flight path as required by the mission, to all
fixed operating points at speeds below Vcon. The time taken for these
msneuvers end the altitudes flown shall be those designated by the
mission requirements. It shall be possible‘to execute these maneuvers
without restriction due to factors such as pitch, roll, or yaw control
power, pitch trim, stalling or buffeting, or thrust response character-
istics. All controls required to effect a transition shall be easily
operated by oriepilot.

3.h.2 Flexibilityof oper.at.ion.At any time duringa transitionit
shall be possible for the pilot to quickly and safely stop the transi-
tion maneuver and reverse its direction.
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3.4,3 !!!olercmcein transitionprogram. It shall be possible to change
from hover or minimum speed to conventionalflight, and vice versa,
safely and easily. There shall be no need for pre~ise programming-by
the pilot of engine power, fuselage attitudes,wing or lift engine tilt,
etc., in terms of speed or time, such as to demand excessive pilot
ski11 and attention,

3.4.4 Controlmargin. To allow for disturbancesand for maneuvering,
the margin of centrol power remaining at any stage in the transition
shall not be less than 50 percent of the nominal pitch, roll aud yaw
controlmoments available,

3.4,5 Trim changes. All trim changes throughoutthe transition shall
be small. Without retrimming,the pitch control forces shall not exceed
15 pounds pull or 7 pounds push.

~

3.4,6 Rate of pitch controlmOVemnt. During transition,with the
maximum availablerate of ch~ge of forward speed, the rate of pitch
controlmovement to maintain trim shall not exceed 1 inch per second.

3.5 Characteristicsof the flight control system. These requirements
are concernedwith those aspects of the flight control system which are
directlyrelatedto flying qualities,and are imposed in additionto
the requirementsof the applicablecontrol system design specifications,
e,,g., MIL-F-9490 for Air Force procurementsor MIL-c-18244 for Navy pro-
curements. Meeting the followingrequirementsseparatelywill not neces-
sarily ensure that the overall system will be satisfactory;the mechanical
characteristicsmust be compatiblewith the nonmechanicalportions of the
control system snd with the aircraft dynamic characteristics. The require-
ments apply at all speeds up to Vcon.

3.5.1 Mechanical characteristics. Some of the importamtmechanical
characteristicsof control systems (includingservo valves and actua-
tors) are: friction and preload, lost motion, flexibility,mass
imbalance ad inertia,nonlinear gearing, and rate limiting. Require-
ments for these characteristicsare containedin 3.5.1.1 through 3.5.1.7.

3.5.1.1 Controlcentering and breakout forces. Pitch, roll, and yaw
controls shall exhibit poslt~ve centeringm flight at any normal trim
setting. Absolute centeringis not required. The combinedeffects of
centering,bre&out force, stability,and force gradient shall not
produce objectionableflight characteristics, such as poor precision-
tracking ability, or permit large departuresfrom trim conditionswith
controls free, Breakout forces, including friction,preload.,etc.,
refer to the cockpit control force requiredto start movement of the
control surface in flight, The requirementsfor breakout force are
given in tables X and XI. Table X applies for all speeds less than
35 knots. At Vcon, the values shoti in table XI apply for Lsvels 1
and 2; for Level 3 the maxinmmvalues may be doubled. Between 35 knots
and Vcon, the breakout force may increaseto but not exceed the Vcon
value provided the change in breakout force with speed is not objectionable.
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TABLE X , Allowable Breakout Forces, Pounds, V<35 knots

1
Cockpit Control Level 1 Level 2 Level 3

min/max min/max ma.x

Pitch 0.5/1.5 0.5/3.0 6.0

Roll 0.5/1.5 0.5/2.0 4.0

Yaw 2.0/7.0 2.0/7.0 lb.o

Thrust throttle type 1.0/3.0 1.0/3.0 3.0

Magnitude collective type 1.0/3.0 1.0/3.0 6.0
1

TABLE XI. Allowable Breakout Forces at Vcon, Pounds

m
Roll 0.5 2.0 0.5 4.0

Yaw 2.0 7.0 2.0 14.0

The minimum thrust-magnitude-controlbreakout force may be measured
with adjustable friction set. Measurement of breakout forces on the
ground wi11 ordinarily suffice in lieu of actual flight messurement,
provided qutiitative agreement between,ground measurement and flight
observation can be established.

3.5.1.2 cockpitcontrolforceKradients. At speedsUp to 35 knots,
the pitch, roll and yaw control force gradients shall be within the
range specified in table xII throughout the range of control deflec-
tions. From 35 knots to Vcon, transition of the gradients to the
values required to comply with MIL-F-8785 at Vcon is allowed in any’manner
which is not objectionable to the pilot. In addition, the force pro-
duced by a l-inch travel from trim by the gradient chosen shall not be
less than the breakout force. For the remaining control travel, the local
gradients shill not change by more than 50 percent in one inch of travel.
The thrust magnitude control should preferably have zero force gradient.
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Pounds/Inch

I

1’

,!

Leve1 1 Ievel 2

Control
tin ma.x tin mm

Pitch 0.5 3.0 0.5 5.0

Roll 0.5 2.5 0.5 5.0

Yaw 5.0 10.0 5.0 20.0

3,5,1.3 Cockpit control free play. The free plqf in each control,
that is, any motion of the cockpit control which does nnt move the
appropriate moment- or force-producing device in flight, shall be
compatible with the required Level of flying qualities.

3.5.1.4 Rate of controldisplacement. The ability of the aircraft to
perform the operational maneuYers required of it, Wd to operate in an
atmospherec disturbance environment consistentwith the operational
missions of 3.1.1,shallnot be limitedby the rate of movement of
the moment- or force-producing devices. For powered or boosted controls,
the effect of engine speed and duty cycle of auy part of the flight con-
trol system, together with pilot control techniques, shall be included
when establishing compliance with this requirement.

3.5.1.5 Adjustablecontrols. When a cockpit control is adjustable for
pilot physical dimensions or comfort, the control forces defined in
6.2.4 shall refer to the mea.uadjustment. A force referred to any
other adjustment shall not differ by more thau 10 percent from the
force referred to the mean adjustment.

3.5,1.6 Controlharmony. The control forces, displacements, and sensi-
tivities of the pitch, roll aud yaw controls shall be compatible, and
their responses shall be harmonious.

3.5.1.7 Mechanical cross-couplin~. Displacement of one cockpit con-
trol shall not produce objectionable forces or displacements at any of
the other cockpit controls.

3.5.2 Dynamic characteristics. The control deflection shall not lead
the control force for auy frequency or force amplitude. This require-
ment applies to the pitch, roll, yaw md thrust maguitude controls.

3.5.2,1 Q??!@%. All control system oscillations shall be well damped,
unless they are of such au amplitude, frequency, or phasing that the
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cockpit-control or airframe oscollations resulting from abrupt msneuvers
or fligkt in atmosphericdisturbances are compatible with the required
Level of flying qualities as determined from 3.1.10.

3.5.3 Limit cockpit control forces. Unless otherwise specified in
particular requirements, “themaximum control forces required, without
retrimming, for any maneuver consistent with service use, shall not
exceed the values stated in table XIII.

TABLE xIII. L,ititCockpit Control Force Values, pounds

V<35 Knots 35 Krlots<v<vcon
Cockpit Control

Ievel 1 Level 2 Level 3 Level 1 Level 2 Level 3

Pitch 10.0 20.0 40.0 30.0 35.0 ho.o

Roll 7.0 15.0 20.0 15.0 20.0 25.0

Yaw 30.0 40.0 80.0 75.0 100.0 125.0

Thrust Magnitude
Throttle type 3.0 3.0 3.0 3.0 3.0 3.0

Collective *ype -fOo 7.0 7.0 7.0 7.0 7.0

3.5.h Augmentationsystems. Normal operation of stability augmentation
snd control au~entation systems and devices shall not introduce any
objectionable flight or ground handling characteristics.

3.5.4.1 Performsace of iw?mentation systems. Any degradation of the
performance of augmentation systems during flight in a severe atmos-
pheric disturbance environment consistent with the operational missions
of 3.1.1, or because of structural vibrations, shall be tsken into
account in demonstrating complisnce with the required Level of flying
qualities. In addition, any limits on the authority of augmentation
systems or saturation of equipment shall not produce flying character-
istics inconsistent with the required Level of flying qualities.

3.5.5 F~lure~. Special provisions shall be incorporated to preclude
any critical single failure of the flight control system including trim
devices or stability au~ent ation systernwhich may result in flying
qualities which are dangerous or intolerable. Failure-induced transient
motions and trim changes resulting either immediately after failure or
upon subsequent transfer to alternate control modes shall be small and
grsilualenough that dangerous flying qualities wi11 not result. In
addition, the crew member concerned shall be provided with imnediate
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and easily interpreted indications whenever failures occur in the flight
control system.

3.~j.5.1 COntrOl force to suppress transients. Without retrimming, the
cockpit control forces required to suppress transients following a failure
in any part of the flight control system shall not exceed one-half the
Level 1 limit control force values in table XIII.

3.5.6 ~rs.nsientssnd.trim changes. This requirement applies t0 all
Aircraft State changes made under conditions representative of opera-
tional procedure by activation of the Aircraft State selectors and
centrols available to the pilot. With the aircraft initially trimmed
at a fixed operating point, the peak pitch, roll, and yaw control
forces required to suppress the transient aircraft motions resulting
from the chsnge snd maintain the desired heading, attitude, altitude,
rate of climb or descent, or speed without use of the trimmer control,
shall not exceed one-third of the appropriate limit control force in
table XIII. This applies for a time interval of at les.st5 seconds
following completion of the pilot action initiating the chsnge. The
magnitude and rate of trim change after this period shall be such that
the forces can be trimmed as required in 3.5.‘7. Thereshall be no objec-
tionable buffeting or oscillations of the control device during the change.

3.5.6.1 Transfer to alternate control modes. The transients and trim
changes caused by the intentional engagement or disengagement of smy por-
tion of the flight control system consistent with normal service use, such
as selection of a particular augmentation mode, shall not be objactionable.
Additional requirements are contained in MIL-F-9490 for Air Force procure-
ments.

3.5.7 Trim system. At all steady flight conditions within the Opera-
tional Flight Envelope, the trirmningdevices shall be capable of reducing
the pitch, roll, and yaw control forces to zero for Levels 1 and 2. At
all steady flight conditions within the Service Flight Envelope, the
umtrimmable cockpit control forces shall not exceed 10 pounds pitch, 5
pounds roll, snd 20 pounds yaw. For level 3, the untrimmed cockpit con-
trol forces shall not exceed 10 pounds pitch, 5 pounds roll, and 20
pounds yaw. The failures to be considered in applying the Level 2 and 3
requirements shall include trim stieking and runaway in either direction.
It is petissible to meet the Level 2 and 3 requirements by providing
the pilot with alternate trim mechanisms or override capability. Addi-
tional requirements on trim rate and authority are contsined in MIL-F-
9490 for Air Force procurements snd MIL-F-18372 fOr Nav Procurements.

3.5.7,1 Rate of trim operation. Trim devices shall operate rapidly
enough to enable the pilot to maintain the pitch and roll control forces
less than one-third of the appropriate limit.fOrces in table XIII during
S.nYmS.IIeuverconsistent with service USe, but not ever to operate so
rapidly as to cause oversensitivity or trim precision difficulties.
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3.5.7.2 Trimsystem irr&ersibility. All trimming devices shall main- ●
tain a given setting indefinitely unless ch~ged by the pilot, by a
special automatic interconnect such ss to the flaps, or by the opera.
tion of am au@ent s,tiOn deviCe. If an automatic interconnect or aug-
mentation device is usetiin conjunction with a trim device, provision
shall be made to ensure the accurate return of the device to its initial
trim position on completion of each interconnect or augmentation operation.

3.6 is.keoff,landing and ground handlin~. These requirements shall be
satisfied within the Operational Flight Envelope for all applicable
Catego~ C Flight Phases.

3.6.1 Pitch control effestiveness in takeoff. The effectiveness of the
pitch control shall not restrict the takeoff performance of the aircraft
and shall be sufficient to prevent over-rotation to undesirable atti-
tudes. Satisfactory tskeoffs shall not be dependent on the use of the
trinm.ercontrol or on co~licated control manipulation by the pilot.

3.6.2 Pitch control forces in takeoff. With the trim setting optional
but fixed, the cockpit pitch control forces shall not exceed one-half
Of the limits of table XIII in the pull direction or One.fO~~th of the
limits of table xIII in “thepush direction at any time during the take-
off Flight Phases.

3.6.3 Pitch control effectiveness in landing. For Levels 1 and 2 the
pitch control shall be sufficiently effecti~ that the geOmetrv-lifited
attitude or the guaranteed landing speed can be obtained at touchdown in
the landing Flight Phase. For rolling landings this requirement must be
met with the aircraft trimmed at the recommended approach speed for the
approach Flight Phase. For kvel 3 the pitch control shall be suffi-
ciently effective to permit a safe landing,

3.6.4 ~. me cotipit pi+ti control
forces required to meet the l~ding requirements of 3.6.3shallnot
exceed one-half of the limits of table XIII in the pull dire~tiOn or
one-fourth of the litits of table XIII in the push direction at any
time during the landing Flight Phase.

3.6.5 Crosswindoperation

3.6,5.1 Lauding and takeoff. It shall be possible to execute all of
the tskeoff and lsnting Flight Phases in crosswinds by using normal pilot
skill and technique. The pitch, roll and yaw controls in conjunction
with other means of control shall be adequate to maintain a straight pith
on the lauding surface duri,ngtakeoff runs and landing rollouts With
cockpit control forces not exceedipg the values specified in table XIII.
These requirements apply in 90-degree. crosswinds , right and left, of

30 knots.
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3.6.5.2 Final approach. Yaw and roll control shall be adequate to
pen~it development of at least 15 degrees of steady, zero-yaw-rate
sideslip in the power approach with yaw control forces not exceeding
the values specified in table xIII. Roll control shall not exceed
either ~.5 pounds of force or 50 percent of available control power (for
the same configuration and flight condition), as applied manually or
automatica.llyor both, for Level 1. The limits are 10 pounds or 75 per-
cent for Level 2. For Level 3, the roll control foree shall not exceed
20 pounds.

3.6.5.3 Cold- ad wet-weather operation. The requirements of 3.6.5.1
shall be applicable on wet runways for all aircraft, and on snow-packed
and icy r&ways for aircraft intended to operate under such conditions.
If the demonstration for specification compliance is not accomplished
under these adverse runway conditions, directional control shall be
maintained by use of pitch, roll and yaw controls alone for all air-
speeds above 30 knots. For very slippery runways, the requirement need
only apply for cross-wind components up to that at which the force tending
to blow the aircraft off the runway is equal to the opposing tire-runw”ay
frictional force with the tires supporting all the aircraft’s weight.

3.6.6 ,~owerrun-up. In all vertical takeoff configurations it shall be
possible, without the use of wheel chocks or other restraints, to msintain
a fixed position on a level surface during power run-up using only cockpit
controls, in wind conditions to be specified by the procuring activity.

3.6.7 Ground handlinK. It shall be possible to perform all required
ground handling maneuvers, including taxiing, without damage to rotating
components or any part of the structure. In addition, in winds up to 35
knots it shall be possible to taxi in a straight line at any angle to the
wind and to mske 360-degree taxiing turns in either direction within a
circle whose radius equals the major dimension of the aircraft.

3.7 Atmospheric disturbances. Some requirements are written in terms of
a steadv wind s~eed. in which case. compliance with the requirement
should ~e demon~tra{ed in flight, ~n th~t wind condition. ‘Other require-
ments are written with reference to operation in all potential atmospheric
environments. For such cases the atmospheric disturbances such as dis-
crete gusts, wind shear and turbulence to be used shall be chosen by the
contractor subject to the approval of the procuring activity. Compliance
shall be demonstratedby suitable analysis, test, or both, as determined
by the procuring activity.

,3.8 itiscellaneousrequirements

3.8.1 “Approach‘to dangerous flight conditions. Dangerous conditions
m~ exist where the aircraft should not be flm. When approaching these
flight conditions, it shall be possible by clearly discernible means for
the pilot to recognize the impending dqngers and take preventive action.

J
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Final determination of the adequacy of all warning of impending dangerous
flight conditions will be made by the procuring activity, considering
functional effectiveness and reliability. Devices may be used to prevent
entry to damgerous conditions only if the criteria for their design, and
the specific devices, are approved by the procuring activity.

3.8.1.1 Warning sad indication. Warning or indication of approach to a
dangerous condition shall be clear andunambiguous. For example, a pilot
must be able to distinguish readily among: w&ing of 10ss of tirO&amic
lift (which may require increased thrust), engine acceleration buffet
(which may require decreased thrust) aud normal aircraft vibration (which
may not require a thrust chauge). If a waruing or indication device is
required, functional failure of the device shall be indicated to the pilot.

3.8.1.2 prevention, As a minimum, dangerous-condition-prevention devices
shall perform their function whenever needed, but shall not limit flight
within the Operational Flight Envelope. Hazardous operation of these
devices, normal or ined.vertent,shall never be possible, For Levels 1 and
2, neither hazardous nor nuisance operation shall be possible. For Level 3,
hazardous inadvertent operation shall not be possible,

3.8.2 Loss of aerodynamic lift. These requirements are related to those
conditions where a loss of lift would result in a loss of altitude or
partial 10ss of control.

3.8.2.1 warning. The approachto a loss of aerodynamic lift shall be
accompanied by am easily perceptible warning: Such a warning shall be
provided artificially, subject to approval by the procuring activity,
when natural warning is not feasible. The increase in warning intensity
with further loss of lift shall be sufficiently marked to be noted by the
pilot.

3.8.2.2 Preventionof loss of aerodynamiclift. It shall be possible
to prevent loss of aerodynamic lift by normal use of the controls at the
onset of the warning indication.

3.8.2.3 0~w~ ove Of In the
event of loss of aerodynamic lift, it shall be possible to maintain con-
trol snd recover by normal use of the controls, with control forces not
exceeding the Level 3 requirements of table ~11. Recove~ shall be
accomplished without experiencing pitch, roll, or yaw attitude changes
in excess of 20 degrees or excessive 10SS of altitude or buildup of speed.
It is desired that no pitch-up tendencies occur; however, a mild nose-up
pitch may be acceptable if no pitch control force reversal occurs and if
no d~gerous, unrecoverable, or objectionable flight conditions result.

3.8.3 Pilot-induced oscillations. There shall be no tendency for pilot-
induced oscillations, that is, sustained or uncontrollable oscillations
resulting from the efforts of the pilot to control the aircraft about
~Y control axis or combination of control ~es..
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3.8.4 Buffet Within the boundaries of the Operational Flight Envelope,
there s=: no objectionable buffet which @@t detract from the
effectiveness of the aircraft in executing its intended missions.

3.8.5 Releaseof stores. The intentionalreleaseof smy storesshall
not result in objectionable flight characteristics for Levels 1 sad 2.
However, the intentional release of stores shall never result in dangerous
or intolerable flight character st’ics, This re}uirement applies for all
flight conditions and store loadings at which normal or emergency store
release is structurally permissible.

3.8.6 Effectsof armsmentdelivezyaud specialequipment. Operatioriof
movableparts such as bomb bay doors, cargo doors, armament pods, re-
fueling devices,.rescue equipment, or firing of weapons, release of
bombs, extension of lift engines, or delivsry or pickup of cargo shall
not cause buffet, trim chauges,‘or other characteristicswhich impair
the tactical effectiveness of the aircraft under any pertinent flight
condition. These requirements shall be met for Levels 1 and 2.

3.8.T Cross-coupled.effects. Control inputs or aircraft motions about
a given aircraftaxis shall not induce objectionable control forces or
sircraft motions about any other axis. Specifically, the requirements
of 3,8.?.1 and 3.8.T.2 shall apply.

3.8,7.1 Gyroscopiceffects, Gyroscopic moments caused by rotating
components shall not result in objectionable flight or ground handling
characteristics. ID flight, th,eelimination Of the crOss-cOupled resPOnse
during the maneuvers required to demonstrate complimce with this speci-
fication shall require less than 10 percent of the maximum control moment
available about the cross-coupling axis for Leve1 1, and less thsn 20
percent for Level 2.

3.8.7.2 Inertialaud aerodynamic cross-coupling. The application Of SDY
cockpit control input necesssry to meet sny pitch, roll or yaw performance
requirement of this specification shall not result in my objectionable
aircraft attitudes or angular rates about the axes not uuder considera-
tion, In addition, undesired altitude chmges shall be minimal.

3.8,8 Failures. No single failure of any component or system shall re-
sult in dangerous or intolerable flying qualities;.Special Failure States
(3.1.6.2.1), incluting certain propulsion failures (3.1.1o.3.4 snd 3.8.9)’
are excepted, The crew members concerned shall be provided with immediate
and easily interpreted indications whenever failuresoccur that require
or limit any flight-crew action or decision.

3.8,8.1 Transientsfollowingfailmes. The aircraft motions following
sudden aircraft system or component failures which @&t occur during
maneuvering flight or unattended trimmed flight shall be such that
dangerous conditions cam be avoided by pilot corrective action.
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A realistic time delay between the failure and initiation of pilot
corrective action shall be incorporated when determining compliance. This
time delay should include sm interval between the occurrence of the failure
and the occurrence of a cue such as acceleration, rate, displacement, or
sound that will definitely indicate to the pilot that a failure has
occurred, plus an additional interval which represents the time required
for the pilot to diagnose the situation and initiate corrective aCtiOn.

3.8,9 Controlfollowingloss of thrust/poweredlift. Thrust,powered
lift, or both may be lost from many factors including engine failure,
inlet unstart, propeher failure
layer control systernfailure.

, prOpeller-~ive f~lure ad bO~daw-
The requirements of 3.8.9.1 through

3.8.9.2.3 apply to loss of thrust or lift on one or more engines, pro-
pellers and segments of~a powered lift system, caused by all single
factors except structural failure of propellers or rotors. The effect
of the failure or malperformamce of all powered or driven subsystems shall
also be included. .In demonstrating compliance with 3.8.9.1 through
3.8.9.2.3, a realistic time delay (3.8.8.1) shall be incorporated between
the thrust loss and pilot action.

3.8.9.1 Thrust/powered lift loss on the ground. During all takeoffs
amd landings of the aircraft, it shall be possible without exceptional
pilot skill to maintain control following a sudden 10SS of thrust,
powered lift, or both. No failures, beyond those required by 3.8.9,
need be considered. For running takeoffs and landings it shall further
be possible, after loss, to achieve ad maintain a straight path while
on the ground without a deviation of more than 30 feet from the path
originally intended. Control forces shall not exceed the values for
Level 3 in table XIII,

Additional controls such as nosewheel steering if operated by the yaw
control, differential braking, and automatic devices which normally
op2rate in the event of a thrust loss may be used. For aborted takeoffs,
the requirements apply up to the maximum takeoff speed for the configu-
ration. For continued takeoffs these requirements apply to thrust/
powered lift loss at speeds from the lowest refusal speed for the
configurationto the maximum takeoff speed, and the requirements of
3.8.9.2 apply once the aircraft is airborne.

3.8.9.2 Thrust/powered lift loss in flight. The aircraft motions
following a sudden loss of thrust, powered lift, or both shall be such
that dangerous conditions can be avoided by corrective action without
undue pilot skill. From considerations of operational requirements,
the procuring activity will designate which of the following require-
ments apply after the l,OSS.

3.8.9.2.~ Continued mission. Aircraft required to proceed frmn
Catego~ C Flight Phases to Cat,egoryA or B Flight Phases shall meet
at least Level 2 flying qualities requirements following the thrust or
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powered lift 10ss. Aircraft required to ccmplete Category A Flight
Phases shall meet at least Level 2 flying qualities requirements following
the’thrust or powered lift 10S.S. Aircraft reqtired to terminate Cate-
gory A Flight Phases and to complete Categoxy B Flight Phases shall meet
at least Level 3 flying qualities requirements following the thrust loss.

3.8.9.2.2 safe landing. Aircraft required to perform a safe landing
shall meet at least Level 3 flying qualities requirements following the
thrust loss. If the lsnding is complete& using autorotation, the auto-
rotation requirements of 3.8.10 througJ 3.8.10.3 must also be satisfied.

3.8.9,2.3 Crewescape. When there are no operationalrequirements
aftera loss of thrust/powered lift, the aircraft shall not diverge so
rapidly that the ability of the crew to escape is irhpaired.

3,8.10 Autorotation. Ml aircraft required by the procuring activity
to demonstrate an autorotative capability shall meet the following
requirements.

3.8.10.1 Autorotationentry. The aircraft shall be capable of entry
into autorotation (power off) at all speeds from hover to Vcon. Following
power failure a delay of 1 second prior to pilot corrective action is
ms.ndatcky,and a delay of 2 seconds is desired. During the delsy, no
dangerous flight conditions or excessive changes in aircraft attitude or
altitude shall occur. Changes in aircraft attitudes shall be considered
excessive if they exceed 20 degrees in 2 seconds following complete loss
of power with controls fixed, During the transition from powered flight
to autorotative flight, the control forces shall not exceed the Level 2
maximums of table XIII, a.ud20 percent of the nominal control power must
remain for maneuvering.

3.8.10.2 Autorotativedescent and lsnding. All aircraft with ~ autO-
rotative capability requirement shall be Capable Of descending ad
landing (power off) safely. The pitch, roll ad yaw dynsa?ic stability
requirements of this specification shall apply in autorotation at any
speed. Touchdown speeds and landing zone environment will be specified
by the procuring activity.

3.8.11Vibrationcharacteristics.Throughoutthe Qer,ationalFlight
Envelope,the aircraftshallbe free Of ObJectiOnablesh~e, vibratiOn,
or roughness. In addition,throughoutthe OperationalFli@t Envelope
the aircraftshallnot exhibitmechsmicalor a.eroelasticinstabilities
(i.e.,groundresonance,flutter,etc.) that degradethe flyingquali-
ties.

4, QUALITY ASSURANCE PROVISIONS

4.1 “Determination. Quality assurance shall be determined through:
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Analysis ●
Simulation
Ground test
Flight test.

The contract end item specification for each procurement will delineate,
for each requirement of section 3, which of these methods shall be used.
In order to rest,rictthe number of design and test conditions, represen-
tative flight conditions, configurations, external store complements,
loadings, etc,, shall be determined for detailed investigation. The
selected desi~ points must be sufficient to allow extrapolation to the
other conditions at which the requirements apply. The required analyses
shall be thorough, excepting only appro~ed Special Failure States
(3.1.6.2.1).

4.2 Interpretation of qualitative requirements. Requirements which
are not stated in terms of quantitative value of a particular stability
or control parameter are to be interpreted with due regard to the intent
of the Level definitions of 1.5. Finaldeterminationof complia.ncewith
such qualitative requirements will be made by the procuring activity
through flight test or:other suitable means.

5. PREPARATIONFOR DELIVERY
!,

Section5 is not applicableto this specification.

6. NOTES

6.1 Intended use. This specification centains the flying qualities
requirements for military piloted V/STOL aircraft operating at speeds
up to Vcon and shall form one of the bases for determination, by the
procuring activity, of aircraft acceptability. The specification shall
serve as design requirements and as criteria for use in stability and
control calculations, analysis of wind-tunnel test results, flying quali-
ties simulation tests, snd flight testing and evaluation. To the extent
possible, this specification should be met by providing am inherently
good basic airframe. were that is not feasible, or where inordinate
penalties would result,,a mechamism is provided herein to assure that
the flight safety, flying qualities ad reliability aspects of dependence
on stability auanentation and other forms of system complication will be
considered ;ull~. ~

6.2 Definitions. Terms and
are defined in the following

6.2,1 General :

s - Laplace
I
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Aircraft Normal
States

service ceiling

combat ceiling

cruising ceiling

%.x

hOma.x

‘%in

c.~.

hover

6.2.2 Speeds

refusal speed

TAS

‘?

v=(x) , Vmin(x)

vend

‘range

Vw

MIL.F-83300

mean sea level

the nomenclature and format of table XIV shall be
used in defining the Aircraft Normal States (3.1.6.1)

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 climb
is 500 ft/min at stated weight and engine thrust

altitude at a given airspeed at which rate of climb
is 300 ft/min at NRT at stated weight

maximum service altitude (defined in 3,1.8.4)

maximum operational altitude (3.1.7)

minimum operational altitude (3,1.7)

aircraft center of gravity

to remain stationaq?rrelative to either the air
mass or a point on the ground as specified in the
applicable requirement

the msximcrnspeed to which the aircraft can
accelerate and then stop in the available runway
length

true airspeed

airspeed along the flight path

short-hand notation for the speeds Vm=, Vtin fcm
a given configuration,weight, center-of-gravity
wosition. and external store conibinationassociated
~ith Fli&t Phase X

speed for maximum endurance

speed for maximum rage in zero wind conditions

- high speed, level flight, maximum augmented th~st
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,0 vma.x

Vtin

‘%x

‘%in

vcon

6.2.3

NRT

MRT

MAT

T/W

6.2.4

Pitch,

MIL-F-83300

maximum service speed (defined in 3.1.6.1)

- minimum service speed (defined in 3.1.8.2)

maximum operational speed (3.1.7)

- minimum operational speed (3.1.7)

- the speed which establishes the upper limit of
applicability of the requirements of this specifi-
cation and the lower limit of applicability of the
requirements of MIL-F-8T85. No more precise defi-
nition of Vcon will be attempted as it is assumed

that Vcon will be chosen by the contractor subject
to approval by the procuring activity. Factors to
be considered in the selection of Vcon are dis-
cussed in the Background Information and User!s
Guide (BIUG); see 6.7’.

Thrust and power

normal rated thrust, which
at which the engine csn be

is the maximum thrust
operated continuously

military rated thru?t, which is the maximum thrust
at which the engine can be operated for a speci-
fied period

- maxinum augmented thrust: maximum thrust, aug-
mented by all means available for the Flight Phase

- the ratio formed by dividing the:thrust available
by the aircraft’5 weight

Control parameters

Roll, Yaw - the stick or wheel and rudder pedals manipulated
Centrols in the cockpit by the pilot to produce pitching

moments, rolling moments and yawing moments,
respectively

Thrust Magnitude - the lever which is manipulated in the cockpit by
Centrol the pilot to produce changes in the magnitude of

the thrust vector

Thrust Angle the lever or switch manipulated by the pilot to
Centrol produce changes in the thrust angle, for example,

wing-tilt angle control
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Pitch Control
Force

Roll Control
Force

Thrust Magnitude
Control Force

Yaw Control
Force

Control Surface

Nominal Control
Moment

Control Power

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

- for a stick control, the component of control
force exerted by the pilot in a plane perpendicular
.to the plane of symmetry, acting at the center of
the stick grip in a direction perpendicular to a
‘line between the center of the stick grip and the
‘stick Divot. For a wheel control. the total moment. .. .

applled by the pilot about the wheel axis in the
plane of the wheel, divided by the average radius
from the wheel pivot to the,pilot’s grip

component of applied force, exerted by the pilot
on the cockpit control, in or parallel to the plane
of symmetry acting at the center of the lever grip
in a direction perpendicular to a line between
the center of the lever grip and the lever column
pivot

difference of push-force components of forces
exerted by the pilot on the rudder pedals, lying
in planes parallel to the plane of symmet~,
measured perpendicular to the pedals at the normal
point of application of the pilot’s instep on the
respective rudder pedais

a surface or device which is positioned by a
cockpi’tcentrol or by stability augmentation,
and which produces aerodynamic or jet-reaction
type forces in such a manner as to control the
forces, moments, or both, on the aircraft. As
used in this specification, the pitch control
surface, roll control surface, and yaw control
surface are the control surfaces or devices which
are controlled by the pitch, roll and yaw con-
trols respectively

one-half of the total control moment change
available to the pilot using only the pitch, roll
or yaw centrol at the given flight condition

the Smgul= ~or linear accelerateon available to
the pilot wi’thfull cockpit centrol displacement
from the given trim condition
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,0. 6.2.5

n

I ‘L

I
%3.x Y

Longitudinal parameters

%in

n(+), n(-)

n%ax‘ %-in -
~

no(+), IIo(-)

n/a

●
6.2.6 Lateral-directionalparameters

norm3.1load factor

symnetrical flight limit load factor for a,given
Aircraft Normal State, based on structural con-
siderations

msximum and minimum service load factors
(defined in 3.1.8.5)

for a givenaltitude,the upper and lower
boundariesof n in the V-n diagramsdepictingthe
ServiceFlightEnvelope

maximumand minimumoperationalload factors
(3.1.-f)

for a given altitude, the upper and lower boundaries
of n in the V-n diagrams depicting the Operational
Flight Envelope (see figures 6 and 7)

the steady-state normal acceleration ch~ge per
unit change in angle of attack for am incremental
pitch control deflection at constant speed

&& roll cent rol displacement

‘R first-order roll mode time constant

6~ - yaw control displacement

%d undamped natural”frequency of the Dutch roll
oscillation; ~~ greater than zero is indicative
of positive weathercock stability (3.3.’7.1)

damping ratio of the i?utch roll oscillation
211

damped period of the Dutch roll, ‘d = und~

i~
- bsnk angle

/ +1, ‘$2

I p“

‘o

, $3 bsnk angles at the first, second and third peaks,
respectively (figures 8 ad 9 )

roll rate
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SKETCH SHOWING TYPICAL RELATIONSHIP BETWEEN

OPERATiONAL ENVELOPE AND SERVICE FLIGHT ENVELOPE

FOR A GIVEN FLIGHT PHASE WHICH REWIRES TWO NORMAL STATES:
Q

VELOCITY -ALTITUDE

VELOCITY -LOAD FACTOR

AT ALTITUDE A A
‘

kc:‘~~~
nmax(A)—

~.-,—“ma.JBl

f ‘If ‘,
nom —

\

‘) “ “
1.0

0
~

z z ~
-g ;E

AIRSPEED-kts

>E > ~~ ) >05 ~

— “Omin
nmin(’l —

~“ “-(B)— mm

OPERATIONAL FLIGHT ENVELOPE FOR FLIGHT PHASE

—.. — SERVICE FLIGHT ENVELOPE FOR AI RCRAFTNORMAL STATE-B

___ SERVICE FLIGHT ENVELOPE FOR AIRCRAFT NORMAL ST~TE-A
_OUTERBOUNOARy I?FSERVICE FLIGHT Envelopes FOR : ‘

AIRCRAFT NORMAL STATES REQUIRED TO COVER

OPERATIONAL FLIGHT PHASE.

Figure 7 TYPICAL RELATIONSHIP BETWEEN OPERATIONAL ENV.
AND SERVICE FLIGHT ENV. FOR A GIVEN FLIGHT PHASE
REQUIRING TWO NORMAL STATES
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I

a measureof the
of bank angle to

ratio of the oscillatory component
the average comuonent of bank ‘

angle fOll&ing an impulse‘roll control compamd
with’yaw control free:

$3 + 242)

+2)

side,slipangle at the center of gravity, angle
betw,eenundisturbed flow ad plane of symmetry.
Posi”tiveor right sideslip corresponds to incident
flow approaching from the right side of the plane
of sjmmetry.

the ‘maximumchange in sideslip following an abrupt
roll control pulse command within time tAB where tA6
is the lesser of 6 seconds or one-half the Dutch
roll period, and is rneas~ed from a point halfway , ●
through the duration of the pulse commamd (figures 8
and “.9) ,

time’for the Dutch roll oscillation in the sideslip
response to reach the nth local maximum for a right
pulse roll control command, or the nth local minimum
for a left command (figures 8 and.9). The control
shall be moved as abruptly as practical and, for
purposes of this definition, time shall be measured
from a point halfway through the duration of the pulse.

phase angle expressed as a lag for a cosine representa-
tioriof the Dutch roll oscillation in sideslip, where

-360
$8 = ~ tn6 + (n-l)36o (degrees)

with.n as in tn above
S
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of the
in the

Examples showing measurement of roll-sideslip coupling parameters are
given in figure 8 for right rolls ad figure 9 for left rolls. It should
be noted that since *6 is the phase angle of the Dutch roll component of
sideslip, care must be taken to select a peak far eno~h 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
roll control input will be relatively undistorted. Care must also be
taken when there is r~ing of the sideslip trace, since ramping 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 sideslip trace and then noting the times at
which the vertical distance between the line and the sideslip trace is
the greatest.

6.3 Gain schedulin~. Changes of mechanical gearings and stability
augmentation gains in the flight control system are sometimes accomplished
by scheduling the changes as a function of the settings of thrust lift
angle or devices such as flaps or wing sweep. This practice is generally
acceptable, but gearings aud gains normally should not be scheduled as a
function of trim control settings since pilots do not always keep aircraft
in trim.

6.4 Effects of aeroelasticity, control equipment, and structural dynamics.
Since aeroelasticity, control equipment, and structural dynamics may exert
u important influence on the aircraft flying qualities, such effects
should not be overlooked in calculations or analyses directed toward
investigation of compliance with the requirements of this specification.

6.5 Application of Levels. Part of the intent of 3.1.10 is to ensure
that the probability of encountering significantly degraded flying quali-
ties because of component or subsystem failures is small. For example,
the probability of encountering very degraded flying.qualities (Level 3)
must be less than specified values per flight.

6.5. I. Theoretical compliance. To determine theoretical complismce with
the requirements of 3.1.10.2,the following steps must be performed:

a. Identify those Aircraft Failure States which have a significant
effect on flying qualities (3.1.6.2).

I
b. Define the longest flight duration to be encountered during opera-
tional missions (3.1.1).

Determine the probability of encountering various Aircraft Failure
~~ates, per flight, based on the above flight duration (3.1.10.2).
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●
d. Determine the degree of flying qualities degradation associated
with each Aircraft Failure State in terms of Levels as defined in the
specific requirements.

e. Determine the most &ritical Aircraft Failure States (assuming the
failures are present at”whichever point in the Flight Envelope being
considered is most critical in a flying qualities sense), and compute
the total probability of encountering Level 2 flying qualities in the
Operational Flight Envelope due to equipment failures. Likewise,
compute the probability:of encountering Level 3 flying qualities in
the Operational Flight Envelope, etc.

f. Compare the computed values above with the requirements in 3.1.10.2
and 3.1.10.3.

If the requirements are not met, the designer must consider alternate
courses such as:

(a) Improve the aircraft flying’qualities associated with
the more probable Failure States, or

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

Regardless of the probability of encountering any given Aircraft Failure
States (with the exception of Special Failure States) the flying quali-
ties shall not degrade below Level 3.

6,5.2 Level definitions. To determine the degradation in flying quali-
~ies parameters for a given Aircraft ,FailureState the following defini-
tions are provided:

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

b. Level 2 is worse than Level 1, but no worse thsm the Level 2
boundary, or number.

c. Level 3 is worsethan Level2, but no worsethan the Level3
boundary, or number.

When a given boundary, or number, is identified as Level 1 sad Level 2,
this means that flying qualities outside the boundary conditions shown,
or worse than the number given, are at best Level 3 flying qualities.
Also, since Level 1 and Level 2 requirements are the same, flying quali-
ties must be within this common boundary, or number, in both the Opera-
tional snd Service Flight Envelopes for Aircraft Normal States (3.1.10.1).
Aircraft Failure States that do not degrade flying qualities beyond this
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common bounda~ are not considered in meeting the requirements of
3.1.10.2. Aircraft Fsilure States that represent degradations to Level 3
must, however, be included in the computation of the probability of
encountering Level 3 degradations in both the Operational s.ndService
Flight Envelopes. Again, degradation beyond the Level 3 boumdsry is not
permitted, except for Special Failure States.

6.5,3 Computational assumptions. Assumptions a and b of 3.1.10.2 are
somewhat conservative, but they simplify the required computations in
3.1.10.2 snd provide a set of workable ground rules for theoretical
predictions. The res.sonsfor these assumptions are:

a. If...components and systems are...operating for a time period per
flight equal to the longest operational mission time,..” Since most
component failure data are in terms of failures per flight hour, even
though continuous operation may not be typical (e.g., yaw damper on
during supersonic flight only), failure probabilities mwt be predicted
on a per flight 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 available (MIL-STD-756), these
data may be used for prediction purposes based on maxim cycles per
operational mission, subject to procuring activity approval. Also,
finite wearout life components, such as engines at maximum take-off
thrust, may be considered as exceptions and failure calculations shall
be based on maximum normal operating time per flight in these cases,
again subject to procuring activity approval. In my event, compliante
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 assumption is in keeping with the requirements of
3.1.6.2 regarding Flight Phases subsequent to the actual failure in
question. In cases that are unrealistic from the operational standp-
oint, the specific Aircraft Failure States might fall in the Aircraft
Special Failure State classification (3.1.6.2.1).

6.6 Superseding data. !Ibisspecification supersedes Military Specifi-
cation MIL-H-8501A for U.S. Air Force use.

6.7 Related documents. The documents listed below, while they do not
form a part of this specification, are so cI05c1Y related tO it that
their contents should be taken into account in any application of this
specification.

SPECIFICATIONS

Militszy

MILC-5011 Charts; Standard Aircraft
Piloted Aircraft

Characteristics and Performance,
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MIL-S-5711 Structural Criteria, Piloted Airplanes, Structural Tests,
--Flight

●
MIL-M-~~00 Manual, Flight
MIL-G38478 General Requirements for Angle of Attack Based Systems
MIL-S-25015 Spinning Requirements for Airplanes

STANDARDS

MIL-STD-882 SystemSafety Program for Systems and Associated Subsystems,
and Equipment; Requirement for

PUBLICATIONS

AFSC Design Handbook, Series 1-0 and 2-O

Background Information and User Guide for MIL-F-83300 - llilit~ Specifica-
tion--Flying Qualities of Piloted V/STOL Aircraft, AFFDL TR 70-88, March
1971

Custodians:
Army - AV
Navy - AS
Air Force - 11

Preparing activity:
Air Force - 11

Project No. 1500-0086
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