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SECTION I

INTRODUCTION

.nis document is published in supporz of Military Specification MIL-~
F-5490D, "Flight Control Sysiems - Design, Installation and Test of Piloted
Aircraft, General Specification For'". The Air Force Flight Dynamics Lab-
oratory, with the contracted help of The Bocing Company, has conducted a
two year revision effo- = to update MIL~F-9490. The purpose of this document
is to explain the philosophy and data used to update the specification and
to aid the MIL-F-9490 user in interpreting the requirements. The current
Military Specification shall apply in the event of conflict with this
document.,

Discussion sections are included in this document for each requirement
or sequence of related requirements, following the organization and outline
of MIL-F-9490D. Where pertinent, general discussions are included to
explain the philosophy behind major changes in MIL-F-9490C requirements.
Appendices are included which discusc detailed information on special sub-
jects such as reliability.

The revision effort wae initiated in early 1972 with a series of meet-
ings between the Air Force and Boeing to es.ablish an overall revision
philosophy. These meetings at Wright-Patterson Air Force Base were extended
in April 1972 to include the following members of industry.

11 April - General Dynamics (Fort Wort™-)
11 April - Honeywell

12 April - Sikorsky

13 April - Lockheed-Georgia

14 April - North American Rockwell
18 April - Sperry

18 April - General Electric

19 April - Bendix

20 April - McDonnell (St. Louis)
21 April -- Calspan Corporation

21 April - Vought Aeronautics

Fairchild Republic Division, although unable to attend the AF/Industry
Meetings, submitted written recommendations on 19 April. This series of
meetings, provided a cross-section of opinion from the industry on the defi-
clencies of the existing specification and provided a base for the initial
revision effort.

Visits to the General Dynamics (Fort Worth) and North American Rockwell
(Los Angeles) plants were made during May to follow-up on recommendations
made during the AF/Industry meetings.

On June 6 and 7 a series of Boeing internal MIL-F-9490 meetings were
held in Seattle. The purpose of these meetings was to discuss the general
content to be included in major specification subsections and to identify
individuals responsible for initial drafts. Follow-on meetings between the
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AFFDL steering committee and Boeing were held approximately quarterly for
the uext two years as drafts of the User's Guide and Specification evolved.

As the draft approached completion, the Air Force submitted it to
pertinent members of industry and government for review and comment. A
first review took place in the Fall of 1973 and the second and final review
was accomplished during April and May of 1974, The comments received were
considered by the Air Force steering committee and integrated into the drafts
by the authors where pertinent.

From the initial planning,K the revision of MIL-F-9490 was based upon a
philosophy of the "LOGICAL LEVELOPMENT SEQUENCE" of sound engineering
practice from which most successful flight control systems evolve. Most air-
frame primes already practice the prccedures outlined and will not have to
undertake additional tasks in MIL-F-9490 with which they are unfamiliar.

Once a contract is awarded for a new weapon system, the LOGICAL DEVELOPMENT
SEQUENCE as shown in Figure 1D consists of:

a. A detailed Flight Control System Specification prepared by the
contractor which establishes the flight control functions, performance,
reliability safety, maintainability, and survivability requirements to
satisfy mission requirements and performance established by the contract
work statement. It is intended that this be a viable document updated as
necessary throughout the design process to reflect changes which tecome
apparent as the system design matures.

b. Design phase to implement the detailed requirements established by
the Flight Control System Spec®fication. Analysis 1s performed in conjunc-
tion with the design phase to satisfy stability, performance, reliability,
safety, maintainability, survivability and cost requirements. Component
designs are established., Pilot-in-the-loop simulations are conducted
employing math models of the control system to verify the flying quality and
human factor elements of the design under realistic mission task formuliation.
Make or buy component and system hardware specifications are produced from
this phase of the development.

¢. Fabrication and assembly of compounents accompanied by qualification
and/or flight-worthiness tests of equipment.

d. Repeat of pilot-in-the-loop simulation tests with fl.ight hardware
interconnected to the computer simulation of the aircraft dynamics. Final
tests would be combined with an operational mockup (iron--bird) realistically
evaluating total flight control system operation under nroper loading of
the actuators and electrical and hydraulic power supplies. Note that the
operational mockup can be the same test rig required by MIL-H-5440 Hydraulic
Systems Specification. Failure effects of the flight control system would
also be evaluated on this test rig.

e. Installation of the FCS into the aircraft and ground tests to verify
tbe operation. Ground testing would include frequency response, structural
effects, gain margin (limit cycle), and FEMI tests in the aircraft prior to
test flight.
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t., Flight tests throughout the specified flight envelope and mission
correlation should be maintained throughout the flight phase with analysis
and simulator reaults.

While the actual develcpment sequence is rarely a clear-cut series of
events but most often results in an iterative redesign and redefine 2ésign
cycle with many phases going on simultaneously in parallel, this structure
serves as the framework for the MIL-F-9490 revision and major Zdocumentation
sourves, Also, the LOGICAL DEVELOPMENT SEQUENCE is based upon flight con-
trol requirements for major production aircraft developments. For less
stringent progr.ms such as advanced developments, prototype aircraft, experi-
mental aircrafi, off-the-shelf aircraft buys, etc., the procuring agency
may elect tc bypass particular design requirements and some »f the rigorous
steps in development or in documentation. In those cases, exception will be
taken in the contract designating those phases which will be exempted.

Freedorm is to be allowed to the flight contrul system desigrer to
select the mechanization techniques, redundancv requirements, and analysis
methods which best satisfy overall ajircraft performance, mission tasks,
satfety, mhintainability, and cost constraints. Once the designer has
selected nis technical approach, MIL-F-94%) contains three sections consist-
ing of System, Subsystem, and Component requirements based on past cxperience
and recent flight control technology developments which are to govern the
final development and test effort.

Figure 1D also defines the Air Force/contractor interactions desired
throughout the LOGICAL DEVELOPMENT SEQUENCE for the flight control system.
The objective is to establish key milestones throughou:t the development and
test cycle which will provide the Air Force assurance that the end design
will satisfy the requirements rather than discovering design deficiencies in
the tlight test or operational stages. Dccumentatiov has been identified
at key points thioughout the development cvcle and must be periodically
updiated as the system design malures. Documentation consists of:

a. FCS Duevelcpment Plan
b. FCS System Specification

¢. Analvsis Report (Including reliability, maintainabilityv, safety,
survivability, and simulation results)

d, FCS Qualification and Inspection Report
¢, Final Test Report (Includes ground ana flight test results)

Only those documents specified in the DD 1423 Contract Data Requirements
List for the specific procurement are required deliverable items.

Factors relating to particular classifications and requirements of
MIL-F~949C will be specified in advance by the Air Force for a specific pro-
curement. Typical factors to be provided by the goverument include:

a. Mission scenario which is relatable to control law performance for
specitic mission tasks. Total environment such as anticipated global
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deploywent and enemy retaliation threat should also be included. Quantita-
tive mission tasks performance such as unguided weapon delivery criteria
mey be specified which impact the dexign of the flight control system.

b. Flight Control System Operation States
c. AFSC Mcdeas

d. Reliabilicty, Ma:iatainability, Safety, Survivabilitv and Cost Con-
straints. (Normally these factors are presented in terms of entire weapon
system requirement . and the contractor must budget each subsvstem require-
ment accordingly.

The specification has been organized around the major toplice of svstem
requirements, subsystem requirements and componentc requirements. The organi-
| zatlon tree shcwn beiow illustrates this general organization.

| MILF-949CD
N 1 I 1
L0 10 30 'l 4.0 5.046.0
SCOM. AND N QUALITY PREPARATION
CLASSIFH ACABLE RE‘MIREMENTS ASSURANCE FOR DELIVERY
CATIONS _ L PROVISIONS | AND HOTES
[ )
SYSTEM SUBSYSTFM COMPONENT
REQUIREMENTS REQUIREMENTS REQUIRTMENTS

The first tier breakdown is standard, including scope, classifications,
applicable documents, requirements, quality assurance provisions, preparation
for delivery and notes. Within the requirements section, those requirements
most important t> system designers have been separated from requirements
governing subsystew and component design. This was done in recognition that
many prime contractors use separate organizations for FCS svnthesis and design
and for subsystem and component design. It must be recognized that the entire
specification contains interrelated requirements which must be considered by
each design team involved in the design process. One of the challenges of
modern complex FCS design is to insure that communication within the inter-
relating technologies exists and that formal organizational structure does not
prchibit or discourage interdisciplinary interaction at the working level.

System requirements include performance and design. One of the major
expansions made under this revision was a comprehensive coverage of the
"ilities" at the system level. System level failure immunity and other
design requirements also received considerable attention. The organization
tree shown below illustrates coverage included under system requiremonts.
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‘ Many of these requirements are stated in terms of probabiiities and the
term ''extremely remote' is vften used. In ea:h procurement, this term will

have a quantitative value as specified by the procuring activity. This and

other terms are defined in 6.6 of the specification.

: SYSTEM
: REQUIREMENTS
L 1 _ L 1
1L 11.2 513 3.14
: MANUAL FCS AFCS GENERAL MANUAL
: PERFORMANCE PERFORMANCE |  FCSDESIGN FCS DESIGN
[ 1 d
3.1 31410311
AFCS DESIGN “ILITIES"

Subsystem requirements include pilot controls and displays, sensors,
signal transmission and computation, control power and actuation require-
ments. The organizatiun tree shown below illustrates this coverage. 1

SUBSYSTEM
REQUIREMENTS
321 3.2.2 323 .24
PiLOT CONTROLS SENSORS SIGMAL SIGNAL
AND DISPLAYS TRANSMISSION COMPUTATION
— |
328 3.2.6
CONTROL ACTUATION

POWER |
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Componen: design, fabrication and installation are included under com-
ponunt requirements in 13.2.7 through 3.2.9. Frequent reference to specifi.
paragraphs of the AFCS Dosign Handbrouhs was made in this area and through.out
the specification where additional design guidance {s needed.

Classifications usad in MIL-F-9490D include FCS types, FCS Operational
States and FCS criticalitiex. FCS types are separated intc Manual and Auto-
matic FCS based on whether or not active pilot inputs are involved.

Five FCS Operational States are used to spr.ifv requirement. These
states are illustrated below with key characteristics noted.

FCS
OPERATIONAL STATES

STATHI
(NORMAL OPLRATION)

STATE Ul
(RESTRICTEL
OPLRATION)

STATE I
(MINIMUM SAFE)

, STATE V
(CONTROLLAILS TO AN {CONTROLLABLE TO AN

< EVACUABLY
IMMEDIATE LANDING) FLIGHT CONDITION)

Three criticality classifications were adopted to organize requirements.

Essential, flight phase essential and noncritical FCS functions are defined.
The key separation is whether the function is needed to insure flight safety
either full time, only during certain flight phases or not at all. These
civusifications are defined in Section 1.0 of the specification.
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SECTION 11
STATEMENT AND DISCUSSION OF REwn IRYMENTS
1 SCOPE

1.1 Scope. This specification vstablishes general performance, design,
development and quality assurance requiremvnts for the flight control ays-
tems of USAF manned piloted afrcraft. Flight control systems (FCS) facluce
all components ured to transmit (l1ight control commands from the pilot or
other scurces to appropriate force and moment producers. Flight control
commanda nay result in coutrol of aircraft flight path, attitude, airspeed,
aerudvnamic configuration, ride, and structural modes, ‘mong components
included are the pilot'as controls, dedicat-l displays and logic switching,
trunsducers, avstem dvnamic and air data sensors, signal computatfon, trat
devices, tranamission devices, actuators, and signal tranamission lines
dedicated to tlight control. Exciuded are aerodynanic surfaces, engines,
helicopter votors, tire control devices, crew displavs and electronics not
dedicated to tlight control. The interfaces of flight control svastems with
related subsvstems are defined.

DISCUSSTON

The scope tor tris MIL-F-9490 revision remains essentially the same as
fa MIL-F-9490C¢. Structural mode control and control of aerodvnamic config-
uration have been emphasized in the scope statement since there have been
advancexr in these areas in recent vears.

The kev to the definftion of a flight control system is the term "“all
components used". The partial li{sting given i8 not meant to be complete.
In each procurement a decision on what components are used to transmit
commands must bhe made. Definition or interfaces and their characteristics

must also be established.

Intertaces of flight controls with other subsystems must be considered
by the contractor in meeting many of the requirements of MIL-F-9490, Relia-
bilitv and failure i{mmunity requirements, for example, require that failure
effocts in nondedicated subsvstems be cowuidered when such effects can impact
flight controls,

1, (lassification

1.2.1 Flight control system (FCS) classifications

1.2.1.1 Manual flight control systems (MFCS). Manual Flight Control Systems
consist of electrical, mechanical and hydraulic components which transmit
pilot confrol comminds cr generate and convey commands which augment pilot
control commands, and thereby accomplish flight control functions. This
classification includes the longitudinal, lateral-directional, 1lift, drag and
variable geometry control systems. In addition, their associated augmenta-
tion, performance limiting and control devices are included.
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1.2.1.2 Automatic flight control systems (AFCS). Automatic Flight Control
Systems consist of electrical, mechanfcal and hydraulic components which
generate and tranamit automatic control commands which provide pilot assist-
ance through automatic or semiautomatic flight path control or which auto-
matically control airframe response to disturbances. This classificatic.
fncludes automatvic pilots, stick or wheel steering, autothrottles, struc-
tural mode control and similar control mechanizations.

DISCUSSION

FCS Classtfications have been changed from the Primary, Secondary, Auto-
matic classifications of MIL-F-9490C to Manual and Automatic FCS. The change
from Primary/Secondary FCS to Manual FCS was made as a result of a serious
concern with the high percentage (up to 50 percent) of recent Afir Force
incident/accident reports which are due to secondary flight control problems.
To reduce the number of problems with Secondary Controls, the differentiation
betweea Primary/Secondary control requirements in areas such as failure
immunity has been dropped or sharply reduced.

Stability and Command Augmentation are included under Manual Fiight
Controls in this reviaion due to the increasing reliance of manual coatrols %
on augmentation. Structural Mode Control is included as an Automati- FCS
» tunction, with emphasis in this revision on ride smoothing and fatigue
‘ alleviation. Semiautomatic control includes flight director funcricons when
the option of automatic or semiautomatic operatior. is provided.

Systems are classified as Structure Mode Control Systems only when this
classi{fication reflects their primary function. Most Dutch roll dampers
reduce loads and improve ride in turbulence, although this 1is not their
primary function.

1.2.2 FCS Operational State classifications i

1.2.2.1 Operational State I (Normal operation). Operational State I is the
normal state of flight control system performance, safety and reliability.
This state satisfies MIL-F-8785 or MIL-F-83300 Level 1 flying qualities
requirements within the operational flight envelope and Level . within the
service envelope and the stated requirements outside of these envelopes.

1.2.2.2 Operational State II (Restricted operation). Operationa. State TI
is the state of less than normal equipment operation or performance which
invelves degradation or failure of only a noncritical portion of the overall
flight control system. A moderate increase in crew workload and degradation
in mission effectiveness may result from a limited selection or normally
operating FCS modes available for use; however, the intended mission may be
accomplished. This state satisfies at least MIL-¥-3785 or MIL-F-83300

Level 2 flying qualities requirements within the cperational flight cnvelope
and Level 3 within the service envelope.

1.2,2.3 Operational State III (minimum safe operation). Operational State
IIT is the state of degroded flight control syste performance, safety or
reliability which permits safe termination of precision tracking or
maneuvering tasks, and safe cruise, descent, and landing at the destination
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of original intent or alternate but where pilot workload is excessive or
mission effectiveness is inadequate. Phases of the intended mission
involving precision tracking or maneuvering cannot be completed satis-
factorily. This state satisfies at least MIL-F-8785 or MIL-F-82300 Level
3 flying qualities requirements.

1.2.2.4 Operational State IV (controllable tc an immediate emergency
landing). Operational State IV is the state of degraded FCS operation at
which continued safe flight is not possible; however, sufficient control
remains to allow engine restart attempt(s), a conirriled descent and
immediate emergency landing.

1.2.2.5 QOperational State V (controllable to an evacuable flight
condition). Operational State V is the state of degraded FCS oneration at
which the FCS capability is limite? to maneuvers required to reach a flight
condition at which crew evacuation . iy be s«fely accomplished.

DISCUSSION

FCS operational state classificatiouns define a general framework about
which FCS performance, in terms of FCS cperational state, can be related to
FCS reliability and safety requiremz:nts. These states parallel the MIL-F-
8785B flying qualities Levels 1, 2 and 3. For example, FCS Operational
State I may be equated with Level 1 flying qualities within the normal
flight envelope. However, the FCS Operational State II may correspond to
either Level 1 or Level 2 flying qualities. FCS Operational State JI may
result due to loss of a ride smoothing or automatic guidance function, for
example, while Level 1 flying qualities are maintained.

A State III FCS operational level may be reached through degradation of
any flight control function to a state which requires landing at the nearest
friendly base. A FCS failure mode leading to Level 3 flying qualities will
result in an Operational State III designation. In addition, single or
multiple channel failures resulting in a minimum safe configuration in a
redundant FCS required for safety-of-flight, mav also result in FCS Opera-
tional State III even though the remaining FCS channel(s) may still provide
Level 1 flys:y» qualities. Note that in some cases single thread mechanical
controls may meet reliability requirements. In these cases, redundancy is
not required for Level 1 operat.ion.

The Operational State IV classification is a new concept which recog-
nizes that a level of FCS performance is required for ailrcraft such as
MIL-F-8785 Class III following critical failures within the flight controls,
engines or other systems which prohibit continued safe flight. The intent
of this classification is to provide for those FCS minimum requirements
needed to escape a hostile a: :a or flight conditions to arrive at a safe
evacuable flight condition,

In each procurement the p.ocuring activity will specify whether State
IV or State V applies (See 3.1.8).

10
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1 2.3 FCS criticality classification

1.2.3.1 Esscntial. A tunction is essential if loss of the function results
in an unsafe ‘ondition or inability tc maintain FCS Operational State IlI,

i 1.2.3.2 Flight phase essential. A function is flight phase essential it
loss of the function results in an unsafe condition or inability to maintain
FCS Operational State III only during specific flight phases.

1.2.3.3 NMNoncritical. A function is noncritical ir loss of the Jiunction does
not affect flight safety or result in control capability bLelcw that required
for FCS Operationai State III.

DISCUSSION

Classifications of criticality are defined around which syscem .mplemen-

tation requirements can be organized. MIL-F-9490C assumed that all Primary
{ FCS were flight essential and all Secondary FCS were noncritical. No general
l criticality distinction is made in this specification among the FCS classi-
E fications of Manual FCS and the :lassifications of Automatic FCS. For each
; procuremeat, the contractor will evaluate the criticality of each flight
control function based on the mission requirements specified by the procuring
agency and design approach selected by the contractor. For example, in a
' given procurement one contractor may choose to utilize an airplane configura-
tion which requires an essential stability augmentation system, while a com-
peting contractor may select a different airplane configuration whichn
accomplishes the same mission, but uscs a noncritical stability augmentation
system. 3

11
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2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of invita-
tion for bids or request for proposal, form a part of this svecification to

the extent specified herein. The .equirements of this specification shall
govern for flight control system design where conflicts exist between this
specification and other referenced specifications,

SPECIFICATIONS

Military

MIL-T-781

MIL-F-3541
MIL-U-3963
MIL-B-5087

MIL-W-5088
MIL-E-5400
MIL-H-5440

MIL-C-5503
MIL-P-5518
MIL-T-5522

MIL-S-5676
MIL-T-5677
MIL-B-5687

MIL-C-6021
MIL-B-6038
MIL-B-6039

MIL-E-6051
MIL-T-6117
MIL-J-6193
MIL-G-6641

MIL-P-7034
MIL-I- 7064
MIL-E-7080
MIL-F-7190
MIL-D-7602
MIL-B-7949

MIL-C-7958
MIL-M~-7969

Terminal, Wire Rope, Swaging

Fitting, Lubrication

Universal Joint, Antifriction Bearings

Bonding, Electrical and Lightning Prntection, fcr
Aerospace Sys.. ms

Wiring, Aircraft, Selection and Installation of
Electronic Equipment, Airborne, General Specification for
Hydraulic Systems, Aircraft Types I and II, Design,
Installation, and Data Requirements for

Cylinder, Aeronautical, Hydraulic Actuating, General
Requirements for

Pneumatic Systems, Airciaft, Design, Ins-allation, and
Dats Requirements for

Test Procedure for Aircraft Hydraulic and Pneumatic
Systems, General

Splicing Cable Terminal, Process for, Aircraft

Thimble, Wire Cable, Aircraft

Bearing, Sleeve, Washers, Thrust, Sintered, Metal Powder,
Oil-Impregnated

Casting, Classification and Inspection of

Bearing, Ball, Bellcrank, Antifriction, Airframe
Bearing, Double Row, Ball, Sealed, Rod End, Antifrictiom,
Self-Aligning

Electromagnetic Compatibility Requirements, Systems
Terminal, Cable Assemblies, Swaged Type

Joint, Universal, Plain, Light and Heavy Duty

Gearbox, Aircraft Accessory Drive, General Specification
for

Pulley, Groove, Antifriction-Bearing, Grease-Lubricated,
Alrcraft

Indicator, Position, Elevator Trim Tab

Electric Equipment; Aircraft, Selection and Installation cof

Forglng, Steel, for Aircraft and Special Ordnance
Applications

Drive, Turbine, Air, Alrcraft Accessory, General Specifi-
cation for

Bearing, Ball, Airframe, Antifriction

Control, Push-Pull, Flexible and Rigid

Motor, AC, 400 Cycle, 115/200 Veolt System, Aircraft,
General Specification for

12
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MIL-M-7997
MIL-I-8500
MIL~P-8564
MIL-M-8609

MIL-5-8698
MIL-~H-8775

MIL-F-8785
MIL-A-8860
MIL-A-8861
MIL-A-8865
MIL-A-8866

MIL-A-8867
MIL-A-8870

MIL-T-8878
MIL-S-8879

MIL-H-8890
MIL-H-8891

MIL-A-8892
MIL-A-8893
MIL-B-8976
MIL-S8-9419
MIL-C-18375

MIL-A-21180
MIL-A-22771
MIL-K-25049
MIL-G-25561
MIL-V-27162

MIL-C-27500
MIL-E-38453
MIL-M-38510
MIL-B-81820
MIL-F-83142
MIL-F-83300

MIL-W-83420
MIL-A-83444

Motor, Aircraft Hydraulic, Constant Displacement, General
Specification for

Interchangeability and Replaceability of Component Parts
for Alrcraft and Missiles

Pneumatic System Components, Aeronautical, General
Specification for

Motor, DC, 28 Volt System, Aircraft, General Specification
for

Structural Design Requirements, Helicopters

Hydraulic System Components, Aircraft and Missiles, General
Specification for

Flying Qualities of Piloted Airplanes

Airplane Strength and Rigidity, General Specification for
Airplane Strength and Rigidity, Flight Loads

Airplane Strength and Rigidity; Miscellaneous Loads
Airplane Strength and Rigidity - Reliability Requirements,
Repeated Loads, and Fatigue

Airplane Strength and Rigidity, Ground Tests

Airplane Strength and Rigidity Flutter; Divergence, and
Other Aeroelastic Instabilities

Turnbuckle, Positive Safetying

Screw Threads, Controlled Radius Root with Increased Minor
Diameter; General Specification for

Hydraulic Components, Type III, -65° to +450°F, General
Specification for

Hydraulic Systems, Manned Flight Vehicles, Type III, Design,
Installation, and Ny*- Requirements for

Airplane Strength +gidity, Vibration

Airplane Strength ana Rigidity, Sonic Fatigue

Bearing, Plain, Self-Aligning, All-Metal

Switch, Toggle, Momentary, Four-Position On, Center Off
Cable, Steel (Corrosion-Resisting, Nonmagnetic) Flexible,
Preformed (for Aeronautical Use)

Aluminum-Alloy Casting, High Strength

Aluminum Alloy Forgings, Heat Treated

Knob, Control, Equipment, Aircraft

Grip Assembly, Controller, Aircraft, Type MC-2

Yalve, Servocontreol, Electrohydraulic, General
Specification for

Cable, Electrical, Shielded and Unshielded, Aircraft

and Missile

Favironmental Control, Environmental Protection, and Engine
bieed Air Systems, Aircraft, and Aircraft Launched Missiles,
General Specification for

Microcircuit, General Specification for

Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed
Forging, Titanium Alloys, for Aircraft and Aerospace
Applications

Flying Qualities of Piloted V/STOL Aircraft

Wire Rope, Flexible, for Aircraft Control

Alrplane Damage Tolerance Requirements

13
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STANDARDS
i Military
MIL-STD-130 Identification Marking of U.S. Military Property
MIL-STD-143 Standards and Specifications, Order of Precedence for
the Selection of
MIL-STD-250 Aircraft Station Controls and Displays for Rotary Wing
Aircraft
MIL-STD~421 Chain Roller; Power Transmission and Conveyor, Flat Link
Plates, Single Pitch, Single and Multiple Strand, Con-
nective Links and Attachment Links
; MIL-STD-454 Standard General Requirements for Electronic Equipment
MIL-STD~-461 Electromagnetic Interference Characteristics Requirements
: for Equipment
: MIL-STD-480 Configuration Control - Engineering Changes, Deviations
i and Wailvers
i MIL-STD-704 Electric Power, Aircraft, Characteristics and Utilization
! of
? MIL-STD-810 Environmental Test Methods
MIL-STD-838 Lubrication of Military Equipment
! MIL-STD-1472 Human Engineering Design Criteria for Military Systems,
Equipment and Facilities
MIL-STD-1530 Aircraft Structural Integrity Program, Airplane Require-
: ments
] MIL-STD-1553 Aircraft Internal Time Division Multiplex Data Bus
; MS15002 Fittings, Lubrication (hydraulic) Surface Check, Straight
Threads, Steel, Type II ;
MS15981 Fasteners, Externally Threaded, Self-Locking, Design and ]
Usage Limitations for
MS24665 Pin, Cotter
MS33540 Safety Wiring and Cotter Pinning, General Practices for
MS33572 Instrument, Pilot, Flight, Basic, Standard Agreement for
MS33588 Nuts, Self-locking, Aircraft Design and Usage Limita-
tions of
MS33602 Bolt, Self Retaining, Aircraft Reliability and Maintain- :
ability Design and Usage, Requirements for i
MS33736 Turnbuckle Assemblies, Clip Locking of i
PUBL ICATIONS

Military Handbooks

MIL-HDBK-5 Metallic Materials and Elements for Aerospace Vehicle
Structures
MIL-FEDBK-17 Plastics for Flight Vehicles

Air Force Systems Command Design Handbooks

H 1-2 General Design Factors
AFSC DH 1-4 Electromagnetic Compatibility
H 1-5 Environmental Engineering

14
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AFSC DH 1-6 System Safety
AFSC DH 2-1 Airframe
AFSC DH 2-2 Crew Stations and Passenger Accommodations

(Copies of specifications, standards, drawings, publications and handbooks
required by suppliers in connection with specific procurement functions
should be obtained from the procuring activity or as directed by the con~
tracting officer.)

2.2 Other Publicailons. The following documents form a part of this speci-
fication to the extent specified herein. Unless otherwise indicated, the
issue in effect on date of invitation for bids or request for proposal shall
apply.

National Aircraft Standard

NAS 516 Fitting, Lubrication - 1/8 Inch Drive, Flush Type
(Copies of National Aircraft Standards may be obtained from the Aircraft
Industries Association of America, Inc., Shoreham Building, Washington,
D. C.)

SAE Aerospace Recommended Practices

ARP 988 Electrohydraulic Mechanical Feedback Servocactuators
ARP 1281 Servoactuators: Aircraft Flight Controls, Power
Operated, Hydraulic, General Specification for

(Application for copiles should be addressed to the American Socilety of
Automotive Engineers, Two Pennsylvania Plaza, New York, New York 10001.)

ICAO Practices

ICAO Annex 10 International Civil Aviation Organization Publication -
Aeronautical Telecommunications Vol. II, Communication
Procedures, International Standards, Recommended Prac-
tices and Procedures for Air Navigation Services

FAA Advisory Circular

FAA Advisory Criteria for Approving Category T and Category II Land-
Circular 120-29 ing Minima for FAR 121 Operators

Technical Reports

AFFDL-TR-74-116  Background Information and User Guide for MIL-F-9490D
(Technical society and technical association specifications and standards

are generally availablie for reference from libraries. They are also dis-
tributed among technical groups and using Federal agencies.

15
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3.0 REQUIREMENTS

3.1 System requirements. The FCS shall comply with the following require-
ments.

DISCUSSION

The following sections specify general requirements for flight control
systems. Additional detail system requirements and the aerodynamic and
flight configurations, external stores configurations, and aircraft per-
formance range through which the flight control system will be required to
satisfy these requirements shall be as deifined in the procurement detail
specification. Paragraph 3.2 defines subsystem and component requirements
and 3.3 defines special flight control system requirements for rotary wing
aircraft.

This section specifies system requirements in terms of performance and
design requirements. This specification does not place priorities on either
performance or design requirements, considering all requirements to be of
equal importance. Performance requirements specify what the system must
provide or do. Design requirements constrain the system design to insure
that system operation will be acceptable in service., The reader should be
fully aware that system development must include consideration of costs,
maintenance, complexity, and safety, as well as performance. Procuring
activity desires or requirements may be often in conflict in two or more of
these asset/liability areas. The contractor is expected to perform trade
studies to evaluate tradeoffs involved. Data from these trade studies will
normally he required to obtain deviations, as noted in 6.2,

3.1.1 MFCS Performance requirements. The MFCS shall comply with applicable
general flying quality requirements of MIL-F-8785 or MIL-F-83300 and the
special performance requirements of the procurement detail specification.

DISCUSSION

The sources for Manual FCS performance requirements are MIL-F-8785, MIL~
F-83300 and the procurement detailed specification. This specification
defines design requirements for all FCS and performance requirements for
Automatic FCS. Reference 1 provides background and user information support-
ing MIL-F-8785B.

Research has been pursued in recent years to identify analytical proce-
dures and techniques which provide an organized approach to satisfying Manual
FCS performance requirements. The weapons delivery requirements of indi-
vidual procurements can often be best approached through a paper pilot
(Reference 2) or simulation approach. Reference 3 documents a series of Air
Force studies on piloted weapon delivery which may be helpful in procurements
where strafing, dive bombing, or aerial gunnerv is a mission requirement.
Reference 4 documents a similar study considering higher order controls
system dynamics. Reference 5 discusses multimcde flight control for preci-
sion weapon delivery and concludes that a control system specifically
designed for gunnery is superior to a connventional SAS for weapons delivery
purposes. Reference 6 documents a study to develop improved design criteria
for command augmentation. The study consisted of eight parts, including a

16
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survey of operational prcblems, a review of system~gain changing requirenments
and techniques, stabiliration criteria for frequency modes, an analysis of
stall-spin maneuvers, an analysis of system/airframe compatibility testing,
definition of criteria for built-in-test equipment, and catalogs of flight
control actuator designs and of dominant performance characteristics which
affect flying qualities,.

References 7 and 8 document a flight test evaluation of a high gain
CAS in an F-4. One conclusion of this flight test was that MIL-F-8785B
(ASG) does not prop:rly address the requirements for a stable, controllable
platform for accomrlishing a tracking task. Reference 9 is an interesting
study titled "Outsmarting MIL~F-8785B (ASG), The Military Flying Qualities
Specification." 7This study points out some of the weaknesses of MIL-F-8785B
and may aid the controls designer in understanding his complex task. Ref-
erence 10 describes the benefits of a Stall Inhibitor System developed for
the F-111.

Reference 11 documents a survey of classical and modern control analy-
sis methods for FCS design. This reference points cut that a very large
amount of published material exists relating to the design of flight control
sy .ems. Many methods are available for synthesis of controllers, ranging
fr- n classical cut-and-try methods to optimal techniques. Within the
jv dustry control designers are making use of a spectrum of these techniques,
. _ather with a fair amount of intuition, simulation, and hard work, to
generate workable designs. No one technique has been shown to produce
consistently superior designs.

An important conclusion of Reference 11 is that: '"There does not exist
any method or combination of methods which will permit a person not experi-
enced in control to generate a workable design."

Numerous ''good practices'" are recommended in these references which
are based on specific experience with individual airplanes or groups of
airplanes. Due to the unique demands of individual procurements, most of
these recommendations are not incorporated in this specification as require-
ments. However, for emphasis, the following recommended practices are
listed for congideration.

Selectable command modes. Pilots will select and adapt to special
augmer.tation modes during weapons delivery and other speciul flight phases
where special mission task requirements conflict with normal flying quali-
ties. The contractor should consider selectable command modes, where per-
tinent. But inconsistencies in display indications or the result of cockpit
control motions can be confusing to the pilot. For example, reversals of
gense must be avoided.

Stabilization axis. In control system designs in which the pilots
lateral controller operates both ailerons and rudder or their equivalent,
consideration should be given to the resultant effective axis of rotation.
If one of the prime weapons of the vehicle is a fixed body mounted gun,
the preferred effective axis of rotation should be coincident with the gun
axis, which itself should be aligned along a stability axis defined by the
anticipated angle-of-attack in firing mode. If the gun axis differs con-
siderably from a stability axis at delivery, rotation about the gun axis

17
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will cause angle-of-attack to translate into sideslip, poasibly of
unacceptable amounts, and in this event the preferred axis should be
between the gun and stability axes at a point at which sideslip in normal
firing maneuvers is maintained at a satisfactorily small value. These
considerations may conflict with the need to keep lateral acceleration in
bounds at the cockpit,

Direct flight path control. Control systems for vehicles having pure
sideforce generators should be designed bearing in mind the possible improve-
ments in weapon delivery accuracy achievable by unconventional response to
pilot controls. Control systems combining direct 1ift and sideforce gener-
ators, decoupling feedback and feed forward, and possibly a controller in
acdition to the usual stick and pedals may be used if expected improvements
in weapon delivery accuracy can be demonstrated analytically or by simula-
tion to the satisfaction of the procuring agency. Consideration should be
givei to control schemes in which the pedals or a separate controller give
direct lateral flight path control with zero bank or sideslip and in which
a column cr a separate controller produces vertical flight path control with
zero or small pitch change. The pilot's ability to handle an additional
control, of course, is a factor.

Gust and external disturbance response. Designs where specific meas-
ures are taken to improve the gust and external disturbance response of the
aircraft are recommended. The maintenance of ground track despite turbulence
is of particular importance when high, level bombing is the probable vehicle
mission. Designs incorporating the decoupling of sideslip from lateral cou-
trol and bank angle from directional control should be examined particularly
carefull' with respect to the bank angles generated by side gusts. Decoup-
ling techniques in current use can cause deterioration in gust response if
attention is not given specifically to preventing the deteriorat:ion.

Limit cycles during weapons delivery. Adaptive or other automatic gain
changing systems relying on limit cycle detection for gain changing deci-
sions should be designed paying particular attention to the avoidance of
the limit cycle during fligat conditlons at which weapons will be delivered.
1he limit cycle should be undetectable to the pilot., Similarly, if system
gain changing takes place during weapon delivery, while the servos are
moving, no thumping sensations should be experienced by the pilot and fly-
ing qualities must remain satisfactory throughout, despite the gain changes.

Trim changes. Apparent trim changes originating in the augmentation
or control systems should be avoided whether due to extended low frequency
response in the systems or to a normal accelerometer sensing less than 1lg
in a climb or dive. An automatic trim system reducing these apparent trim
changes to below pilot threshold will normally be acceptable. Where there
are directional trim changes with speed change during a weapon delivery run,
systems designed to minimize the trim change are desirable.

Constant stick forces. Systems incorporating washout filters on sen-
sor outputs or elsewhere in the system should be designed to avoid changes
in stick force with time during sustained constant normal-acceleration turns.

18
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Symmetrical stick forces. Control systems incorporating models should
be designed to provide identical sersitivity for nose-down and nose~up
commands. VWhatever the system design, the stick forces for a given magni-
tude response snould be the rame irrespective of the sign of the command.
This applies both laterally and longitudinally.

Aircraft flexibility. There can be effects beyond the impact of aero-
elasticity on aircraft handling and flight control systems. For example,
the design of a control-augmentation system to be used in part for weapon
delivery must address itself to the effects of aircraft flexibility on
weapon delivery accuracy. A reduction in amplitude of flexible body
oscillation may be necessary to reduce oscillatory boresight errors.

Static boresight errors due to loading in high-g maneuvers should also be
considered in estimating delivery accuracy degradation due to flexibility.

Hysteresis. Hysteresis or backlash at any point in the control-
augmentation system should be controlled either by antibacklash springs or
by other means, at least to the point that limit cycles existing anywhere

are imperceptible to the pilot at any flight nondition at which weapons may
be delivered.

Gun moments., The effect of firing high repetition rate small caliber
weapons or large projectiles from the aircraft on the stability of the
vehicle should be understood and compensated for in the control system
design.

Growth capability. A candigate system concept should be carefully
examined for growth capabiiity before selection for design and development.
Reference 13 documents how the complexity of a system can escalate as
knowledge of aircraft dynamic characteristics are refined and the detail
problems of designing flight-critical conirols become knownm,

3.1.2 AFCS Performance requirements. When the following AFCS functions
are use. , the following specified performance shall be provided. Unless
otherwise specified, these requirements apply in smooth air and include
sensor error. Except where otherwise specified, s damping ratio (6.6) of
at least 0.3 critical shall be provided for nonstructural AFCS controlled
mode responses. Specified damping requirements apply only to the response
characteristics for perturbations an order of magnitude greater- than the
allowable residual oscillation.

DISCUSSION

The AFCS performance specified in this Section is intended to include
"not-to-exceed" parameters which are felt necessary for proper fleet oper-
ation. Pilot relief functions are specified to reduce crew fatigue to a
level consistert with mission requirements. Automatic landing and terrain
following are specified 0o extend mission capabilities in applications
where the mission warrants the additional complexity. Performance is
generally specified with respect to sensor indicated values. In many cases,
sensor accuracy is set by manual control considerations. Where performance
is not specified with respect to an FCS sensor reference, sensor error must
be included in meeting the requirement.

19



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

The concept of specifying performance to include sensor error may
lead to deviation requests where sensors are government furnished and do
not permit meetiug the stated performance. Where sensors are govermment
furnished, the procuring activity must accept the responsibility for
providing sensors of adequate accuracy.

3.1.2.1 Attitude hold (pitch and roll). Attitudes shall be maintained in
smooth air with a static accuracy of +0.5 degree in pitch attitude (with
wings level) and +1.0 degree in roll attitude with reapect to the reference,
RMS attitude deviations shall not exceed 5 degrees in pitch or 10 degrees in
roll attitude in turbulence at the intensities specified in 3.1.3.7. When
using a flight controller (turn knob) the aircraft shall return to a wings
level attitude when the turn control is placed in the detent position.
Accuracy requirements shall be achieved and maintained within 3 seconds of
mode engagement for & 5 degree attitude disturbance for MIL-F-8785 Class IV
aircraft, and within 5 seconds for MIL-F~8785 Classes I, II and III aircraft.

3.1.2.2 Heading hold. In smooth air, heading shall be maintained within a
static accuracy of +0.5 degree with respect to the reference. In turbulence,
RMS deviations shall not exceed 5 degrees in heading at the intensgities
specified in 3.1.3.7. When using & flight controller, heading hold shall
automatically engage as the controller is returned to the detent position.

3.1.2.3 Heading select. The aircraft shall automatically turn through the
smillest angle to any heading selected or preselected by the pilot and main-
tain that heading to the tolerances specified for heading hold. The con-
tractor shall determine a bank angle limit which provides a satisfactory
turn rate and precludes impending stall. The heading selector shall have

1 360 degrees control. The aircraft shall not overshoot the selected heading
by more than 1.5 degrees with flaps up or 2.5 degrees with flaps down. The
roll rate shall not exceed 10 deg/sec and roll acceleration shall not exceed
5 deg/sec/sec for MIL-F-8785 Classes I, II and III aircraft, or double these
values for MIL-F-8785 Class IV aircraft.

DISCUSSION

Attitude hold maneuver limits are not included in this general require-
ment due to the lack of agreement on maneuver limits. MIL-F-9490C set
maneuver limits for the atvitude hold function #+60 degrees in roll, +15
degrees 1n pitch, and +7 degrees yaw angle for control stick steering appli-
cations. Maneuver limits will normally be specified in the detailed speci-
fication or will be established by the contractor for each procurement based
on requirements of that procurement.

The accuracy requirement ot +0.5 degrees for attitude hold modes repre- ;
sents a typical air transport requirement, Reference 13, and state-~of-the-art ‘
capabilicy. The accuracy requirement in turbulence applies only up to the
turbulence amplitude limits specified herein. Attitude hold and other pilot
assist AFCS modes will nuormally be classified as noncritical functions and,
as such, the turbulence 1equirement stated will pormally apply only in
light turbulcence.
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The 10 degrees bank, 5 degrees pitch angle and the 5 degrees heading
limit in turbulence is intended to provide the pilot with a reasonably
scable platform during flight in the turbulence environment to which the
attitude and heading hold loops will be designed. A system which i{s easily

| saturated in turbulence will have trouble meeting these requirements, and
: should be avoided.

The heading hold static accuracy requirement of 0.5 degree reflects
the current state-of-the~art. Reference 13 states typical air transport
heading hold requirements, which may be considersd in pertinent applications,
as follows: when selection of this mode is made while the aircraft is turn-
ing, the airplane should return to wings-level at a roll rate not to exceed
6.0 deg/sec, a roll acceleration not to exceed 3.0 deg/sec/sec, and should
hold the heading that exists at the time the airplane is within approximately
3 degrees of wings level.

The bank angle limit for Heading Select, to be determined by the con-
tractor, will probably be unique for each new procuremant. The requirement
to preclude impending stall is meant to apply with normal power settings.
This pilot relief mode is not expected to normally result in steep banks or
operation near stall.

3.1.2.4 Lateral acceleration and sideslip limits. Except for flight phases
using direct side force control, the following performance shall be provided
vhenever any lateral-directional AFCS function is engaged. Lateral accelera-
tion refers tc apparent (measured, sensed) body axis acceleration at the
aircraft center of gravity.

3.1.2.4,1 Coordination in steady banked turns. Sideslip angle shall not be
greater than 2 degrees and lateral acceleration shall nnt exceed 0.03g, while
at steady bank angles up to the maneuver bank angle limit reached during
normal maneuvers with the AFCS engaged. For rotary wing alrcraft, only the
lateral acceleration limit applies,

3.1.2.4.2 Lateral acceleration limits, rolling. Body axis lateral accelera-
tion at the cg shall not exceed +0.1g for aircraft with roll rate capability
up to 30 deg/sec, +0.2g for aircraft with roll rate capzbility of 30 to 90
deg/sec, or +0.5g for aircraft with roll rates over 90 deg/sec. These limits
shall be satisfied for aircraft in essential