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TITLE 14—CIVIL AVIATION
Chapter I-—Civil Aeronautics Board
Subchapter A—~Civil Air Regulations
PART 4b—AIRPLANE AIRWORTHINESS:

TRANSPORT CATEGORIES
RECAPITULATION OF PART

Because of the number of outstanding
amendments to Part 4b there follows a
recapitulation of Part 4b incorporating
all amendments up to December 31, 1953.
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Subpari A—General
APPLICABILITY AND DEFINITIONS

Applicabllity of this part.
Definitions.

CERTIFICATION™

Eligibtttty for type certificates.

Designation, of applicable regula-
tions.

Amendment of part.

Type certificate.

Data required.

Inspections and tests,

Flight tests.

Alrworthiness, experimental, and
productionr certiflcates.

Approval of materials, parts, proc-
esses, And appliances.

Changes in type design.

Subpart B—Flight
OENEERAL

Proof of compliance.

‘Weight 1imitations.

Center of gravity limitationa.

Additiona) limitations on weight dis.
tributton.

Empty welght.

Use of ballast.

FERFORMANCE

General.

Wing flap positions.

Btalling apeeds.

Take-off; general.

Take-off speeds.

Accelerate-stop dlstance,

Take-off path,

Temperature aceountability,

Climb; general,

Climb: all engines operating,

One-engine-inoperative ¢limb,

Two-engine-inoperative climb.

Determingtion of the landing dis-
tance; general.

Landplanes.

Seaplanes or float planes.

Bkiplanes,

CONTROLLABILITY

Controllability: general.
Longftudinal control.
Directional and lateral control.
Minimum control speed, Vo,

TRIM

General.

Lateral and directional trim.

Longitudinal trim.

Longitudingl, directional, and lateral
trim.

Trim for alrplanes with four or more
engines,

BTABILITY

General.

Btatie longitudinal stabijity.

Stability during landing.

Stability during approach.

Btability during climb.

Stabllity during cruising.

Dynamic longltudinal stability.

Btatic directional and lateral sta-
bility.

Sec.
40.158

4h.160
4b.161
4b.162

Dynamic directional and lateral
stabllity.

BTALLING CHARACTERISTICS

Bialling; symmetrical power.
Stalling; asymmetrical power.
Stall warning,

Q_H.O'UN'D HANDLING CHABRACTERISTICS

4b.170

4b.171
4b.172
40.173

Longitugdinal stability and con-
irol.

Directional stability and control.

Shock asbsorption.

Demonstrated cross wind,

WATER BANDLING CHARACTERISTICS

4b.180
4bh.181
4b.182

Water conditione.
‘Wind condltions,
Control and stabillty on the water,

HMISCELLANEOUY FLIGHT BREQUIRENMENTH

4Db.190

4b.200
4b.201
4k 202

4h.210
4b.211
4212
4p.218
4b.214
4h 215
4b.216

Flutter and vibratlon.

Subpart C—Structure

GENERAL

Loads.

Strenpth and deformatlon,
Proof of structure.

FLIGHT LOADS

Genetal,

Flight envelopes.

Effect ot high it devicen.
Symmetrical flight conditions.
Raolling conditicis.

Yawing conditions.
Supplementary fight conditions.

CONTROL SURFACE AND SYBTEM LOADS

4b 230
4b2n
4223
4b.223
4h.224
4h.326
4b.226
4h.227

4b.230
4b.231
4b.232
4h.233
4b.334
4h 235
41.236

45.250
4b.251

4h.252
4b.253
4254
4b.255
40256

4b.257
4b.258

4b.380
4b.261

Control surface loads; general.
Wing flaps.

Tabs.

Special devices.

Primary filght control systems.
Dual primary flght conirol systems,
Ground gust conditions.

Becondary control systemas,

GROUND LOADS

General,
Level landing conditions,
Tail-down landing conditlons,
©One-wheel landing condition.
Lateral drift landing conditlon,
Ground handling conditions.
Unsymmeétrical loads on dual-wheel
units.

WATER LOADS

General.

Design weights and center of gravity
positions.

Application of loads.

Hull and main float load factors,

Hull and main float landing condi-
tions.

Hull and main foat take-off condl-
tion.

Hull and main float bottom pres.
SUres.

Auxiliary float loads.

Seawling loads.

EMERGENCY LANDING CONDITIONS

General.
Structural ditching provisions.

Sybpart D—~Design and Construction

4h.300
4b.301
4b.302
4Db.303
£b.304
4h.305
4306

4b.307
45308

GENERAL

Beope.

Materials.

Fabricatlon methods,

Standerd fastenings,

Protection.

Inspection provislons,

Material atrength propertles and de-
Bign values,

Special factors.

Flutter, deformation, and vibratlion.
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4h.310
4b.311
4b.312
4b.313

45.320
4b.321
4h.322
4b.323
41h.824
45h.225
4b.326
45.227
4b.328
4b.329

4b.330
4b.331
4b.332
4b.333
4b.334
4b.335
4b.338
4b.337
4b.338

4b.340
4b 341
4b.242

OONTROL SURFACKS

General,

Proof of strength.
Installation.
Hinges,

CONTROL SYSTEMS

General.

Two-control airplanes,

Trim controls and systems.
‘Wing flap couatrols.

Wing flap interconnection.
Control system stops,

Cantrol system locks,

Static tests.

Operation teets,

Control system detalls; general.

LANDING GEAR

General.

Shock absorbers.

Landing gear tests.

Limit load factor determination,
Retracting mechanlsm.

Wheels,

Tires.

Brakes,

Skis,

HULLS AND FLOATS

General.,
Seaplane main floats.
Boat hulls.

PERSONNEL AND CARGO ACCOMMODATIONS

4b.350
45351
41,252
4b.353
4b.854
4b.365
41 .856
4b.357
4h.358
4b.359

45.360
4bh.361
4b.362

Pilot compartment; general.
Pilot compartment vision.
Windshield and windows.
Controls.

Instrument arrangement.
Instrument marking,

Doars.

Door louvres.

Beats, berths, and safety belts.
Cargo and baggage compartments,

EMERGENCY PROVISIONS

General,
Ditching.
Bmergency evacuation,

VENTILATION, HEATING, AND PRESSDRIZATION

4b.370
4b.371
4b.372
4b.373
4b.374
4b.375
4376

4b.380
4b, 381
4b.382
4b.383
4b.384
4b.285
41386

4£b 300
$b.351

General,

Ventilation.

Heating systems.
Pressurized cabing; general
Pressure supply.

Pressure control.

Tests.

FIRE PROTECTION

General.

Cahin jnteriors.

Cargo and bagpage ¢compartments,
Cargo compartment classification.
Proof of compliance,

Flammable fluid fire protection,
Combustion heater fire protection.

MISCELLANEOUS

Relnforcement near propeliers.
Levellng warks.

Subpart E-—Pawerplant Installation

41.400
4b.401
4b.402
4b.403
4b.404

4bH.405
4b.406

TNSTALLATION

General.

Engines.

Propellers.

Fropeller vibration.

Prapeller pitch and speed llmita=
tions,

Prapeller clearance.

Propeller de-leing provisions,

FUEL 8YSTEM OPERATION AND ARRANGEMENT

4b.410
4b 411
4b.412
4b.413
40.414

QGeneral.

Puel system lndependence.
Pressure cross-feed arrangements,
Puel flow rate.

Pump systems.
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Sec.
4n 416
4b.416

Transfer systemas.

Determination of unusable fuel sup-
ply and fuel system operation on
low fuel.

Fuel system hot weather operation.

Flow between Interconnected tanks.

4h.417
4b.418

FUEL EYSTEM CONSTRUCTION AND INSTALLATION

41,420 General.

4b.421 Puel tank tests.

4b.422 Fuel tank installation.

4b.423 Fuel tank expansion space.

4b.424 PFuel tank sump.

4h.425 Fuel tank fitler connection.

4b.426 Fuel tank vents and carburetor va-
por vents.

Fuel tank outlet.

Under-wing fuellng provisions.

40.427
4b.428

FUEL SYSTEM COMPONENTA

4h.430
4h.431
4b.432
4b.433

Fuel pumps.

Fue! pump installatlon.

Fuel system lines and fittings.

Fuel lines and Attings in designated
fire zones,

Tuel valves.

Fuel strainer.

Fuel system drains.

Fuel jetiisoning system.

4b 434
4b 435
4b.438
4b.437

OIL EYSTEM

4b.440
ah.441
4b.442
4h.443
4b.444
4b 445
4b 448
4b.447
4bh.448
4b.449

Gieneral.

Ol tank construction,

Cil tank tests.

01l tank installation.

Oll lines and flitings.

Q1] valves.

Ofl radiators.

Ol filters.

0Oil system drains,
Propeller feathering system.

COOLING SYSTEM

General.

Cooling tests.

Climtb cooling test procedura.

Take-off cooling test procedure.

Cooling test procedure for flying boat
operation.

Liquid cooling systems,

Coolant tank.

Coolant system Installation.

4b.450
4hb 451
4b.452
4h.4563
4b.454

4h 455
4h.466
4b.457

INDUCTION AND EXHAUST SYSTEMS

4b.460 General.

4b.461 Induction system de-icing and anti-
iclng provisions,

Carburetor air preheater design.

Induction system ducts.

Induction systemn screens.

Carburetor air eooling.

Inter-coolers and after-coolers,

Exhaust system and installation
components.

POWERPLANT CONTROLS AND ACCESSORIES

4b.470 Powerplant controls; general.

4b.471 Throttle and A. D. 1. system conirols,
4b.472 Ignition switches.

4h.473 Mixture contrals,

4b.474 Propeller controls.

4b.475 Fuel system controls.

4b476 Carburetor alr preheat controls.
4b.478a Supercharger controls.

4h.477 Powerplant accessorles.

4b.478 Engine igniticn systems.

POWERFLANT ¥FIRE PROTECTION

Designated fire zones,

PFlammable flulds.

Shut-of means.

Lines and Attings.

Fire extingulsher systems.

Fire detector systemas.

Fire walls.

Cowling and nacelle skin,

Engine accessory section dlaphragm.,

Drainage and ventilatlon of fire
7ZOnes,

Protection of other sirplane com-
ponents against fire,

4h.482
4h.463
4h.464
4b 465
db 460
4h.467

4b.480
4b.481
4h.483
45,483
4hb.484
4b.435
4b.486
4h,487
4b.438
4b.489

4b.490

Sec.
4b.500
4b.601

4bh.602
4h.603
4b.604
4b 605
4b.606

4h 619
4h.611

4b,612
4b.613

Subpurt F—Equipment
GENERAL

scope.

Functional and Installational re-
quirements.

Required basic equipment.

Flight and navigational instruments.

Powerplant instruments,

Miscellaneous equipment.

Equlpment, systems, and Iinstalla=
tions.

INSTRUMENTS; INSTALLATION

General.

Arrangement and visibility of instru-
ment installations.

Flight and navigational instruments.

Powerplant instruments.

ELECTRICAL SYSTEMS AND EQUIFMENT

4h.620
4b.621
4b.622
4b.623
4h.624
41h.625

4b.626
4h.627

4b.630
4b.631
4b.632
4b,633
4b.63¢

4b.635
4b.636
4b.637

4b.640
4h.641
4b.642
4bh.643
4b.644
4b.645
4b.646

4b.850
4b.851
4b.652
4b.653
4h.654
4b.855
4b.658

General.

Electrical system capaclty.

Generating system.

Distribution system.

Electrical protection.

Electrical equipment and installa~
tion.

Electrical system fire and smoke pro-
tection.

Electrical system tests and analyses.

LIGHTS

Instrument lights,

Landing lighta.

Position lght system installation.

Position light system dihedral angles.

Position light distribution and (n-
tenslties.

Fosition light color specifications.

Riding light.

Anti-coliision light.

SAFETY EQUIPMENT

Ice protection.

Hangd fire extlnguishers,

Flare Installation.

Safety belts.

Safety belt slgnal,

Ditchlng equipment.

Stowage of safety eguipment,

MISCELLANEOUS EQUIPMENT

Radlo and electronic equipment.
Oxygen equipment and supply,
Engine-driven accessories.
Hydraulle systems; strength,
Hydraulic systems; deslgn.
Hydraullc system fire protection,
Vacuum systems.

Subpart 5—Operating Limliations and

4h.700

4h.710
4b.711
4h.712
4h.713
4b.714
4h. 7156
4b.716
4b.717
4b.718
4b.719

4b.720
4b.721
4h.732
4b.723

4h.780
4h.731
4h.732
4b.733
4b.734
4b.735

Information

GENTRAL
Bcobe.

OPERATING LIMITATIONS

Alr-speed limitations; general.

Never-exceed speed V.

Normal operating limit speed Vy,.

Maneuvering speed.

Flap extended speed V,,.

Landing gear operating speed ¥,,.

Landing gear extended speed V ,.

Minimum control speed V,,.

Powerplant limitationa.

Alrplane welght, center of gravity,
and welight distribution limitg-
tions.

Minimum fAight crew,

Types of operation.

Maximum operating altitude,

Maneuvering flight load factors.

MARKINGS AND PLACARDS

General.

Instrument markings; general.
Afr-gpeed Indicator.

Magnetic direction indicator.
Powerplant Instruments; general,
Oll guantity indicators.
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See.

4b.738
41,737
45,738

Purel quantity indicator.

Control markings; general,

Miscellaneous markings and
ards.

ATRPLANE FLIGHT MANUAL
General,
Operating llmitations.
Operating procedures,
Performance information.
ATRPLANE IDENTIFICATION DATA

4b.750 Identification plate,
4b.761 Identificatlon marks,

AUTHORTTT; 8§ 4.0 to 4b.751 issued under
sec, 205, 52 Stat. 084, as amended; 49 U. 5. C.
425. Interpret or apply secs. 601, 603, 52
Stat. 1007, as amended, 1009, as amended;
49 U. S. C. b51, 653.

SUBPART A—GENERAL
APPLICABILITY AND DEFINITIONS

§ 4b.0 Applicability of this parl. This
part establishes standards with which
compliance shall be demonstrated for the
issuance of a type certificate for trans-
port eategory airplanes. This part, until
superseded or rescinded, shall apply to all
transport category airplanes for which
applications for type certification in the
transport category are made after the
effective date of this part (November 9,
1945,

8 4b.1 Definitions. As used in this
part terms are defined as follows:

(a) Administration—(1) Adminisira-
tor. The Administrator is the Adminis-
trator of Civil Aercnautics.

(2) Applicant. An applicant is a per-
son or persons applying for approval of
an airplane or any part thereof.

(3) Approved. Approved, when used
alone or &s modifying terms such as
meens, devices, specifications, ete., shall
mean approved by the Administrator.
(See § 4b.18)

(h) General design—(1) Standard at-
mosphere, The standard atmosphere i3
&n atmosphere defined as follows:

(i) The air is a dry, perfect gas,

(i) The temperature at sea level Is
59° P,

(iii) The pressure at sea level 1z 29.92
inches Hg,

(iv) The temperature gradient Trom
sea level to thealtitude at which the tem-~
perature equals —6%7° F. iz —0.003566°
F./ft. and zero thereabove,

(v) The density p. at sea level under
the ahove conditions is 0.002378 pounds
sec.’/tt."

(2) Maximum anticipated air tem-
perature. The maximum anticipated air
temperature is a temperature specified
for the purpose of compliance with the
powerplant cooling standards. (See
§ 4b.451 (b))

(3) Airplane configuration. Airplane
configuration is a term referring to the
position of the various elements affect—
ing the aerodynamic characteristics of
the airplane (e, g., wing flaps, landing
gear).

4y Aerodynamic coefficients. Aero-
dynamic coefficients are nondimensional
coeflicients for forces and moments.
They correspond with those adopted by
the U. S. National Advisory Committee
for Aeronautics.

(5) Criticgl engine(s), The -critical
engine is that engine(s) the failure of
which gives the most adverse effect on

plac-

4h.740
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the airplane flight characteristics rsla=
tive to the case under consideration.

(8) Critical-engine-failure speed.
The critical-engine-failure speed is the
airplane speed used in the determination
of the take-off at which the critical
engine is assumed to fail. (See § 4b.114.)

(¢} Weights—(1) Maximum weight.
The maximum weight of the airplane is
that maximum at which compliance
with the requirements of this part is
demonstrated. (See § 4b.101 (a).)

(2) Minimum weight. The minimum
weight of the airplane is that minimum
at which compliance with the require-
ments of this part {s demonstrated. (See
§ 4b.101 (¢} )

(3) Emptyweight. Theempty weight
of the airplane is a readily reproducible
weight which is used in the determing-
tion of the operating weights. (See
§ 4b.104.)

(4) Design maximum welght. The
deslgn maximum weight is the maximum
weight of the airplane used in structural
design for flight load conditions. (See
§ 4b.210.)

(5) Design minimum weight. The de-
sien minimum welght is the minimum
welght of the airplane at which com-
pliance 1s shown with the structural
loading condltions, (See § 40.210.)

(8) Design take-off weight. The de-
slgn take-off welght is the maximum
airplane weight used in structural design
for taxying condiiions, and for landing
econditions at a reduced weloclty of
descent. (See § 4b.210.)

(T) DPesign landing weighi. The de-
sign landing welght is the maximum ajr-
plane weight used in structural design
for landing conditions at the maximum
velocity of descent. (See §4b.230 (b).)

(8) Design unit weight. The design
unit weight I3 & representative weight
used to show compliance with the struc-
tural design reguirements.

{i) Gaascline § pounds per U. S. gallon.

(11> Lubricating oil 7.5 pounds per
U. B. gallon.

(4i) Crew and passengers 170 pounds
per person.

(d) Speeds—(1)} TAS: Indicated air
speed is equal to the pitot static air-
speed indicator reading as installed in
the airplane without correction for ajr-
speed indicator system errors but includ-
ing the sea level standard adiabatic
compressible flow correction. (This lat-
ter correction is included in the calibra-
tion of the air-speed Instrument dials.)
(Bee §§ 4b.612 (n) and 4b.710.)

(3} CAS: Calibrated afr speed Is
equal to the air-speed indicator reading
corrected for position and instrunient
error. (As a resu't of the sea lavel
adiabatic compressible flow correction to
the air-speed instrument dial, CAS is
equal to the true air speed TAS in stand-
ard atmosphere at sea level.)

(3) EAB: EBquivalent air speed Is
equal to the air-speed indicator reading
corrected for position error, instrument
error, and for adiabatic compressible
flow for the particular altitude. (EAS
is equal to CAS at sea level in standard
atmosphere.)

{4) TAS: True air speed of the alr-
plane relative to undisturbed alr,
(TAS=EAS (p,/p)1}

¢5) V,: The design maneuvering
speed. (See § 4b.210 (by (2))

(6) Vy' The design speed for maxi-
gl)l!?. gust Intensity. (See §4b.210 (b)

(7} Vo' The design cruising speed.
(See § 4b.210 () D))

(8) Vp: The design diving speed.
(See § 4b,210 (b) (5).)

(8) Ve The demonstrated flight
diving speed. (See § 4b.190.)

(10) Vp: The design flap speed for
flight leading conditions with wing flaps
in the landing position. (See § 4b.210
(b) (1).)

(11) Vpz: The flap extended speed is
a maximum speed with wing flaps in
a prescribed extended position., (See
§ 4b.714)

(12} Vpp® The landing gear extended
speed Is the maximum speed at which
the airplane can be flown safely with the
Jlanding gear extended. (See § 4b.716.)

(13) Vi, The landing gear operating
speed 1s a maximum speed at which the
landing gear can be raised or lowered
safely. (See § 4b.715)

(14) Vo' The minimum contrel
speed with the critical engine inopera-
tive. (See §4b.133.)

(18) Vyp: The never-exceed speed.
(Bee § 40b.711)

(16} Vy,: The normal operating limit
speed, {(See §4b.T712.)

(1T) Vit The stalling speed or the
minimum steady flight speed with wing
flaps in the Ianding position. {(See
§§ 4b.112 (a) and 4b.160.}

(18} V4@ The stalling speed or the
minimum steady flight speed obtained in
a specified conflguration, (See § 4b.112
(h}).}

(19) V,: The eritical-engine-failure
speed. (See § 4b.114.)

(20) V,: The take-off safety speed.
(See § 4b.114 (b))

(e} Structurgl--(1) ELimit load. A
\imit load is the msaXimum load antici-
pated in normal conditions of operation.
(See § 4b.200,}

(2) Ultimate Ioad. An ultimate load
is a limtt load multiplied by the appro-
priate factor of safety., (See § 4h.200.)

(3) Factor of safety. 'The factor of
safety is a design factor used to provide
for the possibility of 1cads greater than
those anticipated in normel conditions
of operation and for uncertainties in
design. (See § 40200 (a)))

(4) Load jactor. The load factor Is
the ratio of a specified load to the votal
welght of the airplane; the specified load
may be expressed in terms of any of the
following: aerodynamic forces, inertia
forces, or ground or water reactions.

(5) Limit load factor. The limit load
Iactor is the load factor corresponding
with limit loads.

{6) Ultimate load factor. The ulti-
mate load factor is the load factor corre-
sponding with ultimate loads.

(‘1) Checked pitching maneuver. A
checked pitching maneuver is one in
which the pitching control is suddenly
displaced in one direction and then sud-
denly moved in the opposite direction,
the deflections and timing being such as
to avoid exceeding the limit maneuvering
load factor,

8) Design wing arex. The design
wing area is the area enclosed by the
wing outline (including wing flaps in the
retracted position and ailerons, but ex-
cluding fillets or fairings) on a surface
containing the wing chords. The outlinne
is assumed to be extended through the
nacelles and fuselage to the plane of
symmetry in any reasonable manner.

(9} Balgncing tail load. A balancing
tail load 15 that load necessary to place
the s&irplane in equilibrium with zero
pitch acceleration.

(10} Fitting. A fitting is a part or
terminal used to join cne structural
member to another. (See § 4b.307 (¢).)

() Power installation*—(1) Brake
horsepower., Brake horsepower is the
power dellvered at the propeller shaft of
the engine.

(2) Take-off power. Take-off power
is the brake horsepower developed under
standard sea level conditions, under the
maximum condifions of crankshaft rota-
tional speed and engine meanifold pres-
sure approved for use in the normal
take-off, and limited {n use to a maxi-
mum continuous period as indicated in
the approved engine specification.

(3) Maximum continuous power,
Maximum continuous power is the brake
horsepower developed fn standard at-
mosphere at a specified altitude under
the maximum conditions of crankshatt
rotational speed and engine manifold
pressure approved for use quring periods
of unrestricted duration.

4) Manifold pressure. Manifold
pressure is the absclute pressure meas-
ured at the appropriate point in the in-
duction system, usually in inches of
mercury,

(5} Critical alfifude. The critical
altitude Is the maximum altitude at
which {n standard atmosphere it is pos-
sible to maintain, at a specified rota-
tional speed, a specified power or a speci-
fied manifold pressure. Unless otherwise
stated, the critical altitude is the maxi-
mum altitude at which it is possible to
maintain, at the maximum continuous
rotational speed, one of the following:

(i) The maximum continuous power,
in the case of engines for which this
power rating is the same at sea level
and at the rated altitude,

(i) The maxXimum continuous rated
manifold pressure, in the case of engines
the maximum continuous power of
which is governed by a constant manifeld
pressure,

(6} Pitch setting. Pitch setting is the
propeller blade setting determined by
the blade angle measured in a manner,
and at a radius, specified in the in-
struction manual for the propeller.

{7) Feathered pitch. Feathered pitch
is the pitch setting which in flight, with
the engines stopped, gives approximate-
ly the minimum drag and corresponds
with a windmilling torque of approxi-
mately zero.

(8) Reverse pitch. Reverse pitch is
the propeller pitch setting for any blade

1 For engine alrworthiness requiremments gea
Part 13 of this subchapter; for propeller alr-
worthiness requirements aee Part 14 of this
subchapter,



angle used beyond zero pitch (e. 2., the
negative angle used for reverse thrust),

(g) Fire proiection—(1) Fireproof.
PFireproof material means a material
which will withstand heat at least as
well as steel in dimensions appropriate
for the purpose for which it is to be used.
When applied to material and parts used
to confine fires in designated fire Zones,
fireproof means that the material or part
will perform: this function under the
most severe conditions of fire and dura-
tion likely to occur in such zones.

(2) Fire-resistant. When applied to
sheet ot structural members, fire-resist-
ant material means s material which
will withstand heat at least as well as
aluminum alloy in dimensions appro-
priate for the purpose for which it is to
be used. When applied to fiuld-carrying
lines, other Nammable fluid system com-
ponents, wiring, air ducts, fittings, and
powerplant controls, this term refers to
& line and fitting assembly, component,
wiring or duct, or controls which will
perform the intended functions under
the heat and other conditions likely to
oceur at the particular location.

{3) Flame-resistant. Flame-resistant
material means material which will not
support combustion to the peoint of
propagating, beyond safe limits, a flame
after the removal of the ignition source.

(4) Flash-resistant, Flash-resistant
material means materlal which will not
burn violently when ignited.

(5) Flammable. Flammable pertains
to those fiuids or gases which will ignite
readily or explode.

(hy Miscellaneous—(1) Supplemental
breathing  equipment. Supplemental
breathing equipment is equipment de-
signed to supply the supplementary oxy-
gen requited to protect against anoxia
at altitudes where the partisl pressure
of oxygen in ambient air is reduced.
(See § 4b.651,)

(2) Prolective brealhing egquipment.
Protective breathing equipment is equip-
ment deslgned to prevent the breathing
of noxious gases which might be present
as contaminants in the air within the
airplane in emergency situations. (See
§ 41,651

CERTIFICATION

§ 4b.10 Eligibility for type certificates.
An airplane shall be eligible for type
certification under the provisions of this
part if it complies with the airworthi-
ness provisions established by this part
or if the Administrator finds that the
provision or provisions not complied with
are compensated for by factors which
provide an equivalent level of safety:
Provided, That the Administrator finds
no feature or characteristic of the air-
plane which renders it unsafe for the
transport category.

§db.11 Designation of applicable
regulations. (a) The provisions of this
part, together with all amendments
thereto effective on the date of applica~
tion for type certificate, shall be con-
sidered as incorporated in the type cer-
tificate as though set forth in full.

(b) Except as otherwise provided by
the Board, or pursuant to § 1.24 of this
subchapter by the Administrator, any
change to the type design may be ac-

complished, at the option of the holder
of the type certificate, either in accord-
ance with the provisions incorporated
by reference in the certificate pursuant
to paragraph (a) of this section, or in
accordance with the provisions in effect
?ﬁ; the time the application for change is
ed,

(¢) The Administrator, upon approval
of & change to a type design, shall desig-
nate and keep a record of the provisions
of the regulations in this subchapter with
which compliance was demonstrated.

§ 4b.12 Amendment of part. Unless
otherwise established by the Board, an
ainendment of this part shall be effective
with respect to airplanes for which ap-
plications for type certificates are filed
after the effective date of the amend-
ment.

§ 4b.13 Type certificate. (a) An ap-
plicant shall be issued a type certificate
when he demonstrates the eligibility of
the airplane by complying with the re-
quirements of this part in addition to
the applicable requirements in Part 1 of
this subchapter.

(b) The type certificate shall e
deemed to Include the type design (see
§$4b.14 (b)), the operating limitations
for the airplane (see § 4b.700), and any
other conditions or Iimitations pre-
scribed by the regulations in this sub-
chapter. (See also § 4h.11 (a}.)

§ 4b.14 Dala required. (a) The ap-
plicant for a type certificate shall submit
to the Administrator such descriptive
data, test reports, and computations as
are necessary to demonstrate that the
airplane complies with the requirements
of this part.

(b) The descriptive data required in
paragraph (a) of this section shall be
known as the type design and shall con-
sist of such drawings and specifications
as are necessary to disclose the configu-
ration of the airplane and all the design
features covered in the requirements of
this part, such information on dimen-
sions, materials, and processes as is nec-
essary to deflne the structural strength
of the airplane, and such other data as
are necessary to permit by comparison
the determination of the airworthiness of
subsequent airplanes of the same type,

§ 4b.15 Imspections and tests. In-
spections and tests shall include all those
found necessary by the Administrator to
insure that the airplane complies with
the applicable airworthiness require-
ments and conforms to the following:

(a) AN materials and products are in
accordance with the specifications in the
type design,

(b) All parts of the airplane are con-
structed in accordance with the drawings
in the type design,

(¢) All manufacturing processes, con-
struction, and assembly are as specified
in the {ype design.

§4b.16 Flight tests. After proof of
compliance with the structural require-
ments contained in this part, and upen
completion of all necessary inspections
and festing on the ground, and proof of
the conformity of the airplane with the
type design, and upen receipt from the
applicant of a report of flight tests per-
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formed by him, the following shall be
conducted:

(a) Such official flight tests as the Ad-
ministrator finds necessary to determine
compliznce with the requirements of this
part.

(b) After the conclusion of flight tests
specified in paragraph (a) of this section,
such additional flight tests as the Ad-
ministrator finds necessary to ascertain
whether there is reasonable assurance
that the airplane, its components, and
equipment are reliable and funciion
properly. The extent of such additional
flight tests shall deperd upon the com-
plexity of the airplane, the number and
nature of new design features, and the
record of previous tests and experience
for the particular airplane type, its com-«
ponents, and equipment, II praecticable,
these flight tests shall be conducted on
the same airplane used in the flight tests
specified in paragraph (a) of this section,

§4b.17 Adirworthiness, experimental,
and production certificates. (For re-
quirements with regard to these certifi-
cates see Part 1 of this subchapter.)

§ 4b.18 Approval of malerials, parts,
processes, and appliances. (a) Mate-
rials, parts, processes, and appliances
shall be approved upen & basis and in a
manner found necessary by the Admin-
istrator to implement the pertinent pro-
visions of the regulations in this sub-
chapter. The Administrator may adopt
and publish such specifications as he
finds necessary to administer this regu-
lation, and shall incorporate therein
such portions of the aviation industry,
Federal, and military specifications re-
specting such materials, parts, processes,
and sppliances as he finds appropriate,

Nore: The provislons ot this paragraph 8re
intended to allow approval of materials,
parts, processes, and appliances under the
system of Technieal Standard Orders, or in
conjunction with type certification proce-
dures for an sirplane, or hy any other form
of approval by the Administrator.

(h) Any mnaterial, part, process, or ap-
pHance shall he deemed to have met the
requirements for approval when it meets
the pertinent specifications adopted by
the Administrator, and the manufac-
turer so certifies in 8 manner preseribed
by the Administrator.

§4b.18 Changes in type design. (For
requiremrents with regard to changes in
type design see Part 1 of this sub-
chapter.)

SUBPART B—FLIGHT

GENERAL

§4b.100 Proof of compliance. (a)
Compliance with the requirements pre-
scribed in this subpart shsall be estab-
lished by flizht or other tests conducted
upon an airplane of the type for which a
certificate of airworthiness 13 sought or
by calculations based on such tests, pro-
vided that the results obtained by caleu-
lations are equivalent in accuracy to the
results of direct testing.

(b) Compliance with each require-
ment shall be established at all appropri-
ate combinations of airplane weight and
center of gravity position within the
range of loading conditions for which
certification is sought by systematic



Investigation of all these combinations,
except where compliance can be inferred
reasonably from those combinations
which are investigated.

(¢c) The controllability, stability, trim,
and stalling characteristics of the air-
plane shall be established at all altitudes
up to the maximum anticipated operat-
ing altitude,

{d) The applicant shall provide a
person holding an appropriate pilot
certificate fo make the flight tests, but
a designated representative of the Ad-
ministrator shall pilot the airplane when
it {5 found necessary for the determina-
tion of compliance with the girworthi-
ness requirements.

(e} Official type tests shall be discon-
tinued until corrective measures have
been taken by the applicant when either:

(1) The applicant’s test pilot is un-
able or unwilling to conduct any of the
required flight tests, or

(2) It 15 found that requirements
which have not been met are so substan-
tial as to render additional test data
meaningless or are of such a nature as to
make further testing unduly hazardous.

(f) Adequate provision shall be made
for emergency egress and for the use of
parachutes by members of the crew
during the flight tests.

(g} The applicant shall submit to the
Administrator's representative a report
covering all computations and tests re~
quired in connection with calibration of
instroments used for test purposes and
correction of test results to standard at-
maspherie conditions, The Administra-
tor’'s representative shall conduct any
flight tests which he finds necessary to
check the calibration and correction
report.

$4b.101 Weight limitations, 'The
maximum and minimum weights at
which the airplane wiil be suitable for
operation shall be established as follows:

(a) Maximum weights shall not ex-
ceed any of the following:

(1) The welght selected by the appli-
cant;

(2) The design weight for which the
structure has been proven;

(3) The maximum weight at which
compliance with all of the applicable
flight requirements has been demon-
strated.

(b) It shall be acceptable to establish
maximum weights for each aftitude and
far each practicably separable operating
¢ondition (e. g., take-off, en route,
landing).

(c) Minimum weights shall not be less
than any of the following:

{1) The minimum weight selected by
the applicant;

(2} The design minimum welght for
which the structure has been proven;

(3) The minimum weight at which
compliance with all of the applicable
flight requirements has been demon-
strated.

§ 4b. 102 Center of gravity limila-
tions. Center of gravity limits shall be
established as the most forward position
permissible and the most aft position
permissible for each practicably separa-
ble operating condition in accordance
with § 4b.101 {b), Limits of the center

of gravity range shall not exceed any of
the following:

(a) The extremes selected by the ap-
plicant;

(b) The extremes for which the struc-
ture has been proven;

(¢) The extremes at which compll-
ance with all of the appticable flight re-
guirements has heen demonstrated.

§ 4b.103 Additional ILmifations on
weight distribution. If a weight and
center of gravity combination is permis-
sible only within certain load distribu-
tion limits (e. g., spanwise} which could
he exceeded inadvertently, such limits
shall be established together with the
corresponding weight and center of
gravity combinations, and shall not ex~
ceed any of the following:

{a)} The limits selected by the appli-
cant;

(b) The limits for which the structure
has been proven;

{c) The limits for which complance
with all the applicable flight require-
ments has been demonstrated,

§4b.104 Empty weight. (a) The
empty . welght and the corresponding
center of gravity position shall be de-
termined by weighing the airplane. This
weight shall exclude the weight of the
crew and payload, but shall include the
weight of all fixed ballast, unusable fiel
supply (see §4b.416), undrainable oil,
total quantity of engine coolant, and
total quantity of hydraulic fluid.

(b) The condition of the airplane at
the time of weighing shall be one which
can be easily repeated and easily de-
fined, particularly as regards the con=-
tents of the fuel, oil, and coolant tanks,
and the items of equipment installed.

§ 4b.105 Use of ballast. It shall be ac-
ceptable to use removable ballast to en-
able the airplane to comply with the
flight requirements. (See §§ 4b.738 and
4h.741 ().}

PERFORMANCE

§4b.110 Genergl. {(a) With respect
to all airplanes type certificated on or
after February 12, 1951, the performance
prescribed in this subpart shall be deter-
mined, and compliance shall be shown,
for standard atmospheric conditions and
still air, except that the performance as
affected by engine power, instead of being
based on dry air, shall be based on 80
percent relative humidity.

(b) Each set of performance data re-
quired for a particular fiight condition
shall be determined with the powerplant
accessories gbsorhing the normal amount
of power appropriate to that flight con-
dition, (Sce also § 4b.117)

§4b,111 Wing fap positions. (@2
The wing flap positions denoted respec-
tively as the take-off, en route, approach,
and landing positions shall be setected
by the applicant. (See also § 4b.323.)

(b} If shall he acceptable to make the
flap positions variable with welght and
aititude.

§ 4b.112 Stalling speeds. (a) The
speed, Vi, shall denote the calibrated
stalling speed, or the minimum steady
flicht speed at which the airplane is con-
trollable, in miles per hour, with:
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(1) Englnes idling, throttles closed (or
not more than sufllcient power for Zero
thrust at & speed not greater than 110
percent of the stalling speed);

(2) Propeller pitch controls In the
position normally used for take-off;

(3) Landing gear extended;

(4) Wing flaps in the landing posi-
tion;

(5) Cowl flaps closed;

(6) Center of gravity in the most un-
favorable position within the allowable
Ianding range;

(1) The weight of the airplane equal
to the weight in connection with which
Vs, Is being used as a factor to determine
a required performance.

(b) The speed, V., shall denote the
calibrated stalling speed, or the minimum
steady flight speed at which: the airplane
is controllable, in miles per hour, with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust at a speed not greater than 110
percent of the stalling speed) ;

(2) Propeller pitch controls in the
position normally used for take-off, the
airplane in all other respects (flaps,
landing gear, ete.) in the partienlar con-
dition existing In the particular test in
connection with which Vs, is heing used;

(3> The weight of the airplane equal
to the weight In connection with which
Vs, is being used as a factor to deter-
mine a required performance.

(¢) Stalling speeds shall be deter-
mined by flight tests using the procedures
outlined in § 4b.160.

§4b.113 Take-off; general. (a) The
take-off data in §% 4b.114 to 4b.116, in-
clusive, shall be determined under the
following conditions:

(1) At all weights and altitudes se-
lected by the applicant;

(2) With a constant take-off Aap posi-
tion for the particular weight and alti-
tude;

(3) With the operating engines not
exceeding their approved limitations at
the particular altitude.

() All take-off data, when corrected,
shall assume a level take-off surface, and
shall be determined on a smooth, dry,
hard-sutfaced runway, in such a manner
that reproduction of the performance
does not require exceptional skill or
alertness on the part of the pilot. (For
temperature accountability data ses
§ 4h.117. For wind and runway gradient
corrections see appropriate operating
rules of this subchapter.)

§ 4b 114 Take-off speeds. (a) The
critical-engine-failure speed V,, in terms
of calibrated air speed, shall be selected
by the applicant, but it shall not be less
than the minimum speed at which the
controllability is demonstrated during
the take-off run io be adequate to permit
proceeding safely with the take-off, using
normal piloting skill, when the critical
engine is suddenly made inoperative,

(b) The minimum take-off safety
speed V,, In terms of calibrated air speed,
shall be selected by the applicant so as
to permit the rate of climb required in
§ 4b.120 (a) and (W), but it shall not be
less than;



(1) 1.20 Vs, for two-engine airplanes,

(2} 1.15 Vs, for airplanes having more
than two engines,

(3) 110 times the minimum control
speed V,, established under § 4b.133.

(¢) I engine failure is assumed to
oceur at or after the atfainment of V,,
the demonstration in which the take-off
run is continued to include the take-off
climb, as provided in paragraph (@) of
this section, shall not be required.

§4b.115 Accelerate-stop distance. (a)
The accelerate-stop distance shall be the
sum of the following:

(1) The distance required to acceler=
ate the alrplane from a standing start
to the speed V,,

(2) Assuming the critical engine to
fail at the speed V,, the distance required
to bring the airplane to a full stop from
the point corresponding with the speed

Y.

1(b) In addition to, or in Ueu of, wheel
brakes, the use of other braking means
shall be acceptable in determining the
accelerate-stop distance, provided that
such braking menns shall have been
proven to be safe and reliable, that the
manner of their employment is such that
consistent results can be expected under
normal conditions of operation, and that
exceptional skill is not required to con-
trol the airplane.

{(c) The landing gear shall remgin ex-
tended throughout the accelerate-stop
distance.

§ 4b.116 Take-off path. The take-off
path shall be considered to consist of the
following five consecutive elements:

(a) The distance required to acceler-
ate the airplane to the speed V,, assum-
ing the critical engine to fail at the
speed V.

(b) The horizontal distance traversed
and the height attained by the airpiane
in the time required to retract the land-
Ing gear when operating at the speed
v, with:

(1> The critical engine inoperative, its
propeller:

1) Windmilling with the probeller
control in a position normally used dur-
ing take-off until (if applicable) its ro-
tation has been stobped (see paragraph
{¢c) (1) of this section?,

(i1) If applicable, stopped for the re-
mainder of the gear retraction time,

{(2) The landing gear extended.

(c) If applicable, the horizontal dis-
tance traversed and the height attained
by the airplane in the time elapsed from
the end of element (b) until the rota-
tlon of the inoperative propeller has been
stopped when:

(1) The operation of stopping the pro-
peller is inftiated not earlier than the
instant the airplane has attained a total
height of 50 feet above the take-off
surface,

(2) The alrplane speed Js equal te V,,

(3) The landing gear s retracted,

{4) The {noperative propeller is wind-
milting with the propeller control in a
position normally used during take-off.

{(d) The horizontal distance traversed
and the height attained by the zirplane
In the time elapsed from the end of ele-
ment (¢) until the time limit on the use

of take-off power is reached, while op-
erating at the speed Vi, with:

(1) The inoperative propeller stopped,

(2) The landing gear retracted.

(e) The slope of the flight path fol-
Iowed by the airplane in the configura-
tion of element (d), but drawing not
more than maximum eontinuous power
on the operating engine(s}.

§ 4b.117 Temperature accountability.
Operating correction factors for take-off
weight and take-off distance shall be de-
termined to account for temperatures
above and below standard, and when ap-
proved by the Administrator they shall
be included in the Airplane Flight Man-
ual, These factors shall be obtained as
follows:

(a) For any specific alrplane type, the
average full temperafure accountability
shall be computed for the range of
weights of the mirpiane, altitudes ahove
sea level, and ambient temperatures re-
quired by the expected operating con-
ditions, Account shall be taken of the
temperature effect on both the aerody-
namic characteristics of the airplane and
on the engine power, The full tempera-
ture accountability shall be expressed
per degree of temperature in terms of a
welght correction, a take-off distance cor-
rection, and a change, if any, in the
critical-engine-failure speed V,.

(b) The operating correction factors
for the airplane weight and take-off dis-
tance shall be at least one-half of the
full accountability values. The value of
¥V, shall be further corrected by the
average amount necessary to assure that
the airplane can stop within the runway
Iength at the ambient temperature, ex-
cent that the corrected value of V, shall
not be less than a minimum at which the
airplane can be controlled with the
¢ritical engine inoperative.

§ 4b.118 Climb,; general. Compliance
shall be shown with the climb require-
ments of §§ 4b.119 through 4b.121.

§4b.112 Climb; all engines operat-
ing—(a) Cruising conflguration. In the
cruising configuration the steady rate of
climb in feet per minufe st 5,000 feet
shall not be less than 8Vs, In addition
the steady rate of climb shall be deter-
mined at any altitude at which the air-
plane is expecied to operate and at any
weight within the range of weights to be
specified in the airworthiness certificate.
The cruising eonfiguration shall be with:

(1) Landing gear fully retracted,

(2) Wing flaps in the most favorahle
position,

(3) Cowlflaps {or other means of con.
trolling the engine cooling) in the posi-
tion which provides adequate cooling in
the hot-day condition,

{4) Center of gravity In the most un-
favorable position,

(5) All engines operating within the
maximupm continuous power limitations,

(6) Maximum take-off weight.

{b) Landing configuraiion. In the
landing configuration the steady rate of
climb in feet per minute shall not be less
than 0.07 Vs, at any altitude within the
range for which landing welght is to be
specifled in the certificate, with:

(1) Landing gear extended,
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(2) Wing flaps In the landing posi-
tlon (see §§ 4b, 111 and 4b, 323),

(3) Cowl flaps in the position nor-
maily used in an approach to a landing,

(4) Center of gravity in the most un-
favorable position permitted for landing,

(5) All engines operating at the take-
off power available at such altitude,

(6) The weight equal to maximum
landing weight for that altitude. .

§4b,12) QOne-engine-inoperative
climb—(a) Flaps in take-off positiot,;
landing gear extended. The steady rate
of climb without ground effect shall not
he less than 50 ft/min. at any altitude
within the range {for which take-off
w;aight is to be specified in the certificate,
with:

(1) Wing flaps in the take-off position
(see 8§ 4b.111 and 4b.323),

(2) Cowl flaps in the position nor-
mally used during take-off,

(3) Center of gravity in the most un-
favorable position permitted for take-off,

(4) The critical engine Inoperative,
its propeller windmilling with the pro-
peller control in a position normally used
during take-off,

{8) All other engines operating at the
take-off power available at such altitude,

(6) The speed equal t¢ the minimum
tgk?otr safety speed V, (see §4b.114

¥},

{7} The weight equal to maximum
fake-off weight for that altitude,

(8) Landing gear extended.

(b) Flaps in take-off position; landing
gear retracted. With the landing gear
retracted the steady rate of climb in feet
per minute shall not be less than
0.035 V,' with all other conditions as
described in paragraph (a) of this
section.

(Y Flaps in en roule posifion. The
steady rate of climb in feet per minute
at any altitude at which the airplane is
expected to operate, at any weight within
the range of weights 1o be specified in
the airworthiness certificate, shall be de~
termined and shall, at a standard alti-
tude of 5,000 feet and at the maximum
take-off weight, be at least

(0.06- _o.Toa_) V',
where N is the number of engines in-
stalled, with:

(1) The landing gear retracted,

(2) Wing flaps in the most favorable
position,

{3) Cowl flaps or other means of con-
trolling the engine cooling air supply in
the position which provides adequate
cooling in the hot-day condition,

{4) Center of gravity in the most un-
favorable position, N
(5) The critical engine inoperative, its

propeller stopped,

(§) All remaining engines operating
&t the mazximum continuous power avail-
able at the altitude.

(d) Fiaps in approach position. The
steady rate of climb in feet per minute
shall not be less than 0.0¢ V,,’ at any
altitude within the range for which land-
ing welght is to be specified in the cer-
tificate, with:

(1) The landing gear retracted,

(2} Wing flaps set in position such
that V. does not exceed 1.10 Vy,,



(3) Cowlflaps in the position normally
used during an approach to a landing,

(4) Center of gravity in the most un-
favorable position permitted for landing,

(5) The critical engine inoperative, its
propeller stopped,

(6) All remaining engines operating
at the iake-off power available at such
altitude,

(7) The weight equal to the maximum
landing weight for that altitude.

§ 4b.121 Two-engine-inoperative climb.
Por airplanes with four or more engines,
the steady rate of climb at any altitude
at which the airplane is expected to op-
erate, and at any weight within the range
of welghts to be specified in the Airplane
¥Flight Manual, shall be determined with:

(a) The landing gear retracted,

(b) Wing flaps in the most favorable
position,

(¢} Cowl flaps or other means of con-
trolling the engine cooling air supply in
the position which will provide adequate
cooling in the hot-day condition,

{(d) Center of gravity in the most
unfavorable position,

{e) The two critical engines on one
side of the airplane inoperative and their
propellers stopped,

(f) All remaining engines operating at
the maXimum continuous power avail-
able at that altitude.

£ 4b.122 Determination of the land-
ing distance; general. The horizontal
distance required to land and to come
to a complete stop (to a speed of approxi-
mately 3 m. p. h. for seaplanes or float
planes) from a point at a height of 50
feet above the landing surface shall be
determined for a range of weights and
altitudes selected by the applicant. In
making this determination the following
conditions shall apply:

(a) A steady gliding approach shall
have been maintained down to the 50-
foot altitude with a calibrated air speed
of not less than 1.3 Vs,

(b} The nose of the airplane shall not
be depressed, nor the forward thrust in-
creased by application of power after
reaching the 50-foot altituide,

{c) At all times during and immedi-
ately prior to the landing, the flaps shall
be in the landing position, eXcept that
after the airplane is on the landing sur-~
face and the calibrated air speed has
been reduced to not more than 0.9
Vi, the flap position may be changed.

(d) The landing shall be made in such
manner that there is ne excessive vertical
acceleration, no tendency to bounce, nose
aver, ground loop, porpoise, or water loop,
and in such manner that its reproduction
shall not require any eXceptional degree
of skill on the part, of the pilot, or excep-
tionally favorable conditions.

§4b.123 Landplanes. The landing
distance referred to in § 4.122 shall be
determined on a dry, hard-surfaced run-
way in accordance with the following:

(a) The operating pressures on the
braking system shall not be in excess of
those approved by the manufacturer of

. the brakes,

(b} The brakes shall not be used In
such manner as to produce excessive
wear of brakes or tires,

(c) Means other than wheel brakes
may be used in determining the landing
distance; Provided, That:

(1> Exceptionsl skill 15 not required to
control the airplane,

(2) The manner of their employment
Is such that consistent results couid he
expected under normal service, and

(3) They are regarded as reliable,

§ 4b.124 Seuplanes or float planes.
The landing distance referred to in
§ 4b.122 shall be determined on smooth
water.

§4b.125 Skiplanes. The landing dis-
tance referred to in § 4b.122 shall be de-
termined on smooth, dry snow.

CONTROLLABILITY

§ 45130 Conirollability; general. (a)
The airplane shall be safely controllable
and maneuverable during take-off, climb,
level flight, descent, and landing.

(by It shall be possible to make &
smooth fransition from one flight con-
dition to another, including turns and
slips, without requiring an exceptional
degree of skill, alertness, or strength on
the part of the pilot and without danger
of exceeding the limit load factor under
all conditions of operation probable for
the type, including those conditions
normally encountered in the event of
sudden failure of any engine.

§4b.131 Longitudinal control. {(a)
If shall be passible at all speeds between
14 Vs and V., to pitch the nose down-
ward so that a prompt recovery to a
speed equal te 1.4 ¥V, can be made with
the following combinations of configura-
tion:

(1) The airplane trimmed at 1.4 Vs,

(2) The landing gear extended,

(3) The wing flaps in a retracted, and
in an extended position,

(4) Power off, and maximum continu-
ous power on all engines,

{h) During each of the following con-
trollability demonstrations a change in
the trim control, or the exertion of more
eontrol force than ean be readily applied
with one hand for a short period, shall
not be required. Each maneuver shall
be performed with the landing gear
extended.

(1) With power off, flaps retracted,
and the airplane trimmed at 1.4 Vs,
the flaps shall be extended as rapidly
as possible while maintaining the air
speed approXimately 40 percent above
the stalling speed prevailing at any in-
stant throughout the maneuver,

(2) The maneuver of subparagraph
(1) of this paragraph shall be repeated,
except that it shall be started with flaps
extended and the airplane trimmed at
1.4 Vs, after which the flaps shall be
retracted as rapidly as possible.

(3) The maneuver of subparagraph
(2) of this paragraph shall be repeated,
except that take-off power shall be used.

(4) With power off, flaps retracted,
and the airpiane trimmed at 14 Vs,
take-off power shall be applied quickly
while maintaining the same air speed.

(5} The maneuver of subparagraph
¢4) of this paragraph shall be repeated,
except that the fiaps shall be extended.

(6) With power off, flaps extended,
and the airplane trimmed at 1.4 Vs, alr

speeds within the range of 1.1 V., to
1.7 Vs, or to Vgg, whichever of the two
is the lesser, shall he obtalned and
maintained.

{¢c) I$ shall be possible without the use
of exceptional piloting skill to prevent
loss of altitude when wing flap retraction
from any position is initiated during
steady straizht level flight at a speed
equal to 1.1 ¥y, with simultaneous appli-
cation of not more than maximum con-
tinuous power, with the landing gear ex-
tended, and with the alrplane weight
equal to the maximum sea level landing
weighf. (See also § 4b.323)

§4b.132 Directional and lateral con-
trol—(a) Directional control; general.
It shall be possible, while helding the
wings approximately level, to execute
reasonably sudden changes in heading
in either direction without encountering
dangerous characteristics. Heading
changes up to 15° shall be demonstrated,
except that the heading change at which
the rudder pedal force is 180 pounds
need not be exceeded. The control shall
be demonstrated at a speed equal to 1.4
Vs, under the following condifions:

(1) The ecritical engine inoperative
and ifts propeller in the minimum drag
position,

(2) Power required for level flight at
1.4 Vs, but not greater than maximum
continuous power,

(3> Most unfavorable center of grav-
ity position,

(4) Landing gear retracted,

(5) Wing flaps in the approach posi-
tion,

(6) Maximum landing weight.

(b) Directional control; four or more
engines, Alrplanes with four or more
engines shall comply with paragraph (a)
of this section, except that:

(1> The two critical engines shall be
{inoperative, thelr propellers in the mini-
mum drag position,

(2) The center of gravity shall be in
the most forward position,

(3) The wing flaps shall be In the most
favorable climb position.

(¢) Laferal control; general. It shall
be possible to execute 20° banked turns
with and against the inoperative engine
from steady flight at a speed equal to
1.4 V., with:

(1) The critical engine inoperative
and its propeller in the minimum drag
position,

(2) Maximum continuous power oiz
the operating engines, -

(3) Most unfavorable center of grav-
ity position,

{4) Landing gear retracted and ex-
tended,

(5) Wing flaps in the most favorable
climb position,

{6) Maximum take-off weight.

(d) Laleral control; jour or more en-
gines. Tt shall be possible to execute 20°
banked twrns with and against the inop-
erative engines from steady flight at @
speed equal to 1.4 V, with maximum
continuous power and with the airplane
in the confipuration prescribed by para~-
graph (B of this section.

§4b.133 Minimum conirol speed,
Vyo- (8) A minimum speed shall be



determined under fhe conditions speec-
tfled In this paragraph, so that when
the critical engine is suddenly made in-
operative at that speed it shall be pos-
sible to recaver control of the airplane,
with the engine still inoperative, and
maintain it in straight fight at that
speed, either with zero yaw or, at the
optioh of the applicant, with an angle
of bank not in excegs of 5°. Such speed
shall pot exceed 1.2 V., with:

(1) Take-off or maximum available
power on all engines,

{2) Rearmost center of gravity,

(3) Flaps in take-off position,

(4) Landing gear retracted,

(5) Cowl flaps in the position mnor«
mally used during take-off,

(6) Maximum sea level take-oft
weight, or such lesser weight as may be
necessary to demonstrate Vac,

{7} The airplane sfrimmed for take-off,

(8> The propeller of the inoperative
engine windmilling, exceph that a dif.
ferent position of the propeller shall be
acceptable if the specific design of the
propeller control makes it more logical to
assume the different position,

() The airplane airborne and the
ground effect negligible.

{(b)> In demonstrating the minbpum
speed of paragraph (a) of this section,
the rudder force required to maintain
contrel shal! not exceed 180 pounds, and
it shall not be necessary to throtile the
remaining engines,

(¢} During recovery of the maneuver
of paragraph (&) of this section the afr~
plane shall not assume any dangerous
attitude, nor shall it require exceptional
skill, strength, or alertuness oun the part
of the piilot to prevent a change of head-
ing in excess of 20° before recovery is
coraplete.

Note: Interpretation No. 1 {17 F. R. 2112,
Mar. 12, 1952), adopted by the Clvil Aero-
neutics Board, Mar, T, 1852, provides as
follows:

{1) The Board Inferprefs and construes
subparagraph (8} of § 4b.133 {(a} a8 requiring
ihe Administrator to accept for the purposes
of §45.133 a value for the One-éngine-in-
operative minimum control speed which has
been established In accordance with the
provisions of that section with the propelier
of the Inoperative engine feathered: Pro-
vided, That the airplane involved ia equipped
with gn automatic fenthering device accept-
able to ihe Administrator under § 4b.10 for
demonstrating compiisnce with the take-off
path and ¢limb requiteteat of §§ 4b.116 and
49,120 (a)} and {b}.

TRIM

340140 Genreral. The mesns used
for trimming the airplane shall be such
that after being trimmed and without
further pressure upon, or movement of,
either the primary control or its corre-
sponding trim control by the pilot or the
automatic pilot, the airplane shall com-
ply with the trim requirethents of
3§ 4b.141 through 40.144.

§ 4b.141 Laleral and directional trim,
The airplane shall maintain lateral and
directional trim under the most adverse
lateral displacement of the center of
gravity within the relevant operating
Iimitations, under all normally expected
conditions of operation, including opera-
tion at any speed from 1.4 Vi, to 80 per-
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cent of the maximum speed in level flight
obtained with maximum conlinugus
power,

$ 4b 142 Longitudinal frim. 'The alr-
plane shall malntain longitudinal trim
utrder the following conditions:

(&) During a cimb with maximum
continuous power at a speed not In ex-
cess of 1.4 V. with the landing gear
retracted and the wing Baps both re~
tracted and in the take-off position,

<b) During a glide with power off at
a speed not in eXcess of 1.4 Vs, with the
landing gear extended and the wing flaps
both retracted and extended, with the
forward center of gravity position ap-
proved for landing with the maxXimum
landing weight, and with the maost for-
ward center of gravily position approved
for landing regardless of weight,

(¢} During Ilevel flieht at any speed
from 1.4 Vi, to 90 percent of the maxi-
mum speed in leve] flight obtained with
maximum continuous power with the
landing gear and wing flaps retracted,
and from 1.4 Vs, to V;p with the land-
ing gear extended.

£ 4h.143 ZLongitydinal, directional,
and lateral trim. (&) The airplane shall
maintain longitudinal, directional, and
lateral trim &t.2 speed equal to 1.4 Vg
during climbing flight with the critieal
engine inoperative, with

(1} The remaining engine(s) operat-
ing at maximum eontinuous power,

{2) Landing gear retracted,

(3) Wing flaps retracted.

(b) In demonstrating compliance with
the lateral trim requirement of para-
graph (a) of this section, the angle of
bank of the sirplane shall not be in ex-
cess of 5 degrees,

§ 4b.144 Trim for anirplanes with four
or more engines, The alrplane shall
maintain trim in rectilinear flight at the
climb speed, eonfiguration, and power
used in establishing the rates of climb
in §4h121, with the most unfavorable
center of gravity position, and at the
weight at which the two-engine-inopera-
tive climb is equsl to at least 0,01 V,'
at an altitude of 5,000 leet.

STABILITY

$4b.150 Genergl. The airplane shall
be longitudinally, directionally, and lat-
erally stable In accordance with §§ 4b.151
through 4h.157. Sultable stabillty and
control “feel” (static stability) shall be
required in other conditions normally
encountered In service if flight tests show
such stability to be necessary for safe
operation.

$ 4b.151 Static longitudinal stability.
In the conditions outlined in §§ 4b.152
through 4b.155, the characteristics of the
elevator control forces and friction shall
¢comply with the following:

(a} A pull shall be required to obtain
and maintain speeds below the specified
trim speed, and a push shall be requirad
to obtain and maintain speeds ahove the
specified trim speed. This criterion shall
apply at any speed which can be obtained
without excessive control foree, except
that such speeds need not be greater than
the appropriate operating limit speed or

need not be less than the minimum speed
in steady unstalled flight.

(b) The air speed shall raturn to with-
in 10 percent of the original trim speed
when the control force is slowly released
from any speed within the limits defined
in paragraph (a) of this section,

(c) The stable slope of stick force
gurve versus speed shall be such that any
substantial change in speed is clearly
perceptible to the pilot through a resuli-
ing change in stick force,

$4b.152 Siagbility during landing.
The stick force curve shall have a stable
slope, and the stick force shall hot ex-
ceed 80 pounds at any speed between
11V, and 1.8 V., with:

(a) Wing flaps in the landing position,

(b} The landing gear extended,

{c) Maximuin landing weight,

{d) 'Throttles closed on all engines,

(e) The airplaneg trimmed at 1.4 Vs,
with throttles closed,

§4b.153 Siedillty during aepproach.
The stick force curve shall have & stable
slope at all speeds between 1.1 Vi, and
18 ¥, with:

{a) Wing faps In sea level approach
posttion,

{h) Landing gear retracted,

{c) Mgximum landing weight,

(d) The alrplane trimmed at 1.4 Vi,
and with power sgufficient to maintain
level ftight at this speed,

$4b.154 Stability during climb. The
stick force curve shall have & stable slope
at all speeds between 85 and 115 percent
of the speed at which the airplane is
trimmed with:

(a) Wing flaps retracted,

(b) Landing gear retracted,

(c) Maximum take-off weight,

(d) 75 percent of maximum continu-
ous power,

(e} The airplane trimmed at the best
rate-cf-climb speed, except that the
speed heed noi be less than 1.4 Vs,

§4b155 Stability during cruising-—
(8} Landing pear reiracted. Between
13 V. and Vyp the stick force curve
shall have a stable slope at all speeds ob-
tainable with & stick force not in exXcess
of 50 pounds with:

1) Wing flaps retracted,

(2) Maximum take-off welght,

(3) 75 percent of maximum continu-
ols power,

(4) The pirplane trimmed for level
Aight with 75 percent of the maximum
cohtinuous power,

(b) Lending gear extended. ‘The
stick force curve shall have & stable
sippe at all speeds between 1.3 ¥, and
the speed at which fthe alrplane is
trimmed, except that the range of speeds
need not exceed that obtainable with a
stick force of 50 pounds with:

(1> Wing flaps retracted,

{(2) Maximum iake-off weight,

(3) 75 percent maxirnum continuous
power, or the power for level flight ut
the landing gear extended speed, Vg,
whichever ig the lesser,

(1) The alrplane trimmed for level
flight with the power specified in sub-
paragraph (3) of this paragraph.




§ 4b.158 Dynamic longitudinal stg-
bility, Any short period oscillation
occurring between stalling speed and
maximum permissible speed appropriste
to the configuration of the airplane shall
be heavily damped with the primary
controls free and in a fixed position,

4 4b.157 Static directional and lateral
stability. (a) The static directional sta-
hility, as shown by the tendency to re-
cover from a skid with rudder free, shall
be positive with all landing gear and flap
prsitions and symmetrical power condi-
tions, at all speeds from 1.2 Vi, up to
the operating limit speed.

(b) The static lateral stability, as
shown by the tendency to raise the low
wing in a sideslip with the aileron con-
trols free and with all landing gear and
flap positions and symmetrical power
conditions, shall:

(1) Be positive at the operating limit
speed,

(2) Not be negative at a speed equal
to 1.2 Vs,,

(c) In straight steady sideslips {(unac-
celerated forward slips) the alleron and
rudder confrol movements and forces
shall be substantially proportional to the
angle of sidesllip, and the factor of
proportionality shall lie between limits
found necessary for safe operation
throughout the range of sideslip angles
appropriate to the operation of the alr-
plane. At greater angles up to that at
which the full rudder control is employed
or 8 rudder pedal force of 180 pounds is
obtained, the rudder pedal forces shall
not reversge, and increased rudder deflec~
tion shall produce increased angles of
sideslip. Sufficient bank shall accom-
pany sideslipping to indicate clearly any
departure from steady unyawed flight,
unless & yaw indicator 1s provided.

$ 4b.158 Dynamic directional and lat-
eral stability. Any short pericd oscilla-
tlon oceurring bhetween stalling speed
and maximum permissible speed appro-
priate to the configuration of the air-
plane shall be heavily damped with the
primary confrols free and in a fixed
vosition,

STALLING CHARACTERISTICS

§ 4b.160 Stalling; symmeirical power.
(a) Stalls shall be demonstrated with
the airplane in straight flight and in
banked turns at 30 degrees, both with
power off and with power on. In the
power-on conditions the power shall be
that necegsary to malintain level light at
a speed of 1.6 V., where V., corresponds
with the stalling speed with flaps in the
approach position, the landing gear re-
tracted, and maximum landing weight.

(b) The stall demonstration shall be
in the following configurations:

(1) Wing flaps and landing gear in
any likely combination of positions,

(2) Representative weights within the
range for which certification Is sought,

(3) The center of gravity in the maost
adverse position for recovery.

{¢) The stall demonstration shall be
conducted as follows: ]

(1) With trim controls adjusted for
stralght flicht at a speed of 1.4 Vs, the
speed shall be reduced by means of the
elevator control until it is steady at
slightly above stalling speed; after which

the elevator control shall be applied at &
rate such that the alrplane speed reduc-
tion does not exceed one mile per hour
ber second until the airplane is stalled
or, if the airplane iz not stalled, until
the control reaches the stop.

(2} The airplane shall be considered
stalled when, at an angle of attack meas-
urably greater than that of maximum
iift, the Inherent flight characteristics
give a clear indication to the pllet that
the airplane is stalled.

NotE: A nose-tiown pitch or a roll which
cannot be readily arrested are typleal indi-
catlons that the alrplane is stalied, Other
indications, such as marked loss of control
effectiveness, abrupt change in control force
or motlon, characteristic huffeting, or & dls-
tinctive vibration of the pllot's controls, may
be accapted If found lo a particyiar cage
1o he sufficiently clear.

(3) Recovery from the stall shall be
effected by normal recovery techniques,
starting as soon a3 the alrplane I3 stalled.

{d) During stall demonstration it
shall be possible to produce and to cor-
rect roll and yaw by unreversed use of
the ailleron and rudder controls up to
the moment the alrplane is stalled; there
shall oceur no abnormal nose-up pitch-
ing; and the longifudinal control force
si:;]il be positive up te and incluging the
stall.

(8) Instraight flight stalls the roll o¢-
curring between the stall and the com-
pletion of the recovery shall not exceed
approximately 20 degrees.

(f) In turning flight stalis the action
of the airplane following the stall shall
not be so violent or extreme as to make
it difficult with normal piloting skill to
effect a prompt recovery aad to regain
control of the airplane.

() Inboth the straight flight and the
turning fight stall demonstrations it
shall be possible promptly to prevent the
airplane from staliing and to recover
from the stall condition by normal use
of the controls,

§4b.161 Stelling; asymmetrical
power. {(a) 'The airplane shall be safely
recoverable without applying power to
the inoperative engine when stgalled with:

(1} 'The critical engine inoperative,

(3) Flaps and landing gear retracted,

(3) The remaining engines operating
up to 75 percent of maximum continuous
power, except thal the power need noi
be greater than that at which the wings
can be held level laterally with the use
of maximum control travel

() It shall be acceptable to throttle
back the operating engines during the
recovery from the stall.

§ 4h.162 Stall warning. Clear and
distinctive stall warning shall be appar-
ent to the pilot with suflicient margin
to prevent inadvertent stalling of the
afrplane with flaps and janding gear in
all pormally used positions, both in
stralght and in turning flight. it shall
be acceptable for the warning to be fur-
nished either through the inherent aero-
dynamic qualities of the airplane or by
a device which will give clearly distin-
guishable indications under all expected
congitions of flight.

Not®; A stall warning beginning at a speed
7 percent above the stalling speed is hormally
considetred sufficlent margin, Other marging
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may be acceptable depending upon the de-
gree of clarity, duration, and distinctiveness
of the warning and upon other characteris-
tics of the airplane evidenced during the
approach to the stall,

GROUND HANDLING CHARACTERISTICS

§4b.170 Longitudingl stability and
conirol. (a) There shall be no uncon-
trollable tendency for landplanes to nose
over in any reasonably expected operat-
ing condition or when rebound occurs
during landing or take-off.

(b} Wheel ©brakes shall operate
smoothly and shall exhibit no undue
tendency to induce nosing over.

(2) When =a tail-wheel landing gear is
used 1t shall be possible during the take-
off ground run on concrete to maintain
any attitude up to thrust line level at
80 percent of Ve,.

§ 4b.171 Directional stability and con-
trol, (a)} There shall be no uncontrol-
lable ground-loopfng tendency in 90°
cross winds of veloclty up to 0.2 Vi, at
any eround speed at which the airplane
is expected to operate.

{b} All landplenes shall he demonh-
strated to be satisfactorily controllable
with no exceptional degree of skill or
alertness on the part of the piloft In
power-off landings et normal landing
speed during which brakes or engine
power are not used to maintain a straight
path.

(c) Means shall be provided for di-
rectional control of the airplane during
taxying.

§ 4b.172 Shock absorption. The shock
absorbing mechanism shall not produce
demage to the structure when the air-
plane is taxied on the roughest ground
which it is reasonable to expect the air-
plane to encounter in normal operation.

§ 4b.173 Demonsirgted cross wind.
‘There shall be established a cross com-
ponent of wind velocity at which it has
been demonstrated ¢ be safe to take off
or land,

‘WATER HANDLING CEARACTERISTICSH

$ 4b.180 Water conditions. The most
adverse water conditions in which the
seaplane has been demonstrated to be
safe for take-off, taxying, and alighting
shall be established.

§ 4b.181 Wind conditions. The fol-
lowing wind velocitles shall be estab-
lished:

(a) A lateral component of wind ve-
locity not less than 0.2V;, at and below
which it has been demonsirated that the
seaplane s safe for taking off and alight-
ing under a1l water conditions in which
the seaplane is likely Lo be operated;

() A wind velocity at and below
which it has been demonstrated that the
seaplane is safe in taxying in all direc-
tlons, under all water conditions in
which the seaplane is likely to be
operated.

§ 4.182 Control and stability on the
water. (&) In taking off, taxying, and
alighting, the seaplane shall not exhibit
the following:

(1) Any dangerously uncontrollable
porpoising, bouncing, or swinging
tendency,;



¢2) Any submerging of suxiliary
floats or sponsons, any Iimmersion of
wing tips, propeller blades, or other
parts of the seaplane which are not de-
signed to withstand the resulting water
lpads;

{3) Any spray forming which would
impalr the pilot’s view, canse damage to
the seaplane, or result in ingress of an
undue quantity of water.

(h) Compliance with paragraph (a)
of this section shall be shown under the
following conditions:

(1) Al water conditions from smooth
to the most adverse condifion established
in accordance with § 4b.180;

(2) All wind and eross-wind velocities,
water currents, and assoclated waves and
swells which the seaplane is likely to
encounter in operation on water;

(3) All speeds at which the seaplane
is likely to be operated on the water;

(4} Sudden failure of the critical en-
gine, occurring at any time while the
airplane is operated on water;

(5) All seaplane welghts and center
of gravity positions within the range of
Ioading conditions for which certifica-
tion is sought, relevant to each condi-
tion of operation.

{c} In the water conditions of para-
graph (b) of this section and the cor-
responding wind conditions the seaplane
shall be able to drift for 5 minutes with
engines inoperative, alded if necessary
by & sea anchor.

MISCELLANEQUS FLIGHT REQUIREMENYS

1 4b.190 Flutter and vibration. (a)
All parts of the airplane shall be demon-
strated In flight to be free from fiutter
and excessive vibration under ail speed
and power conditions appropriate to the
operation of the airplane up to at least
the minimum value permitied for vV, in
§ 4b.210 (b) (5). The maximum speeds
so demonstrated shall be used in estab-
lishing the operating limitations of the
airplane in aceordance with § 4b.711.

(b) There shall be no buffeting con-
ditlon ih normal fiight severe enough to
interfere with the control of the alr-
plane, to cause excessive fatigue to the
crew, or to cause structural damage.
(See also § 4bh.308.)

SUBPART C—STRUCTURE
GENERAL

§ 4b.200 Loads. Strength require-
ments of this subpart are specified in
terms of limit and ultimate loads. Un-
less atherwise stated, the specified loads
shall be considered 85 imit loads. In de-
termining compliance with thase require-
ments the following shatl be applieable:

(a) The factor of safety shall be 1.5
unless otherwise specified.

(b} Unless otherwise provided, the
specified air, ground, and water loads
shall be placed in egquilibrium with
inertia. forces, considering all items of
mass in the girplane.

(c) All loads shall be distributed in a
manner closely approximating or con-
servatively representing actual condi-
tigns.

11t 18 not the intent of this requirement
to discourage such stall warning buffeting
a8 does not pontragict these provisions,

td) If deflections under load signifi-
cantly change the distribution of exters
nal or internal loads, the redistribution
shall be taken inta account,

§ 4b.201 Sirength and deformation.
(a) The structure shall be capeble of
supporting limit Joads without suffering
detrimental permanent deformations.

(3} At all loads up to lmit loads the
deformation shiall be such as not to inter-
fere with safe operatian of the alrplane.

{¢) The structure shall be capable of
supperting ultimate loads without fail-
ure. It shall support the load for at
least 3 seconds, unless proof of strength
is demonstrated by dynamic tests simu-
iat'mg actual conditions of load applica~
lon,

(d)} Where structural fiexibility is such
that any rate of load application iikely
tc occur in the operating conditions
might produce transient stresses appre-
ciably higher than those corresponding
with static loads, the effects of such rate
of application shall be considered,

§4b.202 Proof of structure. (a)
Proaf of compliance of the structure with
the strength and deformation require~
ments of §4h.201 shall be made for all
critical loading conditions,

tb} Proof of compliance by means of
structural analysis shall be acceptable
only when the strtucture conforms to
types for which experience has shown
such methads ta be reltable, In all other
cases substantiatlng tests shall be re-
quired.

{c) In all cases certaln portions of the
structure shall be tested as specified in
{ 4h.300.

FLIGET LOADS

§4b.210 General. Flight load require-
ments shall be complied with at orifical
altitudes within the range selected by
the applicant, at all weights from the
design minimum weight to the design
maximum weight, the latter not being
less than the design take-off weight, with
any practicable distribution of dispos-
able load within prescribed operating
Ymitations stated in the Airplane ¥Flight
Manual (see §4H.740). At all speeds in
excess of those corresponding with a
Mach number ¢f 0.65, compressibility
effects shall be taken into aceount.

(a) Flight load factor, The flight
load factors specified in this subparf
shall represent the component of accel-
eration in terms of the graviiational
constant. The fight load faetor shall
be assumed to act normal to the longl-
tudinal axis of the airplane, shail be
equal in magnitude, and shall be oppo-
site in direetion to the airplane inertia
load factor st the center of gravity.

(b) Design air speeds. The design air
speeds shall be eguivalent air speeds
(EAS) and shall be chosen by the appli-
cant, except that they shall not be less
than the speeds defined In subpara-
graphs (1) through (5) of this para-
graph. Where estimated values of the
speeds Vi, and Vi, are used, such esti-
mates shall be conservative.

(1) Design fiap speed, V. The mini-
mum value of the design flap speed shall
be eqmal to 1.4 V., or 1.B Vi, whichever
is the greater, where Vi 1s the stalling
speed with Baps retracted at the design
landing weight, snd Vi, 1y the stalling
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speed with flaps in the landing position at
the design landing weight. (See § 4h.212
(d) regarding automatic flap operation,)

(2) Design maneuvering speed, V,.
The design maneuvering speed V, shall
be equal to V., Ve where n is the limit
maneuvering load factor used (see
§ 4b.211 (a)} and Vs, is the stalling speed
with flaps retracted at the design take-
off weight. (8Bee fig. 4b-2.)

(3} Design spced for maximum gust
inlensily, V,. V, shall be the speed ab
which the 49 1. p. s. gust line intersects
the positive Cvmax curve on the gust V-n
envelope. (See §4b211 () and fig.
4b-3.}

(4} Design cruising speed, Vo The
minimum design cruising speed V,; shall
be sufficiently greater than ¥V, to provide
for inadvertent speed increases likely to
occur as a result of severe atmospheric
turbulence, In the absence of a rational
investigation substantiating the use of
other values, ¥, shall not be less than
V450 (m. p. h), except that it need
not exceed the maximum speed in level
flight at maxzimum continuous power
for the corresponding altitude, At al-
titudes where ¥, is limited by Mach
number, V, need not exceed 0.8 V;,, as
shown in figure 4b-1, except that it
shall not be less than 1.3 V,, with the
fiaps retracfed at the maximum alii-
tude for which certification is desired.

(8) Design dive speed V,,, The mini-
muin design dive speed VD shall be suf-
ficiently greater than Vo to provide fbr
safe recovery from inadvertent upsets

occurring at V,. In the absence of a
rational investigation, the minimum
value of V,, shall not be less than 1,25 ¥,
or V,+70 (m. p. h), whichever is the
greater, in the altitude range between
sea level and an altitude selected by the
applicant. At higher altitudes it shall
be acceptable to limit ¥V, to a Mach num-

ber selected by the applicant, (See fig.
4b-1.
§4b.211 Flight envelopes. The

strer:2th requirements shall ke met at all
combinations of air speed and load factor
on and within the boundaries of the V-n
diagrams of figures 4b-2 and 4b-3 which
represent the maneuvering and gust
envelopes. These envelopes shall also be
used in determining the airplane siruc-
tural operating limitations as specified in
§ 4b. 710,

{a) Maneyvering load factors. (See
fig. 4b-2.) 'The airplane shall be assumed
to be subjected to symmetrical maneuvers
resulting in the limit load factors pre-
seribed in subparagraphs (1) and (2) of
this paragraph, except where limited by
maximum (static) lift coefficients,
Pitching velocities appropriate to the
corresponding pull-up and steady turn
maneuvers shall be taken inic account,
Lower values of maneuvering load factor
shall be acceptable only if it is shown
that the airplane embodies features of
design which make it impossible to ex-
ceed such values in flight.

(1) The positive maneuvering load
tactor n for any flicht speed up ta Vp
shall be selected by the applicant, ex-
cept that it shall not be less than 2.5.
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(2) The negative maneuvering load
factor shall have & minimum value of
—L1.¢ at all speeds up to V,, and it shall
vary linearly with speed from the value
at ¥V, to Zero at V.

(h) Gust load factors. The airplane
shall be assumed to be subjected to sym-
metrical vertical gusts while in lavel
flight. The resulting limit load factors
shall correspond with the following con-
ditions:

(1) Posltive (up) and negative (down)
gusts of 40 {. p. 5. nominal intensity at a
speed V, shall be applicable where the
positive 40 1. p. s. gust line intersects the
positive Cy,,, curve. If this gust in-
tensity produces load factors greater
than those ohtained in condition (2) of
thiz paragraph, it shall be aceceptable to
modify it at altitudes above 20,000 ft. in
such & manner as to produce a load
factor not less than that obtained in

condition (2) of this paragraph.

(2) Positive and negative gusts of 30
{. p. 5. shall be considered at V.

(3) Positive and negative gusts of 15
1. p. 5. shall be copsidered at Vp,

(4) Gust load factors shall be assumed
to vary linearly between the specified
conditions as shown on the gust envelope
of figure 4b-3.

(5} In the absence of & more rational
anglysis the gust load factors shall be
computed by the following formula:

_ XUva |
*= s win)’

where
W\
K=%(—) {for W/S<16 p. o L., OF

E=188~ — e (for W/B>16p-8.1.),

(W/S)'!‘
U=nominal gust velocity (f. p. &.).
{Note that the “effective sharp-
edged" gust equals KU.)
¥ =nalrplane speed (m. p. h.),
W/S—=wing loading (p. 8. 1.},
a=slope of the alrplane normal force
coefficlent curve Cy, per radian It
the gust loads are applied to the
wings and horizontsl tall surfaces
stmultaneously by a rational
method. It shall be acceptable to
use the wing lift curve slope €,
per radian when the gust load ia
applied to ths wings only and the
horizontal tail gust loads are
treated as a separate condition,

$ 40,212 Efect o} high lift devices,
When flaps or similar high lift devices
intended for use at the relatively low air
speeds of approach, landing, and take-
oft are installed, the airplane shall be
agsumed to he subjected to symmetrical
maneuvers and gusts with the flaps in
landing position at the design flap speed
Vp resulting in limit load factors within
the range determined by the following
conditions:

(a) Maneuvering to g positive limit
load factor of 2.0,

() Positive and negative 1§ fps nomi-
nal intensity gusts acting normal .to the
flight path in level flight,

(¢) In designing flaps and supporting
structure on tractor type airplanes, slip-
stream effects shall be taken into ac-
count as specified in § 4b,.221, For other
than tractor type airplanes a head-on
gust of 25 feet per second with no allevia-
tions acting along the flight path shall be
considered.



¢d) When automatic flap operation is
provided, the airplane shall be designed
for the speeds and the corresponding
8ap positions which the mechanism per-
mits. {(See § 4b.323.)

§ 4b.213 Symmetrical fight condi-
tions—{a) Procedure of analysis, In
the analysis of symmetrical flight cone-
ditions at least those specified in para-
graphs (b)), (¢), and (@) of this section
shall be considered. The following pro-
cedure of analysis shall be applicable:

(1) A sufficient number of points on
the maneuvering and gust envelopes
ghall be investigated to insure that the
maximum load for each part of the air-
plane structure is obtained. It shail be
acceptable to use a conservative com-
bined envelope for this purpose.

(2) Al significant forces acting on the
airplane shell be placed in equilibrium
in a rational or a conservative manner,
The linear inertia forces shall be con-
sldered In equilibrium with wing and
horizontal tail surface loads, while the
angular (pitching) inertia forces shall
be considered in equilibrium with wing
and fuselage aerodynamic moments and
horfzontal tail surface loads.

(3) Where sudden displacement of a
control is specified, vhe assumed rate of
displacement need not exceed that which
actually could be applied by the pllot.

(4) In defermining elevator angles and
chordwise Ioad distribution in the ma-
neuvering conditions of paragraphs (b)
and (¢) of this section {n turns and pull.
ups, account shall be taken of the effect
of corresponding pitching velocities.

(b) Maneuvering bulanced conditions.
The maneuvering conditions A through
I on the maneuvering envelope (fg. 4b—
2) shall be investigated, assuming the
airplane to be in equilibrium with zero
pitehing acceleration.

(¢) Maneuvering pitching conditions.
The following conditions on fgure 4b-2
Involving pitching acceleration shall he
Investigated:

(1) A, Unchecked pull-up af speed
¥4 The airpilane shall be assumed to be
fiying in steady level flight (point 4, on
fig. 4b-2) and the pitching control sud-
denly moved to obtaln extreme positive
pliching (nese up), except as Imtted by
pilot effort, § 4b.220 (a).

(2) A,, Checked mancuver at speed
V4. (1) The airplane shall be assumed
to be maneuvered to the positive maneu-
vering load factor by a checked maneuver
from an initial condition of steady
ievel fight (point A, on fig, 4b-2).
Thke Initfal pasitive pitching portion of
this maneuver may be counsidered to be
covered by subparagraph (1) of this
paragraph.

(i1} A negative pitching acceleration
{nose down) ol -at least the following
value shall be assumed to be attained
concurrently ‘with the airplape maneui-
vering load factor (point 4. on fig,
#h-2), unless it is shown that a lesser
value could not he exceeded:

-—% r (n = 1.5) (radians/sec.”}

where % is equal to the value of the posi-
tive maneuvering load factor as defined
by point 4, on figure 4b-2.

{8) D, and D, cheched manetiver at
V. The alrplane shall be assumed to be
subjected to a checked maneuver from
steady level flight (point D, on fig. 4b-2)
1o the positive maneuvering load factor
(point, b, on fig. 4b-2) as follows:

{3} A positive pitching scceleration
(rose up?), equal to at least the following
value, shall be assumed to be attained
concurrently with the airplane load fac-
tor of unity, unless it is shown that lesser
values could not be exceeded:

+—%n {n — 1.5) (radlans/eec?)

where 2t is equal to the value of the posi-
tive maneuvering load factor as defined
by point D, on flgure 4b-2.

(i1} A negative pitching scceleration
{nose down) eqgual to at least the follow-
ing value shall be assumed to be attained
concurrently with the alrplane positive
maneuvering load factor (point D, on fig,
4b-2), unless it is shown that lesser
values could not be exceeded:

-—%gn (n — L.5) (radians/sec)
Fd

where n is equal to the value of the
positive maneuvering load factor as de-
fined by point D, on figure 4b-2.

(d) Gust conditions, 'The gust con-
ditions B’ through J’ on figure 4b-3
shall be investigated. The following pro-
visions shall apply:

(1) The air load increment due to a
specified gust shall be added to the
initiag] halancing tail load corresponding
with steady level filght.

(2) It shall be acceptable to include
the slleviating effect of wing down-wash
and of the airplane'’s motion in response
to the gust In computing the tall gust
load increment.

(3) In lieu of a rational investigation
ol the airplane response it shall he ac-
ceptable to apply the gust factor X {(see
§4b.211 (b)) to the specified gust in-
wensity for the horizontal tail,

§ 4b.214 Rolling conditfons. The air-
plane shall be designed for rolling loads
resulting from the conditions specified
in paragraphs (a) and (b) of this sec-
tion. Unbalanced aerodynamic moments
about the center of gravity shall be re-
acted In g rational or a conservative
manner considering the principal masses
furnishing the reacting inertia forces.

(&) Maoneupering. The following con-
ditions, aileron deflection, and speeds,
except as the deflections may be limited
by pilot effort (see § 4b.220 (a)), shall he
considered in combination with an air-
plane load factor of zero and of two-
thirds of the positive maneuvering factor
used in the design of the airplane, In
determining the required allercn deflec~
tions, the torsional Hexibility of the wing
shall be taken into account in accord-
ance with § 4b.20¢ (d),

(1) Conditions corrésponding with
steady rolling velocity shall be investi-
gated. In addition, conditions corre~
sponding with maximum angular
acceleration shall be investigated for atr-
planes having engines or other weight
concentrations outboard of the fuselage,
For the angular scceleration conditions,
it shall be acceptable to assume gero
roling velocity in the absence of a ra-
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tlonal time history investigation of the
maneuver.

(2} At speed V', a sudden deflection of
the aileron to the stop shall be assumed.

(3) At speed V,; the aileron deflection
shall be that required to produce a rate
of roll not less than that obtained in con-
dition (2) of this paragraph,

(4) At speed V, the aileron deflection
shall be that required to produce a rate
of roll not less than one-third of that
in condition (2) of this paragraph.

) Unsymmelrical gusts. The con-
dition of unsymmetrical gusts shall be
considered by modifying the symmetrical
flight conditions B’ or &' of figure 4bh-3,
whichever produces the greater load fac-
tor. It shall be assumed that 100 per-
cent of the wing alr load scts on one side
of the airplane,.and B0 percent acts on
the other side,

§ 4b.215 Yawing conditions. The air«
plane shall be designed for loads resuli-
ing from the conditions specified In
paragraphs (a) and {(b) of this section.
Unbalanced aeradynamic moments about
the center of gravity shall be reacted in
a rational or a conservative manner con-
sidering the principal masses furnishing
the reacting inertia forces.

() Maneuvering. At all speeds from
Ve to V4 the following maneuvers shail
be considered. In computing the tail
loads it shall be acceptable to assume the
yawing velocity to be zero,

(1) With the airplane in unacceler-
ated flight at 2zero yaw, it shall be
assumed that the rudder control is
suddenly displaced o the maximum de-
flection as limited by the tontrol stops
or by & 300 1Ib, rudder pedal force, which-
ever 15 critical,

(2) With the rudder defiected as speci-
fled In svbparagraph (1) of this para-
graph it shall be assumed that the
airplane yaws to the resulting sideslip
angle.

(3) With the salrplane yawed to the
static sideslip angle corresponding with
the rudder deflection specified In sub-
paragraph (1) of this parasgraph, It shall
be assumed that the rudder is returned
to neutral.

(b) FLateral gusts. The alrplane shall
be assumed to encounter gusts of 30
1. p. 5. nominal intensity normal to the
plane of symmelry whiie In unacceler-
ated flight at speed ¥, In the absence
of a rational investigation of the air-
plane’s response to a true gust, it shall be
acceptable to compute the gust loading
on the vertical tail surfaces by the fol-
lowing formula:

=_ KUV &

W=y
where:

W =nverage limit unit pressure {p. &. £.),

45
K=138~ ,— - except that K shall not
(5 )

o iess then 10. A +value of X
obtained by rational determination
shall be acceptable,
U=nominal gust intensity (f. p. 8.,
Yo=deslgn crulsing speed {m. p. b.),
Gé=slope of 1ift curve of the vertical

W=design take-off weight (Ib.),
By=:vertical surface area (sq. It.).



§ 4b.218 Supplementary flight condi-
Hons—(a) Engine torgue effects. En-
Rine mounts and thelr supporting
structures shall be designed for engine
torque effects combined with basic flight
conditions as described in subparagraphs
(1) and (2) of this paragraph. The
limit torque shall be obtained by multi-
piying the mean torgue by a faetor of 1,33
in the case of engines having 5 or more
cylinders. Feor 4, 3, and 2-cylinder en~
Elnes, the fagtors shall be 2, 3, and 4,
respectively, ... 70 ™

(1) The Nmit torgque corresponding
with take-off power and propeller speed
shall act simultaneously with 75 percent
of the 1imit loads from flight condition A
(gee fig. 4b-2).

(2) The limit torque corresponding
with maximum continucus power and
bropeller speed shall act simultaneously
with the limit loads from flight condition
4 (see fig, 4b-2).

(b) Side load on engine mount. The
limit load factor in & lateral direction
for this condition shall be equal to the
maximum obtained in the yawing condi~
tions, but shall not be less than either
1,33 or one-third the limit load factor for
flight condition A (see fig. 4b-2). En-
gine mounts and their supporting struc-
ture shall be designed for this condition
which may be assumed independent of
other flight conditions.

(¢) Pressurized cabin Ioads. When
Pressurized compartments are provided
for the occupants of the airplane, the
following requirements shall be met,
(Bee § 4h.373.)

(1) The eirplane structure shall have
sufficlent strength to withstand the fiight
lpads combined with pressure differen-
tial loads from zero up to the maximum
relief” valve setting. Account shall be
taken of the external pressure distribu-
tion in flight.

(2) If landings are to be permitted
with the eabin pressurized, landing loads
shall be combined with pressure differen-
tial loads from zero up to the maximum
to be permitted during landing.

(3) The airplane structure shall have
sufficient strength to withstand the pres-
sure differential loads corresponding
with the maximum relief valve setting
multiplied by a factor of 1.33 to provide
for such effects as fatigue and stress
concentration. It shall be acceptable to
omit all other loads In this case.

(4) Where a pressurized cabin is gepa-
rated into two or more compartments
by bulkheads or floor, the primary struc-
ture shall be designed for the effects of
sudden release of pressure in any com-
partment having external doors or win-
dows. This condition shall be investi-
gated for the effects resulting from the
Inilure of the largest opening in a com-
partment. Where Iintercompartment
venting is provided, 1t shall be acceptable
to take into account the effects of such
venting,

CONTROL SURFACE AND SYSTEM LOADS

§ 4b.220 Control surface loads; gen=
eral. The control surfaces shall be de-
algned for the limit loads resulting from
the flight conditions prescribed In
§% 4b.213 through 4b.215 and the ground
gust conditions prescribed in § 40.226,

taking Into aecount the provisions of
gzragraphs (a) through (&) of this sec-
on.

(a) Effect of pilot eflort, (1) In the
control surface flight loading conditions
the air loads on the movable surfaces
and the corresponding deflections need

not exceed those which could be obtained

in filght by employing tae maximum
pilot control forces specified in fig. 4b-5,
except that two-thirds of the maximum
values specified for the aileron and ele-
vator shall be acceptable when control
surface hinge moments are based on re-
liable data. In applying this eriterion,
proper consideration shall be given to
the effects of servo mechanisms, tabs,
and automatic pilot systems in assisting
the pilot.

(b} Effect of trim tabs. The effect of
trim tabs on the main eontrol surface
deslgn conditions need be taken into ac-
count only in cases where the surface
loads are limited by pilot effort in accord-
ance with the provisions of paragraph
(a} of this section. In such cases the
trim tabs shall be considered to be de-
flected in the direetion which would as-
sist the pilot, and the deflection shall be
as follows:

(1) For elevator trim tsbs the de-
flections shall be those required t{o trim
the airplane at any point within the
positive portion of the V.n diagram
(flg. 4b-2), except as limited by the
stops.

(2) For alleron and rudder trim tabs
the deflections shall be those required
to trim the airplane in the critleal un-
symmetrical power and loading condi-
tions, with appropriate allowance for
rigging tolerances.

{¢) Unsymmetrical loads. Horizontal
tail surfaces and the supporting struc-
ture shall be designed for unsymnetrical
loads arising from' yawing and slip-
stream effects in combination with the
prescribed flicht conditions.

Nore: In the absence of more rational
data, the following essumptions may be
made for airplanes which are conventional
in repard to logatlon of propellers, wings,
tall surfaces, and fuselage shape: 100 per-
cent of the maximum loading from the
symmetrical Alght conditions acting on the
surface on one side of the piane of symmetry
and 80 percent of this Ioading on the other
side, Where the design 1s not conventional
(e. g., where the horizontal tail surfaces have
appreclable dihedral or are supported by
the yertical tall surfaces), the surfaces and
supporting structures may be deslgned for
combined vertical and horizontal surface
loads resylting from the prescribed
maneuvers.

(@) Outboard fins. (1) When out-
board fins are carried ¢n the horizontal
tall surface, the tail surfaces shall be
deslgned for the maximum horizontal
surface load In combination with the
cortesponding leads induced on the ver-
tical surfaces by end plate effects. Such
induced effects need not be combined
with other vertical surface loads.

(2) To provide for unsymmetrical
loading when outboard fins extend above
and below the horizontzl surface, the
critical vertical surface loading (load per
unit area) as determined by the provi-
slons of this section shall also be applied
as follows:
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{1) 100 percent to the area of the ver-
tical surfaces above (or below) the hor-
Izontal surface, and

i) 80 percent to the area below (or
above) the horizontal gurface,

{e) Loads pgrallel to hinge line. Con-
trol surfaces and supporting hinge
brackets shall be designed for inertia
loads acting parallel to the hinge line.

NorE: In lleu of a more rational analysis
the inertia loads may be assumed to be
equal to XW, where:

K — 24 for vertical surfaces,

K:=12 for horizontal surfaces,

W=weilght of the movable surfaces.

§ 4b.221 Wing flaps. (a) Wing flaps,
their operating mechanism, and sup-
porting structure ghall be designed for
critical loads prescribed by § 4b.212 with
the flaps extended to any position from
fully retracted to the landing position.

(b} The effects of propeller slipstream
gorresponding with take-off power shall
be taken Into account at an airplane
speed of not less than 1.4 Ve, where Vy,
15 the stalling speed with flaps as follows:
(For automatle flaps see § 4b.212 d).)

(1) Landing and approach setiings at
the design landing weight,

(2) Take-off and en route settlngs at
the design take-off weight.

(¢) It shall be acceptable to assume
the airplane load factor to be equal to
éigi for investigating the slipstream con-

on.

§ 4b.222 7Tabs. The following shall
apply to tabs and their installations:

(a) Trimming fgbs, Trimming tabg
shall be deslgned to withstand loads
arising from eall likely combinations of
tab setting, primary confrol position,
and airplane speed, obtainable without
exceeding the flight load conditions pre-
scribed for the airplane as a whole, when
the effect of the tab is being opposed by
pilot effort loads up to those gpecified in
§ 4b.220 (a),

(b} Balancing tabs. Balancing tabs
shall be designed for deflections con-
sistent with the primary control surface
loading conditions,

(¢) Servo tabs. Servo tabs shall be
designed for all deflections consistent
with the primary control surface loading
conditions achievable within the pilot
maneuvering effort (see § 4b.220 (a))
with due regard to possible opposition
from the trim tabs,

§ 4b.223 Special devices. The load-
ing for speclal devices employing aerody-
namie surfaces, such as slots and spoiflers,
shall be based on test data.

§ 4b.224 Primary flight control sys-
tems. Elevator, alleron, and rudder
control systems and thelr supporting
structures shall be des!gned for loads cor-
responding with 125 percent of the com-
puted hinge moments of the movable
control surface in the conditions pre-
scribed in § 4h.220, subject to the follow-
ing provisions:

(a) The system limit loads, except the
loads resulting from ground gusts
(% 4b.226), need not exceed those which
ean be produced by the pllot or pilots and



by automatic devices operating the con-
trols. Acceptable maximum and mini-
mum pilot loads for elevator, aileron, and
rudder controls are shown In Sgure 4b-5.
These pilot loads shall be assumed to act
at the aporopriate control grips or pads
in a manner simulating filght condi-
tlons and to be reacted at the attach-
ment of the control system fo the control
surface horn,

(b) The loads shall in any case be
sufficlent to provide a rugged system for
service use, including conslderations of
jamming, ground gusts, taxying’tail to
wind, control inertia, and friction.

$ 4b.225 Dual primary flipht conlrol
systems. (n) When dual controls are
provided, the system shall be deslgned
for the pilots operating in opposition,
using individual pilot loads equal to 75
percent of those pbiained in accordance
with § 4b.224, except that the Individual
pilot loads ghall not be less than the
minimum loads specified in figure 4b-5.

(b) The control system ghall be de-
signed for the pilots acting In conjunc-
tion, using individual pilot loads equal
to 75 percent of those obtained in ac-
cordahce with § 4b.224,

§$ 4b.226 Ground gust conditions.
The following conditions Intended to
simulate the loadings on control surfaces
due {po grovmd gusts and when taxying
downwind shall be investigated:

(a) The loads in the systems between
the stops nearest the surfaces and the
cockpit conirols need not exceed those
corresponding with the maxima of figure
4b-5 for each pilot alone, or with 75
percent of these maxima for each pilot
when the pilots act in conjunction.

(b) The contirol system stops nearest
the surfaces, the control system locks,
and the portions of the systems, if any,
hetween such stops and locks and the
control surface horns shall be designed
for limit hinge moments H obtalned from
the following formula:

: =

H=FEKcSq,

where:

H=!imit hinge moment (ft. Ibs.),

c=mean chord of the control surface aft
of the hinge llne (ft.),

S=nrea of the control surface att of the
hinge Upe {(sq. 1t.),

g=dynamic preasure (p. s. f.) based on
B desig'n speed not less than
10V W/§410 (m. p. h.}, except t!.u.t

é‘ ; Controt

Mispellanegus: * Cpank
'wheel or lever.

Limit pllot londs B

1+Rxm by, bat not less than
50 1ba, nor more

150 1og, (R=radius),
A el
of con'
Twist .. rcivnmmmsnmes] 133 in, lbs. )
Push-pull.....ccan.ae 'To be chosen by applicant.

the dealgn speed need not
60 m.
E=factor as lpeclﬂed in figure 4b—4.

§ 4b.227 Secondary conirol systems.
Becondary controls, such as wheel brake,
gpoiler, and tab controls, shall be de~
slgned for the loads based on the maxi-
mum which a pilot is likely to apply to
the control in guestion. The values of
figure 4b-6 are considered acceptable,

Burface K Position of contrals

{a) Aeron.._... 8.75 | Control column locked or
iashed in mid-position.

(o) Alleron..-..- *2H0. 80 A%Ieip]na s:urru}lun sow
¢} Eleva oW,

g O Esvator......|*40. 75 Fd)j Elevsiae il up. -
& adder neu

(Djpuader...... 0.75 {8 Rodder ot ot hrow.

*A positive value of K indicates & moment tending to
depress the surface, While a negative value of K indicates
8 moment tending to ralss the surface,

Figuet 4b—+4—Limit t‘li[nge maoment factor for

grouxn
[Limit pilot loada (ons pilot)]

Control Mazximum load M‘fkﬂm
1001b8. ..o ann| 401bs,
| 80 D in, Tbe.*_____| 4 D in, Ibs.
250the.. ... 100 1ba,
300The___. -aa} 100 1ba,
3001bs. .o ecmar e 130 Ibg.

*Tha critical portions of the aileron sontrol system shall
designed for & single tangentisl force baving & limit
yalue equal to1.25 times the couplo force determined from
these criteria.
**Dawheel diameter,

F1ayrk 4b-5—Filot control foros Hmits (primary
controls).

M

*Limited to 8ap, tab, stabilizer, spoller, and landing
gear opersting controls,
FIGURE 4b-6—DPilot contre] force 1imits (se0ondary
coptrols),

GROUND LOADS

§ 4b.230 Generagl. The limit loads ob-
tained in the conditions specified in
§§ 4b.231 through 4b.236 shail be con-
sidered as external forees applied to the
alrplane structure and shall be placed in
equilibrium by Hnear and angular inertia
forees in a rational or conservative man-
ner. In applying the specified conditions
the provisions of paragraph (a) of this
section shall be complied with, In addi-
tiomn, for the landing conditions of §§ 4b.
231 through 4h.234 the airplane shall be
assumed to be subjected to forces and
descent velocities prescribed in para-
graph (b) of this section. (The baslc
landing gear dimensiongl data are given
in figure 4b-Y7,)

(a) Center of gravity positions. The
critical center of gravity positions within
the certification limits shall be selected
50 that the maximum design loads in
each of the landing gear elements are
obtained in the landing and the ground
handling conditions,

(b) Load jactors, descent velocities,
and design weights Jor landing condi-
tions. (1) In the landing conditions the
limit vertical inertia load factors at the
center of gravity of the alrplane shall be
chosen by the applicant, except that they
shail not be less than the values whigh
would be obtained when landing the air-
plane with the following limit descent
velocities and welghts:

‘Tall wheel type.

A

Frovee 4h-7—Rasio landing gear dimenslon data.

Nose wheel type,
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() 10 1. p. 8 at the design landing

weight, and
(iiy 6§ £. p. 8. at the design take-off
weight,

(2) It shall be acceptable to assume
A wing lift not exceeding two-thirds of
the airplane weight to exist throughout
the landing impact and to act{ through
the center of gravity of the airplane.

(3) The provisions of subparagraphs
(1) and (2) of this paragraph shall be
predicated on conventional arrange-
ments of main and nose gears, or main
and tail gears, and on normal operating
techniques. It shall be acceptable to
modify the preseribed descent velocities
if it is shown that the airplane embodies
features of design which make it impos-
sible to develop these velocitles. (See
§ 4b,332 (a) for requirementis on energy
absorption tests which determine the
minimum limit inertia load factors cor-
responding with the required lmit de-
scent velocities.)

§4b.231 Level landing conditions—
(8) General. In the level attituda the
sirplane shall be assumed to contact the
ground at a forward velocity component
parallel to the ground equal to 1.2 Vs,
and shall be assumed to be subjected to
the load factors prescribed in §4bh.230
(b) (1), The following three combina-
tions of vertical and drag components
shall be considered acting at the axle
center line:

(1) Condition of mazimum wheel spin-
up load. Drag components simulating
the forces required {o accelerate the
wheel rolling assembly up to the spec-
ifled ground speed shall be combined
with the vertical ground reactions exist-
ing at the instant of peak drag loads. A
coeficlent of friction between the {ires
and ground need not be assumed to be

%3 W(TOTAL)

I

T,

greater than 0.8. It shall be acceptable
to apply this condition only fo the land-
ing gear and the directly affected at-
taching structure,

(2) Condition of maximum wheel ver-
tical load. An aft acting drag compo-
nent not less than 25 percent of the
maximum vertical ground reaction shail
be combined with the maximum ground
reaction of § 4b.230 (h).

(3> Condition of marimum spring-
back load. Forward-aciing horizontal
loads resulting from a rapid reduction of
the spin-up drag loads shall be combined
with the vertical ground reactions at the
instant of the peak forward load. It
shall be acceptable to apply this condi-
tion only to the landing gear and the
directly affected structure.

(b) Level landing: tail-wheel type.
The airplane horizontal reference line
shall be assumed to be horizontal. The
conditions specified In paragraph <aj
of this section shall be investigated
(See fig. 4b-8.)

(¢y Level landing; nose-wheel type.
The following airplane attitudes shall ke
considered: (See fig, 4b-8.)

(1) Main wheels shall be assumed to
contact the ground with the nose wheel
just clear of the ground. The conditions
specified in paragraph (a) of this sec-
tion shall be investigated.

(2) Nose and main wheels shall be
assumed to contact the ground simul-
taneously. Conditions in this attitude
need not be investigated if this attitude
cannot reasonably be attained at the
specified descent and forward veloclties.
The conditions specified in paragraph
{a) of this section shall be investigated,
except that in conditions (a) (1) and (a)
(3) it shall be acceptable fo investigate
the nose and main gear separately neg-

lecting the pitching moments due to
wheel spin-up and spring-back loads,
while in condition (a) (2) the pitching
moment shall be assumed to be resist=
ed by the nose gear.

§4b.232 Tail-doun Ilanding condi-
tions. The following conditions shall be
Investigated for the load factors ob-
tained in § 4b.230 (b)) (1) with the verti-
cal ground resactions applied to the
landing gear axles.

(a) Tail-wheel type. The main and
tail wheels shall be assumed to contact
the ground simultaneously, (See fig.
4b-9). Two conditions of ground reac-
tion on the tail wheel shall be assumed
to act in the following directions:

(1) Vertical,

(2) Up and aft through the axle at
45° to the ground line,

(b) Nose-wheel fype. The airplane
shall be assuthed to be at an attitude cor-
responding with either the stalling angle
or the maximum angle permitting clear-
ance with the ground by all parts of the
airplane other than the main wheeis,
whichever is the lesser. (See fig, 4b-8.)

§4h.233 One-wheel landing condi-
tion. The main lIanding gear on one side
of the airplane center line shall be as-
sumed to contact the ground in the level
attitude. (See fig. 4b-10.) 'The sround
reactions on this side shall be the same
as those obialned in §4b.231 (a) (2),
The unbalanced external loads shall be
reacted by inertia of the airplane in a
rational or conservative manner.

§ 40.234 Lateral drift landing condi-
tion. (a) The airplane shall be assumed
to be in the level attitude with only the
main wheels contacting the ground,
(See fig. 4b-11.)
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(b) 8ide loads of 0.8 of the vertleal
reaction (on one side) acting Inward
and 0.6 of the vertical reaction (on the
other side) acting outward shall be com-
bined with one-half of the maximum
vertical ground reactions obtained in the
level landing conditions. These loads
shall be assumed to be applied at the
ground contact point and to be resisted
by the inertia of the alrplane. It shall
be acceptable to assume the drag loads
to be zero,

} 4b.235 Groung handling conditions.
The landing gear and airplane structure
shall be investigated for the conditions
of this section with the airplane at the
design take-off welght, unless ctherwise
prescribed. No wing Lft shall be consid-
ered. It shall be acceptable to assume
the shock absorbers and tires to be de-
flected to their static position.

(g) Take-off run. 'The landing gear
and the airplane structure shall be as-
sumed to be subjected to loads not less
than those encountered under conditions
described in § 4b.172.

(b} Braked roll-—(1)} Tail-woheel type.
The airplane shall be assumed to be in
the level attitude with all load on the
main wheels. The limit vertical load
factor shall be 1.2 for the airplane at the
design landing weight, and 1.0 for the
airplane at the design take-off weight.
A drag reaction equal to the vertical re-
action multiplied by a coefficient of frie-
tion of 0.8 skall be combined with the
vertical ground reaction and applied at

(2) Nose-wheel {type. The limit
vertical load factor shall be 1.2 for the
airplane at the design landing weilght,
and 1.0 for the airplane at the design
take-off weight. A drag reaction equal
to the vertical reaction multiplied by a
coefficlent of friction of 0.8 shali be com-
bined with the vertical reaction and
applied at the ground contact point of
each wheel having hrakes. The following
two ajrplane attitudes shall be consid-
ered; (See fig. 4b-12))

(1) The airplane shall be assumed to
be in the level attitude with all wheels
contacting the ground and the loads dis-
tributed between the main and nose
gear. Zero pitching acceleration shall be
assumed.

(11} The airplane shall be assumed to
be in the level attitude with only the
main gear contacting the ground and
the pliching moment resisted by angular
acceleration.

(¢) Turning. The alrplane in the
static posiiion shall be assumed to exe-
cute a steady turn by nose gear steering
or by application of differential power
such that the limit load factors applied
at the center of gravity are 1.0 vertically
and 0.5 laterally. (See fig. 4b-13.) The
slde ground reaction of each wheel shall
be 0.5 of the vertical reaction.

(d) Pivoting. The airplane shall be
assumed to pivolt about one side of the
main gear, the brakes on that side being
locked. The limit vertical load factor
shall be 1.0 and the coefBeient of friction
0.8. The airplane shall be assumed to
be in static equillbrium, the loads being
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applied at the ground contact points.
{Bee fig. 4b-14.)

(¢) Nose-wheel yawing. (1) A verti
cal load factor of 1.0 at the airplane cen-
ter of gravity and a side component at
the nose wheel ground contact equal to
0.8 of the vertical ground reaction at
that point shall be assumed,

(2} The airplane shall be assumed to
be in static equilibrium with the loads
resulting from the application of the
brakes on one side of the main gear, The
vertical load factor at the center of grav-
ity shall be 1.0. The forward acting load
at the airplane center of gravity shall be
0.8 times the vertical load on one main
gear, The side and vertical loads at the
ground contact point on the nose gear
shall be those required for static equilib-
ritm, The side load factor at the air-
plane center of gravity shall be assumed
to be zero.

) Tail-wheel yawing. (1) A verkl
cal ground reaction equal to the static
load on the tail wheel in combination
with a side component of equal magni-
tude shall be assumed.

(2) When a swivel is provided, the
tall wheel shall be assumed to be swiveled
90° to the airplane longitudinal axis
with the resultant load passing through
the axle. 'When a lock, steering device,
or shimmy damper is provided, the taill
Wwheel shall also be assumed to be in the
{ralling position with the side load act-
ing at the ground contact boint,

$ 4b.238 Unsymmetrical loads on
dual-wheel units. In dual-wheel units
60 percent of the total ground reaction
for the unit shall be applied to one wheel
and 40 percent to the other. To provide
for the case of one flat tire, 60 percent
of the load which would be assigned to
the unit in the specified conditions shall
be applied to either wheel, except that
the vertical ground reaction shall not
be less than the full static value,

WATER LOADS

§ 4b.250 General. The structure of
hull and floai type seaplanes shall be
designed for water loads developed dur-
ing take-off and landing with the sea-
plane in any attitude likely to occur in
normal cperation at appropriate forward
and sinking velocities under the most
severe sea conditions likely to be encoun-
tered. Unless a more rationsl analysis
of the water loads is performed, the re-
quirements of §§ 4b,251 through 4b,258
shall apply.

§ 4b.251 Design weights and center of
gravily pogitions—{a) Design weights,
The water load reauirements shall be
complied with at all operating weights
up to the design landing weight except
that for the take-off condition prescribed
in §4b.255 the design iake-off weight
shall be used.

(b) Center of gravity positions. The
critical center of gravity positions within
the limits for which certiflcation is
sought shall be considered to obtain
maximum design loads for each part of
the seaplane structure.

§4b.262 Application of loads. (a)
The seaplane as a whole shall be as-
sumed to be subjected to the loads corre-
sponding with the load factors specified



In §4b.253, except as otherwise pre-
seribed. In applying the loads resuliing
from the load factors prescribed in
§ 4b.253, it shall be permissible to dis-
tribute the loads over the hull bottom
in order to avoid excessive local shear
loads and bending moments at the lo-
cation of water load application, using
pressures not less than those prescribed
in § 4b.256 (D).

{(h) For twin float seaplanes, each
float shall be i{reated as an equivalent
hull on & fictitious seaplane having a
welght equal to one-half the weight of
the twin float seaplane.

(c) Except in the take-off condition
of § 4b.255, the aerodynamic lift on the
seaplane during the impact shall be rs-
samed to be 24 of the weight of the
seaplane,

§ 4b.263 Hull and main float load fac-
tors. Water reaction load factors shall
be computed as follows:

For the step landing case:

ny= __.._......Ul v"“’ :
tanz/3gyi/a

For the vow and stern landing cases:

ng= ____C’IV,; K.
tanz/3gwiA > (17 )e/s*
where:

ny=water reaction load factor (water re-
action divided by the seaplane weight);:

Oy=empirical seaplane operations factor
equal to 0.0092, except that thls Iactor shall
not be less than that necessary to obtain

the minlmun value of step load factor of
2.33;

pes

V,,=seaplane stalling speed (mph) with
landing flaps extended'ln the appropriate
position snd with ho slipstream effect;

A=angle-of dead rise at the longitudinal
station at which the load factor is being de-
termined (see fig. 4b-15a);

W=seaplane design landing weight In
pounds;

H;—emplrical hull station weighing fac-
tor. (8ee fig, 4b~16b.) For a twin float
seaplane, in recognition of the effect of fexi-
bility of the attachiment of the floats to the
geaplane, it shall be acceptable to reduce the
tactor X, at the bow and stern to 0.8 of the
value ghown in figure 4h-16b. This reduc-
tion shall not apply to the float deslgn but
only to the design of the carry-through and
seaplane structure;

r,=ratlo of distance, measured parallel to
hull reference axis, from the center of gravity
of the seaplane to the hull longltudinal
station at which the load factor is being
computed to the radius of gyration in pltch
of the seaplane, the hull reference axls be-
ing a stralght line, in the plane of sym-
metry, tangentlal to the keel at the main
step.

§ 4h.254 Hull and main floal landing
conditions—(a) Symmetrical step land-
fng. 'The limit water reaction load fac-
tor shall be in accordance with § 4b.253.
‘The resultant water load shall be appiled
at the keel through the center of gravity
perpendicularly to the keel line.

(b) Symmelrical bow landing. 'The
limit water reaction load factor shall be
in acecordance with §4b.253. The re-
sultant water load shall be applied at the
keel % of the longitudinal distance from
the bow to the step, and shall be directed
perpendicularly to the keel line.

{¢) Symmetrical stern landing. The
limit water reaction load factor shall be
in accordance with §4b.253, The re-
sultant water load shall be applied at
the keel at a point 86 percent of the ion-
gitudinal distance from the step to the
stern post, and shall be directed perpen-
dicularly to the keel line,

(d) Unsymmetrical landing; hull type
and single float seaplanes. Unsymmetri-
cal step, bow, and stern landing condi-
tions shall be investigated. The loading
for each condition shall consist of an
upward component and a side compo-
nent equal, respectively, o 0.75 and 0.25
tan g times the resultant load in the
corresponding symmetrical landing con-
dition. {(See paragraphs (a), (b}, and
(c) of this section.) The point of ap-
plication and direction of the upward
component of the load shall be the same
as that in the symmetrical condition,
and the point of application of the
side component shall be at the same
longitudinal station as the upward com-
ponent but directed inward perpendicu-
larly to the plane of symmetry at a point
midway between the keel and chine
lines.

(e) Unsymmetrical landing; Iwin
float seeplanes. The uwisymmetrical
loading shall consist of an upward load
at the step of each float of 0.75 and a
side load of 0.25 tan g at one float times
the step landing load obtained in accord-
ance with § 4b,253. The side load shall
be directed Inboard perpendicularly to
the plane of symmetry midway between
the keel and chine lines of the float at
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the same longitudinal station as the up-
ward load.

§ €b.255 Hull and main float take-off
condition. 'The provisions of this sec-
tion shall apply to the design of the wing
and its attachment to the hull or main
float. The aerodynamic wing lift shall
be assumed to be zero. A downoward
inertia load shall be applied and shall
correspond with the following load

factor: Cro Vit
R=tan z/3zWLs "’
where:
n= inertia load factor;

Cypo= empirical seaplane operations factor
equal to 0.003;

V,1= seaplane stalling speed (mph) at the
design take-off weight with the
flaps extended in the appropriate
take-off position;

— angle of dead rise at the main step
(degrees);
W= seaplane design take-cff weight In
pounds.

§ 4b.256 Hull and main floal botiom
pressures. ‘The provisions of this section
ghall apply to the design of the hull and
main foat structure, including irames
and bulkheads, stringers, and botiom
plating. In the absence of more rational
data, the pressures and distributions
shall be as follows:

ta) Local pressures. The following
pressure distributions are applicable for
the deslen of the bottom plating and
stringers and their attachments to the
supporting structure. The area over
which these pressures are applied shall
be such as to simulate pressures occur-
ring during high localized impacts on the
hull or float, and need not extend over
an area which would induce critical
stresses in the frames or in the overall
structure:

(1) Unflared bottom. The pressure at
the keel (psi) shall be compuied as
follows:

K, V,l'
Py=Cy tange *
where:
Py = pressure at the keel;
Cy= 0.00186;
K,= hull statlon welghing factor (see fig.
4b-16b);

V,lzaeaplane stalling speed (mph) at the
design take-off weight with flaps
extended In the appropriate take-
off position:

8= angle of dead rise at keel (ses fig.
4b-15a).

The pressure at the chine shall be 0.75
Pi, and the pressures between the keel
and chine shall vary linearly. (See ig.
4b-15¢.)

(2) Flared bottom. The pressure dis-
tribution for a flared bottom shall be
that for an unflared bottom prescribed
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in subparagraph (1) of this paragraph,
except that the pressure at the chine
shall be computed as follows:

— x‘ V'1’ -
Pen CJ tan 2 »
where:
P.;— pressure at the chine;
C3=0.0013;
K3= hull station weighing Iactor (see fig.
4b-15b);

V,]_:seaplane stalling speed {mph) at the
design take-off weight with flaps
extended in the appropriate take-
off position;

g:= angle of dead rise at appropriate
station.
The pressure at the beginning of the
flare shall be the same as for an unflared
bottom, and the pressure between the
chine and the beginning of the flare
shall vary linearly. (See fig. 4b-15¢.)

(b) Distributed pressures, 'The fol-

lowing distributed pressureg are appli-
cable for the design of the frames, keel,
and chine structure. These pressures
shall be uniform and shall be applied
simultaneousty over the entire hull or
main float bottom. The loads so ob-
tained shall be carried into the sidewall
structure of the hull proper, but need not
be transmitted in a fore and aft direc-
tion as shear and bending loads.

(1) Symmelrical. The symmetrical
pressures shall be computed as follows:
H,V,* |
tan g "

P =C4
where:

P =pressure;

Cy=0.078C; (for C, see § 4b.258);

Kg=hull station welghing factor (see fig.
4b-15b);

V,ozsee.plana stalling speed (mph) with
landing flaps extended in the ap-
propriate position and with no
slipstream effect;

pg=ungle of dead rise at appropriate
station.

(2) Unsymmetrical. The unsymmet-
rical pressure distribution shall consist
of the pressures prescribed in subpara-
graph (1) of this paragraph on one side
of the hull or main foat center line and
poe-half of that pressure on the ofher
side of the hull or main float center line.
(See fig. 4b-15¢.)

§ 4b.257 Auxiliary float loads. Auxil-
iary floats, their attachments, and sup-
porting structure shall be designed for
the following conditions, In the cases
specified in paragraphs (1), (b, (¢),
and {(d) of this section i{ shall be ac-
ceptable to distribute the prescribed
water loads over the float bottom to
avoid excessive local loads, using bottom
pressures not less than those prescribed
in paragraph (f) of this section.

(a) Step loading. The resultant
water load shall be applied in the plane
of symmetry of the float st a point
three-fourths of the distance from the
bow to the step and shall be perpendic-
ular to the keel. The resultant limit
load shall be computed as follows, except
that the value of L need not exceed three



times the weight of the displaced water
when the float is completely submerged:
C, V,"’ wa/R
_tan'z/:iﬁ_, (1471,7) 2/8"
where:

L= limit load;

C5= 0.004;

V,D= seazplane stalling speed (mph) with
landing flaps extended in the ap-
propriate posttion and with no
slipstream effect;

W=seaplane design landing weight 1n
pounds;

ps= angle of dead rise at a station 33 of
the distence from the bow to ibe
step, but need not be less than 15
degrees;

ry== ratlo of the Iateral distance between
the center of gravity and the plane
of aymmetry of the float to the
radius of gyration in roll.

(b} Bow loading. 'The resultant limit
lpad shall Le applied in the plane of
symmetry of the float at a point one-
fourth of the distance from the bow to
the step and shall be perpendicular to
the tangent to the keel line at that point.
The magnitude of the resultant load

shell be that specified In paragraph (a)
of this section.

(¢} Unsymmeirical step loading, The
resultant water load shall consist of a
component equal to 0,75 times the Ioad
specified in paragraph (a) of this section
and a side component equal to 0.25 tan
g times the load specified in paragraph
(a) of thig section, The side Ipad shall
be applied perpendicularly to the plane
of symmetry of the float at a point mid-
way between the keel and the chine.

(d) Unsymmetrical bow loading. The
resultant water load shall consist of a
component equal to 0.75 times the load
specified in paragraph () of this section
and a side component equal to .25 tan
A times the load specifled in paragraph
tb) of thig section, The side load shall
be applied perpendicularly to the plane
of symmetry at a point midway between
the keel and the chine.

(e) Immersed float condition. 'The
resultant load shall be applied at the
centroid of the cross section of the float
ab a point one-third of the distance from
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the bow to the step. The limit load com-
ponents shall be as follows:

vertical=s o,V
art=C,fVi3 (KV, )3
side= c,%v:{/z (KV,ojz

where:
= mass density of water)

3: volume of float;

C;=coefliclent of drag force, equal to
0.10;

C,=coefficient of side fotce, equal to
0.08;

X = 0.8, except that lower values shall be
acceptable if it is shown that the
floats are incapable of submerging
at a cpeed of 0.8 V; 1o normal
operations;

V,ozseaplane stalllng speed (mph) with
landing flaps extended in the ap-
propriste position and with no
slipstream effect,

(f) Float bottom pressures. The float
bottom pressures shall he established in
accordahce with §4b.256 (a) and (b,
The angle of dead rise t0 be used in
determining the float bottom pressures
shall be as deflned in paragraph (a) of
this section.

§40.258 Seawing loads. Reawing
design loads shall he based on applicabla
test data.

EMERGENCY LANDING CONDITIONS

$ 40.260 General. The following re-
quirements deal with emergency con-
ditions of landing on land or water in
which the safety of the occupants shall
be considered, although it is accepted
thz;:.i parts of the airplane may be dam-
aged.

(a) The structure shall be designed
to give every reasonable probability that
all of the occupants, if they make proper
use of the seats, belts, and other provi-
sions made in the desigh (3ee § 40.358),
will escape serious injury in the event of
a minor crash landing (with wheels up
it the airplane Is equipped with retract-
able landing gear) in which the occu-
pants experience the following ultimate
inertia forces relative to the surround-
ing structure:

1) Upward ..—_. 3.0g (Downward.. 4.5g)
(2) Porward._ .-. 9 0g

(3) Bideward_... 1.

(h) The use of a lesser value of the
downward inertia force specified in par-
agraph (a) of this section shall be ac-
ceptable if it is shown that the airplane
structure can absorb the landing loads
corresponding with the design landing
weight and an ultimate descent velocity
of 5 . p. s. without exceeding the value
chosen,

(¢) The inertia fore¢es specified In
paragraph (a)} of this section shall be
applied to all items of mass which would
he apt to injure the passengers or erew
if such items became loose in the event
of a minor crash landing, and the sup-
porting structure shall be designed to
restrain these items.

$ 4b.261 Structural ditching provi-
sions. (For structural strength consid-
erations of ditching provisions see
§ 4b.361 (c))
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SUBPART D—DESIGN AND CONSTRUCTION
GENERAL

§ 4b.300 Scope. ‘The airplane shall
not incorporate design features or de-
tails which experience has shown to be
hazardous or unreliable. ‘The suitability
of all questionable design details or parts
-shall be established by tests.

$4b.301 Materials. The suitability
and durability of all materials used in
the airplane structure shall be estab-
lished on the basis of experience or tests.
All materials used in the airplane struee-
ture shall conform to approved specifica-
tions which will insure their having the
sirength and other properties assumed
in the design data.

e Forthedy Longth (g ——e—mia-Allorbody Longth L,
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§4b.302 Fabrication methods. The
methods of fabrieation employed in con-
structing the airplane structure shall be
such as to produce a consistently sound
structure, When a Iabrication process
such as gluing, spot welding, or heat
treating requires close control to attain
this objective, the process shall be per-
formed in accordance with an approved
process specification,

§4b.303 Standard  fastenings., Al
bolts, pins, screws, and rivets used in
the structure shall be of an approved
type. The use of an approved locking
device or method is required for all such
bolts, pins, and screws. Self-locking
nuts shall not be used on bolts which
are subject to rotation in operation,
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§ 4b.304 Protection. (a) All members
of the structure shall be suitably pro-
tected against deterioration or loss of
strength in service due to weathering,
corrosion, abrasion, or other causes,

(b) Provision for ventilation and
drainage of all parts of the structure
shall be made where necessary for pro-
tection.

sali water, particularly where parts made
from different metals are in c¢lose prox-
imity.

§4b.305 Inspection provisions.
to permi



tion, adjustment for proper alignment
and functioning, and lubrication of mov-
ing parts.

§ 4b.306 Material strength vroperties
and design values. (3) Material strength
properties shall be based on a sufficient
number of tests of material conforming
to specifications to establish design
values on & statistical basis,

(b} The design values shall ke so
chosen that the probability of any
structure being understrength because
of material variations iy extremely re-
mote.

(¢ ANC-5, ANC-18, and ANC-23,
Part IT values shall be used unless shown
1o be Inapplicable in a particular case.

Norte: ANC-b. "Strength of Metal Alrcraft
Rlements," ANC-18, “Design of Wood Alreraft
Structures,” and ANC-23, “Sandwich Con-
atruction for Aircraft,” are published by the
Subcommitiee on Air Force-Navy-Civil Ajr-
araft Desfpn Criteria, and may be obtained
from the Buperintendent of Documents,
Government Printing Office, Washington 23,
D. C

{d) The strength, detail design, and
fabrication of the structure shall be such
as to minimize the probability of dis
astrous fatigue failure,

Nore: Points of stress concentration are
one of the mafn sources of fatigue fallure,

§4b.307 Special jactors. Where
there is uncertainty concerning the ace
tual strength of a particular part of the
strueture, or where the strength is likely
to deteriorate in service prior to normal
replacement of the part, or where the
strength is subject to appreciable varia~
bility due fo uncertainties in manu-
Tacturing processes and inspection
methaods, the factor of safety prescribed
in § 4b.200 (a) shall be muiltiplied by a
special factor of a value such as to make
the probahility of the part being under-
strength from these causes extremely
remote. The following special factors
shall be used:

(a) Casling factors. (1) Where only
visual Inspection of a casting 1s to be
employed, the casting factor shall be
2.0, except that it nced not exceed 1.25
. with respect to bearing stresses.

(2) It shall be acceptable to reduce
the factor of 2.0 specified in subpara=~
graph (1) of this paragraph to a value
of 1.25 if such a reduction is substan-
tinted by testing at least three sample
castings and if the sample castings as
well as all production castings are visu-
ally and radiographically inspected in
accordance with an approved inspection
specification. During these tests the
samples shall withstand the ultimate
load multiplied by the factor of 1.25 and
in addition shall comply with the ¢orre-
sponding Bmit load multiplied by a fac-
tor of 1.15,

{3} Casting factors other than those
contalned in subparagraphs (1) and (2)
of this paragraph shall be acceptable if
they are found to be appropriately re.
lated to tests and to inspection proce-
dures,

(4) A casting factor need not be em-
ployed with respect to the bearing sur-
face of a part if the bearing factor used
(see paragraph (b) of this zection) 1s
of greater magnitude than the casting
factor.

(b} Bearing factors. (1) Bearing fac-
tors shal) be used of sufficlent magni-
tude to provide for the effects of normal
relative motion between parts and in
jeints with clearance (free fit) which are
subject to pounding or vitratlon. (Bear-
ing faetor values for confrol surface
and systemy joints are specifled in
§5 4b.313 (a) and 4b.325% (b))

{2) A bearing factor need not be em-
ployed on a part if another special fac-
tor prescribed in this section is of greater
maghitude than the bearing factor.

(¢} Fitting factors, (1) A fitting fac-
tor of at least 1.15 shall be used on all
fittings the strength of which is not
proven by limit and ultimate load tests
in which the actual stress conditions
are simulated in the fliting and the
surrounding structure. This factor shall
apply to all portions of the fitting, the
means of attachment, and the bearing
on the members joined.

(2) In the case of integral flttings the
part shall e treated as a fliting up to
the point where the section properties
become &ypical of the member.

(3) The fitting factor need not be
employed where s type of joint made in
accordance with approved practices is
hased on comprehensive test data, e. g.,
continuous joints In metal plating,
welded joints, and searf joints in woad.

{4) A fitting factor need not be em-
ployed with respect to the bearing sur-
face of a part if the bearing factor used
(see paragraph (b) of this section) is of
greater wmapgnitude than the fitting
factor.

§ 4b.308 Flutter, deformation, and vi-
bration. Compliance with the following
provisions shall be shown by such cafcu-
lations, resonance tests, or other tests
as are found necessary by the Admin-
istrator.

(a) Fiutter prevention. The alrplane
shall be designed to be free from Autter
of wing and tail units, including all con-
trol and trim surfaces, and from diverg-
enca (I, e. unstable structural distortion
due to aerodynamic loading), at all
speeds up to 1.2 Vp. A smaller margin
above Vo shall be acceptable if the char-
acteristics of the airplane (including the
effects of compressibility) render a speed
of 1,2 Vo uniikely to be achieved, and {f
it is shown that a proper margin of
damping exists at speed Vp. In the ab-
sence of more accurate data, the terminal
velocity in a dive of 30 degrees to the
horizontal shall be acceptable as the
maximum speed likely fo be achieved.
If concentrated balance weights are used
on control surfaces, their effectiveness
and strength, Including supporting
structure, shall be substantiated.

(b} Laoss of control due to structural
defarmation. The airpiane shall be de-
signed to be free from control reversal
and from undue loss of lomgitudinal,
Igteral, and directional stability and
control as a result of structural deforma«
tion, including that of the control sur-
face covering, at all speeds up to the
speed prescribed In paragraph {a) of this
section for flutter prevention.

(¢) Vibration and buffeting. The alr-
plane shall be designed to withstand all
vibration and buffeting which might oc.
cur in any likely operating conditions.
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CONTROL SURFACES

§ 4b.310 Generall The reguirements
of §§4b.311 through 4b.313 shall apply
to the design of fixed gud maovable con-
trol surfaces.

§ 4b.311 Proof of sirength. (a) Cotl-
trol surface limit load tests shall be con-
ducted to prove complinnee with lmit
load requirements.

(b) Control surface tests shall include
the horn or fitting to which the control
syatem is attached.

(c) Analyses or individual load tests
shell be conducted to demonstrate com-
plinnce with the special factor reguire-
ments for control surface hinges. (See
§% 4h.307 and 4b.313 a).)

§ 4b.312 Instaillation. (2} Movabls
tall surfaces shall be so installed that
there is no interference between any two
surfaces when cone is held in its extreme
position and all the others are operated
through thelr full angular movemens,

(b) When an adjustable stabilizer is
used, stops shall be provided which will
Hmit its travel, in the event of faillure
of the adjusting mechanism, {o a range
equal to the maximum required to trim
tire alrpiane in accordance with § 4b,140.

§ 4b.313 Hinges. (a) Control surface
hinges, except ball and rolier bearings,
shall incorporate a special factor of not
less than 6.67 with respect to the ulti-
mate bearing strength of the softest ma-
terial used as a bearing.

(b) Por hinges incorporating hall or
roller bearings, the approved rating of
the bearing shall not be exceeded,

{¢) Hinges shall provide sufficlent
strength and rigidity for loads parallel
to the hinge line.

CONTROL SYSTEMS

$4b.320 General. Al controls and
contrel systems shall operate with ease,
smoothness, and positiveness appropri-
ate to their function. (See also §5 4H.350
and 4b.3538.)

$ 4b.321 Two-control afrplanes. Two-
eontrel airplanes shall be capable of con-
tinuing safely in flight and landing in
the event of failure of any one connect-
fng element In the directional-lateral
filght control gystem.

§ 4h.322 Trim conirols and sysltems.
(a) Trim contrcls shall be designed to
safeguard sgainst inadvertent or abrupt
operation,

(b Each trim control shall operate
in the plane and with the sensze of motion
of the airplane. (See fig. 4b-16.)

(¢) Means shall be provided adjacent
to the trim control to indleate the direc-
tion of the control movement relative to
the airplane motion.

(d} Means shall be provided to indi-
cate the position of the trim device with
respect to the range of adjustment. The
indicating means shall be clearly visible.

(&) Trim devices shall be capable of
continued normal operation in the event
of failure of any one connecting or trans-
mitting element of the primary fiight
contreol system.

() Trim tab controls shall be frre.
versible, unless the tab is eppropriately
balanced and shown to be free from
flutter,



(g) Where an irreversible tab control
system is employed, the portion from the
tab to the attachment of the irreversible
unit to the airplane structure shall con-
gist of a rigid connectlon.

§4b.323 Wing flap controls., (a)
The wing flap controls shall operate in
a manner to permit the fight crew to
place the flaps in all of the take-off, en
route, apporoach, and lsnding positions
established under § 4b,111 and to main-
tain these positions thereafter without
further attention on the part of the
crew, except for flap movement produced
by an automatic flap positioning or load
limiting device.

(b) The wing flap control shall be lo-
cated and deslgned to render improbable
its inadvertent operation.

(¢) The rate of motion of the wing
flap in response to the operation of the
control and the characteristics of the
automatic flap positioning or load limit-
ing device shall be such as to obtain
satisfactory flight and performance
characteristics under steady or changing
conditions of air speed, engine power, and
airplane attitude,

(d) The wing flap control shall he
designed to retract the flaps from the
fully extended pesition during steady
filght af maximum continuous engine
power at all speeds below Vy+10
(m. p. h.),

(e) Means shall be provided to in-
dicate the take-off, en route, approach,
and landing flap positions,

(1) If any extension of the flaps be-
yond the landing position is possible,
the flap control shall be clearly marked
to identify such range of extension.

§4b324 Wing flep interconneciion.
{a) The mofion of wing flaps on opposite
sides of the plane of symmetry shall be
synchronized by & mechanical inter-
connection unless the alrplane is
demonstrated to have safe flight char-
acteristics while the flaps are retracted
on one stde and extended on the other.

(b) Where a wing flap interconnec-
tion is used, it shall be designed to
account for the applicable unsymmetri-
cal loads, including those resulting from
flight with the engines on ane side of
the plane of symmetry inoperative and
the remaining engines at take-off power.
For airplanes with flaps*which are not
subjected to slipstream conditions, the
structure shall be designed for the loads
imposed when the wing flaps on one side
are carrying the most severe load occur-
ring in the prescribed symmetrical con-
ditions and those on the other side are
carrying not more than 80 percent of
that load.

§4b.325 Conirol system stops. (&)
All control systems shall he provided
with stops which posttively limit the
range of motion of the control surfaces.

(b) Coenfrol system stops shall be so
located in the system that wear, slack-
ness, or take-up adjustments will not
affect adversely the control character-
istics of the rirplane because of a change
in the range of surface travel.

{¢) Contro] system stops shall be ca-
pable of withstanding the loads corre-
sponding with the design conditions for
the control system,

§4b.326 Conirol system locks. Pro-
vision shall be made to prevent damage
to the control surfaces (including tabs)
and the control system which might re-
sult from gusts striking the airplane
while it is on the ground or water (see
2lso § 4b,226). If a device provided for
this purpose, when engaged, prevents
normal operation of the control surfaces
by the pilot, it shall comply with the
following provisions.

(a) The device shall either automat-
ically disengage when the pilot operates
the primary flight controls in 8 normal
manner, or it shall limit the operation
of the airplane In such a manner that
the pilot receives unmistakahle warning
at the start of take-off.

(b) Means shall be provided to pre-
clude the possibility of the device be-
coming inadvertently engaged In flight.

§$ 4b.327 Static tests. Tests shall be
conducted on centrol systems to show
compliance with limit load requirements
in accordance with the following pro-
visions.

(a) The direetion of the test loads
shall be such as to produce the most
severe loading in the control system.

(b} The tests shall include all fittings,
pulleys, and brackets used in attaching
the contrel system (o the main stracture.

{c)} Analyses or individual load tests
shall be conducted to demonstrate com-
plance with the special factor require-
ments for control systern joints sub-
Jected to angular motion. (Bee §§ 4b.~
307 and 4b.329 (b).)

§40.328 Operglion tests. An opera-
tion test shall be conducted for each
eontrol system by operating the controls
from the pilot compartment with the
entire system loaded to correspond with
80 percent of the limit load specified for
the control system. In this test there
shall be no jamming, excessive Irtetion,
or excessive defleotion.

§ 4b.329 Control system details; gen-
eral. Al detalls of contro} systems shall
be designed and installed to prevent
Jamming, chafing, and Interference
from cargo, passengers, and loose ob-
Jects. Precautionary means shall be
provided in the cockpit to prevent the
entry of foreign objects inta places where
they would jam the conirol systems.
Provisions shall be made to prevent the
slapping of cables or tubes against other
parts of the airplane. 'The following de-
tail requirements shall be applicable with
respect to cable systems and Joints.

(a) Cable systems. (1) Cables, cable
Attings, turnbuckles, splices, and pulleys
shali be of an approved type.

(2) Cables smaller than ¥-inch a1~
ameter shall not be used In the alleron,
elevator, or rudder systems.

(3) The design of cable systems shall
be such that there will he nho hazardous
change In cable tension throughout the
range of travel under operating condi-
tions and temperature variations.

(4) Pulley types and siZes shall cor-
respond with the cables used.

(5) All pulleys and sprockets shall be
provided with closely fitted guards to
prevent the cables and chains being
displaced or fouled.
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(8) Pulleys shall lie in the plane pas-
sing through the cable within such limits
that the cable does not rub against the
pulley flange.

('7y Fairleads shall be so installed that
they do not cause a change in cabla
direction of more than 3°,

(8} Clevis pins (excluding those not
subject to load or motion) retained only
by cotter pins shall not be used in the
control system.

(9) Turnbuckles attached to parts
having angular motion shall be installed
to prevent positively any binding
throughout the range of travel.

(10) Provision for visual inspection
shall be made at all fairleads, pulleys,
terminals, and turnbuckles.

(b) Joints. (1) Control system
joints subjected to angular moticn in
push-pull systems, excepting ball and
roller bhearing systems, shall incorporate
a special factor of not less than 3.33 with
respect to the ultimate bearing strength
of the softest material used as s hearing.

(2) It shall be acceptable to reduce
the factor specified in subparagraph (1)
of this paragraph to a value of 2.0 for
joints in cable control systems.

(3) The approved rating of ball and
roller bearings shall not be exceeded.

LANDING GEAR

§4b330 General. The requirements
of §§ 4b.331 through 4b.338 shall apply
to the complete landing gear.

§4b.331 Shock absorbers. (a) The
shock ahsorbing” elements for the main,
nose, and tail wheel units shall be sub-
stantiated by the tests specified in
§ 4b.332,

(b) The shock absorbing ahility of the
landing gear in taxying shall be demon-
strated by the tests prescribed in
§ 4b.172,

5 4b.332 Landing gear tests. The
landing gear shall withstand the follow-
ing tests.

(2} Shotk absorption tests, (1) It
shall be demonstrated by energy absorp=
tion tests that the limit load factors se-
lected for design in accordance with
§4b.230 () for take-off and landing
weights, respectively, will not be ex-
ceeded.

(2) In addition to the provisions of
subparagraph (1) of this paragraph, a
reserve of energy absorbtion shall be
demonstrated by & test simulating an
afrplane descent velocity of 12 £, p. 5. at
desien landing weight, assuming wing lift
not greater than the airplane weight act~
ing during the landing jmpact, In this
test the landing gear shall not fail.
(See paragraph (¢) of this section.)

{b» Limit drop tests, (1) If compli-
ance with the limit landing conditions
specified in paragraph (a) (1) of this
section is demonstrated by free drop
tests. these shall be conducted on the
complete ajrplane, or on units consisting
of wheel, tire, and shock absorher in their
proper relation, The free drop heights
shall not be less than the following:

() 18.7 inches for the design landing
weight conditions,

i) 6.7 inches for the design take-off
weight conditions,



{2y I wing lift Is simulaied in free
drop tests the Ianding gear sball be
dropped with an effectlve mass equal to;

r4-(1-L)d

hid

where:
W, =the effective welght to be uged in the
drop test (Ibs.),

h—sapecified tree drop height (inches),

d=deflection ynder impact of the tire (at
the approved Iinflation pressure)
plus the vertical component of the
axle travel reintive to the drop
mass (inches),

W=W, for maln gear units (1ba.}, squal
to the static weight on the par-
Heular unit with the alrplane in
tha level attitude (with the nose
wheel clear in the case of Dose
wheel type airplanes).

W =W, for tail gear units {Ibs.}, equal to
the statlc weight on the tali unit
with the airplane in the tall-down
attitude,

W=W, for noss whea! units (Ibs.}, equsl
to the vertical component of the
gtatlc reaction which would exisy
at the nose wheel, assuming the
mass of the alrplane acting at the
center of gravity and exerting m
force of 1.0g downward and 0.2bg

forward,

L=the ratio of the assumed wing 1ift
to the alrplane welghi, not In ex-
cess of 0.667.

(3) The attitude in which a landing
gear unit is drop tested shall simulate
the airplane landing condition critical
for the unit.

{4) 'The value of 4 used in the com-
putation of W, in subparagraph (2) of
this paragraph shaii not exceed the value
sactually obiained in the drop test.

(¢} Reserve energy absorplion drop
tests. (1) I compliance with the re-
serve energy absorption condition spec-
Jfied in paragraph {a) {2) of this section
i8 demongtrated by free drop tests, the
landing gear units shall be dropped from
8 frea drop height of not less than 27
Inches,

(2) I wing lif{ equal to the alrplane
weight is simulated, the unita shall be
dropped with an effective mass squal to:

R
w,=w(~,,—_,;-g) H
where the symbols and other detafls are

the same as in paragraph (b) of this
section,

§ 4b.338 Limit load factor delermina-
tion. (8) In determining the sirplans
fnertia Hmit load factor n from the free
drop tests specified in § 40.333, the fol-
lowing formula shall be used:

W, ..

u_u,i,-h'..
whare:

m;=the load factor during Jmpact devel-

oped on the mass used In the arop
tast (1. e., the acceleration dv/dt in
recordad in the drop lest plus
1,0). (See §4b832 (b) (2) for ex-
planation of W, W, and L).

(M) The value of n determined in
paragtaph (a) of this section shali not
be greater than the limit load factor
used for the landing conditions. (See
$ 4b230 ().

§ 4b.334 Retlracling mechanism—(a)
@eneral. (1) The landing gesr retract-
ing mechanism, wheel well doors, and

supporting structure shall be designed
for the loads oeceurring in the fight con-
ditions when the gear s in the retracted
position, and for the combination of
Iriction, Inertia, brake torque, and air
loads occurring during retraction and
extension at any air speed up fo 1.8 Vs,
(finps in the approach position at design
landing weight), and any load factor up
to those gpecified in §4b.212 for the
Aaps extended condition,

(2) The landing gear, the retracting
mechanism, and the airplane structure
including wheel weil doors shail be de-
signed to withstand the flight loads oe-
curring with the landing gear in the
extended position at any speed up to
0.87 ¥V, unlesg other means sre provided
to decelerate the airplane in flight at this
speed.

(3) Landing gear doors, their operat-
ing mechgnism, and thelr supporting
structure shall be designed for the eon-
ditions of air speed and load factor pre-
scribed in subparagraphs (1) and (2) of
this parsgraph, and in saddition they
shall be designed for the yawing ma-
neuvers prescribed for the airplane,

(h) Landing gear lock. A positive
means shall be pravided for the purpose
of maintaining the landing gear in the
extended position.

(¢} Emergency operation. Emer-
gency means of extending the landing
gear shall be provided, s0 that the land-
ing gear can be extended in the event of
any ressonably probable failure in the
normal retraction systemn. In any case
the emergency system shall provide for
the fallure of any single source of hy-
draulic, electric, or equivalent energy
supply.

(d) Operalion test. Proper function-
ing of the landing gear retracting
mechanism shali be demonstrated by
operation tests.

(e) Position indicator and warning de-
pice. (1) When a retractable landing
gear is used, means shall be provided for
Inglenting to the pilot when the gear is
secured in the extended and in the re-
tracted positions,

(2) In addition to the requirement of
subparagraph (1> of thiz parsgrarh,
landplanes shall he provided with an
aural warning device which will function
continnousiy when ali throitles are closed
if the gear is not fully extended and
locked.

(3) If & manua! shutoft for the wam-
ing device prescribed in subparagraph
(3) of this paragraph is provided, it shall
be installed so that reopening the throt-
tles will reset the warning mechanizm,

() Control. The location and oper-
ation of the landing gear retraction con-
{rol shall be according to the provisions
of §49.353,

$40.335 Wheels. Main wheels and
nose wheels shall be of an approved type.
The following provisions shall apply.

(a) The maximum static load rating
of each main wheel and nose wheel shall
not he less than the corresponding static
ground reaction under the design take-
off weight of the airplane and the critical
center of gravity position.

(b} The maximum Hmit load rating
of each main wheel and nose wheel shall
not be less than the maximum radial
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limit load determined in accordance
with the applicable ground load require-
ments of this part- (see §§ 4b.230 through
45.236),

(¢} The maximum kinetic energy ca-
pacity rating of each main wheel«brake
assembly shall not be less than the ki-
netic energy absorption requirement
determined as follows:

xx:-_-o__'m*w'o'.
o H
where:

KE:-kinetic energy per wheel (ft. 1b.);

W=deslgn landing weight (1b.);

V,, =Power-off stalling speed of the alrplane
{mph) at sea level at the design
landing welght and in the Ianding
eonflguration;

N=numbet of main wheels.

Nore: The expression for kinetic energy
assumes an equal distribution of bhraking
hetween maaln wheels. In cases of unequal
distribution the expression requires appro-
priate modification.

{d) The minimum stalling speed rat-
ing of each main wheel-brake assembly,
i. e., the !nitial speed used in the dyna-
mometer tests, shall not be greager than
the Vs, used in the determination of
kinetic energy in accordance with para-
graph (c) of this section.

Nors: The provision of this paragraph 1s
hased upon the assampilon that the testing
procedures for wheel-brake assembiles in-
volve B specified rate of deceleration, and,
therefore, for the same amount of kinetie
enerpy the rate of energy ahsorption (the
power absorbing ability of the hrake) varies
inversely with the Initial speed,

§4b.336 Tires. (a) Landing gear
tires shall be of a proper fit on the rim
of the wheel, and their approved rating
shall be such that it 12 not exceeded
under the following conditions:

(1) Alrplane weight equal to the de-
sign take-off welght,

(2) Load on each main wheel tire
equal to the corresponding static ground
reaction at the critical center of gravity
position.

(3) Load on nose wheel tires (to be
compared with the dynamic rating es-
tablished for such tires) equal to the
resction obtalined at the nose wheel,
assuming the mass of the afrplane con~
centrated at the most critical center of
gravity and exerting a force of 1L.Og
downward and 0.31g forward, the reac-
tions being distributed to the nose and
main wheels by the principles of statics
with the drag reaction ai the ground
applied only at those wheels which have
brakes.

$ 4b.337 Braokes—(a) General. (1)
The airplane shall be equipped with
brakes of an approved type. The brake
ratings shall be in accordance with
§ 40,335 (¢) and (d).

(2) The brake system shall be so de-
gigned_and constructed that in the event
of & single faflure in any connectlon or
transmitting element in the brake sys-
tem {(excluding the operating pedal ox
handle), or the loss of any aingle source
of hydraullc or ciher brake operating
energy supply, it shall be possible to
bring the airplane to rest under condl-
tions specified in § 4b.122 with a mean
deceleration during the landing roll of at
least 50 percent of that obtained in de-



termining the landing distance as pre-
gcribed In that section.

(3) In spplying the requirement of
subparagraph (2) of this paragraph to
hydraulic brakes, the brake drum, shoes,
and actuators (or their equivalents)
shall be considered as connecting or
transmitiing elements, unless 1t 1s shown
that the leakage of hydraulic fluid re-
suliing from failure of the sealing ele-
ments in these units would not reduce
the braking effectiveness below that
specified in subparagraph (2} of this
paragraph.

(b) Brake controls. Brake controls
shall not require excessive control forces
in their operation.

(¢} Parking btrake controls. A park-
ing brake control shall be provided and
installed so that it can be set by the pilot
and, without further attention, will
maintain sufficlent braking to prevent
the airplane from rolling on & paved,
level runway while fake-off power on the
critical engine is being applied.

§4b.338 Skis. Skisshall be of an ap-
proved type. The maximum limit load
rating of each ski shall not be less
than the maximum limit load determined
in accordance with the applicable ground
load requirements of this part. (See
§§ 40.230 through 4b.236.)

HULLS AND FLOATS

§ 4b.340 General. The requirements of
§4 4b.341 and 4b.342 shall apply to the
deslgn of hulls and floats.

§ 4b.341 Seaplane main floats. Sea-
plane main floats shall be of an approved
type and shall comply with the provi-
sions of §4b.250. In addition, the fol-
Iowing shall apply.

{a) Buoyancy. Each seapiane main
float shall have a buoyancy of 80 percent
in excess of that required to support the
maximum weight of the seaplane in fresh
water.

(b) Comparimentation. Each sea-
plane main float shall contain not less
than 5 watertight compartments. The
compartments shall have approximately
equal volumes,

§ 4b.342 Boat hulls. (a) The hulls of
boat seaplanes and amphibians shall be
divided into watertight compartments
so that, with any twe adjacent compart-
ments flooded, the buoyancey of the hull
and auxiliary floats (and wheel tires, if
used) will provide a sufficient margin of
positive stability to minimize capsizing
in rough fresh water.

(b) For the purpose of communica-
tion between compartments, bulkheads
with watertight doors shall be allowed.

PERSONNEL AND CARGO ACCOMMODATIONS

$ 4b 350 Pilot compartment; general.
(a) The arrangement of the pilot com-
partment and its appurtenances shall
provide safely and assurance that the
pilot will be able to perform all of his
duties and cperate the controls in the
correct manner without unreasonable
concentration and fatigue,

(b} The primary flight controls listed
on figure 4b-18, excluding cables and
control rods, shall be so located with re-
spect to the propellers that no portion
of the pilot or the controls lies in the
region hetween the plane of rotation of

any Inboard propeller and the surface
generated by s line passing through the
center of the propeller hub and making
an angle of 5° forward or aft of the
plane of rotation of the propeliler.

(¢} When provision 1s made for a sec-
ond pilot, the airplane shall be control-
lable with equal safety from both seats.

(d) The pilot compartment shall be
constructed o prevent leakage likely to
be distracting to the crew or haymful to
the structure when flying in rain or
snow.

{e) A door shall be provided hetween
the pilot compartment and the passen-
ger compartment.

PRIMARY

Controls Movement and actuation
Alleron..___._oon.. nght (clockwnse) for right wing
Rlevator. c.ceem-n. Rearwurd for nose u
Rudder_______..-_ Right pedal forward ror nose right.

SECONDARY

TFlaps (or auxiliary | Forward for flaps up; rearward

lift devices). for flaps down.
Trim tabs ({or | Rotate 10 produce similar retation
equivalent). of the airplane about an axiz

parallel to the azls of the control.

FIGURE 4b-18—Aerodynamic controls,

(£) The door prascribed in paragraph
(e) of this section shall be equipped with
8 locking means to Prevent passengers
from opening the door without the pilot’s
permission.

(g) Vibration and unoise characteris-
tics of cockpit appurtensnces shall not
interfere with the safe operation of the
airplane.

§ 4b.351 Pilot compartment vision—
(a) Nonprecipilation conditions. (1)
The pilot compartment shall be arranged
to afford the pilots a sufficlently exten-
sive, clear, and undistorted view to per-
form safely all maneuvers within the
operating limitations of the airplane, in-
cluding taxying, take-oft, approach, and
Janding.

(2) It shall be demonstrated by day
and night flicht tests that the pilot
compartment is free of glare angd reflec-
tions which would tend to interfere with
the pilots’ vision.

(b) Precipliation conditions. (¢ 8]
Means shall be provided for maintaining
a suficient portion of the windshield
cleer so that both pilots are afforded
8 sufficiently extensive view slong the
flight path in all normal fiight attitudes
of the airplane. Such means shall be
designed to function under the following
conditions without continuous attention
on the part of the crew:

(1) In heavy rain at speeds up to 1.6
Vs,, flaps retracted,

(i) Tn the most severe leing condl-
tions for which approval of the airplane
is desired.

(2) In addition to the means pre-
seribed in sybparagraph (1) of this para-
graph at least the first pilot shall be
provided with a window which, when the
cabin is not pressurized, is openable
under the conditions prescribed in sub-
paragraph (1) of this paragraph, and
which provides the view specified in that
subparagraph. The design shall be such
that when the window is opened suffi~
cient protection from the elements will
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be provided against the impairment of
the pillot's vision,

§ 4b.352 Windshield and windows.
(a) All infernal glass panes shall be of a
nonsplintering safety type.

(b} The windshield, its supporting
structure, and other structure in front
of the pilots shall have suffieient strength
to withstand without penetration the
impact of a four-pound bird when the
velocity of the airplane relative to the
bird along the airplane's flight path is
equal to the value of V, at sea level
selected in accordance with § 4b.210 (b)
4.

(¢) The design of windshields and
windows in pressurized airplanes shall he
based on factors peculiar to high alti-
tude operation. (See also § 4b.373.)

Norzx: Factors peculiar to high altitude op«
ergtlon as they may affect the deslgn of wind-
shields and windows include the effects of
continuous and cyclic pressurimation load-
ings, the inherent characteristies of the
material used, the effects of temperatures and
temperature differentials, ete.

§4b.353 Contrels. (a) All cockplt
controls shail be located to provide con-
venience in operation and in a manner
tending to prevent confusion and inad-
vertent operation. (See also § 4b.737.)

(b) The direction of movement of
controls shall be according to figures
4b-18 and 4b-17. Wherever practicable
the sense of motion involved in the oper-
ation of other controls shall correspond
with the sense of the effect of the oper=
ation upon the airplane or upon the part
operated. All controls of s variable na-
ture employing & rotary motion shall
move clockwise from the oft position,
through an increasing range, to the full
on position.

{c) The controls shall be so located
and arranged with respect to the pilots’
seats that there exists full and unre=
stricted movement of each control with-
out interference from either the cockpit
gtructure or the pilots’ clothing when
seated with the seat belt fastened. This
shall be demonstrated for individuals
ranging from 5’ 2"’ tp 6’ 0’ in height.

(d) Xdentical powerplant controls for
each engine shall be located to prevent
any misleading impression as to the en-
gine to which they relate.

Controls Movement and sctustion
Powerplant
Throttles. ... ._. Forward to increase Iorward
thrust and rearward to icrease
rearward theust,
Propellers . ..._..... Forward te increase rpm,

Mixture_ _

Forward ar uprward for rich,
Carbaretor air heat_ .

Forward or upward for cold.

Forward or upward for Jow
btower. In the case of turbo-
supercharyers, forward, upward,
or clockwise Lo increase pressure.

Auxiliaty

Down to extend,

FIGURY 4b-17—POWXRPLANT AND AUXILIARY CONYROLA,

(e} The wing flap (or auxiliary liff
devica) and landing gear contrels shall
comply with the following:

(1) The wing flap control shall be
lIocated on top of the pedestal aft of the

| '," T n Lﬁ)/’x ﬂ:ﬁ
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throttle(s), centrally or to the right of
the pedestal centerline and shall be not
less than 10 inches aft of the landing
gear control.

(2) The landing gear control shall be
located to the left of the pedestal center-
line.

(f) The control knobs shall be shaped
in accordance with Figure 4b-22, and
such knobs shall be of the same color,
but of a color in contrast with that of
not only the other control knobs but
also the surrounding cockpit.

Nors: Flgure 4b-22 s not intended to
indicate the exact size or proportion of the
control knobs,

(g) Where the work load on the flight
crew is such as to require a flight engi-
neer (see § 4b.720), a flight engineer sta-
tion shall be provided. The station shall
be 50 locaked and arranged that the flight
crew members can perform their func-
tions effieiently and without interfering
with each ofher.

§4h.354 Instrument arrqngement,
{See 3 4b.611.)

§ 4b.355 Instrumeni marking. (The
operational markings, instructions, and
placards required for the instruments,
controls, ete., are specifled in §8 4b.730
through 45.738.)

§4b.356 Doors. (a) Airplane cabins
shall be provided with at least one easily
accessible external door,

(b) Means shall be provided for lock-
Ing each external door and for safe-
guarding against opening in flight either
inadvertently by persons or as & result
of mechanical failure. I{ shall be pos-
sible to open external doors from either
the inside or the outside even though
persons may he crowding against the
door from the Inside. The means of
opening shall be simple and obvious and
shall be s0 arranged and marked that
it can be readily located and operated
even in darkness,

(¢} Reasonable provisions shall be
made to prevent the jamming of any ex-
ternal door as & result of fuselage de-
formation in & minor ¢rash.

{d) External doors shall be 50 located
that persons using them will not be en-
dangered by the propellers when appro-
priate operating procedures are
employed.

(e} Means shall be provided for a di-
rect wisual inspection of the locking
mechanism by crew members {0 ascer-
tain whether all external doors, Includ-
ing passenger, crew, service, and cargo
doors, are fully locked (see also § 4b.362
(e) (5) for emergency exits). In addi-
tion, visual means shall be provided to
signal to appropriate crew members that
all normally used exiernal doors are
¢losed and in the fully locked position.

§ 4h.357 Door louvres. Where internal
doors are equipped with louvres or other
ventilating meangs, provision convenient
to the ¢rew shall be made for stopping
the flow of air through the door when
such action is found hecessary.

§4b,358 Seats, berths, and safety
belis—(a) General, At all stations des-
tgnated as cccuplable during take-off
and landing, the seats, berths, belts,
harnesses, and adjacent parts of the alr.

plane shall be such that & person mak-
ing proper use of these facilities will
not suffer serious injury in the emergency
landing conditions as a result of inertia
forces specified In § 4b.260, Seats snd
berths shall be ef an approved type (see
also § 4b.643 concerning safety belts).

(b) Arragngement. (1) Passengers
and crew shall be afforded protection
from head injurles by one of the follow-
ing means:

(i) Bafety belt and shoulder harness
which will prevent the head from con-
tacting any injurious object,

(i) Safety belt and the elimination of
all injurious objects within striking ra-
dius of the head,

(iii) Safety belt and a cushioned rest
which will support the arms, shoulders,
head, and spine.

(2) For arrangements which do not
provide a firm: hand hold on seat backs,
hand grips or rails shall be provided
along aisles to enable passengers or crew
members to steady themselves while
using the aisles in moderately rough air.

(3) All projecting objects which would
cause injury to persons seated or moving
about the airplane in normal flight shall
be padded.

(¢) Strength. All seats and berths
and their supporting structure shall be
designed for occupant weight of 170
pounds with due account taken of the
maximum load factors, inertia forces,
and reactions between occupant, seat,
and safety belt or harness corresponding
with all relevant Right and ground load
conditions, including the emergency
landing conditions preseribed in § 4bh.260.
In addition, the following shall apply.

(1) Pilot seats shall be designed for
the reactions resulting from the applica-
tion of pilot forces {o the flight controls
as prescribed in § 4b.224,

(2) Indetermining the strength of the
seat or berth attachments to the struc-
ture, and the safefty belt or shoulder
harness attachments to the seat, herth,
or structure, the inertia forces specified
in § 4b.260 (a) shall be multiplied by a
factor of 1.33.

§4b.359 Cargo and baggage com-
partments. (See also §§ 4b.382 to 4b.384))

(a} Each cargo and baggage compart-
ment shall be designed for the placarded
maximum welght of contents and the
critical load distributions at the appro-
priate maximum load factors corre-
sponding with all specified flight and
ground load conditions, excluding the
emergency landing conditions of § 4b.260.

(b} Provisions shall he nfhde to pre-
vent the contents in the compartments
from becoming a hazard by shifting
under the loads specified in paragraph
(&) of this section.

(¢} Provisions shall be made to pro-
tect the passengers and crew from in-
jury by the contents of any com-
partment, taking into account the
emergency landing conditions of § 4b,260.

EMERGENCY PROVISIONS

§4b.360 General. The requirements
of §§ 4b.361 and 4b.362 shall apply to the
emergency provisions,

§ 4b.361 Ditching. Compliance with
this section is optional, The require-
ments of this section are intended to

26

safeguard the occupants in the event of
an emergency landing during overwater
Hight. When compliance is shown with
ihe provisions of paragraphs-(a) through
(¢c) of this section and with the provi-
sions of §§ 4h.362 (d), 4h.645, and 4b.646,
the type certificate shall include certifi-
cation to that effect. When an airplane
is certificated to ineclude ditching pro-
visions, the recommended ditching pro-
cedures established on the basis of these
requirements shall be set forth in the
Airplane Flight Manual {see § 4h.742
d)).

(a) All practicable design measures
compatible with the general character-
istics of the type airplane shall be taken
to minimize the chance of any behavior
of the airplane in an emergency land-
ing on water which would be likely to
cause immediate injury to the occu-
pants or to make it impossible for them
to escape from the airplane. The prob-
able behavior of the airplane in a water
landing shall be investigated by model
tests or by comparison with airplanes of
similar configuration for which the
ditching characteristics are known. iIn
this investigation account shall be taken
of scoops, flaps, projections, and all
other factors likely to affect the hydro-
dynamic characteristics of the actual
airplane.

(b) It shall be shown that under rea-
sonably probable water conditions the
flotation time and trim of the airplane
will permit all occupants to leave the air-
plane and to occupy the life rafts re-
quired by § 4b645. If compliance with
this provision is shown by buoyancy and
trim computations, appropriate allow-
ances shall be made for probable siruc-
tural damage and leakage.

NoTe: In the case of fuet tanks which are
equipped with fuel jettlsonlng provisions
and which can be reasonahbly expected to
withstand a ditching without leakage, the
Jettisonmble volume of fuel may be con-
sidered as bucyancy volume.

(¢) External doors and windows shall
be designed to withstand the probable
maximum local pressures, unless the
effects of the collapse of such parts are
taken into account in the investigation
of the probable hehavior of the airplane
in a water landing as prescribed in para-
graphs (a) and (k) of this section.

§ 4b.362 Emergency evacualion. Crew
and passenger areas shall be provided
with emergency evacuation means %o
permit rapid egress in the evenit of
crash landings, whether with the landing
gear extended or retracted, taking aec-
count of the possibility of the airplane
being on fire, The provisions of this
section shall apply to airplanes where
the major portion of the passenger area
is aft of the powerplant and the fuel
tanks. In airplanes where the major
portion of the passenger area is forward
of the powerplant and the fuel tanks, or
in airplanes of unconventional design
where the emergency exit locdatlons pre-
scribed in paragraph (b) of this section
would be inconsistent with safe and rapid
egress of passengers, variations of emer-
geney exit locations shall be allowed if
found appropriate by the Administrator.
Passenger entrance, crew, and service
doors shall be considered as emergency



exits if they meet the applicable require-
ments of this seetion.

(a) Flight crew emergency exits.
Flight crew emergency exits shall be lo-
eated in the flight crew area on both
sides of the airplane or as a top hatch to
provide for rapid evacuation. Such exits
shall not be required on small airplanes
where the Administrator finds that the
proximity of passenger emergency exits
to the flight crew area renders them
convenient and readily accessible to the
flight crew.

(b) Puassenger emergency exits; type
and locatlion. The types of exits and
their location shall be as follows:

{1) Type 1: A rectangular opening of
not less than 24 inches wide by 48 inches
high, with corner radii not greater than
4 inches, located as far aft in the pas-
senger area as practicable in the side of
the fuselage at floor level,

(2) Type II: Same as Type I (sub-
paragraph (1) of this paragraph) except
that the opening is not less than 20 inches
wide by 44 inches high.

(3) Type II: A rectangular opening
of not less than 20 inches wide by 36
inches high, with corner radil not greater
than 4 inches, located as far aft in the
passenger area as practicable in the
gide of the fuselage.

(4) Type IV: A rectangular opening
of not less than 19 inches wide by 286
inches high, with corner radil not
greater than 4 inches, located over the
wing in the side of the fuselage with a
step-up inside the airplane of not more
than 29 inches and a step-down outside
the airplane of not more than 36 inches.

Note: Larger openings than those specified
in paragraph (b} of this sectlon will be ac-
¢eptable, whether or not 0f rectangular shape,
provided the speclified rectangular openings
can be Inscribed therein, and further pro-
vided that the base of the opening affords a
flat surface not less than the width specified.

(¢) Passenger emergency exits; num-
ber required. Emergency exits of type
a&nd location prescribed in paragraph (b)
of this section shall be accessible to the
passengers and shall be provided on each
side of the fuselage in accordance with
the following:

Emergency exits required on
. each side of fuselage

P gor seating
capacity

Type T
I 1I lﬁ” v

1to 19 inclusive_.____
2010 39 Inclusive.
40 to 69 inclusive.
70 to 99 inclusive..
100 to0 139 inclusive...

For airplanes with a passenger capacity
of over 139 there shall be, in addition to
the emergency exits prescribed for a
passenger seating capacity of 100 to 139,
" Inclusive, on each side of the fuselage,
one Type I emergency exit for additional
passengers up to 50, these exits to be
located at such strategic points as would
contribute most to the safe evacuation of
Passengers.

Nore: Although slmilar exits and thelr
locations are prescribed for each side of the
Tuselage, It is not the intent of this regula-~
tion to require that the exits necessarlly be

at locations diametrically opposite each
other.

(d) Ditching emergency exits. Alr-
planes certificated in accordance with
the ditching provisions of § 4b.261 shall
be shown to have, on each side of the
fuselage, not less than one emergency
exit located above the water line for
every 35 passengers: Propided, That for
the purposes of this paragraph an easily
accessible overhead hatch of not less
than the clear dimensions of Type IIT
emergency exits (see paragraph (b) (3)
of this section) shall be considered
equivalent to one emergency exit on each
side,

(e) Emergency exit arrangement, (1)
Emergency exits shall consist of movable
deors or hatches in the external walls of
the fuselage and shall provide an unob-
structed opening to the outside.

(2} All emergency exits shall be
openable from the inside and from the
outside.

(3) The means of opening emergency
exits shall be simple and obvious and
shall not require exceptional effort of a
person opening them.

(4) Means shall be provided for lock-
ing each emergency exit and for safe-
guarding against opening in fiight either
inadvertently by persons or as a result
of mechanieal failure.

(5) Means shall be provided for a di-
rect visual inspection of the locking
mechanism by crew members to ascer-
tain whether all emergency exits are
fully locked.

{6> Provision shall be made to mini-
mize the possibility of jamming of
emergeney exits as a result of fuselage
deformation in a minor erash landing.

(7) For all landplane emergency exits
other than Type IV (see paragraph (b)
of this seetion) which are more than 6
feet from tine ground with the airplane
on the ground and the landing gear ex-
tended, means shall be provided to assist
the occupants in descending to the
ground,.

(8) The proper Tunctioning of emer-
gency exit installations shall he demon-
strated by test.

(f) Emergency exit marking, (1) Al
emergency exits, their means of aecess,
and their means of opening shall be
marked conspicuously. The identity and
location of emergency exits shall be rec-
ognizable from a distance equal to the
width of the cabin. The location of the
emergency exit operating handle and the
Instructions for opening shall be marked
on or adjacent to the emergency exit
and shall be readable from s distance of
30 inches.

(2) A source or sources of light, witk
an energy supply independent of the
main lighting system, shall be installed
to illuminate all emergency exit mark-
ings. Such lights shall be designed to
function automatically iz & crash land-
ing and shall also be operable manualty.

(3> All emergency exits and thelr
means of opening shall be marked on the
outside of the airplane for guidance of
rescue personnpel,

{(g) Emergency erxil access. Passage~
ways between individual compartments
of the passenger area and passageways
leading to Type I and Type Il emer-
gency exits (see paragraph (b) of this
section) shall be unobstructed and shall
be not less than 20 inches wide. Adja-
cent to emergency exits where assisting
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means are required by pardgraph (e} (T}
of thig section, there shall be sufficient
additional space to allow a erew member
to assist in the evacuation of passengers
without reduction in the unobstructed
width of the passageway to such exit.

(h) Width of main aisle. The main
passenger aisle at any point between
seats shall not be less than 15 inches
wide up to a height above the floor of
25 inches and not less than 20 inches
wide above that height.

VYENTILATION, HEATING, AND
PRESSURIZATION

§4b.310 General. The requirements
of §§ 4b.371 through 4b.376 shall apply to
the ventilation, heating, and pressuriza-
tion of the aircraft.

§ 4b.371 Ventilation. (a) All erew
compartments shall be ventilated by
providing a sufficient amount of fresh
air to enable the crew members {o per-
form their duties without undue dis-
comfort or fatigue.

Nore: An outside alr supply of approxi-
mately 10 cubic feet per minute 13 con-
sidered & minimum for each crew member.

(b) Ventilating air in crew and pas-
senger compartments shall be free of
harmful or hazardous concentrations of
gases Or vapors.

Notg: Carbon mono¥lde concentrations in
excess of one part in 20,000 parts of air are
considered hazardous. Carbon dloxide in
excesa of 8 percent by volume (sea level
equivalent) is constdered hazardous in the
case of crew members, Higher concentra=-
tions of ecarbon dioxide may not necessarily
be hazardous in crew compartments if
appropriate protectlve breathing equipment
1s available.

{c) Provision shall be made to insure
the conditions prescribed in paragraph
(b) of this section in the event of reason-
ably probable fallures or malfunctioning
of the ventilating, heating, pressuriza-
tion, or other systems and equipment.

Nore: Examples of acceptable provislons
include secondary 1solation, Integral pro-
tective devices, and crew warning and shut-
off for equipment the malfunctioning of
which could Introduce harmfyl or hazardous
guantities of smoke or gases.

(d) Where partitions hetween com-
partments are equipped with louvres or
other means allowing air to flow between
such compartments, provision conveni-
ent to the crew shall be made for stop-
ping the flow of air through the louvres
or other means when such action is
found necessary. (See also § 4b.357.)

(e) Means shall be provided to enable
the crew to control the temperature and
guantity of ventilating air supplied to
the crew compartment independently of
the temperature and quantity of ven-
tilating air supplied to other compart-
ments.

§ 4b.372 Heating systems. Combus-
tion heaters shall be of an approved type
and shall comply with the fire protection
requirements of § 4b.386. Engine ex-
haust heaters shall comply with the pro-
visions of § 4b.467 (¢) and (d).

$ 4b 373 Pressurized cobdins; general.
Theg design of pressurized cabins shall
comply with the requirements of
$54H.374 through 4b.378. (See &alse
§§ 4b.216 (¢) and 4b.352.)



§ 4b,374 Pressure supply. (See § 4b.477
(©).}

§ 4b.375 Pressure conirol. Pressur-
ized cabins shall be provided with at least
the following valves, controls, and indi-
cators for controlling cabin pressure.

(a) Two pressure relief valves, at least
one of which is the normal regulating
valve, shall be installed to limit auto-
matically the positive pressure differen-
tial to a predetermined value at the
maximum rate of flow delivered by the
pressure source. 'The combined capacity
of the relief valves shall be such that
the failure of any one valve would not
cause an appreciable rise in the pressure
differential. The pressure difierential
shall be considered positive when the in-
ternal pressure is greater than the ex-
ternal,

(b) Two reverse pressure differential
relief valves (or equivalent) shall be in-
stalled to prevent automatically a nega-
tive pressure differential which would
damage the structure, except that one
such valve shall be considered sufficient
if it is of a design which reasonably pre-
cludes. its malfunctioning.

(e) Means shall be provided by which
the pressure differential can be rapidly
equalized,

(d) An automatic or manual regu-
lator for controlling the intake and/or
exhaust air flow shall be installed so that
the required internal pressures and air
flow rates can be maintained.

(e) Insiruments shall be provided at
the pilot or flight engineer station show-
ing the pressure differential, the abso-
lute peessure in the cabin, and the rate
of change of the ahsclute pressure.

(f) Warning indication shall be pro-
vided at the pilot or flight engineer sta-
tton to indicate when the safe or preset
Himits on pressure differential and on
ahsolute cabin pressure are exceeded.

(g) If the structure is not designed
for pressure differentials up to the
maximum relief valve setting in combi-
nation with landing loads (see § 4b.216
(¢)), a warning placard snall be placed
at the pilot or fight engineer station.

§4b376 Tesis—(a) Sirength test.
The complete pressurized cabin, includ-
ing doors, windows, and all valves, shall
be tested as a pressure vessel for the
?rfsig;‘e differential specified in § 4b.216

c .

(b) Functional fests. The following
Tunctionzl tests shall be performed.

(1) To simulate the condition of regu-
lator valves closed, the functioning and
the capacity shall be tested of the posi-
tive and negative pressure differential
valves and of the emergency release
valve.

(2) All parts of the pressurization
system shall be tested to show proper
functioning under all possible conditions
of pressure, temperature, and moisture
up to the maximum altitude selected
for certification.

(3) Flight tests shall be conducted to
demonstrate the performance of the
pressure supply, pressure and flow regu-
lators, indicators, and warning signals
in steady and stepped climbs and de-
scents at rates corresponding with the
maximum attainable without exceeding

.

the operating Umitations of the airplane
up to the maximum altitude selected for
certification.

{4) All doors and emergency exits
shall be tested to ascertain that they
operate properly after being subjected
to the flight tests prescribed in sub-
paragraph (3) of this paragraph,

FIRE FROTECTION

§ 4b.380 General. Compliance shall
be shown with the fire protection require-
ments of §§ 4b.381 through 4b.386. (See
also §§ 4b 480 through 4b.490.) In addi-
tion, the following shall apply.

(a) Hand fire extinguishers. Hand
fire extinguishers shall be of an approved
type. The types and guantities of ex-
tinguishing agents shall be appropriate
for the types of fires likely to occur in
the compartments where the extinguish-
ers are intended for use. Extinguishers
intended for use in personnel compart-
ments shall be such &@s to minimize the
hazard of toxic gas concentrations.

(b) Built-in fire extinguishers. Where
a built-In fire extinguishing system is
required, its capacity in relation to the
compartment volume and ventilation
rate shall be sufficient to combat any fire
likely to occur in the compartment. All
built-in fire extinguishing systems shall
be so installed that any extinguisher
sgent likely to enter personnel compart-
ments will not be hazardous to the occu-
pants and that discharge of the ex-
tinguisher cannot result in structural
damage. (See also § 4b.371.)

(c) Protective breathing equipment.
If the airplane contains Class A or B
cargo compartments (see § 4b.383), pro-
tective breathing equipment shall be in-
stalled for the use of appropriate crew
members, (See § 4b.651 (h).)

§4b.381 Cabin interiors. All com-
partments occupied or used by the crew
ot passengers shall comply with the fol-
Jowing provisions.

(8) The materials in no case shall be
less than flash-resistant.

(b) The wall and ceiling linings, the
covering of all uphoistering, floors, and
furnishings shall be flame-resistant.

(¢} Compartments where smoking Is
to be permitted shall be equipped with
ash trays of the self-contained type
which are completely removable. All
other compartments shall be placarded
against smoking,

(d) All receptacles for used towels,
papers, and waste shall be of fire-resist-
ant material, and shall incorporate
covers or other provisions for contain-
ing possible fires.

{e) At least one hand fire extinguisher
shall be provided for use by the flicht
Crew.

(f) In addition to the requirements of
paragraph (e) of this section at least the
following number of hand fire extin-
guishers conveniently located for use in
passenger compartments shall be pro-
vided according to the passenger capac-
ity of the airplane:

Minimum number

of fire
Passenger capacity: extinguishers
6 or less 0
7 through 30 1
31 through €0 2
61 or mare. 3
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§ 4b.382 Cargo and baggage compart-
ments. (&) Cargo and baggage come
partments shall include no controls,
wiring, lines, equipment, or accessories
the damage or failure of which would
affect the safe operation of the alrplane,
unless such items are shielded, isolated,
or otherwise protected so that they can-
not be damaged by movement of cargo
in the compartment, and so that any
breakage or failure of such item will not
create a fire hazard.

(b) Provision shall be made to pre-
vent cargo or baggage from interfering
with the functioning of the fire-protec-
tive features of the compartment.

(¢) All materials used in the construc-
tion of cargo or baggage compartments,
including tie-down equipment, shall be
flame-resistant.

§ 4b.383 Cargo compariment classifi-
cation. All cargo and baggage compart.
ments shall include provisions for safe-
guarding against fires according to ithe
following classification.

(a) Class A. Cargo and bagegage
compartments shall be classified as “A”
if the presence of a possible fire therein
would be easily discernible to a member
of the crew while at his station, and if
all parts of the compartment are easily
accessible in flight. A hand fire extin-
gusher shall be available for each com-
partment, (See § 4b.380 (c) for protec-
tive breathing reguirements.)

(b) Class B. Cargo and baggage
compartments shall be classified as “B"
if sufficient access is provided while in
flight to enable a member of the crew to
move by hand all contents and to reach
effectively all parts of the compartment
with a hand fire extinguisher. Compli-
ance shall be shown with the following:

(1) The design of the compartment
shall be such that, when the access pro-
visions are being used, no hazardous
quantity of smoke, Aames, or extinguish-
ing agent will enter any compartiment
occupied by the crew or passengers. (See
§ 4b.380 (¢) for proteciive breathing re-
quirements.}

(2) Each compartment shall be
equipped with a separate system of an
approved type smoke detector or fire
detector other than a heat detector to
give warning at the pilot or flight engl-
neer station,

(3) Hand fire extinguishers shall be
readily available for use in each com-
partment.

(4) The compartment shall be com=~
pletely lined with fHre-resistant material.

(c) Class €. Cargo and baggage
compartments shall be classified as “C”
if they do not conform to the prerequi-
sites for the “A” or "B” classifications,
Compliance shall be shown with the
following.

(1) Each compartment be
equipped with:

(1) A separate system of an approved
type smoke detector or fire detector other
than heat detector to give warning at the
pilot or flight engineer station, and

(ii) An approved bulit-in fire-extin-
guishing system controlled from the pilot
or fiight engineer station.

(2) Means shall be provided to ex-
clude hazardous quantities of smoke,
flames, or extinguizhing agent from en-
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tering into any compartment occupied
by the crew or passengers.

(3) Ventilation and drafts shall be
controlled within each compartment so
that the extinguishing agent provided
¢ah control any fire which may start
within vhe compartment.

(4) The compartment shall be com-
pletely lined with fire-resistant material,

(d) Class D. Cargo and baggage com-
partments shall be classified as “D7 if
they are so designed and constructed that
a fire occurring therein will be completely
confined without endangering the safety
of the airplane or the occupants. Com-

pliance shall be shown with the
following.
(1) Each compartment shall be

equipped with an approved type smoke
detector or fire detector other than heat
detector to give warning at the pilot or
Aight engineer station.

(2) Means shall be provided o ex-
clude hazardous quantities of smoke,
flames, or other noxious gases from en-
tering into any compartment occupied
by the crew or passengers.

(3) Ventilation and drafts shall -be
controlled within each compartment so
that any fire likely to oceur in the com-
partment will not progress beyond safe

Nore: For compartments having a volume
not in excess of 500 cu. It. an airflow of not
more than 1,500 cu. 1. per hour 1s consiflered
acceptable. For larger compartments lesser
sirflow may be applicable.

(4) The compartment shall be com-
pletely lined with fire-resistant material.

(6) Comnsideration shall be given to
the effect of heat within the compart-
ment on adjacent critical parts of the
&airplane.

§4b.384¢ Proof of compliance. (a)
Compliance with those provisions of
§ 4b.383 which refer to compartment ac-
cessibility, to the eniry of hazardous
quantities of smoke or extinguishing
agent into compartments oecupied by the
crew or passengers, and to the dissipa-
tion of the extinguishing agent In
class C compartments shall he deman-
strated by tests in flight,

(b) It chall alse be demonstrated
during the tests prescribed in paragraph
(a) of this section that no inadvertent
operation of smoke or fire detectors in
adjacent or other compartments within
the airplane would occur as a result of
fire contalned in ahy one compartment,
either during or after extinguishment,
unless the extinguishing system floods
such compartments simultaneously.

§40.385 Flammable fluid fire protec-
tion. In areas of the airplane where
flammable fluids er vapors might be
liberated by leakage or failure in fluid
systems, design precautions shall be
made to safeguard against the ignition
of such fluids or vapors due to the oper-
ation of other equipment, or to control
any fire resulting from such ignition.

§ 4b.386 Combustion healer fire pro-
tection—(a) Combustion heater fire
zones. The following shall be considered
&5 combustion heater fire zones and shall
be protected against fire in accordance
with applicable provisions of 3§ 4b.490
through 4b.486 and § 4b.489,

(1) Region surrounding the heater, if
such region contains any flammable
fluid system components other than the
heater fuel system which might he dam-
aged by heater malfunctioning or which,
in case of leakage or failure, might per-
mit flammable flnids or vapors to reach
the heaters.

(2) Region surrounding the heater, if
the heater fue! system incorporates fit-
tings the leakage of which would permit
fuel or vapors to enter this region.

(3) That portion of the ventilating air
passage which surrounds the combus-
tion chamber.

(b) Ventitating air ducts. (1) Ven-
tilating air ducts which pass through fire
zones shall be of fireproof construction,

(2) Unless isolation is provided by the
use of fireproof valves or other equiva-
lently effective means, the ventilating aiy
duct downstream of the heater shall be
of fireproof construction for a sufficient
distance to assure that any fire originat-
ing from within the heater can be con-
tained within the duet.

(3) Portions of ventilating ducts
passing through regions in the airplane
where flammable fuid systems are
located shall be so constructed or iso-
lated from such systems that failure or
malfunctioning of the Aammable fluid
system components cannot introduce
flammable fluids or vapors into the ven-
tilating airstreant.

(c) Combustion air duets, (1) Com-
bustion air ducts shall he of fireproof
construction for a distance sufficient to
prevent damage from backfiring or re-
verse flame propagation.

(2) Combustion air duects shall not
communicate with the ventilating air-
stream unless it is demonstrated thag
flames from backfires or reverse burning
cannot enter the ventilating alrstream
under any conditions of ground or flight
operation including conditions of reverse
flow or malfunctioning of the heater or
its associated components.

(3) Combustion air ducts shall not
restrict prompt rellef of backfires which
can cause heater failure due to pressures
generated within the heater.

(@) Heater conirols; general. Pro-
vision shall be made to prevent haz-
ardous accumulations of water or ice on
or within any heater contrgl components,
control system tubing, or safety controls.

(e} Healer safely controls, (1) In
addition to the components provided for
normal continuous control of air tem-
perature, air flow, and fuel flow, means
independent. of such components shall
be provided with respect to each heater
fo shut off sutomatically that heater’s
ignitionn and fuel supply at a point re-
mocte Ifrom the heater when the heat
exchanger temperature or ventilating air
temperature exceed safe limits or when
either the combustion air flow or the
ventilating air flow becomes inadequate
for safe operation. The means provided
for this purpose for any individual heater
shall be independent of all components
serving other heaters the heat output of
which is essential to the safe operation
of the airplane.

(2) Warning means shall be provided
to indieate to the crew when a heater,
the heat output of which is essential to
the safe operation of the airplane, has
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been shut off by the operation of the
automatic means prescribed in subpara-
graph (1) of this paragraph.

(f) Air intakes. Combustion and ven-
tilating air intakes shall be so located
that no flammable fSuids or vapors can
enter the heater system under any con-
ditions of ground or Aight operation
gither during normal operation or as a
result of malfunctioning, failure, or im-
proper operation of other airplane com-
ponents,

() Heater exhaust. Heater exhaust
systems shall comply with the provisions
of §4b467 (a) and (b;. In addition,
the following shall apply:

(1) Exhaust shrouds shall be sealed
so that flammable fiuids and hazardous
quantities of vapors cannot reach ihe
exhaust systems through joints.

(2) Exhaust systems shall not restrict
the prompt relief of backfires which ¢an
cause heater failure due to pressures
generated within the heater,

(h) Heater fuel systems. Heater fuel
systems shall comply with all portions of
the powerplant fuel system requirements
which affect safe heater operations. In
addition, heater fuel system components
within the ventilating ajrstream shall be
protected by shrouds so that leaksge
from such components cannot enter the
ventilating airstream.

(i) Drains. Means ghall be provided
for safe drainage of fuel’ accumulations
which might occur within the combus-
tion chamber or the heat exchanger.
Portions of such drains which operate at
high temperatures shall be profected in
the same manner as heater exhausts (see
paragraph (g) of this section). Drains
shall be protected against hazardous ice
accumulations in flight and during
ground operation.

MISCELLANEOUS

§4b.380 Reinforcement mnear pro-
pellers. Portions of the airplane near
propeller tips shall have sufficient
strength and stiffness to withstand the
effects of the fnduced vibration and of
ice thrown from the propeller, Win-
dows shall not be located in such regions
unless shown capable of wi
the mos$ severe ice impact likely to oceur,

§4b.391 Leveling marks. Reference
marks shall be provided for use in level-
ing the airplane to facilitate weight and
balance determinations on the ground.

SUBPART E-~-POWERPLANT INSTALLATION
INSTALLATION

$4b.400 General. The powerplant
Instailation shail be considered to in-
clude all components of the airplane
which are necessary for its propulsion.
It shall also be considered to include ali
components which affect the control of
the major propulsive units or which
affect their safety of operation between
normal inspections or overhaul periods.
(See 3% 4b.604 and 4b.613 for instrument
installation and marking.)

(a) Scope. Reciprocating engine in-
stallations shall comply with the provi-
sions of this subpart. Turbine engine in~
stallations shall comply with such of the
provisions of this subpart as are found
:,ippllcable to the specific type of installa-

on,




(b)Y Fuynctioning. All eomponents of
the powerplant installation shall be con-
strueted, arranged, and installed in a
manner which will assure their con-
tinted safe operation hetween normal
inspections or overhaul periods.

{e} Accessibility. Accessibility shall
be provided to permit such inspection
and maintenance as is necesgsary to as-
sure continued airworthiness.

(d) Electrical bonding. Electrical
interconnectiony shall be provided to
prevent the exigstence of differences of
potential between major components of
the powerplant instailation and other
poriions of the airplane,

§ 4b.401 Engines—(a) Type certifi-
cation. All engines shall be type certifi-
cated in accordance with the provisions
of Part 13 of this subehapter.

(b} Engine isolation. The power=-
plants shall be arranged and isolated
each from the other to permit operation
in at least one configuration in a manner
such that the failure or malfunctioning
of any engine, or of any system of
the airplane the failure of which can
affect an engine, will not prevent the
continued safe operation of the remain-
ing engine{s) or require immediate ac-
tion by a crew member for continued
safe operation,

(e) Conirol of engine rotation. Means
shall be provided for stopping and re-
starting the rotation of any engine in-
dividually in Bight. All components pro-
vided for this purpose which are located
on the engine slde of the fire wall and
which might be exposed to fire shall be
of fire-resistant construction, I hy-
draulic propeller feathering systems are
used for thils purpose, the feathering
lines on gall airplanes manufactured af-
ter June 30, 1854, shall be fire-resistant
under the operating conditions which
may be expected to exist when feather-
ing Is being accomplished. (See also
§ 4b.449.)

§ 4b.402 Propellers. Propellers shall
he type certificated in accordance with
the provisions of Part 14 of this sub-
chapter. The maximum  propeller
shaft rotational speed and thé englne
power permissible for use in the airplane
shall not exceed the corresponding
Umits for which the propeller has been
gertificated.

§4b.403 Propeller wvibration. The
magnitude of the propeller blade vibra-
tion stresses under all normal conditions
of operation shall be determined by
actual measurement or by comparison
with similar installations for which such
measurements have been made. The
vibration stresseg thus determined shall
not exceed values which have been dem-
onstrated to he safe for continuous
operation,

8 4b. 404 Propeller pitch and speed
tmitations. {(a) The propeller pltch and
gpeed shall be llmited to values which
will assure safe operation under ail nor-
mal conditions and which will assure
compliance with the performanhce re-
quirements specified in §3 4b.110 through
4b.125.

(h) A propeller speed limiting means
shall be provided at the governor. Such
means shall be set 1o limi{ the maximum

possible governed engine speed to a value
not exceeding the maximum permis-
sikle r, p. m.

(c) The low pitch blade stop in the
propeller, or other means used to Mmit
the low pitch position, shall be set s0
that the propeller speed dues not exceed
103 percent of the maximum permissible
enigine r. p. m. under the following con-
ditions:

(1} Propeller blades at the low pitch
limit and governor incperative, and

(2} Engine operpting at take-off mani-
fold pressure with the airplane stationary
under standard atmospheric conditions.

§ 45,405 Propeller clearance, With
the alrplane loaded to the maximum
weight and at the most adverse center
of gravity position and the propellers in
the most adverse pitch position, the
propeller clearantes shall not be less
than the following, unless smaller clear-
ances are substantiated for the particu-
lar design invalyed,

(&) Ground. Seven inches of ground
clearance for airplanes equipped with
nose-wheel type lunding gears, or nine
inches of ground clearance for alrplhnes
equipped with tall-wheel type landing
gears shall be provided with the landing
gear statically deflected and the airplane
in the level take-off or in the faxying at-
titude, whichever is most critical. In
addition, there shall be positive clear-
ance between the propeller and the
ground when, with the airplane in the
level take-off attitude, the eritical tire
is completely deflated and the corres-
ponding landing gear strut is completely
bottomed.

(b) Water. A water clearance of 18
inches shall be provided uniess compii-
ance with § 4b.182 (a) is demonstrated
with less clearance,

(¢) Structure. (1) One Inch radial
clearance shall be provided between the
blade tips and the alrplane structure,
or whatever additional radial clearance
is necessary to preclude harmiul vibra-
tion of the propelier or airplane.

(2) Omne-half inch longitudinal clear-
ance shall be provided between the pro-
peller blades or cuffs and all stationary
portions of the airplane.

(3) Positive clearance shall be pro-
vided between other rotating portions of
the propeller or spinner and all station-
ary portions of the airplane.

[CAR, 15 F, R. 3543, June 8, 1950, as amended
by Amdt, 4b-7, 17 F. R. 11631, Dec. 20, 1953]

§ 4b.4068 Propeller de-icing provisions,
(a) Airplanes intended for operation un-
der atmospheric conditions conducive to
the formation of ice on propellers or on
accessories where lice accumulation
would jeopardize engine performance
shall be provided with means for the
prevention or removal of hazardous ice
accumuiations,

(hy If combustible Auld is used for
propelier de-i¢ing, the provisions of
§% 4b.480 through 4b.483, Inclusive, shall
be complied with.

FUEL SYSTEM OPERATION AND ARRANGEMENT

§4b410 General. (a) The fuel syz-
tem shall be constructed and arranged
in such & manmner as to assure a fow of
fuel to each engine at a rate and pressure
which have been established for proper
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engine funictioning under all normal
conditions, including all maneuvers for
which the amirplane is intended. <(For
fuel system instruments see § 4b.604.)
() The fuel system shaill be so ar=
ranged that no one fuel pump can draw
fuel from more than one tank at a time
unless means are provided to preveng
introducing air into the system.

§4b.411 Fuel system independence.
The design of the fuel system shall come
ply with the requirements of § 4b.401 (b},
DOnless other provisions are made in com-
pliance with this requirement, the fuel
system shall be arranged to permit the
supply of fuel to each engine through a
system independent of any portion of a
system supplying fuel to any other
engine,

§ ¢b 412 Pressure cross-feed arrange-
ments. {a) Pressure erogs-feed lines
shall not pass through portions of the
airplane intended to carry personnel or
cargo, unless means are provided (o per-
mit the flicht personnel to shut off the
supply of fuel to these lines, or unjess
the lines are enclosed in a fuelproof and
fumeproof shroud which s ventilated
and drained to the exterior of the
girplane,

(b) The shrouds specified in para-
graph (a) of this section need not be
used if the lines are routed or protected
to safeguard against accidental damage
and if they do not incorporate any fit-
tings within the personnel or eargo areas,

{¢) Lines which can be isolated from
the remainder of the fuel system by
means of valves at each end shall incor-
porate provisions for the rellet of ex-
cessive pressures which might result
from exposure of the isolated line to
hizh ambient temperatures.

$4p413 Fuel flow rafe. <a) 'The
ability of the fuel system to provide the
required fuel] flow rate shall be detnon-
strated when: the sirplane 13 in the atti-
tude which represents the most adverse
condition from the standpoint of fuel
feed which the airplane i3 designed to
attain. The following shall be consid~
ered In this respect:

(1) Normal ground sattitude,

(2) Climh with take-off flaps, land-
ing gear up, using take-cff power, ag
speed V, as determined in § 4b.114 (b),
at landing weight,

(3) Level flight at maximum contine
uous power or at the power required for
level flight at V,, whichever is the lesser,

(4) Glide at a speed of 1.3 Vi, at
landing weight.

(b) Durlhg the demonstration pre-
seribed in paragraph (8) of this section,
fuel shall be delivered to the engine at
a pressure hot less than the minimum
pressure established for proper engine
operation. In addition the following
shall be met,

(1} The quantity of tuel in the tank
being considersd shall not execeed the
amount established as the unusable fuel
supply for that tank, as determined by
demonsirating compliance with the pro«
visions of § ¢b.418 (see also §§ 4b.420 and
4b.413 (b)}, together with whatever
minimum quantjty of fuel it may be nec«
essary to add for the purpose of con=
ducting the flow test,



(2) I a fuel flowmeter is provided,
the meter shall be blocked during the
flow test and the fuel shall flow through
the meter by-pass.

{3) It shall be acceptable fo conduct
the demonstration prescribed in para-
graph (a) of this section by a ground
test on the airplane or on a represent-
ative mock-up of the fuel system,

§4b.414 Pump systems. {(a) The fuel
flow rate for pump systems (main and
reserve supply)} shall be 0.9 pounds per
hour for each take-off horsepower or
125 percent of the actual take-off fuel
consumption of the engine, whichever is
the greater.

(b) The fuel flow rate specified in
paragraph (a) of this section shall be
applicable to both the primary engine-
driven pump and to emergency pumps.
The fuel flow rate shall be available when
the pump is running at the speed at
which it would normally be operating
during take-off. In the case of hand-
operated pumps, the speeQ reguired shall
not be more than 60 complete cycles
(120 single strokes) per minute.

§ 4b.415 Transfer systems, The pro-
visions of § 4b.414 shall apply to transfer
gystems, except that the required fuel
flow rate for the engine or engines in-
volved shall be established upon the basis
of maximum continuous power and its
corresponding speed instead of take-off
power and its corresponding speed.

$4b.418 Delermination of unusable
fuel supply and fuel system operation
on low fuel. (a) The quantity of fuel
with which compliance with the provi-
sion of this paragraph is demonstrated
shall be gelected by the applicant who,
in addition, shall indicate which of the
conditions specified In paragraph (b) of
this section are most likely to be critical
from the standpoint of establishing the
unusable fuel supply, and also indicate
the order in which the other conditions
may be critical.

(b) The unusable fuel supply for each
tank used for take-off and landing shall
be established as not less than the quan-~
tity at which the first evidence of mal-
functioning occurs under the following
conditions: (See §4b.420.)

(1) Level flight at maximum continu-
ous power or at the power required for
level flight at ¥, whichever is the lesser,

(2) Climb with take-off fiaps and land-
ing gear up, at take-off power, at land-
ing weight, and at speed V, determined
in accordance with § 4b.114 (b},

{3) Rapid application of maximum
continuous power and subsequent transt-
tion to a climb at speed V, determined
in accordance with §4b.114 (b), with
retraction of flaps and landing gear,
from a power-off glide at 1.3 V., with
flaps and landing gear down, at landing
weight.

(¢) If an engine can be supplied with
fuel from more than one tank, it shall
be possible to regain the full fuel pres-
sure of that engine in not more than 20
seconds after switching to any fuel tank
after engine malfunctioning becomes ap-
parent due to the depletion of the fuel
supply in any tank from which the en-
gine can be fed. Compliance with this

provision shall be demonstrated in level
flight.

(d) The unusable fuel supply for all
tanks other than those used for take-
off and landing shall be established as
not less than the quantity at which the
first evidence of malfunctioning occurs
under the conditions specified in
paragraph (b) (1) of this section. It shall
be acceptable to demonstrate compliance
with this requirement by a ground test,

§ 4b.417 Fuel system hol twedther
operation. (a) To prove satisfactory
hot weather operation the airplane shall
be climbed from the altitude of the air-
port chosen by the applicant to the alti-
tude corresponding with that at which
the one-engine-inoperative best rate of
climb is not greater than the en route
climb with the configuration and at the
weight specified in § 4b.120 (c}. There
shall be no evidence of vapor lock or
other malfunctioning. The climb test
shall he conducted under the following
conditions.

(1) All engines shall operate at maxi-
mum continuous power, except that
take-off power shall be used for the alti-
tude range extending from 1,000 feet
below the critical altitude through the
critical altitude. 'The time interval dur-
ing which take-off power is used shall
not exceed the take-off time limitation.

(2) The weight shall be with full fuel
tanks, minimum crew, and such ballast
as is required to maintain the center of
gravity within allowable limits,

{(3) The speed of climb shall not ex-
ceed that which will permit compliance
with the minimum climb requirement
specifled In § 4b.119 (a).

(4) The fuel temperature shall be not
less than 110° P

{(b) The test prescribed in paragraph
(a) of this section shall be performed
either in flight or on the ground clesely
simulating flicht conditions. If a fight
test is performed in weather sufficiently
cold to interfere with the proper conduct
of the test, the fuel tank surfaces, fuel
lines, and other fuel system parts sub-
jected to cooling action from cold air
shall be insulated to simulate, in so far
as practicable, flight in hot weather,

$ 4b 418 Flow befween interconniected
tanks. (a) In fuel systems where the
tank outlets are interconnected, it shall
not be possible for fuel to flow belween
tanks in guantities sufficient to cause an
overflow of fuel from the tank vent when
the airplane is operated as specified in
§$4b416 (b) and the tanks are full.

(b) If it is possible to pump fuel from
one iank to another in flight, the design
of the fuel tank vents and the fuel trans=-
fer system shall be such that structural
damage to tanks will not occur in the
event of overfilling.

FUEL SYSTEM CONSTRUCTION AND
INSTALLATION

§4b420 General. (a) Fuel tanks
shall he capable of withstanding without
failure all vibration, inertia, fiuid, and
structural loads to which they may be
subjected in operation.

(b} Flexible fuel tank liners shall he
of an approved type or shall be shown to
ae suitable for the particular applica-

on,
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(c) The fuel tanks, as installed, shall
be designed to withstand a minimuwm
internal pressure of 3.5 p. 5. 1.

{d) Integral type fuel tanks shall be
provided with facilities for inspection
and repair of the tank interior.

(e) The total usable capacity of the
fuel tanks shall not be less than 0.15
gallons for each maximum continuous
horsepower for which the sairplane is
certificated.

(£} The unusgble fuel capacity shall
be the mintimum quantity of fuel which
will permit compliance with the provi-
sions of § 4b.416.

§4b.421 Fuel tank tests. {(a) Fuel
tanks shall be capable of withstanding
the following pressure tests without fail-
ure or leakage. It shall be acceptable
to apply the pressures in a manner
simuylating the actual pressure distri-
bution In service.

(1) Conventional metal tanks and
nonmetallie tanks the walls of which
are not supported by the airplane struc-
ture shall be submitted to a pressure of
3.5 p. s. 1., or the pressure developed dur-
ing the maximum ultimate acceleration
of the airplane with a full tank, which-
ever is the greater.

(2) Integral tanks shall be submiited
to a pressure of 3.5 p. 5. . unless the pres-
sure developed during the maximum
limit acceleration of the airplane with
a full tank exceeds this value, in which
case a hydrostaiic head, or equivalent
test, shall be applied to duplicate the
acceleration loads in so far as possible,
except that the pressure need not exceed
3.5 p. 5. i. on surfaces not exposed to
the acceleration loading.

(3) Nonmetallic tanks the walls of
which are supported by the sirplane
structure shall be submitted to a pres-
sure of 3.5 p. 8. 1. when mounted in the
airplane structure.

(b) Tanks with large unsupported or
unstiffened flat areas shall be capable of
withstanding the following test, or other
equivalent test, without leakage or fail-
ure.

(1) The complete tank assembly to-
gether with its supports shall be sub-
jected to & vibration test when mounted
in a manner simulating the actual in-
stallation.

(2) The tank assembly shall be vibrat+
ed for 25 hours at an amplitude of not
less than one thirty-second of an inch
while filled two-thirds full of water.

(3) The frequency of vibration shall
be 90 percent of the maximum continu-
ous rated speed of the engine unless some
other frequency within the normal oper-
ating range of speeds of the engine Is
more critical, in which case the latter
speed shall be employed and the time of
test shall be adjusted to accomplish the
same number of vibration cyeles.

{4) In conjunction with the vibration
test the tank assembly shall be rocked
through an angle of 15° on either side of
the horizontal (30° total) about an axis
parallel to the axis of the fuselage.

(5) The assembly shall be rocked at
the rate of 16 to 20 complete ¢cycles per
mlinute.

(c) In the case of nonmetallic tanks a
specimen tank of the same basic con-
struction as that to be used in the air-
plane, when installed in a representative



teat tank, shall withstand the test as
specified in paragraph (b} of this section
with fuel af & temperature of 110° P.

§ 4b.422 Fuel tank installgtion. (a)
The method of support for fuel tanks
shell not permit concentration of ioads,
resulting from the weight of the fuel in
the tank, on unsupported tank surfaces,
The following shall be applicable.

(1) Pads shall be provided to prevent
chafing between the tank and its sup-
ports.

(2} Materials employed for padding
shall be nonabsorbent or shall be treated
to prevent the absorption of fluids.

{3) If flexible tank lihers are eme
ployed they shall be so supported that
the liner 1s not required to withstand
fluid loads.

(4) Interior surfaces of tank compart-
ments shall be smooth and free of pro-
Jections which could cause wear of the
liner, unless provisions are made for pro-
teotion of the liner at such poinis or un-~
less the construction of the liner itself
provides such protection.

(h) Spaces adjacent to the surfaces
of the tank shall be ventilated consist~
ent with the size of the compartment
to avoid fume accumulation in the case
of minor leakage. If the tank is in a
sealed compartment it shall he accept=-
able to lithit the ventilation to that pro-
vided by holes of sufficient size to
prevent excessive pressure resulting from
altitude changes.

(¢) Location of fue] fanks shall com-
ply with the provisions of § 4h.481 (a).

{(d) No portion of engine nacelle skin
which Hes immediately behind a major
air egress opening from the engine com-
partment shall act as the wall of an in-
tegral tank.

(e} Fuel tanks shall be isolated from
personnel compartments by means of
fumeproof and fuelproof enclosures.

§ 4b 423 Fuel tank erpansion space.
(a) Puel tanks shall be provided with
an expansion space of not less than 2
percent of the tank capacity.

(b} It shall not be possible to flil the
fuel tank expanstion space inadvertently
when the alrplane iy in the normal
ground attitude, '

$ 4b.424 Fuel tank sump. (a) Fach
fuel tank shall be provided with a sump
having a capacity of not less than either
0.25 percent of the tank capacity or one-
sixteenth of a gallon, whichever i3 the
greater.

(b) The fuel tank sump capacity
specified in paragraph (a) of this gece
tion shall be effective with the airplane
in the normal ground attitude. The
fuel tank shall be constructed to permig
drainage of any hazardous quantity of
water from sll portions of the tank to
the sump when the airplane is in the
ground attitude,

(¢) Fuel tank sumps shall be provided
with an accessible drain to permit com-
plete drainage of the sump on the
ground, The drain shall discharge clear
of all portions of the airplane and shall
be provided with means for positive
locking of the drain in the closed posi-
tion, either manually or automatically.

§ 4h.425 Fuel tank filler conneclion,
(a) The design of fuel tark filler con~

nections shall be such as to prevent the
entrance of fuel into the fuel tank coma
partment or any other portion of the
airplane other than the tank itself.

(b} Recessed fuel tank filler connec=
tions which refain any appreciable
quantity of fuel shall incorporate a drain,
and the drain shall discharge clear of all
portions of the airplane.

() The fuel tank filler cap shall pro-
vide a fuel-tight seal

(d) The fuel tank filler connections
sgan be marked as prescribed in § 4b,738
(b,

§ 4b.426 Fuel tank vents and carbu-
retor vapor vents. (a) Fuel tanks shall
be vented from the top portion of the
eXpansion space in such a manner that
venting of the tank is effective under all
normal flight conditions, The following
shall be applicable.

(1) Vent outlets shall be located and
constructed to prevent the possibility of
being obstructed by ice or other foreign
matter,

(2) The vent shall he constructed to
preclude the possibility of siphoning fuel
during normal operation.

(3} The vent shall be of sufficient size
to prevent the existence of excessive dif-
ferences of pressure between the interior
and exterior of the tank during normal
flicht operation, during maximum rate
of descent, and, if applicable, during re=
fueling and defueling,

(4) Air spaces of tanks with inter-
connected outlels shall also. be inter-
connected.

(5) There shall he no points in the
vent line where moisture could accumu-~
late with the airplane in either the
ground or the level flight attitude uniess
drainage is provided,

{§) Vents and drainage shall not ter-
minate at points where the discharge of
fuel from the vent outlet would congti~
tute a fire hazard or from which fumes
could enter personnel compartments.

(b) Carburetors which are provided
with vapor elimination connections shall
be provided with a vent line to lead va-
pors back to one of the fuel tanks, The
vents shall comply with the following,

(1} Provisions shall be incorporated in
the vent system to avoid stoppege by ice,

(2} If more than one fuel tank is pro-
vided and it is necessary to use the tanks
in & definite sequence, the vapor vent
return line shall lead back to the fuel
tank used for take-off and landing.

§ 40427 Fuel tank outlel. A fuel
strainer of 8 to 16 meshes per inch shall
he provided either for the fuel tank out-
let or for the booster pump. Strainers
shall comply with the following.

(&) 'The clear area of the fuel tank
outlet stralner shall not be less than §
times the area of the fuel tank outlet
line,

(b) The diameter of the strainer shall
not be less than the diameter of the fuel
tank outlet.

(¢) Finger strainers shall be acces-
sible for inspection and cleaning.

§ 4b.428 Under-wing fueling provi-
sions. Under-wing fuel tank connections
shali be provided with means to prevent
the escape of hazardous quantities of
fuel from the tank in the event of mal-
functioning of the fuel entry valve while
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the cover plate is yemoved. In additlon
to the normal means provided in the ajr-
plane for limiting the tank content, &
means shall be installed to prevent dam-
age to the tank in case of failure of the
normal means.

FUEL SYSTEM COMPONENTS

§4b 430 Fuel pumpsz—(a) Main
pumps. (1) If the engine fuel supply is
maintained by means of pumps, one fuel
pump for each engine shall be englne-
driven.

(2) Fuel pumps shall meet the perti=
nent flow requirements of § 4h.413,

(37 All positive displacement fuel
pumps shall incorporate an integral by-
Dpasg, unless provision is made for a con-
tinyous supply of fuel to all enginey in
case of failure of any one pump. Engine
fuel injection pumips which are approved
as an integral part of the engine need
not incorporate a by-pass.

(4) If the emergency fuel pumps are
all dependent, pon the same source of
motive power, the main fuel pumps shall
he capable of providing sufficlent fuel
flow and pressure to maintain level flight
at maximum weight and normal eruis-
ing power at an altitude of 6,000 feet with
110° F. fuel without the aid of any emer-
gency fuel pump.

() Emergency pumps. (1) Emer-
geney fuel pumps shall be provided to
permit supplying all engines with fuel
in case of faflure of any ohe main fuel
pump, except in the ease of installations
in which the only fuel pump used in the
systemt is an engine fuel injection pump
which is appbroved as an integral part
of the engine,

(2) Emergency Iuel pumps shall be
available for immediate use in case of
failure of any ofher fuel pump. No
manipulation of fuel valves shall be
necessary on the part of the crew to
make an emergency fuel pump available
to the engine which it is normally in-
tended to serve when the fuel system is
being cperated in the configuration com-
plying with the provisions of § 4b.411,

§ 4b.431 Fuel pump installation. (a)
Provision shall be made to malntain the
fuel pressure at the inlet to the carbu-
retor within the range of limits estab-
lished for proper engine operation.

{h) When necessary for the malinte-
nance of the proper fuel delivery pres-
sure, & connection shall he provided to
transmlit the carburetor air intake static
preasure to the proper fuel pump relief
valve connection. In such cases, to
avoid erroneous fuel pressure reading,
the gauge balance lines shall be inde-
pendently connected to the carburetor
inlet pressure.

§ 4b.432 Fuel system lines and fit-
tings. (a) Puel lines shall be installed
and supported to prevent excessive vi+
bration and fo withstand loads due to
fuel pressure and due to accelerated
flight conditions.

(b} Fuel lines which are connected to
components of the sairplane between
which relative motion could exist shall
incorporate provisions for flexibility.

(¢) Flexible connections in fuel lines
which may be under pressure and sub-
jected to axial loading shall employ fiex«



ible hose assemblies rather than hose
clamp connections,

(d) PFlexible hose shall be of an ap-
proved type or shall be shown to be
suitable for the particular application.

(e} Flexible hoses which might be
adversely affected by exposure to high
temperatures shall not be employed in
locations where excessive temperatures
will exist during operation or after en-
gine shut-down:

$4b.433 Fuel lines and filtings in
designated fire zones. Fuel lines and
fittings in all designated fire Zones (see
§ 4b.480) shall comply with the provi-
slons of § 4b.483.

§ 4b:434 Fuel valves. In addition to
the requiremenis of §4b.482 for shut-
off means, &1l fuel valves shall be pro-
vided with positive stops or suitable
index provisions in the “on” and “off”
positions and shall be supported so that
loads resulting from their operation or
from accelerated flight conditions are
not transmitted to the lines attached
to the valve.

§ 4b.435 Fuel strainer. A fuel strainer
shall be provided between the fuel tank
outlet and the carburetor inlet and shall
comply with the following:

(a) H an engine-driven fue! pump Is
provided, the strainer shall be located
between the tank outlet and the engine-
driven pump inlet,

(b) The fuel strainer shall be accesst-
ble for drainage and cleaning, and the
strainer screen shall be easily remavable.

(¢) The strainer shall be mounted in
a manner not to cause its weight to be
supported by the connecting lines or by
the inlet or outlet connections of the
strainer itself,

§ 4b'436 Fuel system drains. Drainage
of the system shall be accomplished by
tuel strainer drains and other drains as
provided in § 4b.424, The following shall
apply:

{(a) Drains shall discharge clear of all
portions of the airplane and shall incor-
porate means for positive lockihg of the
drain in the closed position, either man-
ually or automatically.

(b) All fuel system drainsg shall be
accessible.

(c) I drainage of the fuel strainer
permits compliance with paragraphs (a)
and (b) of this section, no additional
drains need be provided uniless it is possi-
bie for a hazardous quantity of water or
sediment to be trapped therein. (See
also § 4b.483 ().}

§ 4b 427 Fuel jettisoning system. 1t
the maximum take-off weight for which
the afrplane is certificated exceeds 105
percent of the certificated maximum
landing weight, provision shall be made
for the jettisoning of fuel from the maxi-
mum take-off to the maximum landing
weight.

{(a) The average rate of fuel jettison-
ing shall be 1 percent of the maximum
take-off weight per minute, except that
the time required to jettison the fuel
need not be less than 10 minutes. Com-
pliance with these provisions shall be
shown at maximum fake-off weight, with
flaps and landing gear up, and in $he
following flight conditions:

(1) Power-off glide at a speed of 1.4
Vs,

(2) Climb at the one-engine-inopera-
tive best rate-of-climb speed with the
critical engine inoperative, the remain-
ing engine(s) at maximum continuous
power,

(3) Level flight at a speed of 1.4 Vs,
if the results of tests in conditions spec-
ifled in subparagraphs (1) and (2) of
this paragraph indicate that this condi-
tion could be critical.

(b) During the flight tests prescribed
in paragraph (a) of this section it shall
be demonstrated that the fuel jettison-
ing system complies with the following
provisions,

(1) The fuel jettisoning system and
its operation shall he free of fire hazard,

{2) The fuel shall discharge clear of
all portions of the airplane.

(3) Fuel or fumes shall not enter any
portion of the airplane,

{4) The jettisoning operation shall
not affect adversely the controllability
of the airplane,

(¢) The design of the jettisoning sys-
tem shall be such that it would not be
possible to jettison fuel in the tanks used
for take-off and landing below the level
providing 45 minutes flight at 75 percent
maximum continuous power, except that
it shall be permissible to jettison all fuel
where an auxiliary control is provided
independent of the main jettisoning
control,

(d) The fuel jettisoning valve shall
permit the flicht personnel to close the
valve during any portion of the jettison-
ing operation. (See § 4475 for fuel
Jettisoning system controls.)

(e) Unless it 1s demonstrated that
lowering of the flaps does not adversely
aflect fuel jettisoning, a placard shall
be provided adjacent 1o the jettisoning
control to warn flight personnel against
jettisoning fuel while the flaps are low-
ered, A notation to this effect shall also
be included in the Airplane ¥light Man-
ual, (See § 4b.740.)

OIL SYSTEM

$4b.440 General. (a) Each engine
shall be provided with an independent
oil system capable of supplying the en-
gine with an appropriate quantity of oil
at a temperature not exceeding the
maximum which has been established
as safe for continuous operation. (For
ofl system instruments ses §§ 4b.604 and
4b.N35.)

() The oil tank capacity available
for the use of the engine shall not be
less than the product of the endurance
of the airplane under critical operating
conditions times the maximum permis-
sible oil consumption rate of the engine
under the same conditions, plus a suit-
able margin to assure system ecircula-
tion, In lieu of a rational analysis of
airplane range, a fuel-oil ratio of 30:1
by volume shall be acceptable for air-
planes not provided with a reserve or
transfer system,

(c) If either an ofl trarsfer system
or a reserve oil system 1s provided, the
total oil capacity need not exceed one
gallon for each 40 gallons of fuel
capacity.

(d) Qil-fuel ratios lower than those
prescribed in paragraphs (b) and (¢) of
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this section shall be acceptable if sub-
stantiated by data on the actual oil
consumption of the engine.

(e¢) The ability of the oil eooling pro-
visions to maintain the oil inlet tem-
perature to the engine at or below the
maximum established value shall be
demonstrated in accordance with perti-
nent provisions of §§ 4b.450 through
4b.454.

§ 4b.441 Oil tank construction. The
following requirements shall apply to the
construction of the oil tank,

(a) Oil tank expansion space. (1) Oil
tanks shall have an expansion space of
not less than either 10 percent of the
tank capacity or 0.5 gallon, whichever
is the greater,

(2) Reserve oil tanks which have no
direct connection to any engine shall
have an expansion space which is not
less than 2 percent of the tank capacity.

(3) It shall not be possible to fill the
oil tank expansion space inadvertently
when the airplane is in the normal
ground attitude,

(b) Oil tank filler connection, (1) Re-
cessed oil tank filler connections which
retain any appreciable quantity of oil
shall incorporate a drain, and the drain
shall discharge ¢lear of all portions of
the airplane.

(2) The oil tank filler cap shall pro-
vide an oil-tight seal.

{3) Qil tank filler e¢onnections shall
be marked as prescribed in § 4b.738 (b).

{e) Oil tank vent. (1) Oil tanks shall
be vented from the top portion of the
expansion space in such a manner that
venting of the tank is effective under all
normal flight conditions.

(2) Oil tank vents shall be arranged
80 that condensation of water vapor
which might freeze and obstruet the
line canncot accumulate at any point.
(See also § 4b.483 (¢).)

(d) Oit-tank outlet. Provision shall
bhe made either to prevent entrarce into
the tank itself or into the tank outlet of
any foreign object which might obstruct
the flow of oil through the system. The
0il tank outlet shall not be enclosed by
any screen or guard which would reduce
the flow of oil below a safe value at any
operating temperature condition.

(e) Flexible oil tank liners. Flexible
oll tank liners shall be of an approved
type or shall be shown to be suitable for
the particular application.

$4b 442 Oil tank tests, (a) Qil tanks
shall be capable of withstanding without
failure all vibration, inertia, and fluid
loads to which they would be subjected
in operation.

(b) The provisiong of §4b.421 shall
be applicable to oil tanks, except as
follows.

(1) The test pressure specified in
§ 4b.421 (a) shall be 5 p. s. i.

(2) The test fluid specified in § 4b.421
{e) shall be o0il at a temperature of
250° F.

§ 4b.443 Oil tank instellation. The oil
tank installation shall comply with the
provisions of § 4b.422, except that the
location of an engine oil tank in a desig~
nated fire zone shall be acceptable if the
tank and its supports are of fireproot
constryction to the extent that damage



by fire to any nonfireproof parts would
not result in leakage or spillage of oil,

§4h.444 Oil lines and fitlings—(a)
General, The provisions of § 4b.432 shall
be applicable to oil lines,

(b} Lines and fitlings in designated
fire zomnes, Oil lines and flttings in all
designated fire zones (see § 4b.480) shail
comply with the provisions of § 40.483.

(¢} Engine breather lines. (1) En-
gine_ breather lines shall be arranged so
that condensation of water vapor which
might freeze and obstruct the line can-
not accumulate at any point.

(2) Breathers shall discharge in a
location which will not constitute a fire
hazard in case foaming occurs and in a
manner =0 that the emitted oil will not
impinge upon the pilot windshield.

(3) The breather shall not discharge
into the engine air induction system,
{See also § 4b.483 (¢).)

§ 4b.445 Oil valves. (&) The require-
ments of §4b.482 for shut-off means
shall be complied with. Closing of il
shut-off means shall not prevent feath-
ering the propeller.

(b) All pil valves shall be provided
with positive stops or suitable index pro-
visiohs in the “on” and “off” positions,
and they shall be supported so that loads
resulting from their operation cr from
accelerated flight conditions are not
transmitted to the lines attached to the
valve,

§ 4b.446 Oil radiators. (a) Oil radia-
tors shall be capable of withstanding
without failure all vibration, inertia, and
oil pressure loads to which they would
be subjected in operation,

(b) Oil radiator air ducts shall be
located so that, in case of fire, flames
issuing from normal obenings of the
engine nacelle cannot Impinge directly
upon the radiator.

§ 4b.447 Oil filters. If the alrplane
is equipped with an oil filter, the filter
shall be eonstructed or installed in such
a manner that complete blocking of the
flow through the filter element will not
prevent the safe operation of the engine
oil supply system.

§4b.448 O# system drains. Acces-
sible drains shall be provided to permit
safe drainage of the entire oil system
and shall incorporate means for the
positive locking of the drain in the
closed position, either manually or auto-
matically. (See also §4h.483 (¢c).)

§ 4h.449 Propeller feathering svstem.
{a} If the propeller feathering system is
dependent upon the use of the engine oil
supply, provision shall be made to trap &
quantity .of oil in the tank in case the
supply becomes depleted due to failure of
any portion of the lubricating system
other than the tank itself,

(b) The quantity of trapped cil shall
be sufficient to accomplish the feathering
operation and shall be available oniy to
the feathering pump.

(¢} The ability of the system to ac-
complish feathering with the trapped
supply of oil shall he demonsirated. It
shall be acceptable to make this demon-
stration on the ground.

COOLING SYSTEM

§4b.450 General The powerplant
cooling provisions shall be capable of
maintaining the temperatures of major
powerplant components, engine fuids,
and the carburetor intake air within the
established safe values under all condi-
tions of ground and fight operation.
(For cooling system instruments see
§% 4b.604 and 4b,734)

§ 4b.451 Cooling tesis—(a) General.
Compliance with the provisions of
§ 4b.450 shall be demonstrated under
critical ground, water, and flieht oper-
ating conditions, If the tests are con-
ducted under conditions which deviate
from the maximum anticipated air tem-
perature (see paragraph (b) of this
section), the recorded powerplant
temperatures shall be corrected in ac-
cordance with the provisions of para-
graphs (¢) and (d) of this section, The
corrected temperatures determined in
this manner shall not exceed the maxi-
mum established safe values. ‘The fuel
used during the cooling tests shall be of
the minimum octane number approved
for the engines involved, and the mixture
settings shall be those used in normal
cperation. The tést procedures shall be
as cutlined in §§ 4b.452 through 4b.454,

(b) Maximum enticipated air fem-
perature. The maximmum anticipated
alr temperature (hot day condition)
shall be 100° F, at sea level, decreasing
from. this value at the rate of 3.6° F,
per thousand feet of aititude above sea
level until a temperature of —67° F. is
reached ahove which altitude the tem-
perature shall be constant at —67° F.

(¢) Correction factor jor culinder
Read, oil inlet, carburetor air, and engine
coolant outlet temperafures. The cylin-
der head, oil inlet, carburetor air, and
engine coolant outlet temperatures shall
be corrected by adding the difference be-
tween the maximum anticipated air
temperature and the temperature of the
ambient air at the time*of the first oc-
currenice of maximumn head, air, oil, or
coolant temperature recorded during the
cooling test, unless a more rational cor-
rection is shown to be applicable.

(d) Correction foctor for cylinder bar-
rel temperaiures, Cylinder barrel tem-
peratures shall be corrected by adding
0.7 of the difference between the maxi-
mum anticipated air temperature and
the temperature of the amblent air at
the time of the first occurrence of the
maximum cylinder barrel temperature
recorded during the cooling test, unless
a more rational correction is shown to
be applicable.

§ 4b.452 Climbd cooling test procedure.
(a) The climh cooling test shall be con-
ducted with the critical engine inopera-
tive and its propeller feathered,

{b) All remalning engines shall he op-
erated at their maximum continuous
power or at full throttle when above the
critical altitude.

(cy After stabilizing temperatures in
flight, the climb shall be started at or
below the lower of the two following alti-
tudes and shall be continued until at
least 5 minutes after the occurrence of
the highest temperature recorded, or un-
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til the maximum altitude is reached for
which certification is desired:

(1) 1,000 feet below the engine critical
altitude,

(2) 1,000 feet helow the maximum
sltitude at which the rate of climb is
equal to that established in accordance
with § 4b.120 (c),

{d> The climb shall be conducted at
an air speed which does not exceed the
speed used in establishing the rate of
climb required in § 4b.120 {(¢). It shall
be acceptable to conduct the climh cool-
ing test in conjunction with the take-off
cooling test of § 4b.453.

§ 4b.453 Take-off cooling test proce-
dure. A take-off cooling test shall be
conducted to demonsirate cooling dur-
ing take-off and during subseqguent climb
with one engine inoperative. The foi-
lowing procedure shall be applicable.

(a) The take-off cooling test shall be
commenced by stabilizing temperatures
during level flight with all engines op-
erating at 75 percent of maximum con-
tinuous power with the appropriate cowl
fap and shutter settings.

(b) After all temperatures have sta-
bilized, the climb shall be started at the
lowest practieable altitude and shall be
conducted with one engine inoperative
and its propeller feathered.

{¢) The remaining engines shall be
operated at take-off rpm and power (or
at full throtile when above the take-off
eritical altitude) for the same time in-
terval as take-off power is used during
determination of the take-off flight path
(see § 4b.1167, !

(@) At the end of the time interval
prescribed in paragraph (¢) of this sec-
tion the power shali be reduced to the
maximuym continuous power and the
climh eontinued until at least § minutes
after the occurrence of the highest
temperature recorded.

(e) The speed used during take-off
power operation (paragraph (c) of this
section) shall not exceed the speed used
during determination of the take-off
flight path (see § 4b.116).

§ 4b.464 Cooling test procedure for
Aying boat operation, In the case of Ay-
ing boats, cooling shall be demonstrated
during taxying down wind for 10 minutes
at 5 mph above the step speed.

§ 4b.455 Liguid cooling systems. Each
liquid-cooled engine shall be provided
with an independent coolant system.
The coglant system shall be so arranged
that no air or vapor can be trapped in
any portion of the system other than the
expansion tank, efther during filling or
during operation. No flammable coolant
shall be used. Means shall be provided
to prevent excessive pressures from belng
generated in the cooling system.

§ 4b.456 Coolant tank—ia) General.
The tank shall have a usable coolant
capacity of not less than one gallon and
shall be capable of withstanding without
failure all vibration, inertia, and Auid
loads to which it would be subjected in
operation. Coolant tanks shall be pro-
vided with an expansion space of not
less than 10 percent; of the total coolant
system capacity. It shall not be possible
inadvertently to fill the expansion space



with the ajrplane in the normal ground
attitude.

(h) Coolant tank tests, The provi-
sions of § 4b.421 shall be applicable to
coolant tanks, except as follows.

(1) The test pressure specified in
§ 4b.421 (a) shall be either the sum of
the pressure developed during the maxi-
mum ultimate acceleration with a full
tank plus the maximum working pres-
sure of the system, or 1.25 times the
maximum working pressure of the
system, whichever is the greater.

(2) The test fAluid specified in § 4b.421
(c) shall be coolant at operating tem-
perature.

(¢} Coolant tank installation. (1)
Coolant tanks shall be supported so that
the tank loads will be distributed over
a large portion of the tank surface.

(2) Pads shall be provided to prevent
chafing between the tank and its sup-
ports.

(3) Materials employed for padding
shall be nonabsorbent or shall be treated
to prevent the absorption of fluids.

(d) Coolant tank fller connection.
(1) Recessed codlant tank filler ¢onnec-
tions which retain any appreciable
quantity of coolant shall incorporate a
drain, and the drain shall discharge
clear of all portions of the airplane.

(2) Coolant tank filler connections
shall be marked as prescribed in § 4b.738
(h).

§ 4b,457 Coolant system instellation.
The tollowing requirements shall apply
to the installation of the coolant system
components.

(a) Coolant lines. The provisions of
§ 4b.432 shall be applicable to ccolant
lines,

(h) Fire-resistant coolant lines dand
fittings. If the coolant used will ignite
and burn under the conditions of power-
plant fires, all lines and fittings Jocated
within designated fire zones shall com-
ply with the provisions of § 4b.483.

(¢} Coolant radiators. (1) Coolant
radiators shall be capable of withstand-
ing without failure all vibration, inertia,
ahd coolant pressure loads to which they
would be subjected in operation.

(2) Coolant radiators shall be sup-
ported in 2 manner which will permit ex-
pansion due to operating temperatures
and which will prevent the transmittal
of harmful vibration to the radiator.

{3} The air intake duct to the coolant
radiator shall be located so that in case
of fire flames issuing from normal open-
ings of the engine nacelle cannot im-
pinge directly upon the radiator.

(d) Coolant system drains. (1) One
or more accéssible drains shall be pro-
vided to permit drainage of the coolant
gystem, including the eoolant tank, radi-
ator, and the engine, when the airplane
is in the normal ground attitude.

(2) Drains shall discharge clear of all
portions of the airplane and shall incor-
porate means for positive locking of the
drain in the closed position.

INDUCTION AND EXHAUST SYSTEMS

$ 4b.460 General. (a) The engine air
induction system shall permit supplying
the proper guantity of alr to the engine
under all conditions of operation.

(b} The induction system shall pro-
vide air for proper fuel metering and
mixture distribution with the induction
system valves in any position.

(¢c) Each engine shall be provided with
an alternate air source,

(d) Afr intakes shall not open within
the cowling, unless that portion of the
cowling is isolated from the engine ac-
cessory section by means of a fireproof
diaphragm, or unless provision is made
to prevent the emergence of backfire
flames.

(e) Alternate air intakes shall he so
located as to preclude the entrance of
rain, ice, or ahy other foreigh matter,

§ 4b.461 Induction system de-icing and
anti-icing provisions—(a) General. The
engine air induction system shall in-
corporate means for the prevention and
elimination of ice accumulations,

(b) Heat rise. Unless it is demon-
strated that other means will accom-
plish the intent of paragraph (a) of this
section, compliance with the following
heat-rise provisions shall be demon-
strated In air free of visible moisture at
a temperature of 30° P,

{1} Airplanes equipped with altitude
engines employing conventional venturl
carburetors shall have a preheater capa-
ble of providing a heat rise of 120° F.
when the engine is operating at 60 per-
eent of its maximum continuous power.

{2) Airplanes equipped with aHitude
engines employing carburetors which
emhody features tending to reduce the
possibility of ice formation shall have a
preheater capable of providing a heat
rise of 100° F. when the engine is operat-
ing at 60 percent of its maximum
continuous power,

3 40.462 Carburetor qir preheater de-
sign. Carburetor air preheaters shall
incorporate the following provisions.

(a} Means shall be provided to assure
ventllation of the preheater when the
engine is being operated with cold air.

(b) The preheater shall be constructed
to permit inspection of exhaust manifold
parts which it surrounds and also to per-
mit inspection of critical portions of the
preheater itself.

§ 40463 Induction system ducts. In-
duetion system ducts shall incorporate
the following provisions.

(a) Induction system duets ahead of
the first stage of the supercharger shall
be provided with drains to prevent haz-
ardous accumulations of fuel and mois-
ture in the ground attitude. 'The drains
shall not discharge in locations which
might cause a fire hazard.

(b) Sufficient strength shsall be incor-
porated in the duets to prevent induction
system failures resulting from normal
backfire conditions,

(c) Duets which gre connected to
components of the airplane between
which relative motion could exist shall
incorporate provisions for flexibility.

(d} Induction system ducts within
any fire zone for which s fire-extinguish-
ing system is required shall be of fire-
resistant construction.

& 4b.464 Induction system screens. 1If
induction system screens are employed,
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they shall comply with the following
provisions:

(a) Screens shall be located upstream
from the carburetor.

(h) Sereens shall not be located in
portions of the induction system which
constitute the only passage through
which air can reach the engine, unless
the screen is so located that it can be
de-iced by heated air,

(¢) De-leing of induction system
sereens by means of alcohol alone shalt
not be acceptable.

{d) It shall not be possible for fuel
to impinge upon the screens.

$ 4b.465 Carburetor gir cooling. In-
stallations employing two-stage super-
chargers shall be provided with means to
maintain the air temperature at the in.
let to the carburetor at or below the
maximum established value, The dem-
onstration of this provision shall be ac-
complished in accordance with § 4b.451,

§ 4b.466 Inter-coolers and after-cool«
ers. Inter-coolers and after-coolers shall
be capable of withstanding without fail-
ure gl! vibration, inertia, and air pressure
loads to which they would be stbjected
in operation.

§ 4h 467 Exhaust system and installa-
tion components—{a) General. (1) The
exhaust system shall be constructed and
arranged to assure the safe disposal of
exhaust gases without the existence of
a flre hazard or carbon monoxide con-
tamination of air in personnel com-
partments,

(2) Unless appropriate precautions are
taken, exhaust system parts shall not be
located in hazardous proximity to por-
tions of any system carryving flammable
fluids or vapors nor shall they be lacated
under portions of such systems where
the latter could be subject to leakage.

(3) All airplane components upon
which hot exhaust gases might impinge,
or which could be subjected to high tem-
peratures due fo proximity to exheaust
system parts, shall be constructed of
fireproof material, Al exhaust system
components shall be separated by means
of fireproof shields from adjacent por-
tions of the airplane which are outside
the engine compariment,

(4} Exhaust gases shall not discharge
in a manner to cause & fire hazard with
respect to any flammable fluid vent or
drain.

(5) Bxhaust gases shall not discharge
at a lecation which will cause & glare
seriously affecting pilot visibility at
night.

(6) All exhaust system components
shall be ventilated to prevent the exist-
ence of points of excessively high
temperature,

(7) Exhayst shrouds shall be venti-
Iated or insulated to avoid during nor-
mal operation a temperature sufficiently
high to ignite any flammable fluids or
vapors external to the shrouds.

(h) Exhaust piping. (1) Exhaust pip-
ing shall be constructed of material
resistant to heat and corrosion, and shail
incorporate provisions fo prevent fail-
ure due to expansion when heated fo
operating temperatures.

(2} Exhaust pipe shall be supported
to withstand all vibration and inertia




loads to which they would be subjected
in operation,

(3) Portions of the exhausi piping
which are connected to components be-
tween which relative motion could exist
shall incorporate provisions for
flexibility.

(c) Exhaust heal exchangers, (1)
Bxhaust heat exchangers shall be con-
structed and installed to assure their
ability to withstand without failure all
vibration, inertia, and other lopds to
which they would be sublected in
operation.

{2) Heat exchangers shali be con-
structed of materials which are snitable
lor continued operation at hlgh temper-
atures and which are resistant to cor-
rosion due to elements contained In
exhaust gases,

(3) Provision shall be made for the
inspection of all critical portions of ex-
haust heat exchangers.

{4) Heat exchangers shall ineorpo-
rate cooling provisions wherever they are
subject to contact with exhaust gases,

(5) Heat exchangers or muffs shall
incorporate no siagnant areas or liquid
traps which would increase the possi-
bility of ignition of Aammable fuidy or
vapors which might be present in cage
of faliure or mealfunctioning of com-
ponents earrying flammable fluids.

(d) Exhoust heating of ventilating air.
If an exhaust heat exchanger is used
Tor heating ventilating air, a secondary
heat exchanger shall be provided be-
tween the pritmary exhaust gas heat ex-
changer and the ventilating air system,
unless it is demonstrated that other
means used preclude harmful contami-
nation of the ventilating air,

() Exhaust driven turbo-supercharg-
ers. (1) Exhaust driven turbines shail
be of an approved type or shall be shown
to be suitable for the particuiar applica-
tion. They shall be installed and sup-
ported to assure their safe operation
between normal inspection end overhaul
periods,

(2) Provision for expanslon and flex!-
bility shall be made between exhaust
eonduits and the turbine.

(3} Provision shail be made for Iubri-
cation of the turbine and for cooling of
those turbine parts where the tempera-
tures are critical.

(4) Means shall be provided so that,
in the event of malfunctioning o! the
normal turbo-supercharger control sys-
tem, the turbine speed will not be greater
than its maximum allowable value, The
components provided for this purpose
shall be independent of the normal tur-
bo-supercharger controls with the ex-
ception of the waste gate operating
components themselves.

POWERPLANT CONTROLS AND ACCESSORIES

§ 40470 Powerplant controls; gen-
eral. The provisions of §4b,353 shall be
applicable to all powerplant controls
with respect to location, grouping, and
direction of motion, and the provisions
of § 4b.737 shall be applicable to zll
powerplant controls with respect to
marking. In addition all powerplant
controls shall comply with the following.

{a) QCantrols shail be so located that
they cannot be inadvertently cperated by

personnel entering, leaving, or meking
normal movements in the cockpit.

() Controls shall malintain any set
position without constant attention by
flight personnel. They shall not tend
to creep due to control loads or vibration,

(¢) DMexible controls shull he of an
approved type or shall be shown to be
suitable for the particular application.

(d) Controis shall have strength and
rigidity to withstend operating loads
without failure and without excessive
deflection.

§ 4b.471 Throtile and A. D. I, system
cortrols. (a} A separate throttle control
shall be provided for each engine,
Throtfle controls shall he grouped and
arranged to permit separate conirol of
each engine and also simultanecus con-
trol of all engines,

(b} Throttle controls shall afford a
vositive and immediately responsive
means of controlling the engines.

(¢) If an antidetonant injection sys-
tem is provided, the flow of ADI fluid
shall be antomatically controlled in re-
lation to the amount of power produced
by the engine. In addition to the auto-
matic control, a separate control shall
be provided for the ADI pumps.

$ 4b.472 Ignition switches. (a) Ig-
nition switches shall provide contrel for
each ignition elrcuit on each engine.

(b) Means shall be provided for
guickly shutting off all ignition by the
grouping of switches or by providing a
master ignition control

(¢c) If 3 master ignition control i3 pro-
vided, a guard shall he incorporated to
prevent inadvertent operation of the
control.

§$ 4b.473 Mixture conirols. {(a) I
mixture controls are provided, & separate
control shall be provided for each engine.
The mixture controls ghall be grouped
and arranged to permit separate control
of each engine and alse simultaneous
control of all engines.

(b) Any intermediate position of the
mixture ¢control which corresponds with
8 normal operating setting shail be pro-
vided with a sensory and a visual ident{-
fieation.

(¢) The mixture controls shall be
placed in o location accessible to both
pilots, except where a separate flight en=
gineer station with a control panel is
provided, in which case the mixture con-
trols shall be accessible to the flight
engineer.

§ db.47¢ Propeller controls—<(a) Pro-
peller speed and pifch controls, (1) A
separate propeller speed and pitch con-
trol shall be provided for each propeller.
The propeller speed and pitch controls
shall be grouped and arranged to permit
separate control of each bropeller and
also simultanecous control of sl pro-
peliers.

(2) The propeller speed and pitch con-
trols shall provide for synchronization
of all propellers, (See 3130 § 4b.404,)

(3) Propeller speed and pitch con-
trol(s) shall be placed fo the right of the
pilot’s throttle and shall be at least 1
inch lower than the throttle controels.

() Propeller feathering controls, (1)
A separate propeller feathering control
shall be provided for each propeller,
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{2} Propeller feathering controls shall
be provided with means fo prevent
inadvertent operation.

(3) If feathering is accomplished by
movement of the propelier plteh or speed
control lever, provision shall be made to
prevent the movement of this control to
the feathering position during normal
operation.

(¢) Propeller reversing controls. Pro-
peller reversing conirols shall incorpo-
rate a means to prevent their inadvert-
ent movement to the reverse position.
The means provided shall require a
distinet and unmistakable operation
by the crew in order to place the
control in the reverse regime both in
flight and on the ground.

§ 4b 475 Fuel system controls.
also § 4b.434.)

(a) Fuel jettisoning system controls
shall be provided with guards to prevent
their inadvertent operatiorn.

(h) Fuel jetlisoning system controls
shall not be located in close proximity to
fire extinguisher confrols nor to any
other controls intended to combat fire.

% 40 476 Carburelor gir preheal con-
trols. Separate carburctor alr preheat
controls shall be provided to reguiate the
temperature of the carburetor air for
each engine,

§ 4h.476a Supercharger controls,
Sypercharger controls shall be accessible
to the pilots, except where a separate
flight engineer station with a control
panel is provided, In which case they
shall be accessible to the fight engineer.

§ 4b 477 Powerplant accessories. ()
Engine mounted accessories shall be of
a type approved for installation on the
engine involved, and shall utilize the
provisions made on the engine for
mounting.

(b) Items of electrical equinment sub-
lect to arcing or sparking shall be in-
stalled to minimize the possibility of
their contaet with any fammeable Auids
or vapors which might be present in 8
free state,

(¢) I continued rofation of an en-
gine-driven cabin supercharger ot auy
remoete accessory driven by the engihe
will constitute s hazard in case
mealfunctioning oceurs, means shall be
provided to prevent hazardous roiation
of such accessory without interfering
with the continued operation of the en-
gine. (See also § 4b.371 (c),)

Naore: Hazardeous rotation may involve
consideration of mechanical damiage or s«
tained afr Aows which may be dangerous
under certain tonditions,

§ 30,498 Engine ignition systems, (&)
Battery lgnition systems shall be supa-
plemented with a gencrator which i3
autematically made available as an al
ternate source of electrical energy to
paermit contlnued engine operation in the
event of the depletion of any batiery.

(b) The capacity of batieries and gen-
erators shall be sufficient to meet the
simuitaneous demands of the engine
1gnition system and the greatest demands
of any airplane electrical system com-
ponents which would draw electrical
energy from the same source,

1See



(1) The design of the engine ignition
system shall take into consideration the
¢condition of an inoperative generator
and the condition of a completely de-
pleted battery when the generator is run-
ning at its normal operating speed.

(2) If only one battery is provided the
design of the engine ignition system shall
take into consideration the condition in
which the battery is completely depleted
and the generator is operating at idling
speed.

(3) Portions of magneto ground wires
for separate ignition circuits which lie
on the engine side of the fire wall shall
be installed, located, or brotected so as
to minimize the possibility of simuitane-
ous fajlure of two or more wires as a
result of mechanical damage, electrical
taults, ete.

(4) Ground wires for any engine
shall not be routed through fire zones,
except those associated with the engine
which the wires serve, unless those por-
tions of the wires which are loeated in
such fire zones are fireproof or are pro-
tected against the possibility of damage
py fire in a manner to render them
fireproof. (See §4b.472 for ignition
switches.)

(5) Ignition circuits shall be electri-
cally independent of all other electrical
circuits except circuits used for analyz-
ing the operation of the ignition system.

(¢c) Means shall be provided to warn
Hight personnel if malfunctioning of any
part of the electrical system is causing
the continuous discharging of a battery
which is necessary for engine ignition.
(Bee § 4b.472 for ignition switches.)

POWERPLANT FIRE PROTECTION

§ 4b.480 Designated fire zones. (a)
Designated fire zones shall comprise the
following regions:

(1) Engine power section,

(2) Engine accessory section,

(3) Complete powerplant compart-
ments in which no isplation is provided
between the engine power section and
the engine accessory section,

4} Auxiliary power unift compart-
ments,

(5) Fuel-burning heaters and other
combustion equipment installations as
defined by § 4b,386.

Nore: See also § 4b.385.

(b} Designated fire 2zones shall be
protected from fire by complianee with
3§ 4b.481 through 4b.450.

(¢) The nacelle urea immediately be-
hind the fire wall shall comply with the
provisions of §§ 4b.385, 4h.463 (d), 41.478
(b}, (4),4b.481 (¢), 4b.482 through 4h.485
and 4h.489. If a retractable lapnding
gear is located in this area, compliance
with this paragraph is required only with
the landing gear retracted.

§ 4b.481 Flammable fluids. (a) No
tanks or reserveoirs which are & part of
B system containing flammable fluids or
gases shall be located in designated fire
zones, except where the fluid contained,
the design of the system, the materials
used in the tank, the shut-off means, all
connections, lines, and controls are such
85 to provide an equally high degree of
safety.

(b} Not less than one-half inch of
clear air space shall be provided be-

tween any tank or reservolr and a fire
wall o* shroud isolating a designated
fire zone.

(¢) No component of a flammable
fluid-carrying system shall be located in
close proximity to materials which can
absorb such a Auid.

§40.482 Shut-off means. {(a) Means
for each Individual engine and for each
individual fire zone specified in § 45,480
{a) (4) and (5} shall be provided for
shutting off or otherwise preventing
hazardous quantities of fuel, oil, de-icer,
and other flammable fluids from flowing
into, within, or through any designated
fire zone, except that means need not be
provided to shiui off flow in lines forming
an integral part of an engine. Closing
the fuel shutoff vaive for any engine
shall not make any of the fuel supply
unavailable to the remaining engines.

(b} Operation of the shuioff means
shall not interfere with the subsequent
emergency operation of other equipraent,
such as feathering the propeller.

(¢) The shut-off means shall be lo-
cated outside of designated fire zones,
unless an egually high degree of safety
is otherwise provided (see § 4b.481). It
shall be shown that no hazardous quan-
tity of lammable finid could drain into
any designated fire zone after shutting-
off has been accomplished.

(d) Provisions shall he made to guard
against Inadvertent operation cof the
shutoff means and to make it possible
for the crew to reopen the shutoff means
in flight after it has once been closed.

§ 4b.483 Lines and fitlings. All lines
and fittings carrying flammable Huids
or gases in designated fire zones shall
comply with the provisions of paragraphs
{a) through (c) of this section.

(a) Lines and fittings which are under
pressure, or which attach directly to the
engine, or which are subject to relative
motion between components shall be
flexible, fire-resistant lines with fire-
resistant end fittings of the permanently
attached, detachable, or other approved
type. The provisions of this paragraph
shall not apply to those lines and fittings
which form an integral part of the en-
gine,

(b) Lines apd fittings which are not
subject to pressure or to relative motion
between components shall be of fire-
resistant materials.

() Vent and drain lines and fittings
shall be subject to the provisions of para-
graphs (a) and (b) of this section, un-
less a failure of such line or fitting wiil
not resuit in, or add to, a fire hazard.

§4b.484 Fire extinguisher systems—
() Genergl. (1) Fire extinguisher
systems shall be provided to serve all
designated fire zones. This requirement
shall be effective with respect to appli-
cations for type certificates in mccord-
ance with the provisions of §4b.12, In
addition, all other airplanes manufac-
tured after June 30, 1954, shall comply
with this requirement, unless the engine
power section is completely isolated from
the engine accessory section by a fire-
proof diaphragm complying with the
provisions of §¢b.488 and unless the
cowling and nacelle skin comply with
the provisions of § 4b.487, in which case
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fire extinguisher systems need not be
provided in the engine power section.

(Z) The fire extinguishing system, the
quantity of extinguishing agent, and the
rate of discharge shall be such as to
provide iwo adequate discharges. It
shall be possible to direct both discharges
to any main engine installation. Indi-
vidual “one-shot” systems shalil be ac-
ceptable in the case of auxiliary power
units, fuel-burning heaters, and other
combustionn equipment.

(3) The fire-extinguishing system for
a nacelle shall be capable of protecting
simultaneously all zones of the naccslle
for which protection is provided.

(b) Fire extinguishing agenis. (1)
Extinguishing agents employed shall be
methyl bromide, carbon dioxide, or any
other agent which has been shown to
provide eguivalent extinguishing action.

(2) If methyl bromide, carbon dioxide,
or any other foxic extinguishing agent is
employed, provision shall be made to
prevent the entrance of harmful con-
centration of fluid or fluid vapors into
any personnel comparitments either due
to leakage during normal oberation of
the airplane or as a result of discharging
the fire extinguisher on the ground or
in flight even though a defect may exist
in the extinguishing system. Compliance
with this requirement shall be demon-
strated by appropriate tests.

(3) If a mefhyl bromide system Is
provided, the containers shall be charged
with a dry agent and shall be sealed by
the fire extinguisher manufacturer or by
any other party employing appropriate
recharging equipment.

(c) Exlinguishing agent conidiner
pressure relief. Extinguisher agent con-
tainers shall be provided with a pressure
relief to prevent bursting of the container
due to excessive internal pressures, The
following provisions shall apply.

(1} The discharge line from the relief
connection shall terminate outside the
airplane in a location convenient for
ingpection on the ground.

(2) An indicator shall be provided at
the discharge end of the line fo provide
a visual indication when the container
has discharged.

(d) Erxtinguishing agent coniainer
compartment temperglure. Under all
conditions in which the airplane is in-
tended for operation, the temperature
range of the extinguishing agent con-
tainers shall be maintained to assure
that the pressure in the containers can
nejither fall below the minimum neces-
sary to provide an adequate rate of ex-
tinguisher agent discharge nor rise ahove
8 safe imit so that the system will not
be prematurely discharged.

(e) Fire-ertinguishing system mate-
rials. Materials in the fire extinguish-
ing system shall not react chemically
with the extinguishing agent so as to
constitute a hazard. All components of
the fire extinguishing systems located
in designated fire zones shall be con-
structed of Areproof materials,

§4h 485 Fire detector systems,
Quick-acting fire detectors of an ap-
proved type shall he provided in all des-
ignated fire zones, and they shall be suf-
ficient in number and location to assure
prompt detection of fire in such zones,




Pire detectors shall comply with the fol-
lowing provisions:

(a) Fire detectors shall be constructed
and installed fo assure their ability to
resist without failure all vibration, in-
ertia, and other loads to which they
would be sublected in operation.

{b) Pire detectors shall be unaffected
by the exposure to oil, water, or other
fluids or fumes which might be present.

{¢) Means shall be provided to permit
the crew to check in flight the function-
ing of the eleciric circuit associated with
the fire-detection system,

(d) Wiring and other components of
detector systems which are located in
fire zones shall be of fire-resistant con-
struction.,

{e) Detector system components for
any fire zone shall not pass through other
fire zones, unless they" are protected
against the possibility of false warnings
resulting from fires in zones through
which they pass. 'This requirement shall
not be applicable with respect to zZones
which are simultaneously protected by
the same deiector and extinguisher
systems.

§4H.486 Fire walls. A1l engines,
anxiliary power unifs, fuel-burning
heaters, and other combustion equip-
ment which are intended for opieration
in Aight shall be isolated from the re-
mainder of the airplane by means of fire
walls, shrouds, or other equivalent means,
The following shall apply.

(a) Fire wails and shrouds shall he
constructed in such a manner that no
hazardous guantity of air, fluids, or flame
can pass from the compartment to other
portions of the airplane.

(h) All opeuings In the fire wall or
shroud shall be sealed with clgse-fitting
fireproef grommets, bushings, or fire-
wall fittings.

(c)} Fire walls and shrouds shall be
constructed of fireproof material and
shall be protected against corrosion,

§ 40.487 Cowling and nacelle skin.
(a} Cowling shall be constructed and
supported so as to make it capable of
resisting all vibration. inertia, angd air
loads to which it would ke subjected in
operation.

(b) Cowling shall have drainage and
ventilation provisions as prescribed in
§ 4h 489,

{e} On airplanes equipped with a dia-
phragm complying with § 4b.488, the
parts of the accessory section cowling
which might be subjected to fiame in the
event of a fire In the engine power sec~
tian of the nacelle shall be constructed
of fireproot material and shall comply
with the provisions of § 40.486,

(dy Those portions of the cowling
which would be subjected to high tem-
peratures due to their proximity to ex-
haust system parts or exhaust gas
impingement shall be constructed of fire-
proof material,

(e} The airpiane shall be so desighed
and constructed that fire ariginating in
the engine power or accessory sections
cannot enter, either through openings
or by burning through external skin, into
any other zone of the nacelle where such
fire would create additional hazards. If
the airplane is provided with a retract~

able landing gear, this provision shall
apply with the landing gear retracted.
Fireproof materials shall be used for all
nacelle skin areas which might be sub-
jected fo flame In the event of a fire
originating in the engine power or ac-
cessory sections.

§4b.488 Engine dccessory section
qmphrugm. Unless equivalent protec-
tion can be shown by other means, &
diaphragm shall be provided on air-
cooled englnes to izolate the engine
power scction and all portions of the
exhaust system from the engine acces-
sory compartment. This diaphragm
shall comply with the provisions of
§ 4b.486.

§$4b.488 Dreinage and ventilation of
fire zones. (@) Provision shall be made
for the rapid and complete drainage of
all portions of designated fire zones in
the event of failure or maifunctioning of
components oontaining lammakble Auids,
The drainage provisions shall be z0 ar-
ranged that the discharged fuid will not
cause an additional fire hazard.

(b} All designated fire zones shall be
ventilated to prevent the accumulation
of fammable vapors. Ventilation open-
ings shall not be placed in Iocations
which would permit the entrance of
flammable fluids, vapors, or flame from
other zones, 'The ventilation provisions
shall be so arranged that the discharged
vapors will not cause an additional fire
hazard.

{¢} Except with respect to the engine
power section of the nacelle and the
combustion heater ventilating air ducts,
provision shall be made to permit the
crew to shut off sources of forced ventila-
tlon in any fire zone, unless the extin-
guishing agent capacity and rate of dis-
charge are based on maximum air flow
through the zone,

§ 4b.490 Proteclion of other airplane
components against fire. ANl airplane
surfaces aft of the nacelles, in the region
of one nacelle diameter on both sides of
the nacelle center line, shall be con-
struated of fire-resistant material. This
provision need not be applied te tail
surfaces lying behind nacelles, unless the
dimensional configuration of the air-
craft is such that the tail surfaces could
he affected readily by hesat, flames, or
sparks emanating from a designated fire
zone or engine compartment of any
nacelle,

SUBPART F~EQUIPMENT
CENERAL

§ 40,606 Scope. The required basic
equipment a8 preseribed in this subpart
is the minimum which shall be installed
in the airplane for certification. Such
additional equipment a3 is necessary for
a specific type of operation is preseribed
in the operating rules of this subchapter.

$ 4b.601 Functional and installational
requirements, Each item of equipment
ghall be:

{a) Of & type and design appropriate
to perform its iotended function,

(b) Labeled as to its identification,
function, or operational limitations, or
any combination of these, whichever is
applicable,
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{c) Installed in accordance with speci-
fied limitations of the equipment,

{d) Demonsirated to function prop-
erly in the airplane,

§ 4b.602 Regquired basic equipment,
The equipment listed in §§ 4b.603
through 4bh.605 shall be the required
basic equipment. (See § 4b.6DO.)

§ 4b.603 Flight and navigational in-
struments. {(See §4b.612 for Installa~
tion requirements.)

(a) Air-speed indicating sysfem,

(b} Altimeter (sensitive),

(¢} Clock (sweep-second},

(@) Free air temperature indicator,

() Gyroscopic bank and pitch indi-
cator,

() Gyrescopic rate-of-turn indicator
{with bank indicator>,

(g) Gyroscople direction indicator,

(h) Maguetic direction indicator,

) Rate-of-climl indicator (vertical
speed),

(j) Maximum allowable air-speed in-
dieator if an air-speed limitation resunlts
from compressibility hazards. (See
§ 4b.716.)

§ 40604 Powerplant instruments,
(See §4b.613 for installation reguire-
ments.)

{(a} Carburetor air temperature in-
dieator for each engine,

(b) Coolant temperature Indicator
for each liguid-cooled engine,

(¢) Cylinder head temperature indi-
cator for each air-cooled engine,

(@) An individual fuel pressure ingdi-
cator for each engine sng either an in-
dependent warning device for each
engine or 8 master warning device for ail
engines with means for lsolating the
individual warning circuit from the
master warning device,

(e) Fuel flowmeter indicator or fuei
mixture indicator for each engine not
equipped with an automatic altitude
mixture control,

(> Fuel guantity indicator for each
fuel fank,

(g) Manifold pressure Indicator for
each engine,

(h) An individual oll pressure indica«
tor for each engine and either an inde-
pendent warning device for each engine
or a master warning device for =all
engines with means for isolating the
individual warning cirenit from the
master warning device,

(1) 0Oil quantity indicator for each oil
tank when a transfer or oil reserve sup-
Dly system is used,

(1) Oil temperature Indicator for each
engine,

(k} Tachometer for each engine,

1) Pire warning indicators
% 4b 435},

(m> A device for each engine capable
of indicating to the flight crew ‘during
flight any change in the power output,
if the engine is equipped with an auto-
matic propeller feathering system the
operation of which is initlated by a power
cutput measuring system or if the totsl
engine cylinder displacement is 32,000
cubic lnches or more.

{n) A means for each reversing pro-
peller to indicate to the pilot when the
propeller is in reverse piich,

{see



§ 4b.605 Miscellaneons equipment,
{a) Approved seats for nll occupants
{see § 4b.358),

(b) Approved safely belts for all oc-
cupants {(see § 4h.643),

(¢} Master switch arrangement for
electrical circuits other than ignition
(see §§ 4h.623 and 4b.624),

(d) Source(s) of electrical energy (see
§ 4b.620),

(e) Electrical protective devices (see
§ 4b.624),

(f) Radio communicaflon system
(two-way),

(g) Radio navigation system,

(h) Windshield wiper or equivalent for
each pilot,

(1) Ignition switch for each and all
engines (see § 40.472),

(J> Approved portable fire extin-
guisher (see § 4b.641).

§ 4b.606 Eguivment, systems, and in-
stallations—(n) Functioning and reli-
ability, All equipment, systems, and
installations the functioning of which is
necessary in showing compliance with
the regulations in this subchapter shall
he designed and installed to insure that

11

FLAP CONTROL KNOB

&4

THROTTLE CONTROL KNOB

MIXTURE CONTROL KNOB

they will perform their intended func-
tions reliably under all reasonably fore=
seeable pperating conditions.

(h) Hazards. Al equipment, systems,
and installations shall be designed to
safeguard against hazards to the air-
plane in the event of their malfunction.
ing or failure.

(¢) Power supply. Where an instal-
lation the functioning of which is neces-
sary in showing compliance with the
regulations of this subchapter requires a
Power supply, such instaliation shall be
considered an essential load on the power
supply, and the power sources and the
system shall be capable of supplying the
following power loads in probable oper-
ating combinations and for probable
durations:

(1) Al loads connected to the system
with the system funetioning normally;

(2) All essential loads efter fgilure of
any one prime mover, power converter,
or energy storage device;

(3) All essential loads after failure of
any one engine on two- ot three-engine
sirplanes, or after failure of any two

LANDING GEAR CONTROL KNOB

p -

RPM CONTROL KNOB

EX.

SUPERCHARGER GONTROL XNOB

FIGURE 4b-23—Control knob shapes,

39

engines on four-or-more-engine air-
planes.

INSTRUMENTS; INSTALLATION

§ 4b.610 General. The provisions of
§§ 4b.611 through 4b.613 shall apply to
the installation of instruments.

§ 4b.611 Arrangement and visibility
of instrument installations. (a) Flight,
navigation, and powerplant instruments
for use by each pilot shall be plainly vis-
ible to him from his station with the
minimum practicable deviation from his
normal position and line of vision when
he is looking out and forward along the
flight path.

(b) Flight instruments required by
§ 4b.603 shall be grouped in accordance
with one of the flight instrument panels
in Figure 4b-23 dependent upon which
instruments are installed. The panel
shall be centered as nearly as practicable
about the vertical plane of the pilot’s
forward vision. The regquired flight in-
struments not shown in Figure 4b-23
shall be placed sadjacent to the pre-
scribed grouping.

{c) Al the required powerplant in-
struments shall be closely grouped on the
instrument panel.

(d} Ideutical powerplant Insiruments
for the several engines shall be located
to prevent any misleading impression as
to the engires to which they relate.

(e) Powerplant instruments vital to
the safe operation of the airplane shall
be plainly visible to the appropriate ¢crew
membexs.

(f) The vibration characteristics of
the instrument panel shall be such as
not to impair seriously the accuracy of
the instruments or to damage them,

§4b.612 Flight and navigational in-
strumenis—@a) Air-speed indicating
systems. (1) Air-speed indicating in-
struments shall be of an approved type
and shall be calibrated to indicate true
air speed at sea level in the stand-
ard atmosphere with 8 minimum prac-
ticable instrument calibration error
when the corresponding pitot and static
pressures are applied to the instrument.

(2) The air-speed indicating system
shall be calibrated to determine the sys-
tem error, 1. e, the relation between
IAS and CAS, in flight and during the
accelerated take-off ground run. The
ground run calibration shall be obtained
from 0.8 of the minimum value of ¥, to
the maximum value of V,, taking into
account the approved altitude and
weight range for the airplane. In the
ground run calibration, the flap and
power settings shall correspond with the
values determined in the establishment
of the take-off path under the provisions
of § 4b.116, assuming the critical engine
t«t} ]f’aﬂ at the minimum approved value
0. 1.

(3) The alr-speed error of the instal-
Iation, exchuding fhe air-speed indica-
tor instrument ealibration error, shall
not exceed 3 percent or 5 mph, which-
ever is the greater, throughout the speed
range from Vy, to 1.3 Vs, with flaps re-
tracted, and from 13 V,, to Vpp with
flaps in the landing position.

{4} The air-speed Indicating system
shall be arranged in so far as bracticable
to preclude malfunctioning or serlous



error due to the entry of molsture, dirt,
or other substances,

(§) The air-speed indicating system
shall be provided with a heated pitot
tube or equivalent means of preventing
malfunctioning due to lcing.

{6) Where duplicate air-speed ndi-
cators are required, their respective pitot
tubes shall be spaced apart to avold dam-
age to both tubes in the event of a col-
liston with a bird.

(b) Static air vent and pressure
altimeter systems. (1) All instrumenis
provided with static air case connections
sghall be vented to the outside atmos-
phere through an appropriate piping
system,

(2) The vent(s) shail be so located on
the airplane that its orifices will be least
affected by alr flow variation, moisture,
or ather forelgn matter,

(3> The installation shal! be such
that the system will be alr-tight, except
for the vent into the atmosphere.

(4) Pressure altimeters shall be of an
approved type and shall be ealibrated to
indieate pressure altitude in standard
atmosphere with a minimum practicable
instrument calibration error when the
corresponding static pressures are ap-
plied to the instrument,

{5} The design and installatiop of the
sltimeter system shall be such that the
error in indicated pressure altitude at sea
level In standard atmosphere, excluding
instrument ecalihration error, does not
result in a reading more than 2¢ feet
high nor more than 50 feef low in the
speed range hetween 1.3 V., (Haps ex~
tended) and 1.8Vs, (flaps retracted).

(e} Magnetic direction indicator. (1)
The magnetfe direction indicator shal

be Installed so that its accuracy will not
be excessively aflected by the airplane’s
vibration or magnetic fields of & perma-
nent or franslent nature.

(2> After the magnetic direction indi-
cator has been compensated, the calibra-
{ion shall e such that the deviation in
Jevel flight does not exceed X10° on any
heading,

(3) A callbration placard shall be pro-
vided as specifed in § 4b.733.

{d) Automatic pilol system. I an
aufomatic pilot system Is installeq, it
shall be of an approved type, and the
following shall be appiicable:

(1> The actuating (servo) devices
shall be of such deslgn that they can,
when pecessary, be disengaged positively
and be overpowered by the pilot to enable
him o maintain contrel of the airplane,

(2) A means shall be provided to in-
dicate readily to the pllot the alignment
of the actuating device In relation to the
control system whichk it operates, except
when sutomatic synchronization is pro-
vided.

(3} The manually operated control(s)
for the system’s operation shall be
readily accessible to the pilot.

(4) The automatic pilot system shall
be of such design and so adjusted that,
within the range of adjustment available
to the human. pilot, it cannot produce
hazardous loads on the airplane or create
hazardous deviations in the flight path
under any conditions of flight appropri-
ate ta its use either durineg normal oper-
ation or in the event of malfunctioning,
assumning that corrective action is initi-
ated within a reasonahle period of time,

(@) Instruments utilizing ¢ power sup-
piy. Each required flight instrument
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ADFP—Automatic directlon finder.
AH—Approach harizon.

ALT-—Altimeter,

AB—AIr speed.

CI—Course indjcator.

DO—Direction gyro.

HOR—Artificlal horizon {bank and pitch).

HS—-Heading selector.

ILS ~Instrument landing systetn.
OBg—Omnl-bearing gelector.
R/C—Rate of climb.
RMT-—Radic maghetle indicator,
T/B—Turn and bank.

ZR-—Zero Tehder,
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utilizing a power supply shall he pro-
vided with two independent sources of
power, & means of seiecting either power
source, and 8 means of indieating the
adequacy of the power being supplied
to the instrument, The installation and
power supply system shall be such that
failure of one instrument, or of the
€nergy supply froga one source, or a faulg
in any part of the power distribution
systemt, will not inieriere with the proper
supply of energy from the other source,
(See also §§ 4b.606 {c) and 4b.B623.)

(IY Duplicate instrument systems, 1If
duplicate sets of flight instruments are
required by the regulations in this sub-
chapter, each set shall be provided with
a completely independent operating sys-
tem. Additional instruments shall not
be connected to the first pilot system.
If additional instruments are connected
to the other system, provision shall be
made to disconnect or isolate in Aight
such additional instruments.

§ 4h.613 Powerplant insiruments—
(a) Instrument lnes, (1) Powerplant
instrument lines fiammable
fluids or gases under pressure shall be
provided with restricted orifices or
equivalent safety devices at the source
of the pressure to prevent the escape of
excessive Buid or gas in case of line
fallure.

(2) The provisions of $§4b.432 and
4h.433 shall be made applicable t¢ power-
plant instrument lines.

(h) Fuel quantity indicator. Means
shall be provided to indicate to the flight
crew the quantity in gallons or equiva-
lent units of usable fuel In each tank
during flight. The following shall apply.

(1) Tapks, the outlets and air spaces
of which are interconnected, shall be
considered as one tank for the purpose of
providing separate indicators,

(2) Exposed sight gauges shall be
protected against damage.

(3} Fuel quantity indicators shall be
ecalibrated to read zero during level flight
when the quantity of fuel remaining in
the tank is equal to the unusable fuel
supply as defined by 4§4b416 (see
§ 4h.736).

(c) Fuel flowmeter sysiem. en |
flowmeter system is installed, the meter-
ing component shall include a means for
by-passing the fuel supply in the event
that malfunctioning of the metering
component results in o severe restriction
{o fuel flow.

(d) Oil guantity indicator. (1) A
stick gauge or other eguivalent means
shall be provided to indicate the quan.
tity of oil in each fank. (See § 4b.735.)

(D If an oil transfer sysiem or a
reserve oil supply system is installed,
means shall be provided te indicate to
the crew during flight the gquantity of
oil in each tank.

ELECTRICAL SYSTEMS AND EQUIPMENT

$ 40.620 Generel. 'The provisions of
§% 4b 821 ihrough 4b.627 shall apply to
all clectrical systems and equipment,
(See also § 40.606.)

§ 4b.621 Eleclrical system capacity.
The required generating capacity and
the number snd type of power sources
shall be determined by an electrical load
analysis and shall comply with § 4b.606
.



$4b.622 Generating system. (1)
The gepnerating system shall be con-
sidered to include electrical ppwer
sources, main power busses, transmis-
sion cables, and associated control, regu-
lation, and protective devices,

(b} The generating system shall be so
designed that the power sources func-
tion properly bhoth when connected in
combination and independently, and the
failure or malfunctioning of any power
source cannot create a hazard or impailr
the ability of the remaining sources to
supply essential loads.

{c} Means accessible in flight o ap-
propriate crew members shall be pro-
vided for the individual and collective
disconnection of electrical power sources
from the main bus.

(d) Means shall be provided to indi-
cate to appropriate crew members those
generating system quantities which are
essential for the safe operation of the
system.

Norx: The voltage and current supplied
by each generator are guantities considered
esgential,

§ 4b.623 Distribution system. (@)
The distribution system shall be con-
sidered to include all distribution busses,
their associated feeders, and control and
protective devices,

(b) Individual distribution systems
shall be designed fo insure that essen-
tial load cireunits ean be supplied in the
event of reasonably probable faults or
open cireuits.

(e) Where two independent sources
of electrical power for particular equip-
ment or systems are required by the
Civil Air Regulations, their electrical
energy supply shall be assured.

Nork: Varlous means may be used to as-
sure a supply, such as duplicate elecirical
equipment, throw-over switching, and multl«
channel or loup circulta separately routed.

8 4b.624 Electrical prolection. (a)
Automatic protective devices shall be
provided to minimize distress to the elec-
trical system and hazard to the airplane
in the event of wiring faults or serious
malfunctioning of the system or con-
nected equipment.

(b) In the generating system the pro-
tective and conirol devices shall be such
as to de-energize and disconnect faulty
power sources and power fransmission
equipment from their associated busses
with sufficient rapidity to provide pro=
tection against hazardous overvoliage
and other malfunctioning.

(¢) All resettable type cireuit protee-
five devices shall be so designed that,
when an overload or circuit fault exists,
they will open the circuif irrespective
of the position of the operating control.

(d) Protective devices or thelr con-
trols used in essential load circuits shall
he accessible for resetting in flight,

(e¢) Circuils for essential loads shall
have individual circuit protection.

Nors: This provision does not necessarily
Tequire individual protection for each cir-
cult In an essential load system (e. g., each
position light in the system).

() If ftuses are used, there shall be
provided spare fuses for use in fdight
equal to at Jeast 50 percent of the num-
ber of fuses of each rating required for
complete circuit protection.

§ 40.625 Electrical equipment and in-
stallgtion. (a) In showing compliance
with & 4b.606 (a) and (h) with respect
1o the electrical system, equipment, and
installation, consideration shall be given
to critieal environmenial conditions.

Nore: Critical environmental conditions
may include temperature, preasure, humid-
ity, ventllation, position, acceleration, vibra-
tlon, and presence of detrimental substances.

(b) All electrical equipment, controis,
and wiring shall be so installed that
operation of any one unit or system of
units will not affect adversely the simul-
taneous operation of any other electrical
unit or system of units essential to the
safe operation of the airplane.

(c) Cables shall be grouped, routed,
and spaced so that damage to essential
cireuits will be minimized in the event
of faults in heavy current-carrying
cables.

(d) Batteries and their installations
shall provide for ventilation, drainage
of flulds, venting of gases, and protection
of other parts of the airplane from cor-
rosive battery fluids,

§4h.626 Electrical system fire and
smoke protection, The design and in-
stallation of all components of the elec
trical system shall be in compliance with
pertinent fire and smoke protection pro~
visions of §% 4b.371(c), 4b, 385, and 4b.480,
In addition, all electrical cables, termi-
nals, and equipment which are necessary
in emergeney procedures and which are
located in designated fire zones shall be
fire-resistant,

$ 46,627 [Electrical system itests and
analyses. It shall be demonstrated by
tests and analyses that the electrical
system functions properly emd without
electrical or thermal distress,

LIGHTS

$ 4630 Instrument lights. (a) In-
strument lights shall provide sufficient
illumination to make all instruments,
switches, etc., easily readable.

(b) Ins{rument lights shall be s0 in-
stalled that their direct rays are shielded
from the pilot’s eyes and so that no ob-
Jectionable reflections are visible to him,

(¢} A means of controlling the inten-
sity of Mumination shall be provided,
unless it 1s shown that non-dimmed in-~
strument lights are satisfactory under
all expected conditions of Right.

§ 4b 631 Landing lights, (a) Landing
lights shall be of an approved type.

(b) Landing lights shall be installed
50 that there is no objectionable glare
visible to the pilot and so that the pilot
is not adversely affected by halation.

{c} Landing lights shall be installed in
& location where they provide the nec.
€ss5ary llumination for night landing,

(d) A switch for each light shall be
provided, except that where multiple
lights are installed at one location a sin-
gle switch for the multiple lights shall be
acceptable,

§ 4b.832 Position light system instalia-
tion—(a) General, The provisions of
§§ 4b.632 through 4b.635 shall be appli~
cable to the position light system as &
whole. The position light system shall
include the items specified in paragraphs
(b) through (£} of this section.
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(h) Forward position lights. Forward
position lights shall consist of a red and
a green light spaced laterally as far apart
a8 practicable and installed forward on
an airplane in such & location that, with
the airplane in normal fiying position,
the red light is displayed on the lef{ gide
and the green light is displayed on the
right side, The individual lights shall
he of an approved type.

(¢} Rear position lights. Rear posi-
tion lights shall consist of a red and a
white light mounted on the airplane as
far aft as practicable and Jocated in close
proximity to each other. The individual
lights shall be of an approved tybe.

(d) Fuselage lights. Fuselage lighta
shall consist of two white lights installed
approximately in line with the forward
position lights. One of these lights shall
be mounted on the top of the fuselage,
the other on the bottom. In the case of
seaplanes, the location of the bhottom
fuselage light shall be subject to specific
approval. The individual lights shall
be of an apbroved type.

(e) Flasher. A position light Hasher
of an apprqved type shall be installed
and shall comply with subparagraphs (1)
through (3) of this paragraph.

(1) The forward position lights and
the fuselage lights shall flash simul.
taneously at a rate of not Jess than 65
anud not more than 85 flashes per minute,

(2) The rear position lights shall be
energized alternately, such that the red
light flashes during one flash of the for-
ward position lights and the fuselage
lights, and the white light flashes during
the next flash of the forward position
lights and the fuselage lights,

(3} A switch shall be provided In the
system to disconnect the flasher from
the circuit so that continnous light can
be supplied by the forward position
lights and the white rear position light
with the remaining lights unenergized,

(fy Light covers and color filters.
Light covers or color filters used shall
be of noncombustible material and shall
be constructed so that they will not
change color or shape or syffer any ap-
preciable loss of light transmission dur-
ing normal use,

§ 4b.633 Position light system difiedral
angles, 'The forward and rear position
lights as installed on the airplane shall
show unbroken light within dihedral
angles specified in paragraphs ()
through (¢) of this section,

(a) Dihedral angle L (left) shall be
cousidered formed by two intersecting
vertical planes, cne parallel to the longi-
tudinal axis of the alrplane and the
other at 110° to the left of the first,
when leoking forward along the longi-
tudinal axis,

(b} Dihedral angle R (right) shall be
considered formed by two intersecting
vertical planes, one parallel to the longi-
tudinal axis of the airplane and the
other at 110° to the right of the first,
when locking forward along the longitu-
dinal axis.

(c} Dihedral angle A (afty shall he
considered formed by two intersecting
vertical planes making angles of 70* {o
the right and 76° to the left, respectively,
looking aft along the longitudinal axis,
to a vertical plane passing through the
Iongitudinal axis.
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§ 4b.634 Position Iight distribution
and intensities—(a) Gengral. The in-
tensities prescribed in this section are
those to be provided by new equipment
with all light covers and color filters in
place, Intensities shall be determined
with the light scurce operating at a
steady value equal to the average lumi-
nous output of the light source at the
normal operating voltage of the airplane.
The light distribution and intensities of
position lights shall comply with the
provisions of paragraphs (b)) and (e)
of this section.

(0 Forward and rear position lights.
The light distribution and intensities of
forward and rear position lights shall be
expressed in terms of minimum inten-
sities in the horizontal plane, minimum
intensities in any. vertical plane, and
maximum intensities in overlappng
beams, within dihedral angles I, R, and
A, and shaill comply with the provisions
of subparagraphs (1) thromgh (3) of
this paragraph.

(1) Intensities in Rorizontel plane.
The intensities in the horizontal plane
shall not be less than the values given in
filgure 4b-18. (The horizontal plane is
the plane containing the longitudinal
axis of the airplane and is perpendicular
to the plane of symmetry of the air-
plane.}

(2) Intensities above and below hori-
gantal. The Intensitles in any vertical
plane shall not be less than the appropri-
ate value given in figure 4b-19, where I
i5 the minimum intensity preseribed in
figure 4b-18 for the corresponding
angles in the horlzontal plane. (Vertical
planes are planes perpendicular to the
horizontal plane.)

(3} Overlaps between adjacent signals.
The intensities in overlaps between ad-
jacent signals shall not exceed the values
given in figure 4b-20.

(¢} Fuselage lights. The illuminating
intensity of the top and the bottom fuse-
lage lights individnally shall be equiva-
ient {o that which would be furnished by
8 32-candlepower lamp Installed in a re-
flector of high reflective properties. The
lights shall have a clear cover and the
light distribution shall he reasonably uni-
form throughout approximately a hemi-
sphere.

Angllcr frofnll ight
Dibedral angle (light | 0Fjeft ofdongi- [y ponegy
involved) Iéggsﬁlgdﬁ?;;in {candles,
ead shend

I and R (forward red 13353%: ;g
and green). 20° to 110° 5
A (Rear white) _..._.._. 110° to 180° 20
A (Rear rod} - —cuuanins 10° to 180° 4

FiovRe 4b-18—MINIMDM INTENSITTES IN THE Honk-
imenl. PLARE OF FORWARD AND REAR Posimon
IRHTS

Angle above or below :
harizontal Intensity
001
901,
80T
0L
S0 XL
0L
i) N
At least 2 eandles.

FIOURE 4b-19—MrmiuMoM INTENSITIES TR ANY VEBTICAL
PLANE OF FOEWARD sND REAR Posimon LicaTs

§ 4b.635 Position light color specifica-
tions. The colors of the position lights
shall have the International Commission
on Ilumination chromaticity coordinates
a8 set forth in paragraphs (a) through
(¢) of this section.

() Aviation red.

# Is not greater than 0.335,
# is not greater than 0.003;

(b) Aviation green.

z I5 not greater than 0.440—0.3230y,
« Is not greater than y—0.170,
¥ 18 not legs than (.300—0.170x;

(¢ Aviation white.

T 13 not lese than 0.350.

T is not greater than 0.540,

¥~ 18 not numerically greater than 0.01,
¥p being the y coordinate of the Planckian
radiator for which x;==,

Cross R¥rERENCE: For Special Civil Alr
Regulation SR-390, modifying regulations
with respect to the posltion light system, see
Nate 2 to this part, supra,

Mazimum intensity
Overlaps )
Area A | Area B
{candles} | (candles)
Qreen in dihedral angle L. ... 10 1
Red in dihedral angie &_ - 0 1
Ureen in dibedral angle .4 - ] 1
Red in dibedral angle 4_ . [ 1
Rear ]whll,ta of rear red in dihedral 1
e 5
Rear white or rear red in dihedral
angle B_ . e & 1

Nofre. Area A represents the overlap in any plana
bounded by two straight loes forming angles of 10°
cos & and cos § to the common boun of the
dibedral angles considersd. Area B represents the over-
Jap in any plane beyond 20° cod & ¢ is the angle of
the plane to the horizontal plane,

F1oURE 4b-20--MA XM UM INTENSITIES 1IN OVERLAFFING
Beaua o FORWARD AND REAR PosiT.oN LiGuTa

§ 40636 Riding lght. (a) When a
riding (anchor) light is required for a
seaplane, fiying boat, or amphibian, it
shall be capable of showing a white light
for at least two miles at night under
clear atmospheric conditions,

(b) The riding Ught shall be ingtalled
to show the maximum unbroken light
practicable when the airplane is moored
or drifting on the water, Externally
hung lights shalt be acceptable,

§ 4b.637 Anti-collision light, T an
anti-collision light is used, it shall be of
the rotating heacon type installed on top
of the fuselage or tail in such a location
that the light would not he detrimental
to the crew’'s vision and would not de-
tract from the conspicnity of the posi-
tion lights. 'The color of the anti-colli~
sion light shall ke avistion red in
accordance with the specifications of
§ 4b.635 (a). The arrangement of the
anti-collision light, 1. e., number of light
sources, beam width, speed of rotation,
ete., shall be such as o give an effective
flash frequency of not less than 40 and
not more than 100 eycles per minute,
with an on-off ratio not less than 1:75.
If an anti-collision light is used, it shall
be permissible to install the position
lights in & manner so that the forward
position lights and the rear white posi=-
tion light are on steady while the fuse-
lage lights and the rear red position
light are not energized.

NoTe: An on-off ratio of not less than
1:75 is equivalent to & total angular light
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beam width of not less than approximately
& degrees.

SAFETY EQUIPMENT

§ 4b.640 Ice protection. When an ice
protection system is installed, it shall be
of an approved type. If pneumnatic boots
are used, at least two independent
sources of power and a positive means for
the deflation of the boots shall be
provided.

§ 4b.641 Hand fire ezxiinguishers.
(See §3 4b.381, 4b.3§2, and 4b.383.)

[Amdt. 4b-6, 17 P, R. 1089, Feb. 5, 1952]

§4b.642 Flare installation. (a)
Parachute flares shall be releasable from
the pilot compartment and installed to
minimize the danger of aceldental dis-
charge.

(b) Xt shall be demonstrated in flight
that the flare installation is such that
ejection can be accomplished without
hazard to the airplane and its occupants,

{¢) If recoil loads are involved in the
ejection of the flares, the structure of the
airplane shall withstand such loads.

§4b.643 Safety belts. BSafety belts
shall be of an approved type. Inno case
shall the rated strengih of the safety
belt be less than that corresponding with
the ultimate load factors specified in
§ 4b.260 (a), taking due account of the
dimensional characteristics of the safety
belt installation for the specifle seat or
herth arrangement. Safety belts shall
bhe attached so that no part of the an-
chorage will fail at a load lower than
that corresponding with the ultimate
load factors specified in § 4h.260 (),

$ 4b.644 Sajety bdelt signal. When
means are provided to indicate to the
passengers when seat belts should be
fastened, the device shall be so installed
that it can be operated from the seat of
either pilot or copllot,

§ 4b.645 Ditching equipment. When
the airplane is certificated for ditching in
accordance with § 4b.361, and when re-
quired by the operating rules for the
particular route to be flown, the ditch-
ing equipment shall be as prescribed in
paragraphs (a) through {(d) of this
section.

(a) Life rafts. Life rafts shall be of
an approved type. Unless excess rafts
of sufficient capacity are provided, the
buoyancy and seating capacity beyond
the rated capacity of the rafts shall be
such as to accommxiate all occupants
of the airplane in the event of a loss of
one life raft of the largest rated capacity
on board. Each life raft shall be
equipped with a trailing line and with a
static line, the latter designed to hold
the raft near the airplane but to release
it in case the airplane becomes totally
submerged. Each raft shall contain
obvious markings of instruction on the
operation of the raft.

(h) Life raft equipment. Approved
equipment intended for survival shall be
attached to each life raft and marked
for identification and method of opera-
tion,

Wore: The extent and type of survival
equipment will depend upon the route over
which the airplane is operated.

(c} Long-range signalling device. An
approved long-range signalling device
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shall be provided for use in one of the
life rafts.

(@) Life preservers. Life preservers
shall be of an approved type. They shall
be reversible and shall contain obvigus
markings of instruction on their use,

§ 4b.646 Stowage of safety equipment.
Bpecial stowage provisions shali be made
for all prescribed safety eguipment to be
used in emergencies. The stowage pro-
vision shall be such that the equipment
is directly accessible and its location is
obvious. All safety equipment shall be
protected against inadvertent damage,
The stowage provisions shall be marked
conspicuously to identify the contents
and to facilitate removal of the equip-
ment. In addition, the following shall
specifically apply.

(a) Emergency exit means. The stow=
age provisions for the emergency exit
means required by § 4b.362 (e) (7) shall
be located at the exits which they are
intended to serve.

{b) Lije rafts. The provisions for the
stowage of life rafts required by § 4b.645
(a) shall accommodate & sufficient num-
ber of rafts for the maximum number of
oceupants for which the airplane is cer-
tificated for ditching, Stowage shall be
near exits through which the rafts ¢an
be launched during an unplanned ditch-
ing. Rafts automatically or remotely
released on the outside of the airplane
shall be attached to the airplane by
means of the static line preseribed in
$ 4h.645 (a).

{c) Long-range signalling device. The
stowage provisions for the long-range
signalling device required by § 4b.645 (¢)
shall be located near an exit to be avail-
able during an unplanned ditching,

@) Life preservers. The provisions
for the stowage of life preservers re-
quired by § 40.645 (d) shall accommo-
date one life preserver for each occupant
for which the airplane is certificated for
ditching. They shall be located so that
a life preserver is within easy reach of
each cccupant while seated.

MISCELLANEOUS EQUIPMENT

$ 4b,650 Radio and electronic equip-
ment. {(a) In showing compliance with
§ 4b.608 (2} and (b) with respect to radio
and electronic equipment and their in-
stallations, consideration shall be given
to critical environmental conditions.

Rote: Crltical environmental conditions
may fnclude temperature, pressure, humidity,
ventilation, position, acceleratlon, vibration,
and presence of detrimental substances.

{b) Radio and elecironic equipment
shall be suppiied with power in accord-
ance with the provisions of § 4b.623 (¢).

(¢) All radio and electronic eguip-
ment, controls, and wiring shall be so
installed that operation of any one unit
or system of units will not affect ad-
versely the simultaneous operation of
any other radio or electronic unit or
system of units required by the regula-
tions in this subchapter.

§ 4b.651 Oxygen equinment and sup-
ply. When required by the operating
rules of the regulations in this subpart,
the supplemental and protective breath-
ing equipment and its installation shall
meet the following requirements,

(3) Genergl. The oxygen system In-
stalled shall be free from hazards in #-
self, in s method of operation, and in
its effect on other components of the alr-
plane, Means shall be provided to enable
the crew to determine the gquantity of
oxygen available in each source of
supply.

(h) Required minimum mass flow of
supplemental ozygen. 'The minimum
mass flow of supplemental oxygen re-
quired per person at various cabin pres-
sure altitudes shall be at least that in-
dicated on figure 4b-21,

(¢} Equipment standards for distri-
bution system. Where oxygen is to be
supplied to both crew and passengers,
the distribytion system shall be designed
to provide either:

(1) A source of supply for the fight
crew on duty and a separate source for
the passenigers and other crew mem-
bers, or

(2) A common source of supply with
means provided so that the minimum
supply required by the flight crew on
duty can be separately reserved.

(d) Egquipment standards for dispens-
ing units, An individual dispensing unit
shall be provided for each crew member
and passenger for whom supplemental
oxygen is required to be furnished, All

units shall be designed to cover the nose,
and at least 25 percent of the units re-
quired to be furnished shall, in addition,
ecover the mouth. (For crew masks to be
used for protective bresthing purposes
see paragraph (h) of this section.)

(e) Means for delermining use of
ozygen. Means shall be provided to en-~
sble the crew to determine whether oxy~
gen is being delivered to each user.

) Fire protecltion. (1) Oxygen
equipment and lines shall not he located
in any designated fire zone,

(2) Oxygen equipraent angd lines shall
be protected from heat which may bhe
generated in or escape from any desig-
nated fire zone,

{3} Oxygen equipment and lines shall
be so installed that escaping oxygen
cannot cause ignition of accumulations
of grease, flulds, or vapors which are
likely to be present In normal operation
or as a result of failure or malfunetion-
ing of any systein.

(g) Protection from rupture, OXy-
gen pressure tanks and lines between
tanks and the shutoff means shall be
protected from the effects of unsafe
temperatures, and shall be so located in
the airplane as to minimize the possi-
bility and the hazards of rupture in a
crash landing.
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(h) Pretective breathing system.
‘When protective breathing equipment is
required by the Civil Air Regulations, it
shall be designed to protect the flight
crew from the effects of smoke, carbon
dioxide, and other harmiul gases while
on flight deck duty and while combating
fires in cargo compartments (see § 4b.380
{c)). The protective breathing equip-
ment and thre necessary supply of oxygen
shall be in accordance with the follow-
ing provisions,

(1} The protective breathing equip-
ment shall include masks covering the
eyes, nose, and mouth, or only the nose
and mouth where accessory equipment
is provided to protect the eyes.

{2) A supply of protective oxygen per
crew member shall be of 15-minute dura-
tion at & pressure altitude of 8,000 feet
and a respiratory minute volume of 30
liters per minute BTPD.

Hore: When a demand type oxygen system
is employed, a supply of 300 liters of ftree
oxygen at 70° F. and 760 mm Hg. pressure is
considered to be of 15-minute duration at
the prescribed altitude and minute volume.
When 8 continuous flow protective breathing
system 1s used, Including a mask with a
standard rebreather bag, a fiow rate of 80
liters per minute at 8,000 feet (456 liters per
minute at sea level) and a supply of 6060
liters of free oxygen at 70° ¥, and 760 mm
Hyg. pressure 15 consldered to be of 15-minute
duration at presoribed altitude and minute
volume. (BTPD refers to body temperature
conditions, 1. ¢, 37° C, st ambienl pressure,
ary.)

§ 4b.6623 Engine-driven  accessories.
Engine-driven accessories essential to
safe operation of the airplane shall be
so distributed among two or more en-
gines that the failure of any one engine
will not impair the safe cperation of the
airplane,

§4b653 Hydraulie systems;
strength—(a) Structural loads., All ele-
ments of the hydraulic system shall be
deslgned to withstand, without detri-
mental permanent deformation, all
structural loads which may be imposed
simultanecusly with the maximum hy-
draulic loads ocewrring in operation.

(b) Proof pressure tests, All elements
of the hydraulic system shall be tested
to a proof pressure of 1.5 times the maxi-
mum pressure to which the part wili be
subjected in normal operation. In such
test no part of the hydraulic system
shall fail, malunction, or suffer detri-
mental deformation,

(c) Burst pressure strength. Indi-
vidual hydraulic system elements shall
be designed to withstand pressures which
are sufficiently increased over the pres-
sures prescribed in paragraph (b) of this
section to safeguard against rupture
under service condifions.

Nore: 'The Iollowing pressures, In terms of
percentage of maximum opersting pressure
for the particular element, in most Instances
are sufficlent to insure against rupture In
service: 2360 percent in units under oil pres-
sure, 400 percent in untts contalning alr and
oil ynder pressure and In lines, hoses, and
fitkings, 300 pereent in units of system sub-
Jected to back pressure.

§ 4b.654 Hydraulic systems; design—
(a) Pressure indication., A means shall
be provided to indicate the pressure in
each main hydraulic power system.

(b} Pressure limiting provisions. Pro-
vision shall be made to assure that pres-
sures in any part of the system will not
exceed a safe limit above the maximum
operating pressure of the system and to
insure against excessive pressures result-
ing from fluid volumetric changes in all
lines which are likely to remain closed
long enough for such changes to take
place. In addition, consideration shall
be given to the possible occurrence of
detrimental {ransient (surge) pressures
during operation.

(c) Instellgtion. Hydraulic lines, fit-
tings, and components shall he installed
and supported to prevent excessive vi-
bration and to withstand inertia loads.
All elements of the installation shall be
protected from abrasion, corrosion, and
mechanical damage,

(d) Connections. Flexible hose, or
other means of providing flexibility, shall
be used to connect paints in g hydraulic
fluid line between which there is relative
motion or differential vibration,

% 4b.055 Hydraulic system fire pro-
tection. When flammable type hydraulic
fuid is used, the hydraulic system shall
comply with the provisions of §§ 4b.385,
4b.481, 4b.482, and 4b.483.

§ 4b.658 Vacuum sysiems, (&) Means,
in addition to the normal pressure relief,
shall ke provided to relieve automatically
the pressure in the discharge lines from
the vacuumt pump, if the delivery tem-
perature of the air reaches an unsafe
value,

(b} Vacuum sysitem lines and fittings
on the discharge side of the pump which
might contain fiammable vapors or fluids
shall comply with § 4b.483 if they are lo-
cated in a designated fire zone. Other
vacuum systemr components located in
designiated fire zones shall be fire-regist-
ant.,

SUBPART G—OPERATING LIMITATIONS AND
INFORMATION

GENERAL,

§4b700 Scope. {n) The operating
limitations listed In §§ 4b.710 through
4h.723 shall be established as prescribed
in this part.

(b) The operating limitations, to-
gether with any other information con-
eerning the airplane found necessary for
safety during operation, shall be in-
¢luded in the Airplane Flight Manual
(§ 4b.74Q), shall be expressed as mark-
ings and placards (§ 4b.730), and shall
be made available by such other means
as will convey the information to the
crew members.

OPERATING LIMITATIONS

§ 4b.710 Air-speed limitations’ gen-
erql. When air-speed limitations are a
function of weight, weight distribution,
altitude, or Mach number, the values
correspending with all ¢ritical combina-
tions of these values shall be established.

§ 4b7711 Never-exceed speed Vg,
(&} To allow for possible variations in
the airplane characteristics and to
minimize the possibility of inadvertently
exceeding safe speeds, the never-exceed
speed Ve shall be a speed established
suficlently below the lesser of:
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(1) The design dive speed Vo chosen
in accordance with § 4b.210 (b) (5), or

{(2) The maximum speed demon-
strated in flight in accordance with
§ 4b.190.

(o) In the absence of a rational in-
vestigation, the value of Vyr shall not
exceed (.9 times the lesser of the two
speeds referred to in paragraph (a) of
this section,

§ 4b.T12 Normal operating limit speed
Vyo. (a) The normal operating limit
speed Vo shall be established not to
exceed the design ocoruising speed Ve
chosen In accordance with § 4b.210 {1
(4) and sufficiently below the never-ex-
ceed speed Ve to make it unlikely that
Vnz would be exceeded in » moderate
upset occurring at Vao.

(b) In the absence of a rational in-
vestigation, the value of Vyo shall not
exceed 0.9 times Vyes.

§4b.713 Maneuyering speed. 'The
maneavering speed shall not exceed the
desigen maneuvering speed Va deter-
x(x;i)ned in accordance with § 4h.210 ()

$4bY714 Flap extended speed Vre.
(a) The flap extended speed Vre shall
be established not to exceed the lesser of:

(1> The design flap speed Vr chosen
in accordance with § 4b.210 (b) (1), or

{2) The design speed for slipstream
effects with flaps in the landing position,
chosen in accordance with § 40.221.

(b) The value of Vrz established in
accordance with paragraph (a) of this
section shall not be less than a value
which provides a safe speed margin
above the stall during approach and
Ianding.

(¢) It shall be acceplable to establish
supplementary values of Vrr for other
combinations of flap sefting, air speed,
and engine power, if the structure and
the flight characteristics of the airplane
have heen shown to be satisfactory for
such combinations.

$4b.7156 Landing gear operating
speed Vio. The landing gear operating
speed Vio shall be established not to
exceed a speed at which it is safe to ex-
{end or retract the landing gear as lim-
ited hy design in accordance with
§ 4b.334 or by flight characteristics.

$ 4b.7168 Landing gear ertended speed
V.z The landing gear extended speed
V,g=shall be established not to exceed
a speed at which it has been shown that
the sirplane can he safely flown with
the landing gear secured in the fully
extended position, and for which the
structure has been proven ln acecordance
with § 4b.334,

§4b.717T Minimum control speed Vyg.
{See §4b.133)

% 4h.T18 Powerplant limilations. 'The
following powerplant limitations shall
be established for the airplame. They
shall not exceed the corresponding limits
established as a part of the type certifl-
cation of the engine and propelier in-
stalled in the airplane.

(a) Take-off operation. (1) Maxi-
mum rotational speed (r, p. m.),

(2) Maximum permissible manifold
pressure,



(3) The time limit for use of the
power which corresponds with the values
established in subparagraphs (1) and
(2} of this paragraph,

(4) Where the time limit established
in subparagraph (3) of this paragraph
exceeds two minutbes, the maximum al-
lowable cylinder head or coolant outlet,
and oil temperatures,

(5) Maximum cylinder head or coolant
outlet and oil temperatures, if these dif-
fer from the maximum limits for con-
tinuous operation.

(h) Muagithum continuous operation.
(1) Maximum rotational speed (r. p. m.},

{2) Maximum permissible manifoid
pressure,

(3) Maximum allowable cylinder head
or coolant outlet, and oil temperatures.

{¢) Fuel octane rating. Theminimum
octane rating of fuel required for satis-
factory operation of the powerplant at
the limits specified in paragraphs (a)
and (b) of this zection.

(Q) Cooling limitations, The maxi-
muin Sea level temperature for which
satisfactory cooling has been demon-
strated.

§4b.719 Airplane weight, cenler of
gravity, end weight distribution limita-
tions, The airplane weight, center of
gravity, and weight distribution limita-
tions shail be those prescribed in
§§ 4h.101, 4b.102 and 4b.103. Where the
airplane is certificated for more than one
center of gravity range, the appropriate
limitations with regard to weight and
loading procedures shall be set forth in
the Airplane Flight Manuail for each
separate center of gravity range.

§4b.720 Minimum Aipht crew. The
minimum flight crew shall be established
by the Administrator as that number of
persons which he finds necessary for
safety in the operations authorized under
§4b721, This finding shall be based
upen the work load imposed upon indi-
vidual crew members with due considera-~
tion given fo the accessibility and the
ease of pperation of all necessary copirols
by the appropriate crew members.

§ 4b.721 Types of operation. The types
of operation to which the airplane is im-
ited shall be established by the category
in which it has been found eligible for
certification and by the equipment in-
stalled. (See the operating rules in this
subchapter.)

§ 4b.722 Maximum operaling altifude.
A maximum altitude shall be established
up to which operation is permitted, as
limited by flight, structural, powerplant,
functicnal, or equipment characteristies,

§ 4b.723 Maneuvering flight load fac-
tors, Load factor limitations shall be
established not to exceed the peositive
limit load factors determined from the
maneuvering diagram, figure 4h-2. (Sece
§ 4b.211 (a).)

MARKINGS AND PLACARDS

§4b.730 General. (a) Markings and
placards shall be displayed in conspic-
uous places and shall be such that they
cannot be easily erased, disfigured, or
obscured.

(h) Additional information, placards,
and instrument markings having a di-
rect and important bearing on safe op-
eration of the airplane shall be required
when unusual design, operating, or han~
dling characteristics so warrant,

§4b.731 Instrument markings; gen-
eral, (a) When markings are placed on
the cover glass of the instrument, pro-
vision shall be made to maintain the
correct alignment of the glass cover with
the face of the dial.

(b) All arcs and lines shall be of sufi-
cient width and so located that they are
clearly visible to the pilot,

§4b.732 Air-speed indicator, The
following markings shall be placed on
the air-speed indicator. If speeds vary
with altitude, means shall be provided
to indicate the appropriate limitation to
the pilot throughout the opersting salti-
tude range.

(a) A radial red line shall indicate the
never-exceed speed Py (see §4b.711),

{b} A yellow arc extending from the
ted line specified in paragraph (a) of
this section to the upper Umif of the
green arc specified in paragraph (c) of
this section’shall indicate the caution
range.

(¢) A green arc with the lower limit
at V,, as determined in accordance with
§4b,112 (b)) with maximum take-off
weight, landing gear and wing flaps re-
tracted, and the upper limit at the
normal operating limit speed ¥, estab-
lished in sccordance with § 4b.712 shall
indicate the normal operating range.

(d) A white arc with the lower limit
&t Vi, &5 delermined in accordance with
§4h.112 (a) at the maximum landing
weight, and the upper limit at the flaps~
extended speed Vg as established in
accordance with §4b.714 shall indicate
the flap operating range,

§ 4b.133 Magnetic direction indicator,
A placard shall be installed on or in
¢lose proximity to the magnetic direction
indicator which shall comply with the
Tollowing.

(a) The placard shall contain the cali~
bration of the instrument in a level flight
attitude with engine(s) operating,

{b) The placard shall state whether
the calibration was made with radio re-
ceiver{s) on or off.

{¢) The calibration readings shall be
in terms of magnetic headings in not
greater than 45° increments,

§4b.73¢ Powerplant instruments;
general.  All required powerplant in-
struments shall be marked as follows.

(a) The maximum and the minimum
(if applicable) safe operational limits
shall be marked with red radial lines,

(b) The normal operating ranges shall
be marked with a green arc not extend-
ing beyond the maximum and minimum
safe operational litnits.

(¢} The take-off and precautionary
ranges shall be marked with a yellow are,

(d} Engine or propeller speed ranges
which are restricted because of excessive
vibration stresses shall be marked with
red arcs.

5 4b.735 Oil quaniity indicators. Ol
quantity indicators shall be marked in
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sufficlent Increments to indicate readily
and accurately the quantity of oil,

$4b736 Fuel quantity indicator.
When the unusable fuel supply for any
tank exeeeds 1 gallon or 5 percent of the
tank capacity, whichever is the greater,
a red arc shall be marked on the indica-
tor extending from the ecalibrated zere
reading to the lowest reading obiainahble
in the level flight attitude, A netation in
the Airplane Flight Manual shall be
made to indicate that the fuel remaining
in the tank when the quantity indicator
reaches zero is not usable in flight, (See
§4h613 ().)

§ 4b.737 Control markings; general
All cockpit confrols, with the exception of
the primary flight controls and other
controls the function of which is obvious,
shall be plainly marked and/or identified
as to thelr function and method of oper-
gtion, The markings shall include the
following.

{a) Aerodynamic conlrols. The sec-
ondary aerodynamic¢ controls shall be
marked to comply with §§ 40322 and
4h.323.

(b) Powerplant fuel conirols. (1)
Controls for fuel tank selector valves
shall be marked to indicate the position
corresponding with each tank and with
all possible cross-feed positions.

(2) When more than one fuel tank
is provided, and if safe operation de-~
pends upon the use of tanks in a specifie
sequence, the fuel tank selector controls
shall be marked sdjacent to or on the
conirol itself to indicate the order in
which the tanks should be used.

(3) Countrols for engine selector valves
shall be marked to indicate the position
corresponding with each engine.

(¢ Accessory and auxiliary conirols.
(1> When a retractable landing gear is
used, the visual indicator required in
$ 4h.334 (e) shall be marked so that the
pilot can ascertain at all {imes when the
wheels are locked in either extreme posi-
tion.

(2) Emergency controls, including fuel
jettisoning and fluld shutoff controls,
shall ke colored red and shall be markeri
to indicate their function and method of
pperation,

§ 4h.738 Miscellaneous markings aend
placards—{a) Baggage compartments
and ballast location. Each baggage
and cargo compartment as well as the
ballast location shall bear a placard stat~
ing the maximum allowable welght of
contents and, if applicable, any other
iimitation on contenis found necessary
due to loading requirements.

(b) Fuel, oil, and coolant filler open~
ings. « The following information shall
be marked on or adjacent to the appro-
priate filler cover:

(1) The word “fuel”, the minimum
permissible fuel octane number for the
engines installed, and the usable fuel
tank capacity (see §4b.418),

(2) The word “ofl” and the cil tank
capacity,

(3) The name of the proper coolant
Auid and the capacity of the c¢oolant
system,

(¢} Emergency eXif placards.
§ 4b.362 ().}

(See



(d) Operating Hmitation placard. A
placarad shall be provided in front of and
in clear view of the pilots stating: *This
airplane must be operated in compli-
pliance with the operating limitations
specified in the CAA approved Airplane
Flight Manual”

(e} Sajfety equipment, (1) Sately
equipment controls which the erew I
expected to operate in time of emer-
genoy, such as flares, automatie life raft
releases, ete., shall be readily accessible
and plainly marked as to their method
aof operation.

(2) When fire extinguishers, and sig-
naling and other lifesaving eguipment
are carried in lockers, compartmenits,
etc., these locations shall be marked
accordingly.

AIRPLANE FLIGHT MANUAL

§4b.740 General. (a) An Airplane
Flight Manual shall he furnished with
each alrplane.

(b} The portions of the manual listed
in 38 4b.741 through 4b.743 as are appro-
priate to the airplane shall be verified
and approved and shall be segregated,
identified, and clearly distinguished
from portions not so approved.

(¢} Additiopal items of information
having & direct and imporfant hearing
on safe operation shall be required when
unusual design, operating, or handling
eharacteristics so warrant.

$ 4b. 741 Ogperating limitations—(a)
Air-gspeed limitations. The following air-
speed limitations shall be ineluded to-
gether with sufficient information {o per-
mit marking the air-speed indicator in
accordance with § 4b.732:

(1) The never-exceed speed
§$4b.T1L) ¢

(2) The normal operating limit speed
(see § 4b.T12), together with a statement
to the effect that normal flicht opera-
tions should be confined to speeds below
this value, and s further statement to
the effect that the range of speeds be-
tween the normal operating limit speed
and the never-exceed speed should be
entered with caution and with due regard
to the prevailing flight and atmospheric
conditions;

(3) When ah air-speed lmitation is
based upon compressibility effects, a
statement to this effect, together with
information as to any symptoms, the
probable behavior of the airplane, and
the recommended recovery procedures;”

(4> The maneuvering speed (see
§ 4b.210 (b) (2)), together with a state-
ment to the effect that full application

(see

of rudder and aileron controls as well
as those maneuvers which involve angles
of attack near the stall should be con-
fined to speeds below this value;

(5) The flap extended speed (see
£ 4b.714) , together with a description of
the pertinent flap positions and engine
POWers;

(6> The landing gear operating speed
(see § 4b.715), togett er with a statement
to the effect that this {s the maximum
speed at which it is safe to extend or
retract the landing gear;

(7} The landing gear extended speed
(see § 4b.718), if greater than the land-
ing gear operating speed, together with
a statement to the effect that this is the

maeximum speed at which the airplane
can be flown safely with the landing
gear in the extended position,

(b) Powerplant limitations. Infor-
mation shall be included to outline sand
to explain all powerplant limitations
(see § 4b.7i8) and to permit marking the
instruments as reauired by 4§§ 4b,734
through 4b.736.

(c) Weight and loading distribution.
The airplane weights and center of
gravity limits required by §§ 4b.101 and
45102 shall be included, together with
the items of equipment on which the
empty weight is based, Where the va-
riety of possible Joading conditions war-
rants, instructions shail be included to
facilitate observance of the limitations.

() Flight locd acceleralion Iimits.
The positive maneuvering limit load
factors for which the airplane structure
has heen proven shall he described in
terms of accelerations, together with a
statement to the effect that these ac-
celerations limit the angle of bank In
turns and limit the severity of pull-up
maneuvers,

(e) Flight crew. The number and
functions of the minimum flight crew
determined in accordance with § 4b.720
shall be described.

() Type of operation. The {ypels)
of operating(s) shall be listed for which
the airplane and its equipment installa-
tions have been approved. {(See
§ 4b.721.)

(£) Mazimum operating altitude. The
altitude established in accordance with
§ 4b.722 shall be included, together with
an explanation of the limiting factors.

§4b1742 CQperating procedures—(a)
Normal. Information and instructions
shall be included regarding peculiarities
of starting and warming the engines,
taxying, operation of wing flaps, landing
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gear, automatic pilot, ete.

(b} One engine inoperative. 'The rec-
ommended procedure shall be described
to be followed in the event of engine
Tailure, including minimum speeds, trim,
operation of remsaining engine(s), oper-
ation of flaps, ete.

i¢) Propeller feathering. "The recom-
mended procedure shall be deseribed to
be followed in stopping the rotation of
propellers in flight.

{d) Emergency procedures. Retom-
mended emergency procedures shall be
described to be followed in the event of
fire, decompression, ditching, etec.

§ 4b.143 Performance information——-
(a) Performance dafad. A summary of
8ll pertinent performance data shall be
given, including the performance data
necessary for the application of the op-
erating rules of this subchapter, to
gether with descriptions of the condi-~
tions, air speeds, ete., under which these
data were defermined,

th) Flap controls. Instructions shall
be included deseribing the use and ad-
justment of the flap controls necessary
to obtain the performance referred to
in paragraph (a) of this section,

(c) dir speeds. The indicated air
speeds corresponding with those deter-
mined for take-off shall be listed together
with the procedures to be followed in the

event the critical engine becomes inop-
erative during take-off (see § 4b.742 (b)),

(d) Miscellaneous. An explanation
ghall be included of any significant or
unusual fight or ground handling char-
acteristics.

AIRPLANE IDENTIFICATION DATA

$ 4b.750 Identification plafe. A flre-
proof identification plate shall be se-
curely atiached to the structure in an
accessible location where it will not likely
be defaced during normal service. ‘The
identification plate shall not be placed in
a location where it might be expected to
be destroyed or lost in the event of an ac-
cident. The identification plate shall
contain the identification data required
by § 1.50 of this subchapter.

§ 4b.751 Identification marks. 'The
nationality and registration marks shall
be permanently afixed in accordanhce
with § 1.100 of this subchaptef,

[seaLl M. C. MULLIGAN,
Secretary.
[F. R. Do¢. 53-10780; Filed, Dee. 29, 1953;

8:50 a. m.]

Advise the Civil Aeronautics Board, Washington 25, D. C., that you have purchased this
Part of the Civil Air Regulations and that a%‘ncy will supply you with copies of amendments

which have been issued since this printing.

wise your request cannot be filled.
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e sure to specify the number of this Part, other-
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