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See Section 6 for superseding data

MILITARY SPECIFICATION

1. SCOPE AND CLASSIFICATIONS

1.1 Scope. This specification contains the requirements for the flying
qualities of U.S. military piloted vertieal and short takeoff and landing
(V/STOL} aircraft operating at speeds less than V,gp.

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 gqualities.
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, 1if 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 an equivalent
degree of acceptability. The requirements of MIL-F-8785 shall apply for
operation at speeds in excess of V..

1.2.1 Ground effect. Requirements are not written specifically for
operations in or out of ground effect. The height gbove ground where
compliance must 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 under instrument flight conditions. It is assumed that
IFR capability is inherent in all military aircraft operational missions,
and therefore the detailed requirements are intended to reflect this
assumptiocn, ZExceptions 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 cne of the following (Classes:

Class I Small, lighf alreraft such as

Light utility
Primary tralner
Light observation FSC 1500
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Class II Medium.weight, low-to-medium maneuverablility aircraft such as

Utility

Search and rescue

Medium transport/cargo/tanker

Barly warning/electronic countermeasures/airborne
command, control, or communications relay

Intisubmarine

Assault transport

Reconnaissance

Tactical bomber

Heavy attack
Trainer for Class II.

Class ITl Large, heavy, low-to-medium maneuverasbility aircraft such as

Heavy transport/cargo/tanker

Heavy bomber

Patrol/early warning/electronic countermeasures/airborne
command, control, or communications relay

Heavy search and rescue

Trainer for Class IIT.

Class IV High-maneuverability aireraft such as

Fighter/interceptor
Attack '

Tactical reconnaissance
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 speel-
fied in a requirement, the requirement shall apply to all Classes. When
cperational 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 Class.

1.4 Flight Phnase Categories. The Flight Phases have heen combined into
three Categories which are referred to in the reguirement 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 reguirement, that requirement shall apply to all three Categories.

Flight Phases descriptive of most military aircraft missions are:

2
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. Nonterminal Flight Phases:

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

Air-to-air combat {(C0)

Ground attack (GA)

Weapon delivery/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)

+

WP DR PO Ao O

Category B -~ Those nonterminal Flight Phases that are normally
accomplished using gradual maneuvers and without
precision tracking, although accurate flight-path

cemtrnl mav he roauired Tnrlindad in this Catoonmr
ConiroL may L€ regulired. ERSToE RIS IS4 Latego

in this gory
are:
a. Climb (CL)
b. Cruise (CR)
c. Loiter (LO)
. a. In-flight refueling (tanker) (RT)
e. Descent (D)
f. Emergency descent (ED)

Emergency deceleration (DE)

g.

T Armwnt el Aald wmwmer { ATV

1l s AL LGl \-LCJ.J_VCJ.J \W}'

i. Hover (H)

j. Nonterminal transition (NT)

Termirial Flight Phases:

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-around (WO)
e. Vertical landing (VL)

f. Short landing (SL)

g. Terminal transition (TT)

When necessary, recategorization or additibn 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 flying qualities. Where possible, the requirements of

section 3 have been stated in terms of three values of the stability or
control paresmeier specified, Each value is a minimum condition to meet
cne of three Levels of acceptability related to the ability {o complete

the operational missions for which the aircraft is designed, The Levels
are:.

Level 1: Flying qualities clearly adequate for the mission
Flight Phase.

Level 2: Flying qualiti adequate to accomplish the missio
Flight Phase, but some increase in pilot workload

or degradatlon 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 can be terminated safely,
and- Category B and C Flight Phases can be completed.

2. APPLICABLE DOCUMENTS

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

SPECIFICATIONS

Military

MIL-F-9L490  Fiight Control Systems - Design, Installation and Test of,
Piloted Aircraft, General Specification for

MIL-C-182L44 Control and Stabilization Systems, Automatic, Piloted
Aircratt, General Specification for

MIL-F-18372 Flignt Control Systems, Design, Installation and Test of,
Aircraft (General Specification for)

MIL-W~25140 Weight and Balance Control Data (for Airplanes and
' Rotorcraft)

MIL-F-8785 Flying Qualities of Piloted Airplanes
STANDARDS

MIL-STD-756 Reliability Prediction

h
g
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(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. REQUIREMENTS

3.1 General reqguirements

3 1.1 Operational missicns. The preocuring activity will specify the

rational missions to he considered 'hv the ecoantractor in degioning the

4 liGd g Soa UGS LY wT Llhlloar b T vLiD Ll vi QU uiAl il MOOodEplildlE VALS

alrcraft to meet the flying qualities requlrements of this specification.
These missions will include the entire spectrum of intended operational
usage.

3.1.2 Loadings. The contractor shall define the envelopes cf 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-251L40. In addition, the contractor shall

determine the maximum center-of-gravity excursions attainable through

Fe 1. o + + o Fle] ] = 15T + aa
failures in Sysiells O Ccomponerits, sulil as iued Sk.q‘u.eﬁclng, fnung sLores,

ete,, for each Flight Phase to be considered in the Failure States of
3.1.6.2, Within these envelopes, plus a growth margin to be specified
by the procuring activity, and for 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 reqguirements of this
specification shall apply for all moments cof inertia so defined.

~ 1 ) External stores R 1
Dl LALSIlal cLulIlco.,. J.llc LckiuLlcmﬂllbD U.L [

spe ion
for all combinaticns of external stores required by the operatlonal mis-
sions. The effects of external stores on the weight, moments of inertia,
center-of-gravity position, and serodynamic characteristics of the air-
craft shall ve 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 wiil be speci-
fied by the procuring activity. In establishing external stere combina-
tions to be investigated, consideration shall be given to asymmetric as
well as to symmetric combinations, and to various methods of attachment to
the airframe (e.g., single-point sling, multi-point sling, rigid, etec.).

3.1.5 Configurationg. 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-zngle setting, duct-rotation setting, nozzle setting,

Ln
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stability-augmentation-system (SAS)-selector setting, etc, The selected .
configurations to be examined must consist of those required for

performance and mission accomplishment. Additional configurations to be

investigated may be defined by the procuring activity.

3.1.6 ©State of the aircraft. The State of the airecraft 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
irim setiing and the positions of the pitch, roll, and yaw controls are

not included in the definition of Adrcraft State since they are often
specified in the regquirements. The position of the thrust magnitude control
shall not be considered an element of the Aireraft State when the thrust
magnitude is specified in a requirement.

3.1.6.1 Aircraft Normal States. The contractor shall define and tabulate ]
all pertinent items to describe the Aircraft Normszl {no compcnent cor 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 welght, moments of inertia, center-of- ,
gravity position, thrust magnitude and thrust angle control settings, may i
vary continucusly over a range of values during a Flight Phase. The con-

tractor-shall replace this continuous variation by a limited number of

values of the parameter in guestion which will be treated =3 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 Fallure States, which consist of Alrcraft Normal States modi-
fied by one or meore malfunctions in aircraft components or systems; for
example, a discrepancy between a selected configuration and an actual con-
figuration. Those malfunctions that result in center-of-gravity positions
outside the center-cf-gravity envelope defined in 3.1.2 shall be included,.
Each mode of failure shall be considered. Fallures occurring in any Flight
Phase shall be considered in all subsequent Flight Phases.

3.1.6.2.1 Aircraft Special Failure States. C(ertain components, systems,
or combinations thereof may have extremely remote probability of failure
during a given flight. These failure probabilities may, in turn, be very
difficult to predict with any degree of accuracy. Special Failure States
of this type need not be considered in complying with the reguirements of
section 3 1If justification for considering the Faillure States as Special

is submitted by the contractor and approved by the procuring activity.

3.1.7 QOperational Flight Envelopes. The Operational Flight Envelopes
define the boundaries in terms of speed, altitude, and load factor within
which the airecraft must be capable cof operating in order to accomplish the




Downloaded from http://www.everyspec.com

3

MII-F-83300

missions of 3.1.1. Additicnal envelopes in terms of parameters such as

rate of descent, flight-path angle, and side velocity may also be specified.
Envelopes for each applicable Flight Phase shall be established with the
guidance and approval of the procuring activity. In the azbsence of specific
guldance, 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 licrmal States generally
will be employed in the conduct of a Flight Phase. The Bervice 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, V,.., for each
altitude below the service ceiling for the configuration under consideration
is the lowegt 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 an extreme nose-down pitch atiitude

d. The meximum 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, Vp;,, for each
altitude below the service ceiling for the configuration under considera-
tion, in fore and aft flight, is the highest algebraically of:

. 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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TABIE I
Representative Limits for Uperational Flight Envelopes
“ELIGHT ASRSPEED ALTITUDE LOAD FACTOR
PHASE
] v b h n n
CATEGORY FLIGHT PHASE Omin Omax ®min ®max ®min Tmax
AIR-TO-AIR H con MSL COMBAT  |-1.0 0
COMBAT {C0) CEILING
GROUND ATTACK 0 ¥eon MSL | wMEDIUM |.1.0 "
(GA)
WEAPON range’ " ¥eon MSL COMBAT 6.5 '
DELIVERY LAUNCH CEILING
{w)
A AERIAL RECOVERY 0 Yoo MSL | COMBAT | 0.5 ny
(AR} i CEILING
RECONNA ] SSANCE 35 KT Yeon MSL | COMBAT . .
{RC} CEILING
IN-FLIGHT 35 KT con MSL LOMBAT f p.5 2.0
REFUELING CEILING
{RECEYVER) {RR)
PRECISION X 35 KT MsL | coMBAT 0.9 1.1
HOYERING (P} CEILING
TERRAIN Y ange " con MSL | 10,000 FT| 0 3.5
FOLLOWING (TF)
ANTI SUBMARINE 35 K1 Veon MSL | MEBIUM | 0 2.0
SEARCH (AS)
CLOSE FORMATION 5 KT con MSL | commar |-1.0 n
FLYIRG {FF} CEILING
CLIMB {CL) 0 ¥eon MSL | CRUISING] 0.5 2.0
. CEILING
CRUISE (CR} Veinge' can MSL CRUISING] 0.5 2.0
CEILING
HOVER (M) X 35 KT MSL CRUISING| 0.9 1.1
CEILING
LOVTER L0 B Vena'" 3wt | mst | chuising| o | 2.0
CEILING
B IN-FLIGHT REFUELING 36 &7 ¥eon MSL | CRUISING| 0.5 2.0
[TANKER) (RT) CEILING
DESCENT (D) 0 Vean MSL | CRUISING| 0.5 2.0
CEILING
NONTERM INAL % Veon MSL SERYICE | 0.5 2.0
TRANSITION (NT) CEILING"
EMERGENCY o Yeon MSL | CRUISING| 0,5 2.5
DESCENT {ED) CEILING
EMERGENCY 0 Veon MSL tRUISING] 0.5 2.0
DECELERATION (DE) CEILING
AERIAL DELIVERY (AD) H ¥eon MSL | 10,000 FT{ 0 2.0
YERTICAL TAKEOFF 3 45 KT usL | 10,000 FT{ 1.0 2.0
c (v1)
SHORT TAKEQFF ({ST) o con MsL | 10,000 FT| 0.5 L
APPROACH {PA) MINIMUM NORMAL v MSL | t0,000 FT| 0.5 2.0
APPROACH SPEED
WAVE-QFFf MINTMUM NORMAL | v MSL [ 10,000 FT| 0.5 2.0
GO-ARDUND (W0} APPROACH SPEED |
VERTCAL LANDING X 45 KT MSL 110,000 FT| 0.5 2.0
{v1)
SHORT LANDING MINIHUM HORMAL |y WSL | 1p,000 FT} 0.5 2.0
{sty LAND ING SPEED""
TERMINAL X Yeon MSL | SERVICE | 0.5 2.0
CTRANSITION (TT) CEILING™®

* APPROPRIATE TO THE OPERATIONAL MISS)OM,
X - AIRSPEED IS 35 KT IN ANY DIRECTION
"' BASED QN SELECTEC CONFIGURATION.
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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 1l-g level flight,

3.1.8.3 Bervice side velocity. The service side-velocity boﬁndary for

the configuration under consideration is defined by the maximum side

velocity associated with each speed between Vpa. and Vyip (as defined by
3,1,8,1 and 3.1.8.2) from which recovery to straight and level flight can be
made without penetrating a safe margin from loss of control or other dangerous
behavior.

3.1.8.4 Maximum service altitude. The maximum service altitude, hp..,
for a given speed is the maximum altitude at which a rate of climb of
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-
ficent altitudes. The maximum [minimum] service load factor, when trimmed

for 1-g flight at a particular speed and altitude, is the lowest {highest]

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
encompass all regions in which operation of the aircraft is both allowable
and possible. These are the boundaries 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
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d. The maximum airspeed, in descents, from which recovery can be
made without encountering loss of control, intolerable buffet
or structural vibration, and without exceeding structural
limits.

3.1.9.2 Minimum permissible speed. The minimum permissible speed for each
permissible altitude for the configuration under consideration, in fore and
aft flight, shall be the highest algebralcally of:

a. 35 knots rearward {-35 knots)

b. The speed, at MAT, below which pitch, roll, or yaw control
available is insufficient to maintain l-g level flight

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 alrcraft may be required to operate under abnormal conditions.
Such abnormalities that may cccur as a result of flight outside the Opera-
tiocnal Flight Envelope, the failure of aircraft compeonents, or both, are
permitted to comply with a degraded Level of flying qualltles as spec1f1ed
in 3.1.10.1 through 3.1.10.3.3.

217 1A 71T Ramid e mha far A3 maroft Narmal O otan Mo wmd s mam 13 v A
I ow kLW e L A\c\i\J.J-J. cmcllba AVL ABLl LAl L NULUUGL WwWuduS o, ALLT AR LL LAY Lckiu_LLc\_,L
flying qualities for Aircraft Normal States (3.1.6.1) are as shown in

table IT.

TABLE II, Lewvels for Aircraft Normal States

Within Within

Operational Flight Service Flight
Envelope Envelope
Level 1 Level 2

3.1.10.2 Reguirements for Aircraft Fallure States. When Aircraft
Failure States exist (3.1.6.2), a degradation in flying qualities is per-
mitted only if the probability of encountering a lower Level than speci-
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 and the effect of that Failure
State on the flying qualities within the Operational and Service Flight
Envelopes. These analyses shall be updated at intervals specified by the
procuring ac¢tivity. These determinations shall be based on MIL-STD~T756

10
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except that (a) all aircraft components and systems are assumed to be
operating for a time period, per flight, 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
gualities 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 contractor shall also determine the probability that one or more flying
qualities are degraded to ILevel 3. These prcobabilities shall be less than
the values shown in table ITI.

TABIE IITI. Levels for Aircraft Failure States

Parmrl ~1l- 273 bar gl
Cropapiilty o1
Encountering

Level 2 after failure < 10=2 per flight

Level 3 after failure < :I_O"LL 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. Socme requirements pertaining to takeoff,
landing, and taxiing involve ground operation outside the Operational,
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 lLevels are not specified. Within the Operational and
Service Flight Envelopes, all requirements that are not identified with

‘specific Levels shall be met under all conditions of component and system

failure except approved Aircraft Special Failure States (3.1.6.2.1).

3.1.10.3.3 Flight outside the Service Flight Envelope. From all points
in the Permissible Flight Envelope, it shall be possible readily and
safely to return to the Service Flight Envelcpe without exceptional pilot
skill or technique, regardless of component or system failures. The

11
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requirements of 3.8.1 and 3.8,2 shall also apply.

3.1.10.3.4 Operation in critical height-velocity conditions. Some propul-
sion system failures in the critical height-velocity regime may be catas-

trophic. Although the aircraft would not meet the requirements of

. e s L. . ;
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 f£1light under these conditions is essential
to accomplishment of the operational missions of 3.1.1. Special requirements
may be specified by the procuring activity for conditions encountered during
and after the propulsion system failure. The size of the critical height-
velocity regime 1is subject to the approval of the procuring activity.

3.1.11 Cockpit controls. 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 angle control has not been assumed. Aircraft having
cockpit controls other than 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 aslternate require-
ments for nonconventional cockpit centrols.

3.2 Hover and low speed, The hover and 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 Service 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 reguirements
of 3.5, 3.6, 3.7 and 3.8 are also applicable in this speed regime,

3.2.1 Equilibrium characteristics. Without attaining excessive attitudes,
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 #10 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 conditiorl, The fuselage reference bank attitudes must not exceed
+10 degrees at any trim speed, These requirements shall be satisfied at

all forward trim speeds, backward trim speeds, and sideward trim speeds

12
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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 by the procuring activity,
the local slope of the equilibrium sttitude-speed relationship shall not
exceed 0.6 degrees per knot., The totel fuselage reference pitch attitude
change shall not exceed 20 degrees, and the bank attitude shall not exceed
+10 degrees. These requirements apply at all steady forward speeds, back-
limits of the Service Flight Envelope or 35 knots, whichever is less in
magnitude, with configuration and trim fixed.

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

Level 1: The variations of cockpit control force and control position
with airspeed shall be smocth and the local gradients stable
or zero for both the pitch and roll cockpit controls., The
gradients shall be essentially linesr with no objectionsable
changes in the slope of force or position with speed.

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, the level 2
requirement is the same as Level 3,

5|
@
=
Mo

Ievel 3; The Level 1 requirements shall apply for the local control
force gradients. The local pitch and 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 maintain slovwer or more
reayward 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.

13
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The term gradient dees not include that portion of the contreol force or
control position versus aivspeed curve within the preloaded breakout

force or friction band.

3.2.2 Dynamic response reguirements

3.2.2.1 Piteh [roll]. The following requirements shall apply to the
dynamic responses of the aircraft with the cockpit controls free and
with them fixed feollowing an external disturbance or an abrupt pitch
{roll] contrel input in either direction. The

ran11l ram
eliner ¢l rregulre

ante annly far
ments apply for
responses of any magnitude that might be experienced in operational use.
If oscilliations are nonlinear with amplitude, the oscillatory require~

ments shall apply to each cycle of the oseillation.

Level 1: All aperiodic responses (real roots of the longitudinal charac-
teristic equation and the lateral-directional characteristic
equation) shall be stable. Oscillatory modes of frequency

~greater than 0.5 radians per second shall be stable. Oscilla-
Tory modes with fregquency less than or equal to 0.5 radians per
second may be unstable provided the damping ratio is less
unstable than -.10. Oscillatory modes of frequency greater than
1.1 radians per second shall have a damping ratic of at least 0.3.

Level 2: TFor 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 cother cases, for level 2,
divergent modes of aperiodic response shall not double amplitude
in less than 12 seconds., Oscillatory modes may be unstable pro-
vided their frequency is less than or equal to 0.84 radians per
second and their time to double amplitude is greater than 12
seconds. Oscillatory modes of frequency greater than 0.8L4
radiens per second shall be stable.

Ievel 3: Divergent modes of aperiodic response shall not double amplitude
in less than 5 seconds. Oscillatory modes may be ungtable pro-
vided their frequency 1s less than or equal +o 1.25 radians per
second and their time to double amplitude ig greater than 5

seconds. Oscillatory modes of frequency greater than 1.25
radiagns per second shall be stable,

3.2.2.2 Directional damping. While hovering at zero airspeed, the yaw
mode shall be stable and the time constant shall not exceed the following:

Ievel 1; 1.0 second
ILevel 2: 2.0 seconds

For Level 3 operation there shall be no tendency toward apericdic
divergence in yaw.

Y}
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3.2.3 Control characteristics. To ensure adequate hover and low-speed
contrel 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, contrel remaining shall be such that simulbaneous
abrupt application of pitch, rell and yaw controls in the mosit critical
combination produces at least the attitude changes specified in table IV
within one second from the initiation of contrcl force application.

TABLE IV. Attitude Change in One Second or Less (Degrees)
Level Pitch Roll Yaw
1 +3.0 +4,0 | +6.0
2 +2.0 +2.5 +3.0
3 +2,0 +2,0 | +2.0

3.2.3.2 Response to control input. The ratio of the maximum attitude
change, cceurring within the first second following an abrupt step dis-

e o o e T P, o T =

-1 P T N Sy P . . <+ [ — | e [F N [ ~ L
PJ.O.-UCLU.CI].L‘ W LIS dPP.L'UP.LJ.'d.bC LuLnpiu CUI.J.UJ.U.L’ LQ LIl Ll.ld.&ill. Luue ol LILC
cockpit control command shall lie within the bounds of table V. There
shall be no objectionable nonlinearities in aircraft response to control

deflections and forces.

TABLE V. Response to Control Input
in One Second or lLess (Degrees per Inch)

Fitch Roll Yaw
level Min Max Min Max Min Max
1 3.0 20.0 k.o 20.0 6.0 23.0
2 2.0 30.0 2.5 30.0 3.0 45,0
3 1,0 4o.0 1.0 ko.o 1.0 50.0

3.2.3.3 Maneuvering control margins. When automatic stabilization and
contrel 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 pillot in the critical

15
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direction through the use of the cockpit controls. This requirement
applies throughout the Service Flight Envelope within +15 knots TAS
of the trim speed,

3.2,k Control lags. Starting from trimmed hovering or low-speed flight,
the angular acceleration response in the commanded direction shall be
developed within 0,1 seconds after the initiation of step displacements
of the pitch, roll and yaw cockpit contrels, In addition, the initial
maximum angular acceleration shall be achieved within 0.3 seconds after
the initiation of the cockpit control command., 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
airspeeds 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 Height control power. Starting from a steady descent rate of not
greater than 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.

TABLE VI. Height Control Power Reguirements

Level Incremental T/W
Vertical Acceleration,
g's
1 0.10 1.05
2 | 0,05 1.02
3 1.01

3.2.5.2 Thrust megnitude contrel lags. The following reguirements shall
be satisfied following an 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
incremental thrust of at least 0.05W in not more than

0.3 seconds.

It shail be possible
rmental thrust of at le
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Ievel 3: It shdll be possible to achieve 63 percent of a commanded incre-

mental thrust of at least 0.01W in not more than 0.6 seconds.
3.2.5.3 _Response to thrust magnitude control input. Following an abrupt
step displacement of the thrust magnitude control, the ratic of the maximum
rate of climb occurring within the first second to the magnitude of the
cockpit control input shall lie within the bounds of table VII., This
reguirement is for hovering in still air and for inputs up to the maximum
permissible,

s

TABLE VII., Response tc Thrust Magnitude Control Input in One Second or Le
(Clizb Rate in Feet per Minute per Inch of Control Defleection)

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 unstable 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 Vegp. The require~
ments of 3.5, 3.6, 3.7 and 3.8 are also applicable in this speed regime.

3.3.1 Longitudingl equilibrium, With the alircraft trimmed at speeds from
35 knots forward to Vegn, 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
may 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 piteh attitude and airspeed shall be smooth and the loeal
gradients stable or zero.

Level 2: 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 lLevel 1, 1In all other cases, the Level 2 require-
ment is the same as for Level 3,

17
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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 piteh control position shall
not exceed one-half inch in the unsteble direction over
the speed range or pitch attitude range associated with
the wnstable gradient,

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 and the opposite to maintain nose~down atti-
tudes or higher airspeeds. The term gradient does not include that portion
of the control force or control position versus piteh attitude or airspeed
curve within the preloaded breakout force or friction band.

3.3.2 Longitudingl dynamic response. The following requirements shall
apply to the dynamic response of the aircraft with the pitch control free
and with it fixed. These requirements apply following a disturbance in.
smooth air, and following abrupt pitch control inputs in each directicn,
for responses of any magnitude that might be experienced in operational
use, If the oscillations are nonlinear with amplitude, the reguirements
shall apply to each cycle of the oscillation.

Level 1: The response of the aircraft shall not be divergent (i.e.,
all roots of the longitudinal characteristic equation of the
aircraft shall be stable), In addition, the undamped natural
frequency, w,, and damping ratio, r, of the second-order
pair of roots (real or complex) that primarily determine the
short-term response of angle of attack following an azbrupt
pitch control input shall meet the Level 1 requirements of
figure 1.

Level 2: For those Flight Phases of the operational missions of 3.1.1
for which IFR operation is regquired, 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 dnuble am-n'll-.
tude in less than 12 seconds. Oscillatory modes may be
unstable provided their frequency is less than or equal to
0.8L radians per second and their time to double amplitude is
greater than 12 seconds. In addition, the undamped natural
Trequency and damping ratio 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 2 requirements of figure 1.

Level 3: Divergent modes of aperiodic response ghall not double
amplitude in less than 5 seconds. Oscillatory responses shall
be stable; however, an instability will be permitted provided
its frequency is less than 1.25 radians per second and its
time to double amplitude is greater than 5 seconds.

18
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3.3.3 Residual oscillations. Any sustained residual oscillations shall
not interfere with the pilot's ability to perform the tasks required in
operational use of the aireraft. For Levels 1 and 2, oscillations in
normal acceleration at the pilot's station greater than +0.05g will be
considered excessive for any Flight Phase, These regquirements shall apply
with the pitch control fixed and with it free.

3.3.4 Pitch control feel and stability in maneuvering flight. In steady
turning flight, and in pullups at constant speed, increased pull forces and
aft displacement of the cockpit pitch control shall be reguired to maintain
increases in angle of attack, normal acceleration and nose-up pitch rate

throughout the range of angle of attack and load factor in the Service Fligh

Envelope. Increases in push forces and forward displacement of the cockpit
piteh control shall be required to maintain reductions of angle of attack
and normal acceleration in pushovers at constant speed.
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3.3.4.1 Pitch control forces in maneuvering flight. In steady turning
flight, in pullups, and in pushovers, at constant speed, the variation

in pitch control force with steady-state normal acceleration or angle

of attack shall be approximately linear, In general, a departure from
linearity resulting in a local gradient which differs from the aversge
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 than 3 pounds per g. There
shall be no undesirable inputs to the pitch control system due to changes

in linear or angular accelerations preduced 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 curve within the pre-

lcaded breakout force or friction band.

3.3.5 Pitch control efféctiveness 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 i§ available to the pilot in the critical direction
through the use of the pitch control. This requirement applies throughout
the Service Flight Envelope within +15 knots TAS or 15 percent of the trim
speed, whichever is greater.

3.3.5.2 Speed and flight—path control. The aircraft dynamic characteris-
tics, together with the effectiveness and response times of the pitch,
thrust magnitude, and thrust angle controls, shall be such that adequate
control of the flight path and airspeed can be maintained at all permissible
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 contrel forece required to maintain
constant speed in steady, constant-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 push direction. This requirement shall be met for
sideslips up to the magnitude specified in 3.3.11 or the magnitude which
can be genersted 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 accompany increasing sideslip, and that
the magnitude and direction of the force change be similar for right and
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 and
descents to the limits of the appropriate Flight Envelopes,
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3.3.7 Lateral-directional characteristics
3.3.7.1 Lateral-directional oscillations (Dutch rocll), The frequency,

tn s and damping ratio, g, of the lateral-directional oscillations
fo%lowing a disturbance input, for example a yaw control doublet, shall
exceed the minimums specified on figure 2. The requirements shall be met
with contreols fixed and with them free for oscillations of any magnitude
that might be experienced in operational use. If the oscillation is non-
linear with amplitude, 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, wnd2 shall always
be greater than zero,

3.3.7.2 Roll mode time constant. The roll mode shall be stable and the
time constant, TR, shall be less than the following:

Level 1: 1.4 seconds
Level 2: 3.0 seconds

Ilevel 3: 10.0 seconds

3.3.7.3 Spiral stability. The combined effect of spiral stability,
flight-control system characteristics, and trim change with speed shall
be such that following a disturbance in bank of up to 10 degrees, the
time for the bank angle to double shall be greater than the following:

Tevel 1: 20.0 seconds
Level 2: 12.0 seconds
Level 3: 4,0 seconds

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

3.3.8 BRoll-sideslip coupling. The .requirements on roll-sideslip coupling
are stated in terms of allowable bank 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 and left roll control commands of all magnitudes up to
the megnitude 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 ¢, C/q)AV
following a yaw-control-free impulse roll control command shall Ee
within the limits specified in figure 3 for ILevels 1 and 2. The impulse
shall be as abrupt as practical within the strength limits of the pilot
and the rate limits of the roll control system. For Levels 1 and 2, TN
shall always be in the direction of the roll control command.
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3.3.8.2 Sideslip excursions. The amount of sideslip resulting from
abrupt roll control commands shall not be excessive or require com-
plicated or objectionable rudder coordination. For Flight Phase Cate-
gories A and C, the ratio of the maximum change in sideslip angle to the
initial peak magnitude in roll response, |AB/¢ |, for an abrupt roll
control pulse command shall not exceed the limit specified on figure k.
In sddition, |AB/¢;| x ]q>/3[d shall not exceed the limit specified on
figure 5.
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3.3.8.3 Control of sideslip in rolls. In the rolling msneuvers described
in 3.3.9, yaw-control effectiveness shall be adequate to maintain zeroc
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 'np'r'f‘n'r'mannn of 3.3.9 For invuts gsmaller than thosge v-aqulred to

formance 3.3.9. nputs smaller than those
meet the roll performance requirements of 3.3.9, the resultant forces shall
be divided by the ratio of the bank angle obtalned at the time specified

in 3.3.9 to the bank angle requlred 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 steady
constant-altitude ccordinated turnms in either direction, using bank angles
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 airecraft, L5 degrees for Class I
and Class II aircraft, or 30 degrees for Class III ¢erTaLb. Yaw control
forces shall not exceed 40 pounds and roll control forces shall not exceed
5> pounds. This requirement applies to Level 1, with the aircraft trimmed
for zero-bank-angle straight flight.

3.3.9 Roll control effectiveness. The time to change bank angle by

30 degrees (t3p) 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 sidesllp that retards roll rate (not to
produce bJ.U.EbJ.J.P that augments roll ral'.e;, provided that yaw control inputs
are simple, easily coordinated with roll control inputs, and are consistent
with piloting techniques for,the aircraft in its mission, Roll control
shall be sufficiently effective, in combination with other normal means of
control, to balance the aircraft laterally throughout the Service Flight

Envelope in the atmospheric environments of 3.7.

TABLE VIII., Roll Control Effeetiveness

Class 1 t3p - seconds
Level 1 | Tevel2 | level3
I 1.3 1.8 = 2.6
II 1.8 2.5 3.6
I1T 2.5 : 3.2 L0
1v 1.0 1.3 2.0
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3.3.9.1 Roll control forces. The roll control forces required to .
obtain the rolling performance specified in 3.3.9 shall lie between
the maximums and minimums of table IX.

TABLE IX. Roll Control Forces (Pounds)

TLevel 1 level 2 Level 3
Ma~ed mam 15.0 20.0 25.0
Minimum 3.3 3.0 0.5

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.

g L o T T U
€Sl Cnrdw necessary 0 HIecy vhne rosl DPErioriance IeqUIICOENnis

specified in 3.3.9 shall not exceed 60 degrees.in either direction, For

completely mechanical systems, the requirements may be relaxed to 80 degrees.

3.9.3 Wheel control throw. For gll aireraft with wheel controllers,
¢ whe

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 rclls and the applica-~
tion of left yaw control forece shall not result in right 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 sircraft directicnally throughout the Service Flight
Envelope in the atmospheric environmenis of 3.7.

3,3.10,1 Directiocnal response to yaw control input. The yaw attitude
change within the first second fellowing an abrupt step displacement of
the yaw control shall not be less than:

Ievel 1: 6.0 degrees
Level 2; 3.0 degrees
level 3: 1.0 degree

This requirement applies with all other cockpit controls fixed.

3.3.10.2 Linearity of directional response, There shall be no objec-~
tionable nonlinearities in the variation of directional response with
yvaw 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 Directicnal contrecl with speed change. With the aircraft
initially trimmed directionally with symmetric power, it shall be
possible to maintain zerc-bank-angle straight flight over a speed range
of +30 percent of the trim speed or +20 knots whichever is less (except
where limited by the boundaries of the Service Flight Envelope). The yaw
control forces shall not be greater than those of table XIIT for propeller-
driven aircraft and not greater than one-half those of table XIII for
other aircraft. These requirements must be satisfied without retrimming.

3,3.10.3.1 Directional control with asymmetric loading. With the air-
craft initially trimmed directionally with any asymmetric loading

| specified in the contract at eny speed in the Operatiocnal Flight Envelope,

t it shall be possible to maintain a straight flight path throughout the

1 Opergtional Flight Envelope with yaw control forces not exceeding those

of table XIIT, without retrimming.

B 3.3.11 Lateral-directional characteristics in steady sideslips. The
| requirements of 3.3.11.1 through 3.3.11.3.1 are expressed in terms of

characteristics in yaw-control-induced steady zero-yaw-rate sideslips
| with the airecraft trimmed for zero-bank-=zngle strai cr'h‘i- flicht, Sidesgslin

‘ Wa Uil LTS il Ui &L [ER AR Si=valln—allyg LaLpgile I = o )

! engles 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 forece 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 in 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 reguired
in left 51desllps and left yaw control force and deflection shall be

For levels 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. UFor larger
sldeslip angles, an increase in yaw control deflection shall always be

N required for an increage in sideslip and, although a reduction of yaw

| control force gradient is acceptable outside this range, the following

i requirements shall apply:

Level 1: The gradient ¢

force shall not reverse slope

£ cddac13 ola i
1 oLkOola a2 Wi
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o

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 breakout force or
- friction band,

e .
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3.3.11.2 3Bank angle in steady sideslips. For the sideslips specified
in 3.3.11, an increase in right bank angle shall accompany an increase
in right 51desllp, and an increase in left bank engle shall accompany
an inecrease in left sideslip.

3.3.11.3 Rolling moments in steady sideslips. For the sideslips
specified in 3.3.11, left roll control deflection and force shall be
required in left sideslips, and right roll control deflection and fTorce
shall be required in right sideslips., For ILevels 1 and 2, the variation
of roll control deflection and force with sideslip angle shall be
essentially linear, :

3.3.11.3.1 Positive effective dihedral limit., For level 1, positive
effective dihedral (right roll control for right sideslip and left roll

control for left C!Tﬂm=:11n) ghall never be so great that more than 50

Wiav s S WL Lol e RS Ly Pa B 5 00 B S § £ B -y wdldy dLVLTT Llldhd A

percent of the roll contrel power available to the pilot or 7.5 pounds
of roll control forece 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 transition requirements are appliceble to the
accelerating or decelerating transition maneuver itself, and not to the
maneuvering capability when operating about a fixed operating point
defined by some trim speed lying in the range between hover and V

con -

For operation arcund such Tixed upc.{d.u_i.ug points, the J:cq‘LlJ.IEHlCIlb:: of

3.2 and 3,3 shall apply. Compliance shall be demonstrated when performing
transition profiles as defined by the mission reguirements. The transi-
tion maneuver reguirements shall be met for all applicable Aircraft

States except Aircraft Special Failure States.

3.4,1 Acceleration-deceleration characteristics. From every possible
fixed operating point at speeds below V,,n, With the aircraft trimmed at
the operating point, it shall be possible to accelerate rapidly and
safely to Voon 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 V.o, 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
fixéd operating points at speeds below V.on. The time taken for these
maneuvers and 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 one pilot.

3.4k.,2 Flexipility of operation. At any time during a transition it
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 Tolerance in transition program, It shall be possible to change
from hover or minimum speed to conventional flight, and vice versa,
safely and easily. There shall be no need for precise programming by
the pilot of engine power, fuselage attitudes, wing or 1lift engine tilt,
ete,, in terms of speed or time, such as to demand excessive pilot
gkill and attention,

3.b.4 Control margin. To allow for disturbances and for maneuvering,
the margin of control power remaining at any stage in the transition
shall not be less than 50 percent of the nominal pitch, roll and yaw

. control moments available,

3.4.5 Trim changes. All trim changes throughout the transition shall
be small. Without retrimming, the pitch control forces shall not exceed
15 pounds pull or T pounds push.

3.4,6 Rate of pitch control movement. During transition, with the
maximum available rate of change of forward speed, the rate of pitch
control movement to maintain trim shall not exceed 1 ineh per second.

3.5 Characteristics of the flight control system, These requirements I
are concerned with those aspects of the flight control system which are
directly related to flying gualities, and are imposed in addition to

the requirements of the applicable control system design specifications,
e.8., MIL-F-9490 for Air Force procurements or MIL-C-1824h for Navy pro-
curements. Meeting the following requirements separately will not neces-
sarily ensure that the overall system will be satisfactory; the mechanical
characteristics must be compatible with the nonmechanical porticns of the
control system and with the aireraft dynamic characterisiics. The require-

ments apply at all speeds up to Vogp.

3.5.1 Mechanical characteristics. Some of the important mechanical
characteristics of control systems (including servo valves and actua-
tors) are: friction and preload, lost motion, flexibility, mass
imbalance and inertia, nonlinear gearing, and rate limiting. Require-
ments for these characteristics are contained in 3.5.1.1 through 3.5.1.7.

3.5.1.1 Control centering and breakout forces. Pitch, roll, and yaw
controls shall exhIbif positive centering in rflight at any normal trim
setting. Absclute centering is not required. The combined effects of
centering, breaskout force, stability, and force gradient shall not
produce objectionable flight characteristics, such as poor precision-
tracking ability, or permit large departures from trim conditions with
controls free, Breakout forces, including friction, preload, etc.,
refer to the cockpit control force required to start movement of the
control surface in flight., The requirements for breakout force are
given in tables X and XI. Table X applies for all speeds less than

' 35 knots., At Voons the values showr” in table XI apply for Levels 1

and 2; for Level 3 the maximum values may be doubled, Between 35 knots
and V..., the breakout force may increase to but not exceed the Vo,
value provided the change in breakout force with speed is not cobjectionable.
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TABIE X, Allowable Breakout Forces, Pounds, V<35 knots

Cockpit Contreol Level 1 level 2 Level 3
min,/max min/max max
Pitch 0.5/1.5 0.5/3.0 6.0
Rell 0.5/1.5 0.5/2.0 4,0
Yaw 2.0/7.0 2.0/7.0 1h.0
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

TABLE XI. Allowable Breakout Forces at V,, , Pounds
Clagses I, II, IV Class II1
Control
min max min max
Pitch 0.5 3.0 0.5 5.0
Roll 0.5 2.0 0.5 4.0
Yaw 2.0 7.0 2.0 1h.0

The minimum thrust-magnitude-control breskout foree may be measured
with adjustsble friction set. Measurement of breskout forces on the
ground will ordinarily suffice in lieu of actual flight measurement,
provided qualitative agreement hetween ground measurement and flight
observation can be established,

3.2.1.2 Cockpit control force gradients. At speeds up to 35 knots,

the pitch, rcll 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 V,,, transition of the gradients to the

values required to comply with MIL-F-8785 at Voo, is allowed in any manner
which is not objecticnable to the pilot., In addition, the forece pro-
guced by a l-inch travel from trim by the gradient chosen shall not be
less tThan the breakout force.
gradients shall not change by more than 50 percent in one inech of travel,
The thrust magnitude control should preferably have zero force gradient,
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TABLE ¥II. Allowable Control Force Gradients, Pounds/Inch

Level 1 Ievel 2
Control o .

o min max min max
Pitch 0.5 3.0 0.5 5.0
Rell 0.5 2.5 0.5 5,0

~ Yaw 5.0 1.0 5.0 20.0

3.5.1.3 Cockpit contrel free play. The free play in each control,
that is, any motion of the cockpit contrel which does not move the
apprapriate moment- or force-producing device in flight, shall be
compatible with the required Level of flying gqualities.

3.5.1.4 Rate of control displacement, The ability of the aircraft to
perform .the operational maneuvers required of it, and to operate in an
atmospheric disturbance environment consistent with the operational
mlssions of 3.1.1, shall not be limited by 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 any part of the flight con-
trol system, together with pilot control techniques, shall be included
when estgblishing compliance with this requirement,

3.5.1.5 Adjustable controls. When a cockplt control is adjustdble for
pilot physical dimensions or comfort, the control forces defined in
6.2.4 shall refer to the mean adjustment. A force referred to any
other adjustment shall not differ by more than 10 percent from the
force referred to the mean adjustment.

3.5,1.6 Control harmony. The control forces, displacements, and sensi-
tivities of the pitch, roll and yaw controls shall be compatible, and
their responses shall be harmoniocus,

3.5.1.7 Mechanical cross-coupling. UDisplacement of one cockpit con-
trol shall not produce objectiocnable forces or displacements at any of
the other cockpit controls.

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

3.5.2.1 Damping. All control system oscillations shall be well damped,
unless they are of such an amplitude, frequency, or phasing that the
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cockpit-contrecl or airframe oscillations resulting from abrupt maneuvers
or flight in atmospheric disturbances are compatible with the required
Level of flying qualities as determined from 3.1.10.

3.5.3 Limit cockpit contrel forces. Unless ctherwise specified in
particular requirements, ‘the maximum control forces reguired, without
retrimming, for any maneuver consistent with service usge, shall not
exceed the values stated in table XIII.

TABLE XIII. ZLimit Cockpit Control Force Values, Pounds

V<35 Knots ‘ 35 Knots<vev, .
Cockpit Control
level 1| Level 2 { Level 3 Level 1| Ilevel 2 | Level 3

Pitch 10.0 20.0 Lo.o 30.0 35.0 40.0
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 Lype 7.9 7.0 7.0 T.0 T.0 T.0

3.5.4 Augmentation systems. Normal operation of stability augmentation
and control augmentabtion systems and devices shall not introduce any
objecticonable flight or ground handling characteristies.

3.5.4%,1 Performance of augmentation 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 taken into
account in demonstrating compliance with the reguired 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 Fajilures, Special provisions shall be incorporated to preclude
any critical single failure of the flight control system including trim
devices or stability augmentation system which may result in flying
qualities which are dangerous or intolerable, Fallure-induced transient
motions and trim changes resulting either immediately after failure or

upon subseguent transfer to alternate7CQn§rol modes shall be small and

-
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and easily interpreted indications whenever failures occur in the flight
control system,

3.5.5.1 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 1limit control force values in table XIIT,

3.5.6 Transients and trim changes. This requirement applies to all
Aircraft State changes made under conditions representative of opera-
tional procedure by activation of the Aircraft State selectors and
controls available to the pilot. With the airceraft initially trimmed

at a fixed coperating point, the pesk pitch, roll, and yaw control

forces required to suppress the transient aircraft motions resulting
from the change and maintain the desired heading, attitude, altitude,
rate of climb or descent, or speed without use of the {rimmer control,
shall not exceed one-third of the appropriate limit control force in
table XIII. This applies for a time interval of at least 5 seconds
following completion of the pilot action initiating the change. The
megnitude and rate of trim change after this period shall be such that
the forces can be trimmed as required in 3.5.7. There shall 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 intenticnal engagement or disengagement of any por-
tion of the flight control system consistent with normal service use, such
s selection of a particular augmentation mode, shall not be objectionable.
Additional requirements are contained in MIL-F-gl90 for Air Force procure-

ments,

3.5.7 Trim system. At all steady flight conditions within the Opera-
tional Flight Envelope, the trimming devices 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
untrimmable cockpit control forces shall not exceed 10 pounds pitch, 5
pounds roll, and 20 pounds ysw. 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 sticking and runaway in either direction.
Tt is permissible 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 suthority are contained in MIL-F-
9490 for Air Force procurements and MIL-F-18372 for Navy procurements.

3.5.7.1 Rate of trim operation. Trim devices shall operate rapidly
enough to enablé the pilot to maintain the pitch and roll control forces
less than one-third of the appropriate limit forees in table XIII during
any maneuver consistent 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 Trim-system irreversibility. All trimming devices shall main-
tain a given setting indefinitely unless changed by the piilot, by a
special automatic interconnect such as to the flaps, or by the opera-

tion of an augmentation device. If an automatic interconnect or aug-
mentation device is used in 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 Tekeoff, landing and ground handling. These requirements shall be
satisfied within the Operational Flight Envelope for all applicable
Category C Flight Phases.

3.6.1 Pitch control effectiveness 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 takeoffs shall not be dependent on the use of the
trimmer control or on complicated 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-h&lf
of the limits of table XIII in the pull direction or onewfourth of the
limits of table XIII in the push direction at any time during the take-
off Flight Phases. -

3.6.3 Pitch control effectiveness in landing, Tor Levels 1 and 2 the .
pitch control shall be sufficiently effective that the geometry-limited

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 Level 3 the pitch control shall be suffi-

ciently effective to permit a safe landing,

3.6.4 Pitch control forces in landing. The cockpit pitch control
forces required to meet the landing requirements of 3.6.3 shall not
exceed one-half of the limits of table XIII in the pull direction or
one-fourth of the limits of table XIII in the push direction at any
time during the landing Flight Phase.

3.6.5 Crosswind operation

3.6,5,1 Landing snd tskeoff, It shall be possible to execute all of

the takeoff and landing Flight Phases in crosswinds by using normal piloet
skill and technique. The pitch, roll and yaw controls in conjunetion
with other means of control shall be adequate to maintain a straight path
on the landing surface during takeoff runs and landing rollouts with
cockpit control forces not exceeding the values specified in table XIII.
These requirements apply in 90-degree- crosswinds, right and left, of

30 knots,

2 @
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3.6.5.2 E}pal spproach, Yaw and rcoll control shall be adequate to
permit 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 T.5 pounds of force or 50 percent of available contrel power (for
the same configuration and flight condition), as applied manually or
automatically or both, for Level 1. The limits are 10 pounds or T5 per-
cent for Level 2, TFor level 3, the roll control foree shall not exceed
20 pounds.

3.6.5,3 Cold~ and wet-weather cperation. The requirements of 3.6.5.1
shall be applicable on wet runways for all aircraft, and on snow-packed
and icy runways for aircraft intended to operate under such corditiocns.

If the demonstration for specification compliance is not accomplished
under these adverse runway conditions, directional control shall be
maintained by use of piteh, 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 aireraft off the runway is equal to the opposing tire-runway
frictional force with the tires supporting all the alrcraft's weight.

3.6.6 Power run-up, In all vertical tekeoff configurations it shall be
possible, without the use of wheel chocks or other restraints, to maintain
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 handling, It shall be possible to perform all required
ground handling maneuvers, including taxiing, without damage to rotating
components or any part of the struecture. 1In 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 make 360-degree taxiing turns in either direction within a
circle whose radius equals the major dimension of the aircraft,

3.7 Atmospheric disturbances, BSome requirements are written in terms of
a steady wind speed, in which case, compliance with the requirement

should be demonstrated in flight, in that wind condition., Other require-
ments are written with reference to operation in all potential atmospheric
environments. For such cases the atmosgheric 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 demonstrated by suitable analysis, test, or both, as determined
by the procuring activity.

3.8 Miscellaneous requirements

3.8.1 ‘Approach to dangerous flight conditions. Dangerous conditions

may exist where the aircraft should not be flown., When approaching these
flight conditions, it shall be possible by clearly discernible means for

the pilot to recognize the impending dangers and take preventive actionm.
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Final determinaticn of the adequacy of all warning of impending dangerous
flight conditions will be made by the proeuring activity, considering
functional effectiveness and reliability. Devices may be used to prevent
entry to dangerous conditions only if the criteria for their design, and
the specific devices, are approved by the procuring activity.

3.8.1.1 Warning and indication. Warning or indication of approach to a
dangercus condition shall be clear and unambiguous. For example, a pilot
must be able to distinguish readily among: warning of loss of asercdynamic
lift (which may require increased thrust), engine acceleraticn buffet
{which may require decreased thrust) and normal aircraft vibration (Which
may not require a thrust change). If a warning or indication device is
required, functional failure of the device shall be indicated to the pilot.

3.8.1,2 Prevention. As a minimm, dangerous-condition-prevention devices
shall perform their function whenever needed, but shall not limit flight
within the Operational Flight Invelope. Hazardous operation of these
devices, normal or inadvertent, shall never be possible. For Levels 1 and
2, neither hazardous nor nuisance operation shall be possible. For Level 3,
hazardous inadvertent operation shall noit be possible,

3.8,2 Loss of aerodynamic lift. These requirements are related to those
conditions where a loss of 1lift would result in a loss of sltitude or
partial loss of control,

3.8.2,1 Warning. The approach to a loss of aerodynamic 1ift shall be
accompanied by an 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 Prevention of loss of aerodynamic lift. It shall be possible
to prevent loss of aercdynamic 1ift by normal use of the controls at the
onset of the warning indication.

3.8.2,3 Control and recovery following loss of serodynamic 1ift, In the
event of loss of aerodynamic 1ift, it shall be possible to maintain conw
trol and recover by normal use of the controls, with control forces not
exceeding the level 3 requirements of table VIII. Recovery shall be
accomplished without experiencing pitch, roll, or yaw attitude changes

in excess of 20 degrees or excessive loss 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 contrel force reversal occurs and if
no dengerous, unrecoverable, or objecticnable 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 aireraft about

any control axis or combination of conitrol axes.
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3.8.4 Buffet. Within the boundaries of the Operational Flight Envelope,
there shall be no objectionable buffet which might detract from the
effectiveness of the aircraft in executing its intended missions.

3.8.5 Release of stores. The intentional release of any stores shall

not result in objectionable flight characteristics for Levels 1 and 2.
However, the intentional release of stores shall never result in dangerous
cr intolerable flight characteristics. This requirement appiies for all
flight conditions and store loadings at which normal or emergency store
release is structurally permissible.

3.8.6 Effects of armament delivery and specisl equipment, Operation of
movable parts such as bomb bay doors, carge doors, armament pods, re-
fueling devices, rescue equipment, or firing of weapons, release of
bonmbs, extension of lift engines, or delivery or pickup of cargo shall
not cause buffet, trim changes, or other characteristics which impair
the tactical effectiveness of the aircraft under any pertinent flight
condition, These requirements shall be met for Levels 1 and 2.

3.8,7 Cross-~coupled effects., Control inputs or aircraft motions about
a given sircraft axis shall not induce objecticnable control forces or

aircraft motions about any other axis. Specifically, the requirements

of 3.8.7.1 and 3.8.7.2 shall apply.

3.8.7.1 Gyroscopic effects, Gyroscopic moments caused by rotating
components shall not result in objectionsble flight or ground handling
characteristies. In flight, the elimination of the cross-coupled response
during the maneuvers required to demonstrate compliance with this specl-
fication shall require less than 10 percent of the maximum control moment
gvailsble dbout the cross—coupling exis for Level 1, and less than 20
percent for Ievel 2, '

3.8,7.2 Inertial and aerodynamic cross—coupling. The application of any
cockpit control input necessary to meet any pitch, roll or yaw performance
requirement of this specification shall not result in any objecticnable
aireraft attitudes or angular rates about the axes not under considera-
tion, In addition, undesired altitude changes shall be minimal.

3.8.8 PFailures. No single failure of any component or system shall re-
sult in dengerous or intolerable flying qualities; Special Failure States
(3.1.6.2.1), including certain propulsion failures (3.1.10.3.4 and 3.8. 9)
are excepted., The crew members concerned shall be provided with immediate
and easily interpreted indications whenever failures -occur that require

or limit any flight-crew action or decision.

3,.8,8.1 Transients following failures. The aircraft motions following
sudden aircraft system or component failures which might occur during
maneuvering flight or unattended trimmed flight shall be such that
dangerous conditions can be avoided by pilot corrective actiocn.
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A reglistic time delay between the failure and initiation of pilot
corrective action shall be incorporated when determining compliance, This
time delay should include an interval between the occurrence of the failure
and the occurrence of a cue such as acceleration, rate, displacement, or
sound that will definitely indicate to the pilot that a failure has
oceurred, plus an additional interval which represents the time reguired
for the pilot to diagnose the situation and initiate corrective action.

3.8.9 Control following loss of thrust/powered 1ift. Thrust, powered
1ift, or both may be lost from many factors including engine failure,
inlet unstart, propeller failure, propeller—drive failure and boundary-
layer control system failure. The requirements of 3.8.9.1 through
3.8.9.2.3 apply to loss of thrust or 1lift on cne or more engines, pro-
pellers and segments of a powered 1ift system, caused by all single
factors except structural failure of propellers or rotors. The effect

of the failure or malperformance 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 Torust/powered 1ift loss on the ground. During all takeoffs
and landings of the airecraft, it shall be pessible without exceptional
pilot skill to maintain control following a sudden loss of thrust,
powered 1lift, or both., No failures, beyond those required by 3.8.9,
need be considered. For running takecffs and landings it shall further
be pessible, after loss, to achieve and malntain 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
operate 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
configuration to the maximum takeoff speed, and the requirements of
3.8.9.2 apply cnce the aircraft is airborne,

3.8.9.2 Thrust/powered 1ift loss in flight, The aireraft motions
following a sudden loss of thrust, powered 1lift, 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 requirew
ments apply after the loss.

3.8.9.2.1 Continued mission. Alircraft required to proceed from
Category C Flight Phases to Category A or B Flight Phases shall meet
at least Level 2 flying gualities requirements following the thrust or
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powered 1ift losz. Alrcraft required to complete Category A Flight

Phases shall meet at least Level 2 flying qualities requirements following

the thrust or powered 1lift loss. Aircraft required to terminate Cate-
gory A Flight Phases and to complete Category B Flight Phases shall meet

at least Level 3 flying gqualities 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 landing is completed using autorotation, the auto-
rotation requirements of 3.8.10 through 3.8,10.3 must alsc be satisfied,

3.8.9.2,3 Crew escape, When there are no operational requirements
after a loss of thrust/powered 1lift, the aircraft shall not diverge so

rapidly that the ability of the crew to escape is impaired.

3,8.10 Autorotation. All aireraft required by the procuring activity
to demonstrate an autorotative capability shall meet the following
regquirenents.

3.8.10.1 Autorotation entry. The aircraft shall be capable of entry

inte asutorotation (power off) at all speeds from hover to Veon: Following

power failure a delay of 1 second prior to pilot corrective action is
mandatory, and a delay of 2 seconds is desired. During the delay, 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, and 20 percent of the nominal control power must

remain for maneuvering,

3.8,10.7 Autorotative descent and landing, All aireraft with an auto-
rotative capability requirement shall be capable of descending and
landing (power off) safely. The pitch, roll and yaw dynamic stability
requirements of this specification shall apply in autorotation at any
speed, Touchdown speeds end landing zone environment will be specified

by the procuring activity. ,

3.8.11 Vibration charascteristics. Throughout the Operational Flight

FEnvelope, the aircraft shall be free of objectionsble shake, vibration,
or roughness. In addition, throughout the Operational Flight Envelope
the aircraft shall not exhlblt mechanical or aeroelastic instabilities
(1.e., ground rescnance, flutter, ete. J that degrade the flying quali-

ties.

b, 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 preocurement will delineate,
for each requirement of section 3, which of these methods shall be used.
In order to restrict the number of design and test conditions, represen-
tative flight conditions, configurations, external store complements,
loadings, etc., shall be determined for detailed investigation. The
selected design points must be sufficient to allow exitrapolation to the
other conditions at which the requirements apply. The required analyses
shall be thorough, excepting only approved Special Failure States
(3,1.6.2.1).

L.2 Interpretation of gualitative requirements. Requirements which

are not stated in terms of gquantitative value of a particular stability
or control parameter are to be interpreted with due regard to the intent
of the Level definiticng of 1.5. Final determination of compliance with
such gualitative requiiements will be made by the vprocuring activity
through flight test or other suitable means.

5. PREPARATION FOR DELIVERY
Section 5 is not appli&able to this specification.

6. NOTES

6.1 Intended use, This specification contains the flying qualities
requirements for military piloted V/STOL aircraft operating at speeds

up to Vgop 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, Ilying quali-
ties simulation tests, and flight testing and evaluation. To the extent
possible, this specification should be met by providing an inherently
good basic airframe. Where that 1s not feasible, or where inordinate
penalties would result, a mechanism is provided herein to assure that
the flight safety, flying qualities and relisbility aspects of dependence
on stability augmentat}on and other forms of system complication will be
considered fully.

6.2 Definitions. Terms and symbols used throughout this specification
are defined in the following subparagraphs.

6.2.1 General
s - Qaplace transform variable
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Aircraft Normal
States

service ceiling
combat ceiling

crulsing ceiling

hnax
homax
homin
c.g.

hover

6.2.2 Speeds

refusal speed

TAS

(X), v_. (X)

max min

end

range
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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

elimb 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
ig 300 ft/min at NRT at stated weight

maximum service altitude (defined in 3,1.8.%)
maximum operational altitude {(3.1.7)

minimm operational altitude (3.1.7)

aircraft center of gravity

to remain stationary relative to eithe

ond 4
e el L L

the alr
meae AY o nAaint o~ +hea orA1MmA ad 97€n the
L L1 WA LN

AUCLD = UL =3 E\JJ. ilu Un il B WUl

applicable requirement

o
r=)

the maximum speed to which the alircraft can
accelerate and then stop in the available runway

length

true airspeed

sirspeed zlong the flight path

short-hand notation for the speeds Vpax, Vi for

a given configuration, weight, center-of-gravity
position, and external store combination associated
with Flight Phase X

speed for maximum endurance

speed for maximum range in zero wind conditions

high speed, level flight, maximum augmented thrust
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maximum service speed (defined in 3.1.8.1)
minimum service speed (defined in 3.1.8.2)
maximum operational speed (3.1.7)

minimun operational speed (3.1.7)

the speed which establishes the upper limii of
applicability of the requirements of this specifi-
cation and the lower limit of applicability of the
requirements of MIL-F-8785. No more precise defi-
nition of V.o, will be attempted as it is assumed
that Vaon Wlll be chosen by the contractor subject
to approval by the prccuring activity. Factors to
be considered in the selection of V con 8re dis-
cussed in the Background Informatlon and User's

Guide (BIUG); see 6.7.

6.2.3 Thrust and power

NRT

T/W

military rated thrust, which is the maximum thrust
at which the engine can be cperated for a speci-
fied period

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

the ratlo formed by dividing the: thrust available
, .

o
A
ct

£

6.2.4 Control parameters

Pitch, Rell, Yaw
Controls

Thrust Angle
- Control

~ the stick or wheel and rudder pedals manipulated

in the cockpit by the pilot to produce pitching
mements, rolling moments and yawing moments,
respectively

T~ —Tn 3 1. 'In-l— A T Ll o~ s
4t ted in the cockpit by

the lever which is manipul oy
the pilot to produce changes in the magnitude of
the thrust vectoer

the lever or switch manipulated by the pilot to
produce changes in the thrust angle, for éxample,
wing-tilt angle control

b3
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Pitch Control
Force

Roll Control
Force

Thrust Magnitude
Control Force

Yaw Control
Feorce

Control Surface

Nominal Control
Moment

Control Power

0
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- component of applied force, exerted by the piliot

on the cockpit control, in or parallel to the

plane of symmetry, acting at the center of the

stick grip or wheel in a dlrection 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 pivet. For a wheel control, the total moment
"applied 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 gsymmetry acting at the center cof 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 pedsls, lying
in planes parallel to the plane of symmetry,
measured perpendicular to the pedals at the normal
point of application of the pilot's instep on the
respective rudder pedals

a surface or device which is positioned by a
cockpit control 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 pitech control
surface, roll control surface, and yaw contrel
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 control at the given flight condition

the angular;or linear acceleration available to
the pilot with full cockpit control displacement
from the given trim condition




TR, T C e e, e ——— = —

.- 6.2.5 Longitudinal

Downloaded from http://www.everyspec.com

MIL-F-83300

parameters

n

nr
Ly

Omaxs Hpin

.n(+), n{-)

Bomax* Mopip

no(+)g no(‘)

n/a

normal load factor

symretrical flight limit lcad factor for a given
Mreraft Normal State, based on structural con-
siderations

meximum and minimum service load factors
(defined in 3.1.8.5)

for a given altitude, the upper and lower
boundaries of n in the V-n diagrams depicting the
Serviece Flight Envelope

maximum and minimum operational load factors

(3.2.7)

for a given altitude, the upper and lower boundaries
of n in the V-n diagrams depicting the Operaticnal
Flight Envelope (see figures 6 and T}

the steady-state normal acceleration change per
unit change in angle of attack for an incremental

o e o

pitch control deflection at constant speed

6.2.6 Lateral-directional parametérs

Sas

¢]_9 ¢2s ¢3

P

- roll control displacement

first-order roll mode time constant

yvaw control displacement

undamped natural frequency of the Dutch roll
oscillation; mn2 greater than zero is indicative
of positive weathercock stability (3.3.7.1)

damping ratio of the Dutch roll oscillation
2n

Yig2

damped pericd of the Dutch roll, Tg = w
g

bank angle

bank angles at the first, second and third peaks,
respectively (figures 8 and 9)

roll rate
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SKETCH SHOWING TYPICAL RELATIONSHIP BETWEEN
OPERATIONAL ENVELOPE AND SERVICE FLIGHT ENVELOPE
FOR A GIVEN FLIGHT PHASE WHICH REQUIRES TWO NORMAL STATES:

VELOCITY -ALTITUDE

ALTITUDE - ft

AIRSPEED-kts

VELOCITY -LOAD FACTOR
AT ALTITUDE A-A

!
- | \
24
= 1.0 ‘ \
g b | |
“3{‘ U i
[ 0 =1
s 8 5 | < " AIRSPEED-kts
' 9 TE! -1 E
>E)\ >E- >o
n \. P )
— ®min NV V4
(a) 7
N S n e :

OPERATIONAL FLIGHT ENVELOPE FOR FLIGHT PHASE
SERVICE FLIGHT ENVELOPE FOR AIRCRAFT NORMAL STATE-8
SERVICE FLIGHT ENVELOPE FOR AIRCRAFT NORMAL STATE-A
OUTER BOUNDARY OF SERVICE FLIGHT ENVELOPES FOR - R
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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- g measure of the ratio of the cscillatory compounent
of bank angle to the average component of bank

3

angle follewing an impulse roll control command
with yaw control free:

. < 0.p: J0SC_ 91 + 93 - 202
d = ¢ pv 61 * 93 + 2¢5
dosc _ 91 — b2
'0.2: =
“a bay 91t 9
i
taq 5{0.2: ¢AV =1/ (¢, + 95 + 2¢,)
Cd > 0,2: ¢AV = 1/2 (¢l + ¢'2)

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

of stmetry.

the maximum change in sideslip following an abrupt

roll control pulse command within time téB where tAB

is the lesser of 6 seconds or one-half the Dutch
roll period, and is measured from a point halfway

through the duration of the pulse commangd (figures 8

and 9)

time for the Dutch roll cscillation in the sideslip
local maximum for a right
pulse roll control command, or the n'l local minimum
for a left command {figures 8-and 9).

response to reach the nth

i

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~
tion of the Dutch roll oscillation in sideslip, where

-360

vg = Tyg -

t

ng

+ (n-1)360 (degrees)

with n as in t, &bove

.gggi
o

ity

is

e
LA

i
i

vl
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|qa/s|dl - at any instant, the ratio of amplitudes of the
bank-angle and sideslip angle envelopes in the
Dutch roll mode

Examples showing measurement of roll-sideslip coupling parameters are
given in figure 8 for right rolls and figure 9 for left rolls. It should
be noted that since wB is the phase angle of the Dutch roll component of

sideslip, care must be taken to select a peak far enough downstream
that the position of the pedk is not influenced by the roll meode, In

practice, peasks cccurring one or two roll mode time constants after the
roll control input will be relatively undistorted. Care mst also be
taken when there is ramping 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 pesks of the Dutch
rell 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 snd the sideslip trace is
the greatest,.

6.3 Gain scheduling. Changes of mechanical geerings and stability
augmentation gains in the flight control system are sometimes accomplished
by scheduling the chenges as a function of the settings of thrust 1ift
angle or devices such as flaps or wing sweep. This practice is generally
acceptable, but gearings and 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 aercelasticity, control equipment, and structural dynamics.
Since aeroelasticity, control equipment, and structural dynamics may exert
an 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 wvalues per flight,

£.5.1 Theoretical compliance. To determine theoretical compliance 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).

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

c. Determine the probability of encountering various Aircraft Failure
States, 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 lLevels as defined in the
specific requirements.

e, Determine the most eritical Aircraft Failure States (assuming the
failures are present at whichever point in the Flight Envelope being
considered is most eritical 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 Ilevel 3 flying qualities in
the Operational Flight Envelope, etec.

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
Pailure States- through equipment redesign, redundancy, ete.

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 ILevel 3. '

6.5.2 level definitions. To determine the degradation in flying quali-
ties parameters for a given Aircraft Fallure State 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 than the Level 2
boundary, or number.,

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

When a given boundary, or number, is identified as Level 1 and Level 2,
this means that flying qualities ocutside 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 and Service Flight Envelopes for Aircraft Normal States (3.1.10.1).
Aircraft Failure States that do not degrade flying gqualities beyond this
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common boundary are not considered in meeting the requirements of
3.1.10.2., Aircraft Failure States that represent degradations to Level 3
must, however, be included in the computation of tlie probability of
encountering Level 3 degradations in both the Operatioconal and Service
Flight Envelopes. Again, degradation beyond the Level 3 boundary is not
permitted, except for Speclal Failure States.

6.5.3 Computational assumptions. Assumptions & and b of 3.1.10.2 are
somewhat conservative, but they simplify the required computations in
3.1.10.2 and provide a set of workable ground rules for theoretical
predictions. The reasons for these assumptions are:

a, "...components and systems are..,operating for a time period per
flight equal to the longest operational mission time,.," Since 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 must 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 maximum cycles per
operational mission, subject to procuring activity approval. Also,
finite wearcout life components, such as engines at maximum take-off
thrust, may be considered as exceptions and failure calculations shall
be based on mexXimum normal operating time per flight in these cases,
again subject to procuring activity approval. In any event, compliance
with the requirements of 3.1.10.2, as determined in accordance with
section 4, is based on the probability of encounter per flight.

b, "...failure is assumed to be present at whichever point...is most
eritical,..." 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 stand-
point, the specific Airecraft Failure States might fall in the Aircraft
Special Failure State classification (3.1.6.2.1},

6.6 Superseding data. This specification supersedes Military Specifi-
cation MII-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 closely related to it that
their contents should be taken into account in any application of this

specification.

SPECIFICATIONS

Military
MII-C-5011 Charts; Standard Aircraft Characteristics and Performance,
Piloted Aircraft
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SCOPE AND CLASSIFICATIONS
Scope
Application
Ground effect
Operation under instrument flight conditions
Classification of aircraft
Flight Phase Categories
Levels of flying qualities
APPLICABLE DOCUMENTS
REQUIREMENTS

General regulirements

Operational missions

Loadings

Moments of inertia

External stores

Configurations

State of the aircraft
Aireraft Normal States
Aircraft Failure States

Airecraft Special Failure States

Operational Flight Envelopes

Service Flight Envelopes
Maximum service speed

Minimum
Service
Maximum
Service

service speed
side velocity
service altitude
load factors

Permissible Flight Envelopes

Maximum

permissible speed

Minimum permissible speed
Applications of Levels

Requirements for Aircraft Normal States

Requirements for Aircraft Failure States
Specific failures

Exceptions
Ground operation
When Levels are not specified

Flight outside the Service Flight Envelope
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Operstion in critical he1ght—veloc1ty conditions 12
Cockpit contrels

Hover and low speed
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Equilibrium characteristics
Changing trim
Fixed trim
Cockpit control gradients
Dynamic response requirements
Pitch [roll]
Directional damping

4 1
COuta. ¢l characteristics

Control power
Response to control input
Maneuvering contrcl margins
Control lags
Vertical flight characteristics
Height control power
Thrust magnitude control lags
Response to thrust magnitude control input
Vertical damping

Forward fiignht

Longitudinal equilibrium
Longitudinal dynamic response
Residual osecillations
Pitch control feel and stability in maneuvering
flight '
Pitch control forces in maneuvering flight
Pitch control effectiveness in maneuvering flight
Maneuverlng control margins
Speed and fllght—path control
.C_LbL.LL LUilb.LU.L _LLL ‘D.Lu's‘:b_L.Lpb
Lateral-directional characteristics
Lateral-directional oscillations (Dutch roll)
Roll mode time constant
Spiral stability
Roll-sideslip coupling
Bank angle oscillations
Sldeslip excursions
Control of sideslip in rolils
Turn coordination
Roll control effectiveness
Roll control forces
Linearity of roll response
Wheel control throw
Yaw=control-induced rolls
Directional control effectiveness
Directional response to yaw control input
Linearity of directional responsge
Directional contreol with speed change
Directional control with asymmetric loading
Lateral-directional characteristics in steaay
sideslips
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Yawing moments in steady sideslips
Bank angle in steady sideslips
Relling moments in steady sideslips
Positive effective dihedral limit
Transition
Acceleration~deceleration characteristics
Flexibility of operation
Tolerance in transition program
Control margin
Trim changes
Rate of pitch control movement
Characteristics of the flight control system
Mechanical characteristics
Control centering and breakout forces
Cockpit control force gradients
Cockpit control free play
Rate of control displacement
Adjustable controls
Control harmony
Mechanical cross-coupling
Dynamic characteristics
Damping
Iimit cockpit control forces
Augmentation systems
.1 Performance of augmentation systems
Failures
.1 Control force to suppress itransients
Transients and trim changes
.1 Transfer to alternate control modes
Trim system
Rate of trim operation
Trim system irreversibility
Tekeoff, landing and ground handling
Pitch control effectiveness in takeoff
Pitch contrel forces in takeoff
Pitch control effectiveness in landing
Pitch control forces in landing
Crosswind operation
Landing and takeoff
Final approach
Cold-~ and wet-weather operation
Power run-up
Ground handling
Atmospheric disturbances
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Miscellaneous requirements
Approach to dangerous flight conditions
Werning and indication
Prevention
Loss of aerodynamic 1ift
Warning
Prevention of loss of aerodynamic 1ift

Control and recovery following lows of aero-

dynamic 1ift
Pilot-induced oscillations
Buffet
Release of stores

Effects of armament delivery and special eguipment

Cross=-coupled effects

Gyroscopic effects

Inertial and aerodynamic cross-coupling
Failures

Transients following failures

Control following loss of thrust/powered 1ift

Thrust/powered 1ift loss on the ground
Thrust/powered 1ift loss in flight
Continued mission
Safe landing
Crew escape
Autorotation
Autorotation entry
Autorotative descent and landing
Vibration characteristics
QUALLITY ASSURANCE PROVISIONS
Determinaticn
Interpretation of qualitative requirements
PREPARATION FOR DELIVERY
NOTES
Intended use
Definitions
General
Speeds
Thrust and power
Control parameters
Lengitudinal parameters
Lateral~directional parameters
Gain scheduling

Effects of aeroelasticity, control equipment, and

structural dynamics
Applicaticon of Levels
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Theoretical compliance
Level definitions
. Computational assumptions
Superseding data
Related documents
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
suggestions, This form may be detached, folded zlong the lines indicated, taped along the loose edge (DO NOT STAPLE), and
mailed. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
problems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being
congidered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements.
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL
{See Instructions — Reverse Side)

1. DOCUMENT NUMBER . |2. DOCUMENT TITLE

@_ﬂ

3a. NAME OF SUBMITTING ORGANIZATION 4. TYPE OF ORGANIZATION (Mark one)

D VENDOR

—emee

D USER

{ ] manuracTurer

b. ADDREES.(Street, City, State, ZIF Code)

D OTHER (Specify):

5. PROBLEM AREAS
a. Paragraph Number and Wording:

b. Recommended Wording:

¢. Rssson/Reationale for Recommendation:

6. REMARKS

7a. NAME OF SUBMITTER (Last, First, Mi) — Optional

b. WORK TELEPHONE NUMBER (Inciude Ares
‘ Code) — Optional
¢- MAILING ADDRESS (Street, City, State, ZIP Code} — Optional 8. DATE OF SUBMISSION (YYMMDD)
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