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Introductory Note

Civil Aeronautics Manual 3 contains in a consolidated form all man-
ual material issued against Part 3 of the Civil Air Regulations to date.

CAA rules are supplementary regulations issued pursuant to author-
ity expressly conferred on the Administrator in the Civil Air Regula-
tions. Such rules are mandatory and must be complied with. '

- CAA policies provide detailed technical information on recommended
methods of complying with the Civil Air Begulatlons. Such policies are
for the guidance of the public and are not mandatory in nature.

CAA interpretations define or explain words and phrases of the
Civil Air Regulations. Such interpretations are for the guidance of ‘the
public and will be followed by the Administration in determinlng compli-
ance with the regulatlons.

The manual i1s arranged to show the number of each section of the
regulation followed by the title of the particular section in italic
letters. Any rules, policies, or interpretations follow the pertinent
section of the regulation and are identified by consecutive dash numbers
appended to the regulation section number.-

This manual includes and supersedes supplements numbers 1 through
12 issued on or prior to March 26, 1953. Moreover, the contents of this
manual supersede any contradictory material found in any Aviation Safety
Release or 11ke publication outstanding on the issuance date of this

manual .
(11I)
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‘Subpart A—General
APPLICABILITY AND DEFINITIONS

3.0 Applicability of this part.
8.1 Definltions. )

CERTIFICATION

810 Elgihility for type certificate.

311 Des\gnation of applicable regulations,

312 Fecording of dpplicable feguldtions.

2.13 Type certtiicate.

3.14 Data required. .

8.15 Inspections and tests.

8.18 Flight tests,

3.18-1 Accelerated service tests for airerpft
having . & maximum certificated
take-off weight of more than 6,000
pounds (CAA policies which apply
to § 3.16) -

3.17 Alrworthiness, experimental, and pro-

.. . duction certificates,

3.18 Approval of materials, parts, processes,
and applianees.

$.18-t Approval of materlals, parts, proc-
esses, and appliances (CAA rules
which apply to §3.18).

3,182 Application of the Technical Stand-
ard Orders (TS0) System; C Series
(CAA policles which apply to
§35.18). |

2.1 Changes in type deslgn.

3.19-1 Changes of engines (CAA policles
which apply to § 3.18).

ATRPLANE CATEGORIES

320 Alrplane categories, :

3.90-1 Approved maneuvers for normal
category alrcraft (CAA interpre-
tations which apply o § 3.20).

8.20-2 Approved limited acrobatic maneu-

“yers for utility category aircraft

(CAA interpretations which apply
o §3.20).

Subpart. B—~Flight Requirements
GENERAL

8.61 Policy re proof of compllance.

283 Flight test pllot.

3.63 Noncompliance with test requirements.
3.64 FEmergency egress.

2.66 Report, .

WEeIGHT RANGE Awp CENTER OF GRAVITY

341 Welght and balance.
271-1 Welght and balance limitations for
fiight tests {CAA policies which
. apply to §3.71 (a)). :
3.12 Tse of ballast.

gn2-1 Use of bhallast (CAA policies which

apply to .§3.72).
8,78 Empty welght. .
3,731 New production aircraft;” empty
' welght and c. g determination
(CAA policies - which apply to
§3.73).

3782 Empty welght items (CAA Interpre- '

tations which apply to §3.93).
8.73-3 TUnusabje fuel supply snd undraln-
) _able oil (CAA interpretations
o~ i which apply to §3.73}.
3.7 Maximuin welght.
2.5 - - “Minimum weight.
3.76 Center of gravity position,
3.46-1 Center of gravity position (CAA
policies which apply to § 3.76).

PERFORMANCE REQUIREMENIS
GENERAL

3.80 - Alternate performance requirements.
3.81 Performance. -

3.82 Definition of stalling speeds. -
3.82-1 “Zero thrust” (CAA interpretations
which apply to § 3.82).

3.83 Stalilng speed.

8.84

ls841
8,042

3.84-3
3.54a

3.85
3.86-1

3.85-2

1
3.85-3

3.85-%
3.85-5

3.855

3.56
3.86-1

3.86-2
3.87

3105
3.106

3.110
3.111

3.112

'3.113
3.114
3.115
3.116

3.117
3.118

38.120

3121 .

8.107-U
3.108-A
13.208 -

3.112~1

"3.118-1
3.118-2

21188

3.120-1

8.120-2

Table of Coniénis

TARE-GFF

Take-off.

Toke-off performance (CAA policles
which apply to § 3.84).

Measurement of seaplane take-off
distances (CAA interpretations
which apply to § 3.84 {(a)).

Teke-off speed {CAA interpretation
which applies to §3.84 (b)).

Take-off requirements; airplanes of

6,000 1bs, or less.
CLIMEB

Climb. -

Rate of climb. (CAA policles which
apply to §3.85).

“Norma! climb” and *“ccoling test
procecdure for slngle-engine alr-
planes” (CAA interpretations
which apply to § 3.85).

“Rapld retraction” (CAA interpreta-
tions which apply to § 3.86).

Welght for items of performance and
flight characterlstics (CAA inter-
pretations which apply to § 3.85).

Low-pitch propeller setting in nor-
mal climb position (CAA interpre-
tatlons which apply to §3.85 (a))-

Climb reguirements; alrplanes of
8,000 1bs, or less, .

LANDING

Landing.

Landing distances (CAA policies
which apply to § 3.86).

Use of camera equipment (CAA pol-
ictes which apply to § 3.86).

Landing requirements; alrplanes of
6,000 Ibs. or less.

FLIGHT CHARACTERISTICS
Requirements.
CONTROLLABILITY

General.

Approved acrobatic maneuvers.
Acrobatic maneuvers.
Longttundinal control.

Lateral and directional control.
Minimum control speed (Vime).

TRIM

Requiremeﬁts. '
Trim during a glide (CAA polictes
which apply to § 3.113).

STABILITY

Qeneral. .
Statie longltudinal stability.
Specific conditions.

Instrumented stick force measure- |

ments. . .
Dynamic longitudinal stabillty.
Directional and lateral stability.
Test - conditions (CAA pollcles

which apply to-§ 3.118 (2) (8)).
Large displacements of flight con-

trols in directlonal and lateral

stability tests (CAA policies

whick apply to §3.118).

Flight tests for adverse control

foree reversal or control locking

(CAA polictes which apply to
§8.118 (a) (8)).
STALLS
Stalling déemonstration. -
Measuring loss .of altitude during

stall {CAA pollcies which apply to
§ 3.120).

tndications of stall warnings (CAA |

. policles which apply to § 3.120).
Climbing stalls. ~ .

3.121-1 Climblng stall flight tests for lm-
1ted control airplanes (CAA inter-
pretations  which apply to
§ 3.121).

3.122 Turntng flight stalls.

3.128 Ome-engine-inoperative stalls.

SPINNING

3124  Spinning.

3.124-1 Spin iests for category N alrplanes
(CAA Interpretations which ap- -

‘ply to § 8.124 (¢)).
3.124-2 Spin tests for category A afrplanes
(CAA interpretations which ap~

ply to §3.124 (c)).

GROUND AND WATER CHARACTERISTICS

3.143 Requirements,
8.144 Longitudinal stability and control.

3,145 Directlonal stabillty and contrel.
8.146 Shock absorption.
3.147 Spray characterlstics.

FLUTTER AND VIBRATION
3.159 Flutter and vibration.

] 5'uhpurt C—Slréngih Requirements
GENERAL

3.171 Loads.

3.171-1 Design criterla’ (CAA  policles
which apply to § 3.171 {c))}.

3.172 Factor of safety. .

3173 Stréength and deformations.

3.173-1 Dynamic tests {CAA policles which

. apply to §3.173).

3.174 Proof of structure.

3.174-1 Material correction factors (CAA
policies which apply to § 3.174).

31742 Structural testing of new projects
(CAA policles which eapply to
§3.174).

3.174-3 Allowable bending moments of

' stable sections In the plastic
range (CAA policles which apply
to §3.174).

8.1744 Acceptability of static and/or 4y-

namic tests in lleu of stress anal-
yses (CAA policles which apply 10
§ 8.174).

3.174-5 Operation tests (CAA policles which

. . applyto§3.174). )

3.1746 Material correction factors, fiting
factors, and other factors; thelr
effect on test loads {CAA policles

: which apply to § 3.174).

31747 Establishment of material strength
properties and design values by
static test (CAA policles which

. apply to. § 3.174). . )

3.174-8 Unusual test sltuations {CAA pol-

ieles which apply to §3.174). .

FricHT LoADS

3181 General.
3.182 Definition of fAight load factor.

SYMMETRICAL FLIGHT CONDITI_O‘NS {FLAES
RETRACTED}

3.182 General.

3.184 Design air speeds.

3.185 Maneuvering envelope.

8.186 = Maneuvering load factors.

3.187 Gust envelope,

3.188 Gust load factors.

3.188-1 “glope of lift curve” (CAA Interpre-
tations which apply to § 3.188).

8.180 . Airplane equillbrium,

FLAPS EXTENDED FLIGHT CONDITIONS

3.190 ‘ Flaps extended fight conditions.

'3.180-1 Deslgn flap speed Vy (CAA Inferpre-
tations which apply to §3.180
(ay).

(v}
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UNSYMMETRICAL FLIGHT CONDITIONS

8.191 Unsymmetrical fiight conditions.
8.191-1 Afleron rolling conditions (CAA
pelicies which apply to § 3.191=1).
SUPPLEMENTARY CONDITIONS
3.194 ‘Special condition for reer ilft truss.
- 8.195 Engine torque effects.
. 3.198 Side load on engine mount.
o CONTROL SURFACE LOADS
T - 8211 General,
= 8.211~1 Control surface loads Tor deslgn of
S “Vee” type tall assemblies (CAA
R poticies which apply to §8.211).
. 3.212 Pilot effort.
3.212-1 Automatic pilot sysiems (CAA
— . policies which apply to §8.212).
3.213 Trlm tab effects,
HORIZONTAL TAIL SURFACES
3212 Horizontal tall surfaces.
3.215 Balancing loads.
3.218 Maneuvering loads.
R $.8016-1 Time historles of pull-up maneu-
¥ vers (CAA policies which apply
e to §83.216).
Sy 8.216-2 Unchecked pull-up maneuver (CAA
L policies which apply to §3.216:
(a)).
R 3.218-8 Tnchecked push-down maneuver-
PELT ing load (CAA polictes which ap-
T ply to § 3.216 (b} ).
82184 Checked msheuvering load condi-
tion (CAA policles which apply
to §8.216 (c)).
32165 Principles appncable to detailed
o analysls of conditions glven in
' §3.216 (CAA policles which apply
to §3.216). :
o 3.216-6 Maneuvering control surface load-.
R ER . ng fAgure 33 (b) in this part
: . (CAA policies which apply to
§3.218). .
3.217 Gust’ loads,
3.217-1 Gust loads; horizontal tail surfaces
- ) (CAA policies which apply to
: ’ §8.217),
8218  Unsymmetrical loads.
. VERTICAL TATL SURFACES
. 3.219 Maneuvering loads.
3.210-1 Vertical surface maneuvering loads
(CAA policies which apply to
§8.219).
3.220 Gust londs. '
8.820-1 Gust loads; vertlcal tall surfaces
: {CAA polleies which apply to
 §3.220). ]
3.221 Cutboard fins.
ATLERONS, WING FLAPS, TABS, BTC.
3.222 Allerons.
3.223 ‘Wing flaps.

i 8.228-1 Wing flap load distribution {(CAA,
e policies whtch apply t:o §3.228).
I 3,224 Tahs.

| 8.894-1 Trim tab design (CAA policies
which apply to § 3.224)
3.226 Special devices.
ConTROL SysTEM Loaps
3.231 Primary flight centrols and aystems
8.231-1 Hinge moments (CAA policles which
apply to § 3,281 (a})
3.231-2 System limit loads (CAA policles §.
which ‘apply to §3.231 (a) (1)).
S 3931-3 Interconnected control sysiems on
celil two-control zirplanes (CAA poli-
LSNP .  cles which apply to § 3‘231)
: 3.232 Dual ¢ontrols.
3.283 Ground gust conditions B
i 3.233-1 Ground gust loads (CAA policles
which apply to §3.233).
3.234 Secondary controls and systems.

TABLE OF CONTENTS

GRGUND LoaDns

-§3.241 Ground loads.
3.241-1 Four-wheel type alighting gears
(CAA policles which apply to
§3.241). .
3.242 Design weight
3.243 Load factor for landlng conditions.
LANDING CASES AND ATTITUDES
3.244 Landing cases and attitudes. :
82441 Landing cases and sttitudes (CAA
policies which apply to § 3.244)°
3.245 Level landing.
3.245-1 Wheel spin-up loads (CAA policies
which apply to § 3.245).
3.945-2 Level landing inclined reactlon re-
sultant (CAA policies which apply.
to §3.245).
3.246 Tall down. .
3.247 One-wheel landing.
| GROUNP ROLL CONDITIONS
23.248 Braked roll.
2249 Side load.
TAIL WHEFLS
8.250 Bupplementary condttions Ior tall
wheels.
3.251 Obstruction load.
3.252 BSide load.
NOSE WHEELS
| 3.253 Supplementary conditions for nose
wheels, )
8.256¢ ATrt load.
3.255 Forward load.
3.256 Slde load.
SKIPLANES
3.267 Supplementary conditions for ski-
-planes.
3.357-1 Type certification of skis (CAA pol-
ictes which apply.to § 3.267}).
3.267-2 Supplementary conditions for ski-
planes (CAA po]lcies which apply
ta § 2.257). :
3.257-3 Factor of safety of 1.0 (CAA policies
which apply to-§ 8.257).
WareR LoaDs
3.265 Water load conditions.
3.265~1 Float loads (CAA policies which
_apply to § 3,263},
3.265-2 Water loads; alternate standards
(CAA policies which apply to
$§ 3.10 and 3,265).
Subpart D—Design and ‘Construction
GENERAL
.8.291 General.
3292 Materlals and workmanship.
8.203 Fabrieation methods.
3094 Standard fastenings.
8.205 Protection,
-8.206 Inspectlon provislons..
STRUCTURAL PARTS
3.301 Material strength ‘properties and
and deslgn values. -
8.301~1 Deslgn propertles {CAA  policles
) which apply to § 8.361).
3.301-2 Substltution of seam-welded  for
seamless steel tubing (CAA poli-
cles which apply to §3.301).
2.302 Speclal factors.
3.303 Vartability facter.
3.304 Castings,
3.304-] Casting factors (CAA policles which
apply to § 3.304).
3.305 Bearing factors.
2.308 Fitting factor.
3.307 Fatigue strength,

3.311
3.311-1

3317
3.318

8.818-1

FLUTTER AND V!:anuro:t

Flutter and vibration prevention
measures.

Simplified flutter prevention cri-~ -

terta (CAA policles which apply
to §3.311 (a) and (b)).
‘WmGs
Proof of strength.
Ribs.

Rib tests (CAA policies which apply
to § 3.318 (a))

CONTROL SURFACES (an AND MOVABLE)}

3.327
3.528
2.328-1

8.329.

8.336

3.338
3.336-1

3.337
34871

8.338

3.3351

3339
3.340
23.341
3.342
8.343

3.344

8345

8.845-1

3.845-2

8.846
3.347

8351
3.352
8.362-1

3.358
3.354
3365

3.356
3.356-1

'8.357

3.358

. 8.369

2.350-1
8.358-2

3.360

‘8361

3.362
8.362-1

Proof of strength,
Installatlon,
Bonding of conttol surfaces (CAA

policles which apply to 53 828).
"Hlnges. - :

CoNzTROL SysrEMs

Cleneral,

Primary flight econtrols.

Afleron controts for two-control alr-
planes (CAA  Interpretations
. which apply to § 3.336 (b)).

Trimming controls.

Independent means  of control of
control system {CAA Interpreta-
tions which apply to § 3.337).

- Wing flap controls.

Wicg fap position indicators (CAA
policles which apply to §3.838).

Flap Interconnection.

Stops.

Control system Ioclks,

Proof of strength.

Operation test.

CONTROL SYSTEM DETAILLS

General.

Cable systems.

Cahles in primary control systems
(CAA 'interpretations which ap-
ply to §3.348). .

Spedldl alreraft turnbuckle asserm-
blles and/or turnbuckle satetying
devices (CAA rules which apply
to § 8.345).

Joints.

Spring devices.

LANDING (GEAR,
SHOCE ABSORBERS

Tests.
Shock absorption tests.

Landing gear drop tests (CAA poli=

cles which apply to § 3.352).
Limdit drop tests.
Limit Joad factor determination.
Retsf;bve energy abeorption drop
S,

RETRACTING M:ECHANTSM

General.

Retracting mechanism (CAA poli-
cies which apply to § 8.356).

Emergency operation. .

Operation test.

Position indicator and wammg ‘de-

vice.

“Wheel position indicators (CAA
poltcles which apply. to § 3.369).
Position indicator and warning de-

vice (CAS polictes which apply to
§ 8.359)
Control.

WHEELS AND TIRES

Wheela.

Tires.

Apyproved tire ra.ting (CAA Inter-
pretations  which
§ 3.362).

apply to’




3.862-2 ‘Tire rating standards (CAA policies

which apply to § 3.362). ’

. .
8.363 Erakes.
SEIS

3.364 Skis. . RS
3.8364-1 Tail skis (CAA interpretations |

which apply to § 3.364).

HULLS AND FLOATS

3.371 Seaplane maln floats,

8.372 Buoyancy (boat seaplanes).
8.873 Water stability. .
PUSELAGE
PILOT COMPARTMENT
8.381 General.
3.352 Vision, . )
3.382~1" Openable window or openable por«
' tidn of the windshleld (CAA in-
terpretations which apply to
) § 3.882).
8.382-2 Pilot vision in rain conditions (CAA
: Interpretations  which apply to
. §'3.882). C
s.283 Pilot windshield and windows.
3.383-1 Plexiglas windshields and windows
(CAA policles which apply to
§3.383).
3.384 Cockpit controls.
3385 Instruments and markings,
EMERGENCY PROVISIONS
3.386 Protectlon.
3,386-1 Crash protection {CAA interpreta-
tions which apply to § 3.386).
8.387 Exits.
3.388 Fire precautlons,
33881 Heater Isolation (CAA policies:
. which apply to §8.388 {b)).
3.388-2 TFire-detector end  extingulsher

o equipment (CAA policies which

apply to §3.388 (k}). -

33883 Heater fuel system {(CAA policies
which apply to §3.388 (b)).

Combustion heaters ' (CAA rules
which apply to §3.388 (b)).

PERSONNEL AND CARGO ACCOMMOCDATIONS

.3.388-4

3.389 Doars.
3,360 Seats and berths.
3.390-1 Approved seats and’ berths (CAA
. interpretations which apply to
§3.390).
3.390-2 Proof of strength for seats and
. berths and - thelr installations
(CAA policies which ~apply to
§3.390). [
»3.381 Safety belt or harness provislons.
3.392 Cargo compartments, .
3309-1 Load factors for design of cargo -
compartments located in the
fuselage (CAA interpretations
which apply to § 3.392).
335083 Ventilation.
MISCELLANEOUS

3.401 Ievellng marks.
'Suhpart:E—Power-Pluhl installations;
Reciprocating Engines
B GENERAL
3.411 Components.
) ENGINES AND PROPELLERS
3.415 )

Engines.
3416 Propellers.
3.417 Propeller vibration.
3418 Propeller piteh--and speed lmita-.
tions. .
3419 Speed limitations for fixed pitch
- “propellers, ground adjustable

pitch prepellers, and automati-
cally varying pitch propellers
which cannot be contrelled In
Alght. .

TABLE OF CONTENTS

'$419-1 Propeller pitch snd speed limita-]
tions {CAA interpretations which
apply to §8:419).

3420 Speed and pitch Jimitations for con—-L
' “trollable pitch: propellers without
- . constant speed controls.

2.421 variable pltch propellers with con~!
stant speed controls.

3.422 Propeller clearance, )

3.422-1 Propeller clearance on tricycle gear
airplanes (CAA interpretations
which apply to §3.422 (a) (1)). !

3.422-5 Propeller clearance on alreraft with
leat apring type shock struts
(CAA interpretations which apply
to §3.422 (u) (2)).

FUen SXSTEM
8429 General,
ARRANGEMENT
8.430 TFuel system arrangement.
8.431 Multiengine fuel system srrengement.,
}3.432 . Pressure cross feed arrangements. -
' GPERATTON

3.433 Fuel flow rate. :

5434 Fuel flow rate for gravity systems.

3.435 Fuel flow rate for pump systems.

3,436 Fuel flow rate for auxiliary fuel sys- .

tems and fuel transfer systems.

3.437 Determination of unusable fuel sup-

ply and fuel system operaticn on
low fuel, .

3.438 Fuel system hot weather operation.
3439 Flow between interconnected tanks.
FUEL TANKS

3.440 General.

3441 Fuel tank tests.

3442 Fuel tank installation.

3.442-1 Eladder type fuel cells located in s
personnel compertment (CAA in-
terpretations which apply to
§ 3.442).

3.443 Fuel tank expanslion space.

3.444 Fuel tank sump.

3.445 | Fuel tank fller connection.

8.446

Puel tank vents and carburetor
vapor vents. -

3.447-A Fuel tank vents.

3.448 Fuel tank outlet.

FUEL PUMPS
Fuel pump and pump installation.
LINES, FITTINGS, AND ACCESSORTES

'3.449

8.550 Fuel system lines, fittings, and acces-
sorles. : : '
Fuel valves.

8.552 - Fuel strainer,
DRAING AW INSTRUMENTS

3.551

3.553 Puel system drains.
3,654 Puel system lnstrumenis. .
QIL - SYSTEM
- 13.561 il system.
3.56i-1 “Capacity” (CAA inderpretations
: : which apply to § 3.561). '
3.b562 0Oil cooling. '
OfL TANKS |,
3.563 Oil tanks.

8.564 Oil tank tests.

3,585 Ol tank instaliation.
3.5G66 Oill tank expansion space.
3.587 O1Il tank filler connection.
3.568 Ofil tank vent.

3.560 Oii tank outlet.

LINES, FITTINGS, AND ACCESSORIES .

Oll system lines, fittings, and acces-
sories.

3.570¢

3.871
3.572
3.573
3.574

il valves.

Oil radiators.

Oil filters.

il system drains.

3.575

¥II1

Engine breather lines.

3.576 Oil system instruments.
3.577 Propeller feathering system. -
CooLING
3.581 General.
TESTS

3.582 Cooling tests.

3.582-1 Water taxilng tests (CAA Interpre-
tations which apply to § 3.582).

3.583 Maximum anticipated summer air
temperatures. :

3.583-1 Powerplant winterization equip-
ment {CAA interpretations which
apply to § 3.583).

3.584 Correction factor for cylinder head,
oil inlet, carburetor aly, and en-.
gine ceolant inlet temperatures.

3.585 Correction factor for cylinder bar-
rel temperatures.

3.586 Cooling test procedure for single-
engine airplanes.

3.587 Cooling test procedure for multl-
englne airplanes.

3.587-1 Cooling test procedure for twin-en-
gine aircrafi which do not meet
the minimum one-engine-inop-
erative climb performance (CAA
interpretations which apply to
§ 8.587 (b)). .
LIQUID COOLING SYSTEMS

3.588 Independent systems.

3.58¢ Coolant tank.

3.580 Coolant tank tests.

3.591 Coolant tank instdllation.

2.502 Coolant tank filler connection.

2,508 Coolant lines, fittings, and acceasories.

'8.594 ' Coolant radiators.

3.595 Cooling system drains.

3,498 Cooling system instruments.

INDUCTION SYSTEM

3.605 General.

3.606 Inductlon system de-icing and anti-
icing provisions. ' :

8.606-1 TInductlon system  de-iclng pro-
vislons (CAA policles which apply

. to §3.608).

8.607 Carburetor de-leing fiuid flow rate.

'3.608 Carburetor fluld de-icing system ca-
_pacity. '

3.608 Corburetor fuld de-leing system
detail design. .

3.610 Carburetor air preheater design.

1 3.611 Induction system ducts.

-8.612 Induction system screens.

ExHatsT SYSTEM

3.615 General.

'3.616 Exhaust manifold.

3.617 Exhaust heat exchangers.

3.618 Exhaust heat exchangers used in

ventilating air heating systems.
Fre WaLL AND COWLING
3.623 Fire waills. . . -
3.628-1 Fire-proof materials for firewalls
’ (CAA rules which apply to
§3.628).
3.624 Fire wall construction.
3.625 Cowling. -

PowrR-PLANT C'ONTROLS AND ACCESSORIES

3.627
2.628
3.429
3.630
3.631

T 3.682

3.633
3.634

COMNTROLS

Power-plant controls.

Throttle controls.

Ignition switches.

Mixture controls.

Propeller speed and pitch controls.
Propeller feathering controls.

Fuel system controls.

Czrburetor air preheat controls.




VIII TABLE OF CONTENTS

ACCESEORIES INSTRUMENT LIGETS MINIMUM FLIGHT CREW

e 8.685 Power-plant accessorles. 3696  Instrument lights, 8749 Minimum flight crew.

S '3.636 Engine battery ignition systems. -{ 8.696-1 Instrument lights (CAA;;:;;E:))&—- TYPES OF OFERATION
St ’ ) oo tations which apply to R .
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-~ Part 3f' Airplahe Airworthiness; Normal, Utility, and

SUBPART A—GENERAL
APPLICARILITY AND DEFINITIONS .

$3.0 Applicability of this part. This

pari establishes standards with which §

compliance shall be demonstrated for
the issnance of and changes to type
certificates for normal, utility, and acro-
batic category airplanes, This part, un+
il siperseded or rescinded, shall apply
to all sirplanes for which applications
for type certification under this part
.were made between the effective date of
this part (November 13, 1945) and March
31, 1953. For applications for a type
.certificate made after March 31, 1853,
this part shall apply only te sirplanes

which have a maximum weight of 12,500 §

pounds or less. :

§ 3.1 Definitions. As used in this part
terms are defined as follows:

(a) Administration—(1) Administra-§.

tor. The Administrator is the admin-
fstrator of Civil Aeronauties.

(2) Applicant. An applicant is a Dper-|
s0n or persons applying for approval of

‘an girplane or any part thereof.

(3} Approved. Approved, when used,

alone or as modifying terms such as
means, devices, specifications, ete., shall

mean approved by the Administrator. .

(See §3.18.)
(h) General design—(1) Standard ai-
mosphere. The standard atmosphere
is an atmosphere defined as follows:

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

(ii}  The temperature at sea Jevel is },

50° P,
(lif) The pressure at sea level is 29.92

inches Hg, 1:

(iv) The temperature gradient from
sen level to the altitude at which the
temperature equals —87° F, is —0.003566°
P./ft. and zero thereahove, :
(v} The density po at sea level under
the above conditions is 0.002373 lb.
sec.2/ft.8 '

(2) Mazimum anticipated air temper- |

atyre, 'The maximum anticipated air
temperature is a temperature specified
for the purpose of compliance with the
powerplant cooling - standards. (See
§ 3.583.)

(3) Airplane configuration. Airplane
configuration is a term referring to the
position of the various elements affect-
ing the aerodynamic characteristics- of
the ?,irpla,ne (e. g. wing flaps, landing.
gear). : :

(@) Aerodynamic coefficients. ~Aero-

dynamic ceefficients are nondimensional
coefficients for forces and moments.:
They correspond with those adopted by
the U. 8. National Advisory Committee:
{for Aeranautics.

5) Critical engine(s).  The critiea’

“Air Regulations is demonstrated.

Acrobatic Categories

.engine(s) is that englne(s) the faflure or
1 which gives the most adverse effect o

‘the airplane flight characteristics rela-
tive to the case under considerhktion.
(@) Wewghts—(1) Mamimum weight.

| ‘The maximum weight of the airplane is

that maximum at which compliance with!
the requirements of this part of the Civil:
(See
§3.74.) .
Y2 Minimum weight., The minimum
weight of the airplane is that minimum

‘&t which compliance with the require-.
‘ments of this part of the Civil Air Regu-

lations is demonstrated, (See §3.75.)

(3) Empty weight. The empty welght!
of the airplane is s readily reproducible,
weight which is used in the defermina-
tjon .of the operating weights, (See.
'$3.73.) : : '
{4} DPesign maximum weight. The de-
sign maximum weight is the maximum
weight of the airplane at which compli-
ance is shown with the structural load-:
ing eonditions, (See § 3.181.)

(5) -Design minimum weight. The de-
slgn minimum weight is the minimum
weight of the airplane at which com-

" pliance is shown with the structural

loading conditions. {(See § 3.181.) )

_ (8) Design landing weight, The de-
slgn landing weight is the maximum air-
plane weight used in structural design
for landing conditions at the maximum
veloeity of descent. (See §3.242)

(7) Design unit weight. 'The design
unit weight is a representative weight

used to show compliahce with the strue-| .

tural design requirements:
(1) Gasoline 6 pounds per U. 8. gallon..
(i) Lubricating oil 7.5 pounds per
U. 8. gallon, :
(i) Crew and passengers 170 pounds
per persom. :
(d) Speeds—(1) I4S. Indicated air
tpeed is equal to the pitot static air-
speed indicator reading as installed in
‘the airplane without correction for air-
speed indicator system errors but includ-!
ing the'sea level standard adiabatic com-
pressible flow correction. (This lafter
correction is included in the calibration.
of the air-speed instrument dials.) ’

{2y CAS. Calibrated alr speed. is.

equal to the air-speed indicator reading:
corrected for position and instrument.
error. (As a result of the sea level adia-;
batic compressible flow correction to the
air-speed instrument dial, CAS'is equal
to the true air speed TAS in standard
atmosphere at sea lével.) ”

(3) EAS. Equivalent air speed is
equal to the air-speed indicator reading
corrected for position error, instrument

flow for the particular altitude. (EAS
is equal to CAS at sea level in standard
Atmosphere:) - o

(4) TAS. True alr speed of the alr-
plane relative' to undisturbed = air.
(TAS=EAS (po/p) ¥).

(5) Ve. The desien cruising speed,
'(See § 3.184.)

(6) Ve The design diving speed. (See.
§ 3.184)

(7} Vy. The design flap speed for fiighv

loading conditions with . wing flaps in
the landing position. (See §3.190.)
(8) V. The flap extended speed is &
‘maximum speed with wing flaps. in &
prescribed  extended position. . (See
§3.742)

(9) V. The maximum speed obtain-
able in level flicht with rated rpm and
power, :

(109 Vme. The minimum control speed
with the critical engine imoperative.
(See §3.111.) .

(11} Vne. The never-exceed speed.
(See §3.739) ]

(12) Vno. The maximum structural
cruising speed. (See §.3.740.) '

(13) Vp. The design maneuvering
speed., (See §3.184.) .

(14) Vs The stalling speed comput
‘at the design landing weight with the
flaps fully extended. (See §3.190.) )

(15} Vs, The stalling speed or the
minimum steady flight speed with wing
flaps in the landing position. (See
§3.82.) .

(16) Vs, The stalling speed or the
minimum steady Right speed obtained
in a specified configuration. (See
§3.82)

(17) Vz ‘The speed for best angle of
climb. .

(18) Vy. The speed for best rate of

elimb.
; (e) “Structural—(1) Limit load. A
limit load is the maximunt load antici-
pated in mormal conditions of operation.
(See §3.171.)

(2) Ultimate load, An ultimate load
{s a limit load multiplied by the appro-
‘priate factor of safety, (See §3.178.)

(3) Factor of stfety. The tactor of
safety is a design factor used to provide
for the possibility of loads greater than
those anticipated in normal conditions of
operation and for uncertainties in de-
sign. (See §3.1720

<4y Load factor. The load factor is
the ratio of a specified load to the total:
weight of the airplane; the specified
1oad may be expressed in terms of any
of the following: gerodynamic fgt_'ces'
inertis forees, or ground Or Waler Teac--

error, and for adiabatic compressible’

fions.

(1}
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(5} ‘Limit load, factor, The Hmit load
factor is the load Iactor correspoxfdmg
thh limit loads. ‘

- (6) Ultimate load factor. -The ulti-
‘;mate load factor is the load facior cor-
tesponding with ultimate loads,

(1) Design wing area. The design
wing area is the area enclosed by the
wing outline (including wing fiaps in the

retracted position and ailerons, but ex-}-

‘cluding fillets or fairingsy on a surface
containing the wing chords. The out-

line is assumed to be extended throughi

the nacelles and fuselage to the plane of
Symmetry in any reasonable manner.
(2 Balancing tail load. A balancing
tail load is that load necessary to place
the airplane in equilibrium with zere
pitch acceleration.
. (9) Fitting. A fitting.isa pa.rt ot ter-
minal used to join one structural member
to another, (See § 3.306.) . .
(£} Power  installation*—{(1) Brake
horsepower. :Brake horsepower is the)

: i th Iler shaft of] -
power delivered at the propeller shaft o .sheet or structural members, fire-re-

‘sistant material means a material which
‘will withstand heat at least as well as

the engine.

(2). Take-off power. Take-off power]
is the hrake horsepower developed under
standard sea level conditions, under the
maximum conditions of crankshaft ro-
tational speed and engine manifold pres-|
sure approved for use in the normal
take-off, and limited in use to a maxi-
mum continuous period as indicated in
‘the apnroved engine specifications.

(3) ‘Magimwm - continuous power
Maximum continuous power is the brakei
ihorsefower developed in standard at-
mosphere at a specified altitude under
!the maximum conditions of crankshaft
rotatmna}. Lspeed and engme ma.mfold
pressure approved for use durmg perlods
iof um‘estncted duratmn ]

(4) Mamfold Pressure.”
pressure is the absolute pressure meas-
‘ured at the appropriate point in the

“induetion. system, usually in inches of .

Imercury.

(5) Critical altitude. The crmcal‘
altitude is the maximum ailtitude a.t
‘which in standard atmosphere it is pos-}
-sible to. maintain, at a specified rota-
‘tional speed, a Speciﬁed power or. a
ispecified manifold pressure. Unless
otherwise stated, the critical altitude is
‘the maximum altitude at which it is
‘possible to maintain, at the maximum

‘continuous rotational speed one of the

_fo]lowmg

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

(ii) The maximum continuous rated
‘manifold pressure, in the case of engines
the maximum continuous power of which

is governed by a constant manifold |-
pressure. g

e‘ “ shall. apply to all airplane types eértifl-
,-cated uader this part irrespective of thé:

(6) Pitch setting. Pltch setting is th

propeller. blade setting determined by,

L For engine alrworthiness reguirementd
For propeller
airwnrthmess requirements see Part 14 o?:

see Part 13 of-this subchapter.

thls subcha.pt«er

.will withistand Heat at least as well as

‘most severe conditions of fire and dura-{

2to a line and fitting assembly, compo~

'to occur at the particular location,

‘alter the removal of the ignition source.

Mamfold -material means material which will not

" provisions ‘hereinafter established or if

: [CAR Amdt. 3-7, 17 P. R. 1085, Feb. 5, 1952]
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the blade angle measlired in a manneér
and at a radius, specified in the instrue-|
tion manual for the propeller.

(7) Feathered pitch.. Peathered pitch|

is the piteh setting, which in flight, with|-
the engines stopped gives approx1mate1y
‘the minimum drag and corresponds with
a windmilling torque of approxlmately
Zero,

(8 Reverse pifch. Reverse pifch is
the propeller pitch setting for any blade;
angle tised beyond zero piteh (e. g., the
negative ahgle used for reverse thrust)

(g} Fire protection — (1) Fireproof.
Fireproof materizl means material which’

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 firé zones,
fireproof means that the material or part
will perform this futiction under- the

tion likely to cccur in such zones.
(2) Fire-resistent. When applied tu

aluminum zlloy in dimensions appro-§
priate for the purpose for which it is o
be used. When applied to fluid- carrymg
lines; other flammable fiuid system com-
‘ponents, wiring, air duets, fitiings,. and
‘powerplant controls, this term refersf

nent, wiring, or duet, or controls whxch
will perform the mtended functions un-;
der the heat and other conditions llkely‘

. (3} Flame-resisiant.. Flame-resistanty
material means material which will notj!
support - combustion to the point of
propagating, beyond safe limits, a flame!

(4) Flash-resistant. Flash-resmtant

burn violently when ignited.

(8) Filammable; Flammable pertains
to those fluids or gases which will lgmte
readily or explode.

[CAR. Amdt, 8-7, 17 F. R. 1084, Feb. 5, 1952]

" "CERTIFICATION

« §3.10 Eligibility for type certificate.;
An airplane shall be eligible for type cer-

._'t]'.ﬂcation under the provisions of th'.lsi]

‘part if it complies with the airworthiness

‘the Administrator finds that the provi-|
‘sion or.provisions not complied with arelf
‘compensated for by factors which pro-}
v1de an equivalent level of safety:; Pro-}
‘vided, That the Administrator finds no
‘feature or characteri.tic of the airplane
:which renders it unsafe for the category
in which it is certificated.

"3 8:117 " hesignation of applicable regu-
lations. The provisions of this sectibr

date of application for type certificate.
- (&) Unless otherwise established by:
‘the Board, the airplang .siisll-comply

i with a1l amendfhents thereto effoctive’

on the date of application for type cer-
- tificate, except that compliance with
later - effective amendments may- be
elected -or required pursuant to para-
graphs (¢), (d), and (e} of this section.
. (b} If the interval between the date
of application for type certificate and the
" issusnce of the corresponding type cer-
tificate exceeds three ypars, a new ap-
plication for type certificate shall be
required,” except that for applications
pending on ‘May 1, 1954, such three-year
period shall commerice on that date. - At
the option of the applicant, a new appli-
cation may be filed prior to the expira-
tion of the three-year period. In either
instance the applicable’ regulations shall
be those effectivé on-the date of the new
application. in accordance w:t.h ‘para-
graph (a) of this section. '

(¢) During the interval between ﬂ!.ing
the.application and the issuance of a
‘type certificate, the applicant may: elect
to ‘'show compliance with any amend-
ment of this part which becomes ef~
tective during that interval, in which
case all other amendments found by the
Administrator -to be directly related
| shall be complied with.

{d) Bxcept as otherwise provided by
the Board, or by the Administrator pur-
-suanit to § 1.24 of this subchapter, a
change to a type certificate (see § 3.13
(b)) may be accomplished, ai the op-
tion of the holder of the type certificate,
| ¢ither in accordance with the regulations
{ncorporated by reference in tue type
certificate pursuant to § 3,13 (¢), or in
a.ccordam:e with subsequent a.mend--
ments to such regulations in effect on
[the date of application for approval of
ithe change,  subject to the following
-provisions:

(1) 'When the applicant elects to show
.compliance with an amendment to the
lregula.tions in efféct on the date of ap-
‘plication for approval of a change, he
shiall show compliance with all awiefid-

. ments whicki the Administrator finds are

directly related to the particular amend-
'ment selected by the applicant.

{2y When the change consists of a
‘new -design or a substantially complete
‘redesign of & component, equipment in-

Q .stallation, or system installation of the

airplane, and the Administrator finds
‘that- the regulations incorporated by
: reference in the type certificate pursyané 1
to §3.13 t¢) do not proyide complete

he shall require. compliance with such:
| provisions of the regulations in-effect
lon the date of application for approval
' of the change as he finds will provide a
‘level of safety equal to that established
by the regulations incorporated by ref-'
erence .at the tlme of issuance of th9<
type. certificate.. :

Nore: "Examples of new or redesigned cont=
ponents and installations which might re-.
'quire compliance with regulstions In effect.
on the date of application for approval, are;’
New powerplant instailation which ls lkely'
“to - introduce additional fire or operational:
hazards unless additional protective meas-

%standards with -respect to such change,,

B ures. are incorporated; .the installation of'

an suto-pilot or a new electric power systen.
(e) . If changes listed in subparagraphs,

with the provisT— 1E of this part together

(1) -through (3) of this parsgraph are
made, the airplane shall be considered.
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-compliance with the regulations.

"paragraph (a) of this section shall be

. fof subsequent airplanes of the same type:
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a8 'a new type, In Which cdse & new ape ;-

Plication for type certificate shall be re. |,
tired and the regulations together with:
all amendments thereto effective on the

date of the new appli¢ation shall be made;|.

#applicable in accordance with para-

graphs (@), (), (¢}, and (d) of this:lings in the type design,

gection, .

(1) A change in the number of en- |,

igines; . S

(2) A change to engines employing’
different principles of ‘operation or pro=-
pulsion; : : )
¢ (3} A change In design, configuration,
ipower, or weight which the Administra-'
'tor finds. is 50 extensive as to require a
substantially complete investigation of

§ 332 "Recording of applicable Fepulas
jtions. The Administrator, upon the is-
suance of a type certificate, shall record |
‘the applicable regulations with which |
écomplia.:nce was demonstrated. There=|
‘after, the Administrator shall record the
Applicable regulations for each change!|
dn the type certificate which is accim-
‘plished ‘in accordance with regulations'

other than.those recorded at the time|

of issuance ¢f the type certificate:
$3.11.) o

§3.13 Type certificate. (a) An ap-
plicant shall be issued a type certificate
when_he demonstrates the eligibility of
'thg airplane hy 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 be
|deemed to ineclude the type design (see
8 3.14 (b)), the operating limitations for
sthe airplane (see § 3.737), and any other’
jconditions or limitations prescribed by
ithe regulations in this subchapter, ‘

(¢) The apnlicable provisions of this’

‘part recorded by the Admihistrator in
mccordance with § 3.12 shall be consid-
ered as incorporated in the type certif-
deate as though set forth in full. =~ '
. §3.14 Lata required.  (a) The ap-

ticant for a type certificate shall sub“
,mit to the Administrator such descrip-
.tive data, test reports, and computations
ims are necessary to demonstrate that thei
airplane complies with the requirements!
-of ‘this part. o ‘ i
(b} The descriptive data required iﬂ‘

(See )

known as the type desien and shall con-
sist of such drawings and specifications
'as are necessary to diselose the config-
;uration of the airplane and all the deésign

[features covered. in the requirements of | yoq4q prescribed in the regulations in this

‘this part, such’ information on dimen-
'sions, materials, and processes as is nec—
‘essary to define the structural strength
‘of the airplane, and such cther data as
are hecessary to permit by cofparison
the determination of the airworthiness

;[CAR, Amdt. 3-7, 1T F. R. 1085, Feb. 5, 1952]

- §3.156 “Inspections and tests. Inspec—
“tions and tests shall include all those
found necessary by the Administrator
ito insure that the aifplane complies with:
the applicable airworthiness require-
‘ments and conforms to the following.:

[Paragraph’ (c) smended by Amds. $-10, 18

ta) All matérials ahd products are irf
‘nccordance with the specifications in the-
type design,, - - o
(b) Al parts of the airplane are con-
structed in accordance with the draw:

(&) All manufacfuring processes, ¢dii-
gtruction, and assembly are as specifie ‘
in the type design.

¥, R. 2213, Apr. 19, 1958], R
T7§3.16 Flight fests. After proof of
‘compliance with the structural require.
'ments contained in this part, and upon
completion of all neecessary inspections
iand testing. on the ground, and proof of;
;the conformity of the airplane with the

‘type design, and upon Teceipt from thel
applicant of a report of flight tests per-
formed by him, the following shall be
‘conducted: ' ]

(a) Such official flight tests as the
Administrator finds necessary to deéter-
‘mine compliance with the requirements
.of this part. )

(b) After .the coneclusion of flight
.tests specified in paragraph (a) of this
section, such additional flight fests, on
‘sirplanes having a maximum certifi-
.cated take-off weight of more than 6.000
‘pounds, as the Administrator finds nec-

essary to ascertain whether there is|

reasonable assurance that the airplane,
its eomponents, and equipmrent are re-

plane type which is taken into considera
tion in establishing the extent of the
official porticn of the tests. This sup<
.plementary experience may be obtained
by the manufacturer, military services}

"} girlines, ete.

(5) Simulated tests. Tests on the'
ground or in an airplane of components
‘and equipment under conditions simu-
-1ating those likely to be ohtained in serv-
ice, which are taken into consideration
~in establishing the extent of the official
portion of the fests. =

" () Additional flight tests. To satis:
factorily accomplish the objectives of
§3.16 concerning additional flight tests

and the extent thergof, the Adminis-,
trator deems if necessary tl}at:

(1) A comprehensive ana.systematic’
check be made in fiight of the operation
of a)l components to defermine whether
they “function properly”, i. e., perform,
their. intended functiop without intro--
ducing safety hazards. '

"(2) Sufficient testing and supplemen-
tary experience under actual, or & com-

liable and function properly. The extentd bination of simulated and actual, experi-,

of such additional flight tests shall de-
pend upon the complexity of the air-
plane, the number and nature of new
design features, and the record of pre-
vious. tests and experience for the par-!
ticular airplane type, its components,
and equipment. If practicable,. these
flight tests shall be conducted on the
‘same airplane used in the flight tests|
.specified - in paragraph (a) of this
isection, .

TCAR, Amdt. 3-7, 17 F. R. 1085, Feb. 5, 1852] ’

§3.16-1 Accelerated service tests for
gireraft having ¢ mazimum certificated
‘take-off weight of more than 6,000
pounds (CAA policies which apply to-
§ 3.16) —(ay Terms. Terms used in this
section are defined as follows: '

(1) 7.°C. Board. . The Type Certifica-
tion Doard set up by the CAA Field |
Offices for each new type aircraft project.

(2) Routine cor tests. The fight

-part to determine performance, flight
characteristics, power plant character-

_isties, ete. (e; g. §§ 3.61 through 3.780),
‘eonducted in accordance with existing
procedures. .
(3) Official functioning and reliability
tests. That portion of the flight tests
“esonducied in showing compliance with
‘the regulations quoted in subparagraph
¢2) of this paragraph, which is under
‘the immediate supervision of the T, C.
Board, as described in this section.

ence be obtained and evaluated to give:
reasonable assurance that the airplaneis,
“reliable”, 1. e., showld-contihue to fune-.
tion properly in service. .

Nore: In order to abtain wider experience;
manufacturers should be encouraged to co-
operate. with alrilhes or other responsible
operators in operating experimental air-
planes of the same type under service con-
ditions. . -

. (3) Appropriate corrective action be
taken when the need therefor is deter-
mined under subparagraph (1) or (2 of!
this paragraph.

Note: The CAA should be concerned only
to the extent that the airplane can be oper-
‘ated safely under suitable Inspection and
maintenance procedures, but should not he
‘concerned with. maintenance costs.

. (¢) Test program. The Type Certifi-
cation Board for each project should
decide upon a proposed official test pro-
gram ai the time of the Preflight meet-
ing of the Board (prior to the roufine
CAR flight tests) and coordinate this,
with the airplane manufacturer. A
the eonclusion of the routine CAR tests,
the T. C. Board should meet again to re-
view the experience gained ih those tests,
changes made in the design, and any
additional - supplementary experience,

nd to revise the proposed program
accoréingly.

- (4) Supplementary experience.  Other
flight tests and experience with an alr-

(d)“ Planning and execution of lest
program. The following points should
“be considered: ’ o




(1) The test program should be sufi~
ciently well planned to enable its execu-
‘tion in an efficient manner without over-
:looking important items? The T. C.
Board should review the design features,
‘and equipment with respect to the gen-.
eral objectives, and prepare a list show-
ing: . .

@ Components and systém?® ‘to be‘
checked in subparagraph (4) of thl.s par-
agraph,

(i) A brief descripmon of the opera-
tions to be performed, where these are

‘not obvious (referencing any necessary:{

operating instructionsy,

(iil) Special checks or hkeLv critical'

conditions,
tiv) ‘Estimated ﬂ1ght time required.

") Allowance may be made for theh
functional tests already required by the.
routine CAR tests. Allowance may also,
be. made for simulated testing of new:

features and equipment; however, the

flight test program will be planned to’
determine the adequacy of the simulated
tests (e. . to determine whether the
actual environmental conditions of tem-
“perature,’ vibration, ete. are covered by
the simulated tests) when these may be

eritical, and to determine whether they
installation and connected systems are:

‘satistactory. The T. C. Board will then
make a consolidated estimate of the total
flisht time required, allowing for over-
lapping, and adjust this in accordance
‘with the “test time™ section outlined in.
paragraph (e} of this section. - -
#(3) The program will be arranged fo
‘permit the Aviation Safety Agent in
charge to become thoroughly familiar
with the characteristics of the airplane,
pamcularly those not specifically cov-
ered in the routine CAR tests.

(4) In accordance with paragraph (b)
(1) of this section, all components of the
“airplane should be intensively " operated

and studied under all operating condi--

tions expected in service and obtainable
-within. the time and geographic limita-
tions of the tests., Particular attention

will be given to the emergency proce-)

dures which would be required in-the
event of malfunctioning of any compo-
hent, source of crew error, and overtax-

ing of crew abilities. This intensive type

JE S ——
21t is not Intended that the “papet WOT.
be over-emphasized to the detriment of the
;practical resuits, and it should be reduced:

ftq a minitmum wherever possible

*"Tasts of anti-icing systems under getual’
‘tetng conditions will in many cases be im-
‘practicable prior to type certification, A
policy s in preparation regarding the ap-
proval and use of such systems in air-car=
rier operations. This will cutline the flight

testing required at various stages

“1This does not imply fhat AlEht tésts must {-
‘be conducted under the Qpost severe outside |’

alr temperatures likely to be encountered in
service. It should normally be possible to

determine the effects of extreme outsicte tem-

peratures on local temperatures by extrapola-
tion cr by suitable correction factors. .

¢ Intensive operation means repeated oper- |
ation of components in varlous seguences
and combinations likely t0 ogcur d service.
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of testing should be “conducted in all’
cases, but the length of time for which
it is continued will depend upon. thel
simulated and supplementary experience
available for the particular type, as out-
lined in “test time” under paragraph.
(e) of this section.

(5) - Ground inspections shou}d be
made at appropriate intervals during the
test program to determine whether there’

are any failures or incipient failures inj;

‘any of the components which might be a
hazard to safe flight,

(6) When design changes are made
during the course of the test, or when
the official test airplane differs from
those on which supplementary  experi-

1 ence is obtained, or from modified ver-
slons of the same basic airplane type,

the revised or modified items should bei
rechecked in accordance with the above!
procedure, but every effort should be
made to include such items in the pro-
gram in such a way as to avoid unduly.
extending the over-all test time.  Tof
this end, the Administrator may acceth
in lieu of additional flight tests:

(1) Special tests of the original and
revised components in which the condi-
t;pns__causmg failure are intensified, and
ponents .

(e) Test time. It is highly aesirable:‘
that functioning and reliahility test pro-
grams be administered uniformly in the
sense that the program and flight time
for a given projeet would be approxi-
mately the same regardless of which T. -
C. Beard administered the project. This
Is difficult to achieve without establish-
ing fixed arbitrary test times. However,
such fixed arbitrary times would ob-
viously be contrary to the intent of the
Regulations. The following procedure
with regard to establishing the regquired
test time which permits considerable-
flexibility is, therefore, established for
the guidance of T. C. Boards.

(1) The times suggested in this para-
graph apply when supplementary experi-
ence is not taken into account, and are
for airplanes which are conventional in
regard to complexity and design fea-
tures. Those times may be reduced to
allow for supplementary experience, as.
outlined in subparagraph (2) of this pat-
agraph, and for simulated testing, as
outlined in paragraph (d) (1) of this
section. In extreme cases of complex-«
ity * radically new design features, or
ditficulties in earlier flights, these times
may be increased. Non-Transport (this .
part) —40 to 150 hours depending on
complexity.

(2) When satisfa,ctory supplementa. y
experience is available and taken into {
account, the following allowa.nces should

AR example of extreme complexity would
ke transport tniended for operation at 40,000
feet altitude, with automatle dive recovery
\fiaps, turbos, variable Jet exhaust, two speed
cooling fans, retractable wind screens, aute-
‘matic control of engine cooling, turbos,
{ Intercoclers, jet exhaust, ete, The test pro-
gram for such an airplane might require as

much as 300 hours if no supplementary ex-
{perience were availa.ble

be used as a guide and applied with
Jjudgment in reducing the official flight
test time determined in accordance with
subparagraph (1) of this paragraph.
However, in any case, the official pro-
gram should provide sufficient time to
accomplish the objective in paragraph
(b) (1) of this section in"accordance
with paragraph (d) (3) and (4) of this
section, )

A5 For intensive erperience. When
‘the allowance is based on the total time
of any one a1rp1a.ne in airline crew
training and similar intensive opétan~
tions, two hours of such operstion may.
be considered equivalent to one hour of
official testing.

(i) For miscelluneous experience.
When the allowance is based on the total
time of any one airplane, five hours of
such experience may be considered
equivalent to one hour of official testing.:

(iil) Reduction for supplementary ex-
perience. Whenever a reduction of offi-
cizl test time is desired on the basis of
supplementary experience, such experi-
ence must be adequately recorded and
submitted to the T. C. Board, as de-
seribed in paragraph (f) of this section.

(f) Reports and records. (1) A log
should be kept of all flight tests, and ac-
curate and complete records kept of the
inspections made and of all defects,
diffieulties, and unusual charactéristics
and sources of crew error discovered

‘during the tests, and of the recommenda-

tions made and action taken. Items for
which design changes may be reguired
will be reported to the manufacturer and
the appropriate = CAA engineering
division, ’ ’

(2) If supplementary experience is to
be taken into account, similar records
of such experience should be kept and
submitted to the T. C. Board, together
with a list of the differences between
the airplane on which the experience
was obiained and the official test air-
plane. When supplementary experience
is obtained on a large fleet of airplanes

A{for example, military operations) -of the

same or a comparable type (see item §
under Test Program), these records may
consist of statistical summaries in lieu
‘of complete records for each individual
airplane.

(3) At the coneclusion of the official
tests, & summary report should he pre-
pared by the T. C. Board and forwarded
‘to Washington for inclusion in the Type,
Inspection Report.

(g Administration. 'The CAA Avta-
tion Safety Agent in charge should act
as coordinator of all flight activities of
the T..C. Board during the official pro-
gram and the agent or an alternate des-
ignated by him will participate in all
flights. He should collaborate with the
manufacturers’ pilots in all these activi-
ties, particularly in regard to flight plans
and - procedures. The manufacturers’
pilot should be in command of all flights,
but CAA pilots should fly the airplane
-at least sufficiently to accomplish para-

graph (d) (3) of this section.
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(1) Other CAA personnel (e. g. repre-

-sentatives of other Divisions and spe-
olalists) should participate in the flight

tests when deemed necessary by the T. C,

‘Board to accomplish the purposes of the
‘tests. - - N

(2) When supplementary expericnce
is:obtained in airline operations, & CAA
I_Aviation Safety Agent should be assigned
o follow the operations, review the op-
erator’s records, and supplement these
by reports to the T, C. Board.  _

(h) Test eirplane., Section 3.19 tun-
tains the phrase “If practicable,. the
fiight tests * * '+ shall be conducted
6én the same alrplane. * '* *” This
phrase will be liberally inferpreted to
facllitate completion of the type certifi-
eation procedure. Thus, one airplane
may ‘be used for:the officlal functioning

‘and reliability tests while another air-

plane (or airplanes) is used for the
routine CAR tests. In this case the test
time on at least one airplane must be!
sufficient to accomplish the objective of
baragraph (b} (2) of this section. -

() Modified types. ‘The procedure

Joutlined above applies to new type de-

signs, When a design employs compo-
nents identical to those used in previous

designs, credit may be given for the sup-~ |

plementary experience available for such:

components. When a design is modifted }:

(for example, several versions of the
same basie type with different engines,

‘propelfers, ete.) the modifted features
‘and components should be treated in ac-

cordance "with paragraph (d) (8) of
this section.

[CAR, Supp. 10, 16 F. R. 3273, Apr. 14, 1951,
Redeslgnated and amended by Supp. 14, 17

‘F. R..B065, Oct. 11, 1952]

§3.17 Airworthiness, experimental,
and production certificates, (For re-
quirements with regard to these certifi-
cates see Part 1 of this subchapter.)
[CAR, Amdt. 8-7, 17 F. R. 1086, Feb, 5, 1952]

§3.18 Approval of materials, parts,
processes, and  applignces. {(a) Mate-
rials, parts, processes, and appliances.
shall be approved upon & basls and in
a manner found necessary by the Ad-

‘ministrator to implement the pertinent

provisions of the regulations in this sub-
chapter. The Administratel 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 appliances as he finds appropriate.

Nore: The provisions of this paragreph are

‘intended to allow approval of materials,
‘parts, processes, and appliances under the

system of Technical Standard Orders, or in
sonjunction with type certification proced-
ures for an airplane, or by any other form
‘of approval by the Adminlstrator.

. (b} Any material, part, process, or ;.

‘appliance shall be deemed*to have met’
the requirements for approval when it
.meets .thé pertinent specifications
sdopted by the Administrator, and the:

'Standard Order for any product does not

‘tion procedures, if there is established a.

‘manufacturer so certifies in a manner
prescribed by the Administrator, ’
{CAR, Amdt. 3-¥, 17 F. R. 1088, Feb, 5, 1852]

§ 3.18-1 Approval of materials, part;;f
processes, and appliences (CAA rules
which apply to § 3.18). Aircraft mate-
rials, parts, processes, and appliances
‘made the subject of Technical Standard
.Orders shall be approved upon the basis
and_in the manner prescribed in Rarf
514" of this title, "Technical Standard
Orders—C-Series—Aircraft Components)
[CAR, Supp. 14, 17 P, B, 8065, Oct. 11, 1952]

§ 3.18-2 Application of the Technical,
Standard Orders (TSQ) System:; ¢
Series (CAA policies which cepply lo!
|§ 3.18)—(a) Purpose of Technical Stand-]
ard Orders. Technical Standard Or !
are a means by which the Administrator
adopts and publishes the specifications'
for which authority is .provided in
§3.18 (a). : :

(b) Applicability of Technical Stand-
ard Order reguirements. (1) The ap-;
plicability of and effective dates for TSO.
‘items are set forth in each TSO.

(2) Each Techniecal Standard Order'
‘sets forth the conditions under which:
‘materials, parts, processes, and appl-
‘ances approved by the Administrator
_prior to establishment of an applicable
TS0, may continue to be used in air-
eraft, L L. .

Y7 {3y The establishment of a Technical,

preclude the possibility of establishing
‘the acceptability of a similar product as
part of an aireraft, engine, or propeller,
under the type certification or modifica-

level of safety equivalent to that pro-
vided in the regulations in this sub-
chapter as imptemented by the appropri~-
ate Technical Standard Order and the
product is identified as part of the air-
plane, engine, or propeller. ’

(¢) Administration of the Teechnical
Standord Order (TS0} system. 'The
principles which apply in administering’
the Technical Standard Order system
are as follows: :

(1) Technical Standard Orders will
reference performance provisions of rec-
ognized government specifications, or es-
tablished industry specifications which,
have been found acceptable by the CAA.,

the Orders will include criteria prepared:
by the Administrator. In preparir ~ eri-
_teria. of this type, the Administrat  will,
1give consideration to recommendatio
:made by the industry. o

| ¢2) Minimum performance require-
! ments established by the Civil Aeronau-
i tics Administration and published in
. - .

Toopies of individual TSO’s contained In

'Part 514 of this title are available upon ap-
plication to the Aviaticn Information Office,

If no satisfactory specification exists, ]

‘Technical Standard Orders will serve.as
‘& means by which materials, parts, proe-
: esses, and appliances intended for use in

certificated aircraft will be accepted.

(3) TSO’s set forth the minimum re-
quirements for safety. Every effort will’
be made by the CAA to keep the require-
ments at the minimum levels of safety
and TSO's will not be used to set forth
“desirable” standards.

(4) It will be the responsibility of the
person submitting a statement of con-

"formance to the CAA, certifying that his

L product meets the requirements. of the

(TS0, to conduct the necessary tests dem-
.onstrating compliance therewith., 'This
person will be held responsible for main-
taining quality control adegquate to as-
sure that products which he guarantees
4o meet the reqguirements of 2 TSO do,
in fact, meet these standards.” The CAA
_will not formally approve such products
as meeting the requirements of TSO's
nor exercise direct inspection control
over them. The statement of conform-
ance with the provisions of a Technical
‘Standard Order normally will be ac-
cepted by the CAA as sufficient indication
that the applicable requirements have
been fulfilled. ~

Any TS0 item which is modified must
continue to comply with the require-
ments of the TSO; and the person au-
thorizing the modification will be re-’
sponsible for such compliance.

d) Numbering of Technical Standard
Orders, Each Technical Standard Or-
der will be assigned a designation con-
sisting of the letters “TSO,” a series code
letter “C” indicating aircraft materials,
parts, processes, and appliances, and a
serial number to be assigned in sequence
for each of the TSO's issued in the “C".
series, e. g., TSO-C-1, “Smoke Detec-
tors,” -Revisions are indicated by the
addition of letters a, b, ¢, etc., after the
number, .
[CAR, Supp. 14, 17 F. R. 9066, Oct. 11, 1952}

§3.19 Changes in type design. (For
requirements with regard to changes in
type design and the designation of ap-
plicable regulations thérefor, ‘see §a.11
(dy.and (e), and Part 1 of this sub-

chapier,)

. §3.19-1 Changes of enginés (CAA pol-
icies which apply to § 3.19). {(a) There
are currently available newly designed
engines of approximately the same sizé
and weight as. previously designed en-
gines, but with considerable variations
in power. It is possible to interchange
these engines with little or no installa-
tion changes, and although minor.
changes in engine weight may be
involved, it will still be practical to oper-
ate the aireraft at the originally ap=+
proved gross weight. Under § 3.185, the:
Imaneuvering load factor-is not depend-
ent upon engine power, and under § 3.184
the design airspeeds can be independent
of engine power. Therefore, a changet
which involves or permits a practical.

- Clvll Aeronautics Administration, Depart-

:ment of Commerce, Washington 25, D. C. .

power increase by exchange of engines
shall be approved by the Adminisirator:
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. Provided, That such exchange of engines
is not accompanied by an increase in
'the gross weight of the aireraft, or ang
‘increase-in placard speeds. Under thosey
‘conditions it will not be necessary to}
restriet the maximum continuous horse-}

power by a placard because of the air-§~

plane speed limitations since the latter
iare indicated on the speed placards.
(h) Aircraft alterations involving]:

weight or speed changes beyond those sel] ;

‘forth above will be approved by the Ad-
ministrator, if the applicant shows com-
‘pHanbe Wwith the a.pphca.ble a.u'wortm-
ness requirements.

(¢ Under § 3.19, it will be necessa.ry
ito require such  investigations of local
structure, weight.and balance, power
plant installations and flight tests as are
normally involved in a change of ehginie]:
{ype. However, every  effort will be
‘made by reference to data already on
‘hand to minimize the amount of testingi’

and structural analysis required of the’

applicant. '

[CAR, Supp. 10, 16 F. R. 3281, Apr. 1851, e
8085, Oct. 11, 1952
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AIRPL.‘\N E CATEGORIEL

§ 3.20 Airplane cefegories. “(a) For
ithe purpose of certification urnder this{
part, airplanes are divided upon the basis
rof their intended operatmu into the fol-
lowing categories:
(1) Normal-sufiz N. Ajrplanes in,
this category are intended for nonacro-
batic, nonscheduled passenger, and non-
scheduled cargo operation, i

Jeategory are intended for normal opera-
tions and limited acrobatic maneuvers.]
.These airplanes are not suited for use in;
‘snap or inverted maneuvers.

il
Note: The following  Interpretation ota
paragraph (a) (2) was lssued May 15, 1947,}
12 F. R. 3434: The phrase “llmited acrobatle;
maneuvers” as used In §38.6 (now §3.20) 1s:
interpreted to include steep’ turns, spins,!
gtalls (except whip stalls), lezy elghts, and’
Echandelles

| (3) Acrobatic-sufiz A. Airplanes in.
this eategory will have no specific re-

strictions as to type of maneuver per-j§
{'mitted unless the necessity therefor is'

‘disclosed by the required flight tests.

(b) An airplane may be certificated |

: |.under the requirements of a particular {
ignat d . R} '
designated and amended by Supp. 14117 F. B, ficategory, or in more than one category,-

1 tions which epply to § 3.20).

brovided that all of the requirements of
each such category are met, Sections
‘of this part which apply to only one or
.more, but not all, eategories are identi-

.Indicated in paragraph (a) of this sec
tion. - All sections not identified by a
sufix are spplicable tc all categories.
exeept as otherwise specified.

(2) Utility-sufiz U. Airplanes in thisi! ‘[CAR, Amdt, 8-7, 17 F. R. 1086, Feb. b, 1952]3

§3.20-1 Approved maneuvers for nor-
mal category aircraft (CAA interpreta-
The phrase
“nonacrobatic operation” as used in
§ 3.20 (a) (1) is interpreted to mean that
‘type of operation in which the aireraft
ids limited to those maneuvers incidental
‘Yo normal fiying and including stalls:
(except whip stalls) and turns in which
the arigle of bank is not in excess of 60°

‘[CAR. Supp. 10, 16 . R. 3278, Apr. 14, 1951,
'Redesignated and amended by Supp. 14, 17
F. R. 8065, Qct, 11, 1952]

: §3.20-2 Approved Umited acrobatic
\maneuvers for wutility category air-

ioraft (CAA interpretations which apply

‘fied in this part by the appropriate suf-:
ﬁxes added to the section number, as
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to §3.26). The phrase “limited acro-

batigmaneyvers” as used.in § 3.20 (a) (2}
is interpreted to include spins (where

approved for the particular type air-

‘plane’; lazy eights, chandelles and sieep

turns in which the angle of bank is in
excess of 60°, It is recognized that air-

-eraft in this category are also capable of
performing all normal maneuvers listed

in § 3.20-1 for normal category aircraft.
Although it is possible in many airplanes
to perform other acrobatic maneuvers,
such as loops, without exceeding airspeed
and strengih limitations, inexperienced
or uninstructed pilots are likely to get
into difficulty. It istherefore considered
unwise o label such maneuvers “ap=
proved” in the Airplane Flight Manual.
[CAR, Supp. 10, 16 F. R. 3278, Apr. 14, 1951.

Redesignated and amended by Supp 14, 174

F. R. 9065, Oct. 11, 1853]
SUBPART B—FLIGHT R_EQU!REMEN‘I‘S
GENERAL
' §-3.61 Policy re proof of compliance.
Compliance with the reqmrements speci-
fied in this subpart governing functional

characteristics shall be demonstrated by
suitable flight or other tests conducted

upon an airplane of the type, or by cal-

culations based upon the test data re-
ferred to above, provided that the results
50 obtained are substantially equal in ac-
curacy to the results of direct testing:
Compliance with each requirement must
be provided at the critical combination
of airplane weight and center of gravity

position within the range of either for.
‘which certification is desired.

Such
compliance must be demonstrated by
systematic investigation of all probable
weight and center of gravity combina-
tions or must be reasonably m.ferable
from such as are investigated.

"~ §3.62 Flight test pilot. The applicant
‘shall provide a person holding an ap-
propriate pilot certificate to make the

Might tests, but a designated representa-

tive of the Administrator may pilot the

‘airplane insofar as that may be necessary
for the determination of compliance

with the airworthiness requirements.

. §3.63 Noncompliance with test re-
quirements,
discontinued until corrective measures
have been taken by the apphcant when

‘either:

(a) The apphcant’s test pilot is unable
or unwilling to conduct any of the re-
quired flight tests; or

(b} Items of noncompliance w1th re-
quirements are found which may render
additional test data meaningless or are
of such nature as to make further test-

‘ing unduly hazardous.

- §3.6¢ Emergency egress. Adequate
provisions shall be made for emergency
egress and use of parachutes by members

-of the crew during the flight tests.

§3.65 .Report. . The applicant shall

‘submit to the representative of the Ad-

ministrator a report covering all compu-

-tations and tests required in connection

with calibration of instruments used for

-fest purposes and correction of test re-

Official type tests will be|

sults to standard atmospherie conditions.
The representative of the Administrator
will conduct any. fhght tests which he
finds to be necessary in order to check
the calibratioh and correction report.

WEIGHT RANGE AIIQDACE'NTER OF GRAVITY

-§ 8.71 Weight and balance. (a) There{
shall be established, as a part of the type
inspection, ranges of weight and center

of gravity within which the airplane may
be safely operated.

(b) When low fuel adversely affects|

balanece or stability, the airplane shall be
so tested. as to simulate the condition
existing when the amount of usable fuel
on board does not exceed 1 gallon for
every 12 maximum continuous horse-
power of the engine or engines installed.

$3.71-1 Weight and balance limilg-

' tions for flight tests (CAA policies which

apply to §3.71 (w)). (a) Flight tests
should be conducted at the maximum
weight for which the airplane is to be
certificated and at no time during the
test should the weight exceed the fol-
lowing toleratices from the maximum
weight:

: Tolgrance
Item (percent)
General .. - : +6; —10,
Flight characteristics, general-... +5; —1I10.
Flight characteristics, critical
items affected by wetght_._—___ +8 —1.

. t
(b)Y The forward and rearward center
of gravity during .flight test loading
should be within a tolerarce of 7 percent
of the total travel for which the a.irpla.ne
is to be certificated,

(¢) When the maximum welght ati
maxzimum center of gravity limits cannot
‘be obtained practically during type tests,
aireraft specifications center of gravity
limits information should be referred to
the Chief, Aireraft Division, Civil Aero-
nauties’ Administration, Washington,
D. C,, for ruling.

(d)- The airplane certificated weight
and center of gravity range should not
exceed the authorized structural limits.
[Supp. 10, 16 F, R. 3282, Apr. 14, 1951. Re-

designated by Supp. 14, 17 F. R. 9066, Oct. 11,
19521

§3.72 Use of ballast. Removable
ballast may be used to enable airplanes
to comply with the flight requirements
i::z accordance with the following provi-
sions:

(a) The place or places for carrying
ballast shall be properly designed, in-
stalled, and plainly marked as specified
.in § 3.766.

(b) The Airplane Flight Manual shall
inelude instructions regarding the proper
disposition of the removable ballast un-
der all loading conditions for which such
ballast is necessary, as specified in
§§ 3.766 and 3.7717.

[Atndt. 03-0, 11 F. R. 13370, Nov. 9, 1946, as

amended by Amdt. 8-8, 17 F. R. 11631, Deg,
20, 1952]

§3.72-1. - Use of ballast (CAA pohcies
which apply fo § 3.72). (a) Removabl
ballast may be used in accordance wi
§ 3.72 provided -compliance is demony
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strated with §3.72 (@) and (b) as re-
lated items. If the airplane does not
have an Airplane Flight Manual, the-in+
structions regarding use of the ballast.
should be included on the placard pee-.
scribed in § 3.766. .

(b)) If misuse of ballast would result
in a particularly dangerous situation,:
such as spin recovery difficulties, a warn.’
ing note should be included in the in-
structions.

{¢) Because of the operational diffi-
culties likely to occur in Using removable
ballast, it should be used only as a last

. resort when it is found that fixed ballast

eannot accomplish the purpose without
geriously limiting the utility of the air-
plane. On new designs manufacturers

| should make every effort to arrange or

modify the designs to avold the use of

removable ballast.

[Supp. 10, 16 F. R. 3262, Apr, 14, 1951]

§393 Empiy weight. The embiy
weight and corresponding cefiter of
gravity location shall include all fixed
ballast, the unusable fuel supply (see
§3.437), undrainable oil, full engine
coolant, and hydraudlicc fuid.” The
weight and location of items of equip-
ment installed when the- aigplane is
weighed shall be noted in the Airplane
Flight Mantal.

§3.73-1 New production aircrafty
empty weight and o. g. delerminglion
(CAA policies which apply Lo §3.73)—
(a) Purpose. The purpose of this section
is to provide a procedure which will per-
mit manufacturers of new alrcraft, as
described in paragraph (b) of this sec-
tion, to -establish an average empty.
weight and empty ¢. g. for such alreraft,
thus avolding the necessity or weighing
each aireraft.

{b) Coverage. Aircraft to which the
procedure outlined herein may be applied
are those which are newly manufactured
in accordance with requirements con-
tained in this part, and Part 4a of this
subchapter (except transport category,
aireraft), and which are produced under-

l_the terms of a production certificate.

(¢} Procedure. Manufacturers pro-
ducing aircraft in accordance with the:

.requirements prescribed in paragraph

(b) of this section who are Interested in
establishing an averagé emply weight
and empty c. g. in lieu of actually weigh--
ing each aircraft, should prepare and
forward . through the local Aviation

‘Safety Agent to the Chief, Manufactur-

ing Inspection Branch, for coordination
and approval, a detailed proposal regard-
ing the procedure to be followed in es-
tablishing the system outlined in this
section. Any proposal submitted by a-
manufacturer which can be shown to
achieve the objective of the present
requirements applying to weight and
balance control; i. e, an accurate de-
termination of average empty weight
and empty c¢. g, will be considered

acceptable,

(d) Example. The following example
outlines an acceptable method for effect-
ing this system:
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(1) Actually welgh &nd déterming
empty c. g. of five to ten alrcraft of a
particular model, which have compar-
atively identical equipment installed, to
determine the average weight and c. g.

(2) Weigh an individual afrcraft at
regular intervals; e. g., each tenth air-
craff, as circumstances and conditiens
may warrant, for the purpose of deter-
mining continued accuracy of the ini-
tial empty weight and c¢. g. established.

(3> When the spot checking, as pre-
seribed in subparagraph (2} of this par-
agraph indicates & variation in weight in.
excess of 1 percent of the initially estab-|
fished empty weight and/or = variation:
in the empty weight c. g. in excess of
14 percent of the MAC, a new average

‘should be established in accordance withy

subparagraph (1) of this paragraph.” |
(4) Inasmuch as a weight and bal-
ance report is required in connection wi
each sircrafi presented for certification,
these reports may be computed for air-
craft which are not actually weighed)

Such reports should be marked “com-i

puted” for those alrcraft which are not]

actually weighed, and other reports will
- be marked “actual.”

[Supp. 5, 14 F. R. 5742, Sept. 20, 1949]

§3.13-2 Emply weight items (CAA
interpretations which apply to § 3.73)
(a} The empty weight must at least in-
.clude the ltems covered in §3.73, Any,
additional items such as de-icer fluid,
wash water and toilet chemical, if car-
ried, should be included in the empty
‘weight, or so handled that they will be
ineluded in the useful load and take-
off weight. R

(b) In any case, of course, the equlp-
ment list should clearly reflect which
{tems are included in the empty weight.
If this is done, it is not believed that
confusion will result at some later date
as to what Is or is not added into the
empty weight. :

[Supp. 10, 16 F. R. 3263, Apr. 14, 19511

§3.73-3 Unusable jfuel supply and
undrainable oil (CAA inlerpretations
which apply fo §3.73). (a) Unusable
fuel is determined by the provisions of
§ 3.437. The unusable fuel, whether or

not greater thau 5 percent of the fuel}.
tank capacity or one gallon (see § 3.440) |’

should be included in the empty weight,
If the unusable fuel supply is greate

than 5 percent or ome gallon, the fuel
quentity indicator should be marked in
accordance with the provisions of § 3.76%.

(b} Undrainable oil is defined as that
oil which remains in the system after
_Qraining oil from all aircraft components
ineluding the engine by means of the ofl
drains provided, with the aircraft in
ground attitude. :

(e} All fuel and oil weight in the air-
plane that is not measureable by the
gauges provided should be accounted for,
preferably in inclusion in the empt
weight. o
[Supp. 10, 16 F. R. 3283, Apr. 14, 1851]

§3.74 Mazimum weight. The max-
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(a) The weight selected by the appli«
cant.
. (h) The design weizght for which the
structure has been proven,
(¢) The maximum weight at which|
compliance with all of the requirements

specified is demonstrated, and shall not{

be less than the sum of the weights of
the following:

(1) The empty weight as defined by
§3.73. )

(2) One gallon of usable fuel (see
§3.437 for every seven maximum con-
tinuous horsepower for which the air-
plane-is certificated.

(3) The full oil capacity.

(4) 170 pounds in all seafs (mormal
ecategory) or 190 pounds in all seats
(utility and acrobatic category) unless
placarded otherwise,

§3.75 Minimum weight. The min-
imum weight shall not exceed the sum of
the weights of the following:

(a) The empty weight as defined by
§ 3.73. .

(b) The minimum crew necessary io
operate the airplane (170 pounds for
each crew member),

(¢} One gallon of usable fuel (see
§3.437) for every 12 maximum con-
tinuous horsepower for which the air-
plane is certificated.

(@) Either 1 gallon of oil for each
25 gallons of fuel specified in (e) or 1
galion of ofl for each 75 maximum con-
tinuous horsepower for which the air-
plane is certifleated, whichever is greater.

§3.76 Cenler of gravity position. If.
the center of gravity position under
any possible loading condition between
the maximum weight as specified in
§3.74 and the minimum weight as
specified in § 3.75 lies beyond (a) the
extremes selected by the applicant, or
‘() the extremes for which the structure
hag beer-proven, or (¢) the extremes for
which compliance with all functional re-
quirements were demonttrated, loading,
instructions shall be provided in the Ailr-
plane Flight Manual as specified in
§ 3.777-3.780.

£3.76-1 Center of gravily position
(CAA policies which apply fo §3.76).
(a) It is suggested that as wide a range
of c.-g. as practicable be investigated
(using ballast if necessary) in the flight
tests to provide for future changes in
empty weight e¢. g. without rerunning
tests or structural analysis.
~ (b) Where practicable, the.extreme
¢. g Dpositions should be investigated,
both in structural design and Alight tests
in combination with maximum weight
(using ballast if necessary) to make
loading instructions as simple as possible,
and also provide for future changes in
empty weight ¢. g. and useful load.

(¢) In cases where the permissible ¢. .,
positions vary with maximum weight, it
is suggested that a note be included in
the loading instruetion portion of the

ir, um weight shall not exceed any of the
follnwing: :

Airplane Flight Manual advising owners
o contact the airplane manufacturer fou.

 ments.

new loazdifig insttuctions when any:

‘change is made to the airplane which

would appréciably affect the location of
the empty weight ¢. g. or the useful load.
{8Supn, 10, 168 P. R. 8283, Apr. 14, 1851
PERFORMANCE REQUIREMENT
GENERAL

§ 3.80 Alternate performance require-
The provisions of §§3 84, 3.85,
3.86, and 3.112 ¢a) (2) (ii) shall not be
applicable to airplanes having a maxi-
mum certificated take-off weight of 6,000
pounds or less, In lieu thereof, such afr-

‘planes shall comply with the provisions

of §§ 3.84a, 3.85a, 3.87, and 3.112 (¢),

. {Amdt, 3-4, 15 F, R. 8000, Dee. 15, 1950]

§£3.81 Performance. The following
items of performance shall he deter-
mined and the airplane shall comply with
the corresponding requirements in
standard atmosphere and still air.

§3.82 .Definition of stalling speeds,
() Vs, denotes the true indicated stali-
ing speed, if obtainable, or the minimum
steady flisht 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), .

. (2) Propellers in position normally
used for fake-off,
. {(3) Landing gear extended,

(4) Wing flaps in the landing position,

(5) Cowl flaps closed,

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

(7T} The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine
& required performance.

(b} Vs, denofes the true indicated
stalling speed, if obtainable, otherwise
the calculated value in miles per hour,
with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust),

(2) Propellers in position normally
used for take-off, the airplane in all
other respects (flaps, landing gear, ef¢.)
in the particular condition existing in
the particular test in connection with

_which Vs, is being used.

- (3) The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine

‘& required performance.

(¢} These speeds shall be-determined
by flicht tests using the procedure out-
lined in § 3.120.

§3.82-1 “Zero thrust” (CAA inter-
pretations which apply to § 3.82). As
used in §3.82 (a) (1) and (). (1) the
term ‘“zero thrust” contained in the
phrase “engines idling, throttles closed
(or not more than sufficient power for
zero thrust)” is interpreted to permit
“zero thrust at a speed not greater than
110 percent of the stalling speed.”
[Supp. 1, 12 F. R. 8434, May 28, 1547, as
amended by Amdt. 1, 14 F. R. 36, Jan. 5, 1849)



"~ tional degree of skill on the

‘certification of take-off performance and
.to provide the Airplane Flight Manual

_ATRPLANE AIRWORTHINESS;

§3.83 Stalling speed. Vs, at maxi-
mum weight shall not exceed 70 miles per
‘hour for (1) single-engine airplanes and:
(2) multiengine airplanes which do nét

have the rate of ciimb with critical en-3

gine inoperative specified In'§ 8.85 (b).
TAKE-OFF '

§3.84 Take-off. (a) The distance re-
gquired to take off arid climb over a 50-
foot obstacle shall be determined dnder;
the following conditions:

(1) Most unfavorable combination of
welght and center of gravity locatign,

(2) Engines operating within the ap-
proved limitations,

(3) Cowl flaps in the postion nor-
mally used for take-off.

() Upon cbtaining a height of 50 feet
‘above the level take-off surface, the air-
plane shall have attained a speed of not
less than 1.3 Vs, unless a lower speed of
not less than V: plus 5 can be shown tof
be szafe under all conditions, including
turbulence and complete engine failure,

(e} The distance so obialned, the type
of surface from which made, and the per-
tinent information with respeect to the
-cowl flap position, the use of flight-path
control devices and landing gear retrac-
‘tion system shall be entered in the Air-
plane Flight Manual. The take-off shall
‘be made in such a manner that its re-
‘production shall not reqguire an excep-
yvart of the,
pilot or exceptionally favorable condi-
‘tions.

§3.84-1 Take-off perfofmance (CAA

policies which apply to § 3:84). To meet]
‘the Tequirements of § 3.84 pertaining to

-performance data required in § 3.780 (&)
(3) and (4), the following procedure may,
'be used during official type tests:

(a) The ground and clirab distandes]

should be made up to speeds equal to or
greater than 1.3V.,.

Norz: (CAA camera equipment may be
obtained on a loan basis). N

o date, the test method outlined in para-
graph (a) of this section has given the
desired accuracy of results. It also pro-
vides suitable means for showing the
approximate calculated effect of temper-
ature and amtude upon climb (up to
7,000 feet).

Nore: It ts. permiesible for other methods
‘to be used in accomplishing these tests, pro-

{ viding that any method wused is one which:

the aversge pilot may be reasonably expected
to duplicate without use of unusual skill or
experience, and one which produces equiva-
lent accuracy.,  ‘The operating procedure
which must ‘be followed to achieve the meas-
ured performance should in all cases be
deseribed In the Alrplane Flight Manual.

(¢) The take-off and elimb require-.
ments of §§3.84 and 3.85 were written
to assure the airplane’s ability to clear.
obstacles in- the vicinity of the airport.
-Consequently, the wing flap used for the.
.airborne portion ‘of the takeoff to. the
850-foot height  should not exceed that
used for the “normal climb condition” of
§3.85 (a). However, if the applicant so
desires, he may enter additional take-cff
data in the Afrplane Flight Manual in,
‘which the fap setting specified in § 3.84
or £385 (a) has been exceeded, pro-
vided the portion of the flight path be-
yond the 50-foot point which will cover
the transition to normal climb configura-
tion of § 3.85 (a), is also included.

[Supp. 10, 16 F. R. 3283, Apr. 14, 1951]

§3.84-2 Measurement of seaplone
take-off distances (CAA interpretations
which apply o § 3.84 (@)). 'The stand-
ard starting point for the measurement
of seaplane take-off distances may be
assumed to be the point at which the
seaplane has attained an initial speed of
three miles per hour during take-off,

.may be determined separately and thej s, 10, 16 7. R. 283, Apr. 18, 1951]

‘corrected data pieced together (as 'is.
.now dvhe in the transport catégory).l

§3.84-3 Take-off speed (CAA inter-

‘Thus, for the simplest procedure, the]r'pretations which apply to §3.84 (b)).

alrplane would be accejerated on (or
near} the ground with gear extended toi
a speed not less than 1.3V.,, and a climbi
segment to the 50-foot height point With.
gear extended would be determined by}
saw-tooth climb data. If if is desired

to assume retraction of the landing geary|
at an earlier point, such point should beifplanes of 6,000 Ibs, or less.

assumed to occur not earlier than that
‘which would be used ir: normal take-offs.
The acceleration to 1.3V, should ther
be measured as above, with gear refrac-

‘tion being initiated at the selected speed.|-

If gear retraction is completed before
reaching 1.3Vs,, only one climb segment,
. with gear retracted, need be determined.
'If retraction is not completed during ac-
‘geleration to 1.3V:,, two climb segments
should be determined; one with gear
-extended for the time period necessary
to complete retraction; the second with
gear retracted. The acceleration seg=|

1.3XVs, or Ve+5 speed should be used
for take-off even if throttling back is
necessary to prevent excedding r. p. m.
limits, ‘

[[Supp. 10, 16 F. R."3288, Apr. 14, 1951]

§3.84a Take-off requirements; air-
Airplanes
having a maximum certificated, ta.ke-oﬂ

'welght of 6,000 1bs. or less-shall comply
with the provisicns of this sestion, -

(a) The elevator control for tail wheel
1yDpe alrplanes shall be sufficient to. main-
tain at a speed equal fo 0.8 V: an air-
blane attitude which will pem-ut ho]pmg
the sirplane on the runway untit a! safe
take-off speed is attained,

{(b) The elevator control for nose
-wheel type airplanes shall be safficient to
Taise the nose wheel clear of the take-
‘off surface at 2 speed equal to 0.85 Va,.

.yhent should be determined photograph-
feally, and & minimum of three trials

(c) The characteristics presciibed in
paragraphs (a) and (b) of this section

(b) Based upon the CAA’s experience '
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shall be demonstrated with:
(1} Take-off power, (2) most - un-.

| tavorable weight, (3) most urifavorable
©. g. position.

(@) It shall be demonstrated that the
-airplane will take off safely without re-
quiring an exceptional degree of piloting

.skill.

[An‘xdt 34, 15 F.R. 8900, Dec. 15, 1950]
CLIMB

§3.85 Climb—(a) Normal climb con-
dition. The steady rate of climb at
sea level shall be at least 300 feet per
‘minute, and the steady angle of climhb
at-Ieast 1:12 for landplanes or 1:15 for,
seaplanes with:

(1) Not more than maximum contin-
uous power on all engines,

¢(2) Landing gear fully retracted

(3) Wing flaps in take-off position,

(4) Cowl flaps in the position used In
cooling tests speclﬂed in §§ 3.581-3.596/

(0} CHMb. with inoperative engine,
All multiengine airplanes having a stall-
ing speed Vs, greater than 70 miles per

- hour or a maximum weight greater than

6,000 pounds shall have a steady rate of

climb of at least 0.02 Ve in feet per
- minute at an altitude of 5,000 feet with

the critical engine inoperative and:

(1) The remaining engines operating
at not more than maximum continuous
power,

(2) The inoperative propeller in the
minimum drag position,

(3) Landing gear retracted,

(4) Wing flaps in the most favorable
position,

(5) Cowl flaps in the position used in,
cooling tesis specified in §§ 3.581-3.596.

(¢) Baiked landing conditions. The;
steady angle of climb at zea level shall
be at least 1:30 with:

(1) Take-off power on a,ll engines,

(2) Landing gear exfended,

(3) Wing flaps in landing position.
1f rapid retraction is possible with safety:
without loss of altitude and without re-
guiring sudden changes of angle of attack
or exceptional skill on the part of the

pilot, wing flaps may be refracted.

. §3.85-1 Rate of climb (CAA polzcies
which apply to §3.85). To meet the
requirements of § 3.85 it is necessary that

}a suitable method be employed for the

purpose of determining the rates of
climb., The Administrator will accept
the following procedure for this purpose:
This method of obtaining rates of
climb is through the derivation of a polar
eurve obtained from a serigs of saw-
 tooth climbs at various speeds, When
'saw-tooth climbs are employed, a mini-
- mum of five different speeds is required.
However, demonstration climbs to prove
the article meets the minimum climb
requirement. may he made at one given
-air speed. In such cases, the minimum
‘humber of climbs at one air speed shall
be not less than three. This may not be
interpreted to mean the best three of a

number of climbs. In the event addi-
tional climbs are made the average of
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the total shall be the value to be accepied,
It shall be permissible, however, -to dis-
card any climbs which are obviously in
grror due to such factors as turbulent
-air.

[8Bupp. 1, 12 F. R. 3434, May 28, 1947, as
smended by Amdt, 1, 14 F. R. 36, Jan, 5,
1949]

§3.85-2 “Normal climb” and “cooling
test procedure for single-engine gir-
planes’ (CAA interpretations which ap~
Ply to §3.85). In connection with any
application to have an aircraft certified
for airworthiness under a combination.
‘of the requirements of this part and
Part 4a of this subchapter as authotized.
by the provisions of § 3.2, the items ol
“normal clinb” (§ 3.85-(a)  and “cooling’
test procedure for single-engine air-
planes” {§ 3.586), shall be construed by
the Administrator as “related items.”
[Supp. 1, 12 F. R. 8435, May 28, 1947, as

amended by Amdt. 1, 14 F. B. 86, Jan, 5,
18487 )
$ 3.85-3 “Rapid retraction” (CAA in-} ~

terpretations which -apply to §3.85).
The Administrator will consider retrac-
tion of flaps in 2 seconds or less as
compliance with the factor of “rapl
retraction” as that phrase is used In
§3.85 ().

‘[Supp. 1, 12 F. R. 8485, May 28, 1947, as
gmended by Amdt. 1, 14 F. R, 36, Jan. 5,
1949)

§3.85-4 Weight for items of pe’r-
formance and flight
(CAA interpretations which opply to
§ 3.85). For multiengine airplanes in
which the design landing weight
-(§ 3.242) i3 less than the maximum
weight (& 3.74)} for which certification
is desired, the weight for items of per-
formance and flight characteristics shall
be construed hy the Administrator as the
maximum = weight deflned in.. §3.74.
Such items of performance and flight
characteristics - shall eonsist of balked
landing (climb} conditions (§3.74),
landing over .50-foot obstacles (§ 3.86),
‘and all, flight characteristics tests in thej}
Janding conflguration. The desigmng
welght covered in § 3.242 is intended for]
‘use for structural design purposes on‘.ly.;
‘[8upp. 1, 12 F. R. 3435, May 28, 1947,
amended by Amds 1, 14 F. R, 86, Jan B,
1948]

§ 3.85-5 . Low-pitch propeller setting
in normal climb position (CAA inter-
‘pretations which apply to.§ 3.85 @)
. (a) In the event an airplaxehas:

(1) An engine for which the take-oﬂ
-and maximum continuous power ratings
are identical, and

(2) A fixed-pitch, *Wo-pomtion or sun-
ilar type propeller, .
then the.regulations provide. that the'
hest-rate of climb speed specified in
$ 3.85 (a) for normal climb. shiguld bey
determined with the low-pitch propeller
setting which would restrain the engifle
to dan r. p. m. at full throttle not exceed-
ing its permissible take-off r, p. m. (see,
§3.419 (a)).

characteristicsl

es |-at least 0.02 V:," in feet per minute at an

' ing engines operating at not more than
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. '(h) A relaxation of the propeller pitch
‘setting requirement stipulated by § 3.419
(a) may be granted, however, for an
airplane falling into the foregoing clas-
sification, when it shows a marginal item

of performance as, for example, when 16§
can meet the rate of climb requirementf.

of §3.85 (a) for normal climb, but may
have dificulty in meeting the angle of]
¢limb requirements of § 3.85 (a) for nor-|
mal climb and/or §3.85 (e) for balked;
‘landing. In this case, it will be permis-
gible to use & lower propelier pitch
setting than specified in §3.419 (a), in
order to obtain rated engine r. p. m, at,
‘the best angle of climb speed: Provided,
Acceptable engine cooling can be demon-

with the best angle of climb. In employ-1,
ing this procedure, consideration should
also be given to the following:

1) That the best angle of climb speed
for the balked landing condition may be
considerably.lower than the best angle
of elimb speed for the normal cllmb
condition.

'(2) That as a. result of subpa.ragraph ’

-(1) of this paragraph, the engine would
normally have to be part throttled to
avoid exceeding rated r. p. m, at the
higher speeds, and would therefore de-
velop less than rated power for show-
ing compliance with the normal climb
and take-off requirements of §§ 3.85 (a)-
and 3.84, respectively.

[Supp. 10,-16 F. R. 3283, Apr. 14, 1851]

§ 3.835a - Climb .requirements;
planes of 6,000 Ibs. or less.
having a maximum certificated take-off
weight of 6,600 1bs, or less shall comply
with the. requirements pf this seetion. -

{(a) Climb; take-off climb condition.
The steady rate of clirah at sea level shallf
not ‘he Jess*than 10 Vi, Jor¥ 300 feet per
minute, whichever i3 the greater, with:)
(1) Take-off power, -(2) landing gear ex-!
tended, (3) wifig faps in take-off posi-|
tion, (4% cowl flaps in the position used:
in cooling tests spetified in §§ 3.581/
through 3.596.

(b) Climb with inoperatwe engine.;
All multiengine airplanes havine a stal

air-

ing speed Vs, greater than 0 miles per]

hour shall have a steady rate of climb of

altitude of 5,000 feet with the eritical
engine inoperative-and: (1) The remain-

maximum continuous power, (2) the in-
operative propeller in the minimum drag
position, (3) landing gear refracted,. (4)
wing flaps in the most favorable position,
(5) cowl flaps in the position used in
\coc;}hng tests speclﬂed in §§ 3.581 through
3.696 .

(¢) C’l:m‘b balked landing condi-
tioms, 'The steady rate of climb at sea

level shall not be less than 5 Ve, or 200}

feet per minute, whichever is the greater,
with: (1) Take-off power, (2) landing
gear extended, (3) wing flaps in the
landing position. If rapid retraction is
possible with safety, without loss of alti-

Airplanesy.

tude and without ~requiring sydden

changes of angle of attack or exceptio'nali'

skill on the part of the pilot, wing ﬂaps
‘may be refracted. ;
[4mdt. 8-4, 15 F. R. 8800, Dec. 16, 19507

LANDING

$3.86 Landing. (a) The horizontal
‘distance required to land and to come to
a complete stop (to a speed of approxi-
‘mateély 2 miles per hour for seaplanes or
float planes) from 2 point at a height of
50 feet above the landing surface shall
‘be determined as follows:

(1) Tmmediately prior to reaching the '

50-foot sltitude, a steadx gliding ap-
proach shall have been maintained, with
a true indicated air speed of 4t least

strated at the lower speed associated 1.3V

(2) The landing shall be made in such’
I'a manner that there is no excessive ver-
tical acceleration, ne tendency to bounce,
nose over, 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 exceptmnally favorable con-
. ditions.

{b) The distarice 50 obtained, the type
of landing surface on which made and
the pertinent information with respect
to cow! flap position, and the use of flight
path control devices shall be entered in
the Airplane Flight Manual.

§ 3.86-1 - Landing distances (CAA pol-
icies ‘which' apply to § 3.86). - The Ad-

4 ministrator will not approve the use of
landing distances obtainable with re-"

verse-thrust propellers in establishing
landing field lengths until such time as
sufficient experience with their use is
available for proper consideration of all

 related factors involved in the establish~

ment of adequate airport lengths for
routine landings, )

[Supp. 1, 12 . R. 3487, Ma.y 28, 1947, ag
amended by Amdt. 1, 14 F. R. 86, Jan. b,
1949] :

§3.86-2 Use of camera eguiprient
(CAA policies which apply fo § 3.86).
The landing distance should be deter-

4 mined photographically. CAA . camera

equipment is available on a loan basis.
[Supp. 10, 16 F. R. 3284, Apr: 14, 19517 - .

§3.87 Landing requirements; qir=
planes of 6,000 lbs, or less. For an air-
plane having a maximum certificated
take-off weight of 6,000 Ibs, or less it shall
be demonstrated that the airplane can
be safely landed and brought to a stop
without requiring an exceptinnal degree
of piloting skill, and without excessive
vertical acceleration, tendency to hounce.
nose over, ground loop, porpoise or wa.ter
loop. .

[Amdt. 3-4, 15 F. R. 8900, Dec, 15, 1060

FLIGHT Cm.nAmkIsncs

§3.105  Requirements. - The alrplane
shall meet the requirements set forth in
§§ 3.106 to 3.124 at all normally expected
operating altitudes under all. eritical
loading conditions within the range of
center of gravity-and, except as other-
‘wise specified, at the maximum we1ght
‘for which certification is sought.



AIRPLANE AIRWORTHINESS;

CONTROLLABILITY

$3.106 General. The airplane sha
be satisfactorily controllable and ma-,
neuverable during take-off, climh, levell
flizht, dive, and landing with or without:
power, It shall be possible to make al
smooth transition from one flighit condi-l
tion to another, including turns and.
&lips, without requiring an exceptionak
degree of skill, alertness, or strength on.
the part of the pilot,.and without danger
of exceeding the.limit Ioad factor under
all conditions of operation probable for
the type, including for multiengine air-|

‘planes those conditions normally en«|

countered in the event of sudden fail-'
ure of any engine; Compliance with;
“strength of pilots” limits need not be
demonstrated by quantitative tests un-
less the Administrator finds the condi-j
tion:to be marginal..  In the latter case
they .shall not exceed maximum values
found by the Administrator to be ap-

propriate for the type but in no case|

shall they exceed the followmg limits:

Pitch | Roll | Yaw
J
(a) For teraporary apphcatlon '
Sticl k 60 30 1504 1
75 56 1
(b) For prolonged spphcatmn-- 10, 51 %
}

1 Applied to rim.

§3 107-10 Approved acrobatzc maneu-
wers. It shall be demonstrated that the
approved  acrobatic maneuvers can hej
performed - safely. Safe entry speeds:
shall be determined for these maneuvers.

3 3. 108-A Acrobatic maneuvers. Tt
'shall be demonstrated that acrobatic
manetvers can he performed readily and

safely. Safe entry speeds shall be deter-
mined for these maneuvers.

-§3. 109 'Longitudinal control. The air-
plane shall bé demonstrated to comply
with the following requirements:

(a) It shall be possible at all speeds
.below V= to pitch the nose downward so
‘that the rate of inicrease in air speed is
satisfactory for prompt acceleration to
Ve with: )

(1) Maximum ccntmuous power on all
engines, the airplane trimmed at Vz.

(2) Power off, airplanes of more than
6,000 pounds maximum weight trimmed
at 1.4 Vs, and airplanes of 6,000, pounds
or less maxunum weight trimmed at 1.5
Vxl- )

3 O Wing . fla.ps and Ia.mimg gear
‘extended and |
© (i) Wing flaps and la.ndmg gear Te~
tracte )

* (b) ‘During each of the controllamhty
demonstratmns outlined below it shali
.not reguire a change in the trim control
;or the exertion of more econtrolforee than
'ean be readily applied with one hand for
a short period. Each maneuver shall be
performed with the landmg gear ex-
tended. N

(1} With power off, faps retracted
and the ajrplane trimmed as prescribed

'} flaps sHall be extenddd as rapidly ad Pos-
| sible while maintaining the air speed at
~approximately 40 percent above the in-|

i} and the airplane {rimmed as prescribed

.istics being encountered. This shall be!

in paragraph (a) (2) of this section, the

stantaneous value of the stalling speed.
(2)  Same as-subparagraph (1) of this

' paragraph, except the flaps shall be ini-{-
‘tially extended and theairplane trimmed

as prescribed in paragraph (a) (2) of4
this section, then the Haps shall be re-
tracted as rapidly as possible. -

(3) Same as subparagraph (2) of this
paragraph, except maximum continuous
‘power shall be used.

(4) With power off, the flaps re-
tracted, and the airplane trimmed as
preseribed in paragraph (a) (2) of this
section, take-off power shall be applied
auickly while the same air speed is main~
tained.

(5) Same as subparagraph (4} of this

‘paragraph, except with the flaps ex-}

tended. |
(6) With power off, ﬂaps extended,

In paragraph (a) (2) of this section, gir
speeds within the range of 1.1 Vs, to
1.7 Vs, or ¥y, whichever is the lesser, shall
be obtained and maintained.

(¢) Tt shall be possible without the use
of exceptiona] piloting skill to maintain
essentially level fight when flap retrae-
tion from any position is initiated dur-
ing steady horizontal flight at 1.1 Vs,
with simultanemis application of not
more than maximum continuous power.
[Amdt. 03-0, 11 F. R. 13370, Nov. 9, 1946,
as gmended by Amdt. 3-7, 17 F, R. 1086, Feb,
5, 1952)

§3.110 Zateral end directional con-
tral. “(a) Ii shall be possible with multi-
engine airplanes to execute 15-degree
banked turns both with and against the
inoperative engine from steady climb at
1.4 Vs, or Vy for the condition with:

(1) Maximum coniinuous power on1
the operating engines,

(2) Rearmost center of grawty,

(3) (i) Landing gear retracted and

(i) Landing gear extended.

(4) Wing flaps in most favorable chmb

position, .

(5) Maximura weight,

(6) The inoperative propeller in its
minimum drag condition.
" (b) It shall be possible with multi-
engine airplanes, while holding the wings,

1evel laterally within 5 degrees, to execute §-

sudden changes in heading in both di-
rections without dangerous character-

demonstrated at 1.4 Vs, or ¥y up to head—
ing changes of 15 degmes except that the
'heading change at which the rudder
‘force correspends to that specified in
i§ 3,108 need not be exceeded, with: r

(1) The critical engine inoperative,

(2) Maximum continuous power on
the operating engine(s),

(3) (i) Landing gear retracted and

(ii) Landing gear extended,

(4> Wing flaps in the most favorable

NORMAL, UTILITY, AND ACROBA‘!’IC CATEGORIES
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"(5) The inoperative propeller in its
minhimum drag condition,

(6) The airplane center of gravity at
‘its rearmost position.

§3.111 Minimum comntrol sneed
(Vme). . (a)} A minimum speed shall be
determined under the conditions speci-
fled below, such that when any one
engine is suddenly made inoperative at
that speed, it shall be possible to recover
.control  of the airplane, with the onec
‘engine still inoperative, and to maintain
it in straight flight at that speed, either
with zeroyaw or, at the opt.lon of the ap-
plicant, with a ban.k not in excess of 5
degrees. Such speed shall not exceed
‘1.3 Vul, Wlth

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

(2) Rearmost center of gravity,

(3) PFlaps ih take-off position,

(4) Landing gear retracted.

(b) In demonstrating this minitum
speed, the rudder force required to main-
tain it shall not exceed forces specified in -
§3.106, nor shall it be necessary to
throttle the remaining engines. During
recovery the airplane shall not assume’
any dangerous attitude, nor shall it re--
quire. exeeptional skill, strength, or
alertness on the part of the pxlot to pre-
vent a change of heading in excess of.
20 degrees before recovery is complete. -

TREM

§ 3.112 Requirements. (a) The means
used for trinuming the airplane shall be
such that, after being trimmed and with-
out further pressure upon or movement
of either the primary control or its cor-.
responding trim. control by the pilot or
the autcmatic pilot, the airplane will
maintain:

(1) Iateral and directional trim in
‘level flight at a speed of 0.9 Vr or at Ve,
if lower, with the landing gear and wing
flaps retracted;

(2) Longitudinal trim under the fol-
lowing conditions:

(i) During = climb with maximum
¥ continucus power at a speed between Vz
and 1.4 Vs,,

(@) With landing gear retracted and
wing flaps retracted,

(b) With landing gear retracted and
wing faps in the take-off position.
(i) During a glide with power off at &’

speed not in excess of 1,4 Vs,

(@) With landing gear extended and
wing flaps retracted,

(b} With landing gear extended and
wing flaps extended under the forward
center of gravity positich approved with.
the maximum authorized weight.

{¢) With landing gear extended and
wing flaps extended under the maost for-
ward center of gravity position approved,
L regardiess of weight.

(iii) During level flight at any speed
from 0.9 Vi to Vz or 1.4 Vy, with landing

climb positian,

‘gear and wing flaps retracted.
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(b) In addition to the above, multi<
engine airplanes shall maintain Iongi-
tudinal and directional trim at a speed
between Vy and 1.4 V., during climbing
Right with the critical of two or more
‘engines inoperative, with:

(1) The other engine(s) opera.tung at.
maximum continuous power,

(2) The landing gear retracted,

(3) Wing flaps retracted,

(4) Bank not in excess of 5 degrees.

certificated take-off weight of 6,000 lbs,
or less, the value specified in paragraph
(a) (2) (ii) of this section shall be 1.5
Vs, -or, if the stalling speed Vs, is not ob-
tainable in the particular configuration,
1.5 times the minimum steady Aight
speed at which the airplane is control-
lable.

[Amdt. 03-0, 11 F. R. 13370, Nov. 9, 1948, as
amended by Amdt. 3-4, 15 F. R, 8900, Dec.
15, 1950]

§ 3.112-1 Trim during a glzde (CAA
policies which apply to § 3.112). The

following performance standards will be}

used for the purpose of admmlstenng
§3.112 (@) (2) (b

. (a) In the case of new airplane de-
signs which, due to their being equipped
with high lift devices, cannot meet the
required trim at 1.4 times stall speed
with -the landing gear and flaps ex-
tended, the Administrator, as authorized
in §3.1, will accept, as hbeing of
equivalent safety, performance with the
flaps extended hased on the following
standards:

(1) The flap-down power-off stalling
speed shall not exceed 90 percent of the
flap-retracted power-off- stalling speed.

(2) The minimum trim speed with
power off, flaps and landing gear ex-
tended, under the forward center of
gravity position approved with the maxi-
mum authorized weight, and under the
most forward center of gravity position
approved, regardless of weight, shall not
exceed 1.5 times the stall speed for that
configuration.

(3) The force reguired to maintain
‘steady flight in this configuration at 1.4
Vs,, shall net exeeed 10 pounds,

(4) Tt shall be possible, trimmed in
this configuration, to execute a normal |
power-off landing without exceeding a
stick force of 40 pounds.

(5) It shall be possible, with the stick
free, to reduce the rate of descent to zero
and simultaneously bring the airplane to
an attitude suitable for landingz, using
not more than maximum continuous
power. During this demonstration the
flaps-extended speed shall not be ex-
ceeded,

(b) When the standards set forth|

above are relied upcen to determine com-
pliance with § 3.112, the-Administrator
will accept as equivalent safety a dem-
onstration of the following items at

1.5 times stall speed instead of 1.4}

times stall speed:
Longitudinal control (§ 3.109 (a) and
(b} (2),(5), and (6)).
Spemﬁuondltlons (§2.115 (a)).

CIVIL AERONAUTICS. MANUAL 3

(a) (2 (i) or that of the alternate
{b) of thLis section should be met in full;
no interpolation between the 1.4 V., and
1.5 Vs, (for cases where the 90 percent |

For example, an airplane whose flaps-

demonstrated minimurm trim at 1.45 Vs,,

'requiremment in § 3.112 (a) (2) ().

Supp. 10, 16 F. R. 3284, Apr. 14, 1951]
STABILITY
§ 3.113 General,

erally stable in acgordance with the fol-
lowing sections. "Suitable stability and
‘control “feel> (sta,t‘lc stablhty) shall ‘be
required in ether' coniditions normally .
encountered  in service, if fight tests
show such stability to be necessary fér
safe operation.

§ 3.114 Static longitudinal stabz‘zity.
In the configurations outlined in § 3.115
and with the airplane trimmed as indi-
cated, the characteristics of the elevator

control system shall be such that:

(a) A pull shall be required to cbiain
and maintain speeds below the specified
trim speed and a push .to obtain and
maintain speeds above the specified trim
speed. . This shall be so at any speed
which can be obtained without excessive
contro! force, except that such speeds
need not be greater than the appropriate
meaximum pefmissible speed or less than
the minimum speed in steady unstalled
flight.

(b) The air speed shall  return to
within 10 percent of the criginal trim
speed when the control foree is slowly
released from any speed within the lim-
its defined in paragraph (a) of this sec-
tion, ’

§3.115 Specific conditions. In con-
ditions set forth in this section, within
the speeds specified, the stable slope of
stick force versus speed curve shall be
such that any substantial change in
speed is clearly perceptible to the pilot
through a resulting change in stwk
‘Torce,

(a) Landing. 'I‘he stick. force curve
shall have a stable slope and the stick
force shall not exceed 40 lbs. at any
speed between 1.1 V5, and 1.8 Vs, with:

(1) Wing flaps in the landing position,
. (2) The landing gear extended,

" (3) Maximum weight,

(4) Throttles closed on all engines, .

(5) Airplanes of more than 6,000
pounds maximum weight trimmed at 1.4
Vs, and-ai¥planes of 6,000 pounds or legs
maximum weight frimmed at 1.5 Vs,.

() Climb. The stick foree curve
shall have a stable slope at all speeds be-
tween 1.2 Vs, and 1.6 V,, with:

P (1) Wing ﬂa_,_ps retracted,

(¢) - Either the requirement of § 3.112 |

method outlined in paragraphs (a) and {

factor cannot be met) may be permitted. | -

{down stall speed is 95 percent of flaps-up:
#stall speed is not to be permitted tol

Jbut should comply with the or1gina.1 3

(¢) For aireraft having s maximum.} .
g T |Supp. 1, 12 F. R. 9485, May 28, 1947, as|
'} amended by Amdt. 1, 14 F. R. 86, Jan. 5, 1849; "

The afrplane shall §
be longitudinally, directionally, and lat-

.eontrol forces and the friction within the!

b

(2) Landing gear retracted,

(3) Maximum weight,
~ (4) 75 percent of maximum contmu-
ous power, |

-{8) The alrplane trimmed at 1.4 Ve

(¢) Cruising. (1) Between 13 Vs,
and the maximum permissible speed, the
stick foree curve shall have a stable slope

.at all speeds obtainable with a stick
force not in excess of 40 pounds with:-

(i) Landing gear retracted,

(i) Wing Haps retracted,

(i) Maximum weight,

(iv)' 75 percent of maximum -con-
tinuous power,

(v) The airplane trimmed for level
flicht with 75 percent of the maximum
continuous power.

(2) Same as subparagraph (1) of this |

paragraph, except that the landing gear
shall be extended .and the level fhght
trim speed need not be exceeded,

‘[Amdt. 03-0, 11 . R. 13370, Nov. 9, 1948, ea
amended by Amdt. 8-7, 17 F. R. 1086, Feb. 5,

1962]

§3.118 Instrumented stick force
measurements. Instrumented stieck

" force measurements need not be made

when changes in speed are clearly. _ne-
flected by changes in stick forces and
maximum forces obtained in the a.bove
conditions are not excessive. ’

' $3.117 Dynamic longitudinal stabil-
ify. Any short period oscillation oceur-
ring between stalling speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (1
free, and (2) in a fixed position.

. -$3,118.. Directional end lateral sta-
bility—(a)  Three-confrol
(1} The static directional stability, as
shown by the tendency to recover from a
skid with rudder free, shall be positive
for all flap positions and symmetrical
power conditions, and for all speeds
from 1.2 Vs, up to the maximum per-
missible speed.

(2) The ‘static lateral stability as.

shown by the tendency to raise the low

wing in a sideslip, for all flap positions.

and symmetrical power conditions, shall:

(i) Be positive at the maximum per-
missible speed.

(i) Mot be nega.twe at a speed equa.l

"t0 1.2 Vs,

(3) In straight steady sideslips (un-
accelerated forward slips), the aileron
and rudder control movements and
forces shall increase steadily, but not
necessarily in constant proportion, as the

.angle of sideslip is increased; the rate of

increase of the movements and forces

shall lie hetween satisfactory limits up
to.sideslip angles considered appropriate

to the operation cf the type. At greater
angles, up to that at which the full rud-

‘der control is employed or a rudder pedal

force of 150 pounds is obtained, the rud-
der pedal forces shall not reverse and in-

creased rudder defiection shall produce.
Suflicient’

increased angles of sideslip.
bank shall accompany sideslipping to in-
dicate adequately any departure from
steady unyawed fight.

airplenes. .
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ATRPLANE AIRWORTH INESS;

{4) Any short-period 6scillation occiir-
ring between stalling speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (i)
free and (ii) in a fixed position.

(b) Two-conirol (or simplified) alr-
(1) The directonal stabilityf.
shall be shown to be adequate by demon-
strating that the airplane in all con-
figurations can be rapidly rolled from
a 45-cdegree bank to & 45-degree bank in
the opposite direction without exhikiting
dangerous skidding characteristics.

(2) Lateral stability shall be shown tol

be adequate by demonstrating that the
airplane wilbnot assume 2, dangerous at-
titude or speed when all the controls are
abandoned for a period of 2 minutes.
This demonstration shall be made in
moderately smoocth air with the airplane
trimmed for siraight level flight at 0.9
Va (or at Ve, if lower), fiaps and gear re-
tracted, and with rearward center of
gravity loading.

(3} Any chort period oscillation oc-
curring between the stalling speed and

. the maximum permissible speed shall be

3

speeds above Vp.

"deflection decreases at a faster rate.

heavily damped with the primary con-

frols (i) free and (it} in & fixed posi-

tion.
§8.118-1 Test conditions (CAA poli~
cles which apply to § 3.118 (@) (3)).

The tests made necessary in § 3.118 (a)

(3) may be conducted at speeds up to 1.2
times stall speed, flaps up and down, and’
with power up to 75 percent of maximum
continuous rating.,

[Supp. 1, 12 F* R.. 3435, May 28, 1947, as
amended by Amgt. 1, 14 F, R. 38, Jan. 5,
1948]

§3.118-2 Large -displecements of
Right controls in directional and lateral
stability tests (CAA policies which apply
to §3.118). (a) In performing Right
tests to determine compliance with
§ 3.118, it should be borne in mind that

the airplane structural requirements do

not provide for large displacements of
the flight controls at high speeds. Fuil
application of rudder and aileron con-
trols should be confined to speeds below
the design maneuvering speed Vy The!

following rules ({approximations) will

serve as a guide for the maximum per-
missible control surface deflections at;
(This does not imply
that these maximum deflections must be
used in the tests at high speeds).

(1) The permissible rudder angle de-
creases approximately according to the
ratio (Vp/V)?, where V is the speed of

the test.

{2) The permissible aileron deflection
decreases approximately at the ratig
(Vp/17), up to the design cruising speed,‘
Ve. Above Ve, the permissible aileron

th) Thus, in a typical case, assuming
Vr is 141 mph, Ve is 200 mph, and Vaz

1s 250 mph: v, Vs
Permissible rudder deflectlion__ 60% 82% 7
Permissible aileron deflection.. 70% 32

where 100 percent is the deflection obtam-
able at V. .

{c) Control movements should bei

|directional control up until the time the

1 without producing excessive yaw up un-

made smoothly and sudden reversalsl
avoided.

'{Supp. 10, 16 F. R, 3284, Apr. 14, 1851]

[

§ 3.118-3 Flight tests for adverse con-]
‘trol force reversal or control locking
(CA4 policies which apply to § 3.118 (a)}
(3)). (a) Tests should be conducted in}
all critical configurations, weights and;
¢. g. positions from power off to 75 per-
cent M. C. P. for the following speeds}

.more critical:

(1) Normal category
‘pounds: 1.2V,

(ii) Under 4,000 pounds: All speeds]
from 1.2V, down to. the lowest speed
attainable in steady unstalled flight.

(2) Utitity and acrobatic categories
(regardless of weight). Same as sub=
paragrapht. (1) (if) of this paragraph.

. (B) Ve, is the stalling speed in the
critical conflguration as defined in
:§3.82 (b),

{¢) The rear c. g. is usually eritical
- for these tests.-
[Supp. 10, 16 F. B. 3284, Apr, 14, 1951]

STALLS

§3120 Stalling demonsiration. (a) |
Stalls shall be demonstrated under two |
conditions:

(1) With power off, a.nd

{2} With a power setting of not less
than that required to show compliance
with the provisions of §3.85 (a) for:
airplanes of more than 6,000 poundsi
maximum weight, or with 90 percent of |
maximum continuous power for air-.
planes of 6,000 pou.nds or less maximum
weight.

(b) In either condition required by
paragraph (a) -of this section it shall be
possible, with flaps and landing gear in
any position, with certer of gravity in.
the position least favorable for recovery,
and with appropriate airplane weights,’
-to show compliance with the applicable
requirements of paragraphs (c) t.hrough
(f) of this section.

(¢) For airplanes having independ-

) Over 4.000'

controls, it shall be possible to produce
and to correct roll by unreversed use
of the rolling control and to produce'
and correct yaw by unreversed use of the

airplane pitches in the maneuver pre-
seribed in paragraph (g) of this section,

(d) For two-control airplanes having
either interconnected lateral and direc-
tional controls or for airplanes havmgt
only ene of these controls, it shall be pos-!
-sible to produce and to correct roll by
~unreversed use -of the rolling control

il the time the airplane pitches in the
maneuver prescribed in paragraph (2)
.of this seclion.

(e} During the recovery portion of
the maneuver, it shall be possible .ta
\ prevent more than 15 degrees roli or yaw
by the normal use of controls, and ahy

, loss of altitude in excess of 100 feet or
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.and any higher speeds if considered o

ently controlled rolling and directional }

'13.

level shall be entered in the Airplane

| Flight Manusl.

{f) A clear and distinctive stall wam— ’
ing shall precede the stalling of the air-:
plane, with the flaps and landing gear
in any position, both in straight and;
‘turning flight. The stall warning shall
‘begin at a speed exceeding that of stall--
ing by not less than 5 but not more than -
10 miles per hour and shall continue un-
til the stall occurs. :

(g) In demonstrating the qualities re-
quired by pardgraphs (¢) through ({) of
this section, the procedure set forth in:
subparagraphs (1) and (2) of this para-
graph shall be followed.

(1) With trim controls adjusted for:

rst:raal.igm: flight at 4 speed of approxi-:

mately 1.4 Vs, for airplanes of more than
6,000 pounds maximum weight, or ap-
proximately 1.5 Vs, for airplanes of 6,000°
pounds or less maximum weight,
speed shall be reduced by means of the
-elevator control until the speed is slightly:
above the stalling speed; then

(2) The elevator control shall be
pulled back at a rate such that the air-

I plane speed reduction does not exceed 1
4 mile per hour per second until & stall is.

produced 25 evidenced by an uncontroll-
able downward piteching motion ‘of .the
1 sirplane, or until the control reaches the'
stop.,  Normal use of the elevator contyrol:
for recovery shall be allowed after such
pitching motion. has unm:sta;kably de-~ .
-weloped.
[Amdt. 3-¢, 15 F. R. 8800, Dec, 15, 1950, ax
amended by Amdt. 3-8, 16 F. R. 5434, June 8,
1951; Amdt. 3-7, 17 P. R. 1088, Feb, 5, 1852].
§3.120-1 Measuring loss of alfitude
during stall (CAA policies which apply o
§3.120). To meet the requirements of
§ 3.120, pertaining to. the maximum loss
of altitude permitted during the stall, it
is necessary that a suitable method be’
sed for the prrpose of mesasuring such
-loss during the investigation of stalls.
Tnless special features of an individual
type being investizated render the follow-
ing instructions inapplicable, the pro-
‘cedure described shall be used for this
‘purpose:
{a) The standard proecedure for ap-

' proaching a stall shall be used a5 speci-

fied in § 3.120.

(b} The loss of altitude ehcountered
in the stall (power on or power off) shall
be the distance as observed on the sensi-
tive altimeter testing instaliation from
the moment the airplane pitches to the
observed altitude reading at which hori-
zontal flight has been regained.

(¢} Power used during the recovery
portions of a stall maneuver may be that
‘which, at the discretion of the inspector,-
would be likely used by a pilot under nor-
‘mal operating conditions when executing
this particular maneuver. However, the
power used to regain level flight shall not
be applied until the airplane has regained
flying control at a speed of approxi-
mately 1.2 V,;. This means that in the:
investigation of stalls with the critical,
«€ngine  inoperative, the power may be!

'reduced on the operating engine(s) be-:

any pitehk in excess of 30 degrees below

fore reapplying power on the operating:
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‘engine or engines for the purpose of
regaining level flight.

[Supp. 1, 12 F. R. 3435, May 28, 1947, as
amended by Amdt. 1, 14 P. R. 86, Jan. &,
1948]

§3. 120-2  Indications of stall warn-
ings (CAA policies which apply to
$3.120). (a) No precise and complete
-description of the various warnings that
would comply with § 3:120 can be given
at this time, but the following lists of
.items may be used as a guide:

(1) Satisfactory items include:

(1) Buffeting, which may be deflned
as general shaking or vibration of thej.
airplane, elevator nibble, aileron nibble,
rudder nibble, audible indications such
-as oil canning of structural members or

covering roughness in riding qualities of}

“the airplane due to aerodynamic dis-
turbances, etc.
o (i) Stall warning instrument, either
visual or aural. A visual instrument
could be either a light or a dial, B
(iii) Stick force, defined as heavy.
(iv) Stick travel to hold attitude. -
“(v) Stiek position,
(2) Uhsatisfactory ltems inelude:
‘(1) Alrplane attituae. :
(i) Inability to hold heading,
tiil) Inability, to hold wing level
[Supp. 10, 16 F. R. 3284, Apr. 14, 1951]
~ $3.121 Climbing stalls. When stalled
from an, excessive climb attitude it shall
‘be possible to recover from this maneu-
ver ‘without exceeding the limiting air
speed or the allowable acceleration limit.

§3.121-1 Climbing stall flight tests

for limited conirol airplanes (CAA in-}

terpretations which apply to § 3.121).
(a) This requirement is intended to draw
particular attention to any stall recovery
characteristics that might be encoun-
tered when 2 limited control airplane is
completely stalled from an extremely
nose high attitude, éither intentionally
., Or inadvertently. !
ble that the elevator control travel could
‘be limited to-such an extent that stalls
could not be obtained at the normal rate
‘of deceleration used in testing. How-
ever, if theairplane was pulled up into'd
very steep climbing attitude from rea-
sonably high speed flight either power
on or power off, and held in this attitude,
excessive pitching may oceur.
same time, the limited elevator travel
may retard recovéry. from the -pitched
attitude until excessively high speeds are
obtained. These .characteristics would
normally be considered under §3.106;

however, it appears wise to cail particular
attention to the control characteristies
that might result from these flight con-

figurations on limited control airplanes. .

(b) Although Form ACA-283-03, item

A, (3}, {a), indicates that take-off power

should be used for these tests, this is not

“a mandatory requirement. . In this re-
-gard it is to bhe noted that although

§3.121 is entitled “Climbing Stalls”, it
when . stalied!

‘specifically states: *“. ..

In practice it is possis’

. At the.
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-specified application of power is not re-
quired. For example, flight tests re~
cently conducted on several aircraft Have
indicated that the power-off configura-

§tion was critical since the stall resulted
in greater pitch and less elevator control.

The technique used for inducing such
stalls consisted of stalling the airplane
(power off) in as steep & climbing atti-
tude ag possible without falling into a
whip stall, or other flight maneuver that
might overstress the structure. (Form
JACA-283-03 will be revised at the next
printing, so that the power found to be
cr1tlca.1 can be recorded in a space that
will be provided for this purpose.)

[Supp. 10, 16 F. R. 5284, Apr. 14, 1851]

§3.122 Turning flight stalls. When
stalled during a coordinated 30-degree
banked turn with 75 percent maximum
continuous. power on all engines, flaps
and landing gear retracted, it shall be

.| possible to recover to normal level flicht

without encountering excessive loss of

-| altitude, uncontrollable rolling charac-

teristics, or uncontrollable spinning ten~
dencies. ‘These qualitiés shall be demon-
strated by performing the following ma-

neuver: After a steady curvilinear level

coordinated flight condition in a 30-de-}
gree bank is established and while main-
taining the 30-degree bank, the airplane

1shall be stalled by steadily and progres-

sively tightening the turn with the ele-
vator eontrol until the airplane is stalled
or until the elevator has reached its stop..
When the stall has fully developed, re-
covery to level flight shall be made with
normal use of the controls.

' §3.123  .One-engine-inoperative stalls,
Multiengine airplanes shall not display
any unduye spinning tendency and shall
be safely recoverable without applying
power- to the inoperative engine when
stalled with:

. (&) ‘The critical engine inoperative,
(b) Flaps and landing gear retracted,
(¢)’ The remaining engines operating

‘at up to 75 percent of maximum con-

tinuous power, except that the power

need not be greater than that at which
the use of maximum control travel just
holds the wings laterally level in ap-

 proaching the stall. The operating en-
| gines may be throttled back during the

recovery from the stall.. -
SPINNING

§3.12¢4 Spinning—(a) Calegory N.
All airplanes of 4,000 1bs. or less maxi-
mum weight shall recover from a one=

‘turn spin with the controls applied nor- {-

mally for recovery in not more than ocne
additicnal turn and without exceeding.
‘either the limiting air speed or the limit
positive maneuvering load factor for the
.airplane, ' In addition, there shall be no
excessive back pressure either during the
spin or in the recovery. It shall not be
possible to obtain uncontrollable spins by
means of any possible yse of the controls.
Compliance with these requirements
shall be demornistrated at any permissible
combination of weight and center of

from an excessive climb attitude”, thus a'! gravity positions obtainable with all or
. . : R .

.any part of the designed useful Toad, Al

airplanes in category N, regardiess of:
weight, shall be placarded against sping;’
or demonstrated to be “characteristically:

incapable of spinning” in which case!

they shall be so designated. (See para-
graph (d) of this section.)

(b) Category U.. Alrplanes in this
category shall comply with either the en-

tire requirements of paragraph (a) of.

this section or the entire requirements of
paragraph {¢) of this section.

(c) Ceotegory 4. Al airplanes in thig’

category shall be capable of spinning and
shall comply with the following:

(I} At any permissible combination of
weight and center of gravity position ob-
tainable with all or part of the design
useful -load, the airplane shall recover
from a six-turn spin, or from any point
in a six-turn spin, in not more than'1lz
additional turns after the application of
the controls in the manner normally used
for recovery.

(2) Itshall be possible to recover from

the maneuver prescribed in subpard-
graph (1) of this paragraph without
exceeding either the limiting air speed
or the limit positive maneuvering load
factor of the airpiane.

(3) It shall not be possible to obtain
uncontreilable spins by means of any-
possible use of the controls.

(4) A placard shall be placed in the
.cockpit of the airplane setting forth the
use of the controls required for recovery
from spinning maneuwvers.

(d) Category NU. When it is desired

‘to designate an airplane as'a type “char-
acteristiczlly incapable of spinning,” the

flight tests to demonstrate this chars:
acteristic shill also be conducted witht-

(1) A maximum weight 5 percent in
excess of the weight for which approva.:l
is desired,
v {2) A center of gravity af least 3 per-
cent aft of the rearmost position for
which approval is desired,

(3} An available up-elevator travel 4
degrees- in excess of that to which the
‘elevator travel is to be Hmted by appro-

 priate stops.

(4) An available rudder travel 7 de=
grees, in both directions, in excess of that

to which the rudder travel is to be limited -
1'by appropriate stops.

[Amdt. §3-8, 11 F. R. 13370, Nov. 9, 1946, as
amended by Amdt. 3—4, 15 F. R. 8800, Dec. 15,
19§Q; Amdt. 3-7, 17 F. R. 1086, Feb. 5, 1952]

airplanes (CAA interpretations which .
avply to § 3.124 (a) ). If during recovery
‘from a one-turn flaps-down spin the air-
‘plane exceeds the placard flap speed or
limit load factor, it is permissible to re-~

tract the Aaps during recovery to’ avoid.

exceeding these limits.
[Supp. 10, 18 F. R. 8264, Apr. 14, 1951].

§3.124-2 Spin tests for.-calegory. A

girplanes {(CAA interpretalions which

apply to § 3.124 (¢)}. If Guring recovery
from a onc-turn flaps-down spin the
airplane exceeds the placard flap speed

§3.124-1 Spin tests for category N
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§§ 3.144 to 3.147.

quate directional control during taxying.

‘plane to encounter in normal operation,

_strated to be free from flutter and exces-

AIRPLANE ATRWORTHINESS;

or limit load factor, it is permissible tol}

retract the flaps during recovery to avoid
exceeding these limits. In addition the;
airplane is to be placarded “Intentmnal‘
spins with flaps down prohibited.”
‘[Supp. 10, 16 F. R. 3284, Apr. 14, 19511

GROUND AND WATER CHARACTERISTICS

§ 3.143 Requirements, - All airplanes
shall comply with the requlrements of

§3.144 Longitudinal stabihty and:
eontrol, There shall be no uncontrolla-
ble tendency for landplanes to nose over
in any cperating condition reasonably
expected for the type, or when rebound’
occurs during landing or take-off,
Wheel brakes shall operate smoocthly
and shall exhibit no undue-tendency to
induce nosing over. Seaplanes shall ex-
hibit no dangerous or uncontrollable’
porpmsmg at any speed at which the
airplane is normally operated on the]
water.

§3 145 Dzrectzonal stabzht'y aend con--
trol. (a) There shall be no uncontrol-
lahle locping tendency in 90-degree cross
winds up to a velocity equal io 0.2 Vs,
at any speed at which the aircraft may
be expected  to be operated upon the
ground or water.

(b) . All landplanes ‘shall be demon-.
strated to be satisfactorily controllable
with no exceptional degree of skill or
glertness on the part of the pilot in
power-off landings at normal landing

speed and during which brakes or en-
gine power are not used to mamtam a
straight path

“(¢) Means shall be provided for ade-

'§3.146 Shock absorption. The shock-
absorbing mechanism shall not produce
damage to the structure when the air-
plane.is taxied on the roughest ground
which'it is reasonable to expeet the air-

§3.147 ' Spray  characteristics. For
seaplanes, spray during taxying, take-
off, and landing shall at no time danger-.
ously obscure the vision of the pilots nor
produce damage to the propeller or other
parts of the sirplane.

FLUTTER . AND VEBRATIONW

§3.159 * Fluiter and vibration, Al
parts . of the airplane shall be demon-

sive vihration under all speed and power
conditioris zppropriate to the operatmn
of the airplane up to at least the mini~
mum value permitted for Vg in § 3.184,
There shall also be no buffeting condi-
tion.in any normal flight condition se-
vere encugh to interfere with the satis-
factory control of the. airplane or o
cause excessive fatigue to the crew or
result in structural damage. However,
buffeting as stall warning is considered

desirable and discouragement of this |

type of buffeting is not intended. _
SUBPART C—STRENGTH REQUIREMENTS
E - GENERAL

ultimate loads. ILimit. loads are the
maximum Joads anticipated in service.
Ultimate -loads are -equal to the limit
loads multiplied by the factor of safety.
TUnless otherwise described, loads speci-
fied are limit loads.

spemﬁed air, ground, and. water loads
shall be placed in equilibrium with'
inertia forces, considering all items ofj
mass in the airplane. "All such loads
shall be distributed in a manner coh-
servatively approximating -or closely
representing actual conditions., If de-

- 'fections under load would change sig-

nificantly the distribution of external or
internal loads, such redistribution shall
be taken into account.

(¢) Simplified structural design cri-
teria shall be acceptable if the Admin-.
istrator finds thai they result in design
loads not less than those prescribed in
§§ 3.181 through 3.265.

[Amdt: 03-0; 11 ¥, R. 13874, Nov. 9, 1946, s
amended by Amdt. 3-7,17 F. R. 1086, Feb. 5
1952}

which apply to § 3.171 (). .The Ad-
ministrator
structural Aesign criteria contained in
Appendix A . to Civil Aeronautics Manual
3, result in design loads not less than
those prescribed in §§ 3.181 through
3.265. .

[Supp. 16, effective Jan. 31, 1953, 17 F. R..
11788, Dec. 30, 1952]

§3.172 Factor of safety., The fac-
tor of safety shall be 1.5 unless otherwme
spemﬁed

§3.178 Strength and deformations.
The structure shall be capable of sup-
porting limit loads without suffering
detrimental permanent deformations,
At all loads up to }imit loads, the de-
formation shall be such as not to inter-
fere with safe operation of the airplane.
The structure shall be capable of sup=
‘porting ultimate loads without failure
for at least 3 seconds, except that when
proof of strength is. dernonstrated- by

tions of load application, the 3-second
Iimit does oot apply.

§3.173-1 “Dynamic tests (CA4 :polz-
cies which apply to §3.173). (a) Sec-
tion 3.173 permits dynamic testing in lieu
of stress analysis or static testing in the

strength and déeformation requirements,

proof of strength of landing gears for
the stipulated landing conditions con-
tained in §§ 3.245, 3.246, and 3.247, it is
'necessary to. employ a procedure which,
‘will niot result in the accepting of landing
gears weaker than those gualified for
acceptance under present procedures,
i. e, stress analysis or static ‘tésting.

.an adequate procedure for this purpose,
‘the fellowing dynamic tests:
The structure shall be dropped a mlm*

§3.171 Loads. (a) Strength reguire-!

‘ments are specified in terms of limit angd’

mum of 10 times from the lirnit drop
height, and at least one time from the!
ultimate drop height, for each basie de-

- (b) Unless otherwise provided theh

§3.171~1 Design cntem (CAA polzczes:
finds that the simplified]

dynamic tests simulating actual condi-

proof of compliance of the structure with;

In demonstrating, by dynamic tests,

(b) 'The Administrator will accebt, as
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sign condition for which  proof of
strengeh is being made by drop tésts.
(¢) With regard to the extent to which
the structure can be proved by dynamic
tests, such dynamniic-tests shall be-ac-
cepted as proof of strength for only those
elements of the structure for which It
can be shown that the critieal limit and
‘ultimate loads have been reproduced. -
‘[Supp. 1, 12 F. R. 3435, May 28, I047, as
:amended by Amdt. 1, 14 F. R. 36, Jan. b,
1949] - _ _
§ 3.174 - Proof of structure. Proof of
compliance of the structure with the
.strength and deformation requirements
of- § 3.173 shall be made for all eritical

{loading conditions. Proof of compliance

‘by means of structural analysis will be:
accepted only when the structure con-
forms with types for which experience
has shown such methods to be reliable.
In gl other cases substantiating load
tests are required. Dynamic tests in-
cluding structural ‘fight tests shall be -
acceptable, provided that it is demon-
strated that the design load conditions
have been simulated.  In all cases certain
portions of the structure must be sub- -
Jected to tests as specified in Subpart D.
[Amat. 03-0, 11 F. R. 13374, Nov. 9, 1946, as
gme;lsc;e]d by Amdt. 3-7, 17 F. R. 1086, Feb.
1 .

§3.174~1 Material correction factors
(C’AA policies which apply to. § 3.174).
(a) In tests conducted for the purpose of
establishing allowable strengths of strug-
tural elements such as sheet, sheet.
stringer combinations, riveted joints,
ete., test results should be reduced to
valies which would be met by elements
of the structure if constructed of mate-
rials having properties equal to. design.
allowable values. - Material correction
factors in this case may be cmitted, how-
ever, if sufficient test data are obtained
to permit.-a probability analysis showing
that 90 percent or more-of the elements
will either equal or'exceed in strength the
selected - design allowable -values. The
number of -individual test specimens
needed to form a basis of “probability
values”. cannot be definitely stated but
must be decided on the basis of consist-
lency of results; i. e, “spread of results”,
deviations from mean value, and range
of sizes, dimensions of specimens, ete.,
-to be covered.. This item should there-
fore be a matter for decision between
the manufacturer and .the CAA. (Sec-
tions 1.654 and 1.655 of ANC-5a 1949 edi~
tion * outline two means of accomplish-
‘ing material corrections in element.
tests; these methods, however, are by ne
means - considered the only methods -
ayailable.) ‘

(b) In casesof statm or dynamic tests
of structural components, no material
correction factor is required, The mans<
ufacturet, however, should use care to
see that the strength of the component-

- *ANC-5a; “Strength of Alrcraft Elements”
15 published by the Army-Navy-Civil Com-
anittee on’ Ajreraft Design Criterla and may-
be obtained from the Superintendent of
Documents, Government Prlntmg Office,
Washington 25, D. C.
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‘tested conservatively reprdsents the
strength of subsequent similar compo-
nents to be used on aircraft to be

presented for certification. The manu-]|

facturer should, in addition, include in
-his report of tests of major structural
components, a statement substantially
‘a8 follows:

The strenpth' propertles of materinls and
‘dimensions of parts used In the struetural
component(s) tested are such that subse-
quent components of these types used In
alrcraft presented for certification will have
strengths substantlally equal to or exceeding
“the strengths of the components tested.

.{Supp. €, 16 F. K. 619, Peh. 4, 1850]

§3.174-2 Structural testing of new
projects (CAA policies which apply lo
§3.174). (a) The following is a gen-
‘eral procedure that may be followed for:
determining the extent of required strue-
tural testing of a new project:

(1) As the initial step to determine
the structural testing of a new project,
a meeting between representatives of

" the manufacturer, the Civil Aeronautics.
:Administration project engineer, and (f
practicable) the pertinent Branch Chief
of the Aircraft Division should be ar-
ranged. The question of minimum
‘tests should be reviewed first,. This
will include generally such tests aspreof
and operation tests of control surfaces
and systems, drop tests of landing.gear,
‘vibration tests, and wing torsional
stiffness tests.

(2) If the structure is of a type-on
which the manufacturer bas a thorough
background of experience, analysis and
proof tests can usually be considered ac-
ceptable. If, in addition, the analysis
has a high degree of conservatism, proof
tests other than those specifically re-
quired by regulation may he omitted at
the discretion of the CAA, .

(b) If the structure or parts thereof
are definitely outside the manufac-
turer’s previous experience, the manu-
facturer may be requested to establish a
strength test program. In the case of a
wing, this will usually involve a 100
percent ultimate load test for PHAA,
In cases of this type, it should be sug-
gested to the manufacturer that he CALTY
the PHAA test to destruction. If & com-
parison of the effects of inverted and
normal types of loading can be carried
out, some of the above tests, such as
ILAA test, can be omitted - and a test!
made for one condition only,

(¢} When ultimate load static tests
‘gre made, the limit load need not be
removed provided that continuous read-
ings of deflections of the structure are
measured at an adequate number of,
points, and also provided that a close,
examingtion of the structure is main-l
tained throughout the tests with par<’
_ticular emphasis being placed upon elose
observation of the structure at limit load
for any indications of local distress,
yielding buckles, ete,

(d) In the case of small airplanes of
other than two spar and steel tube con-,
-struction, the manufacturer should be|
-encouraged to strenzth test his product
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and reduce formal
minimum,
[Supp. 10, 16 F. R, 3284, Apr. 14, 1851]

§3.174-3 Allowable bending moments

of stable seclions in the plastic rangef’
(CAA policies which apply to § 3.174).}

(a) The analytical method for deter-
mining allowable bending moments of
-stable sections in the plastic range as
outlined in “Bending Strength in the
Plastic Range” by F. P. Cozzone, Journal
‘'of Aeronautical Sciences. May 1943, is
satisfactory for general use; howewver,

the following should be considered in the}

application of this method of analysis
to particular problems:

(1) The above method may be uncon-
servative and should not be used for
sections subject to local failure unless
verified by suitable tests. For example,
ANC-5 should be used for reund tubing.

(2) The method may be unconserva-
tive and should be verified by testing
representative c¢ross sections for mate-
rials having stress-strain curves differ-
ing materially from those discussed in
the reference article, or for materials
whose stress-straln properties in com-
pression differ materially from those in
tension.

[Supp. 10, 16 F. R. 8285, Apr. 14 195E, as
amended by Supp. 14, 17 F. R. 2066, Oct. 11,
1652]

§3.174-2¢  Acceptability of static
and/or dynamic tests in liew of stress
analyses (CAA policies which apply o
§ 3.174). Static testing to ultimate load
is considered an adequate substitute for
and in some cases superior to formal
stress analysis where static loads are
critical in the design of the component.
In cases where a dynamic loading is
critical dynamic load tests are equiv-
‘alent to formal stress analysis. An ex-
ample of components on which dynamie;
loading is usually eritical is the landing
gear and landing gear structure of an
aireraft.. (See §3.174-2)) The same
yield eriteria apply to dynamic tests as
to static tests.

[Supp. 10, 16 F. R. 3285, Apr. 14, 1951]

§ 3.174-5 Operation tests (CAA poli-
cies which apply to § 3.174). Operation
tests of structural components are re-
quired for mechanisms and linkages in

several of the regulations in this sub- |

chapter. For this pa.rt these are §§ 3.343
and 3.358,
[Supp. 10, 16 F. R. 3285, Apr. 14, 16561]

$3.174-6 Material correction factors,
fitting factors, and other factors; their
effect on test loads (CAA policies whick

apply to § 3.174)—(a) Use of tactors to
‘esteblish design and test loads. This
‘part specifles certain factors which
‘must be taken into account in establish-

ing design and test loads for structural
components. These factors are to be
found in the following sections of this
part and are discussed in paragraphs
(b) through (g) of this section:

(1) §8.172 Factor of sufety.

analysis. to ap
1 erties and design values.

(2) §3301 Material strength prop-

(3) §3.304 Cuastings.

(4) §3.305 Bearing factors.

(5) §3.318 Ribs.

(6) §2.3290 Hinges.

(1) §3.346 Joints.

(b) Factor of safety of 1.50. In all
cases of ultimate load testing the faclor
of safety of 1.50 should be included in the
test load.

(e) Material correction factors, (See
§3.174-1).

(d) Fitting factor. The additional

multiplying factor of safety of 1.15 speci-
fled in § 3.306 need not be included in

‘test loads in which the actual stress con- .
ditions are simulated in the fitting and.

the surrounding structure. Also, these
factors are constdered to be inecluded in

‘and covered by the other special factors

specified in § 3.302.

(e} Casting factors. Casting factors
should be included in all tests in the sub-
stantiation of castings. (See § 3.304-1.)

(f) Hinge end bearing factors. Hinge
and bearing factors specified shall be in-
cluded in tests unless thé appropriate
portions of the parts are substantiated
otherwise.

(g) Other factors. Test factors for
rib, wing, and wing- covenng are as fol-
lows:

(1) No additional factors of safety
need be applied when rational chord-
wise upper and lower surface pressure

distribution is used, provided that the

test includes a complete wing or a sece
tion of a wing with end conditions and
loadings applied in' a manner closely
‘simulating the actual wing conditions.
(2) When a rib alone, & section of
wing, or small section of the airplane

'} covering is tested without employing a

completely rational load analysis and
distribution, a factor of 1.25 should be

ineluded in the test loads. In an inter-

mediate case, a factor between 1.0 and
1.25 may be employed in wing section
tests if it fs suitably established that a
reduction from 1.25 is warranted by the
particular conditions of the test.

[Supp. 10, 18 F. R. 3285, Apr, 14, 1951]

§ 3.174-7 Establishment of material
strength properties and design values by
static test (CAA policies which apply to
§3.174). (a) There are several types of
material design allowables, all of which
are derived from test data. These are:

(1) Minimum acceptakle values based-
on a minimum value already in an ap-'
plicable materials procurement specifi-.

cation.

(2) Minimum non-specification values

derived from iests of a series of standard
specimens,

(3) Ninety percent probability values
which are the lowest sirength values ex-
pected in 90 percent of the specimens
tested.
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-fain that the strength properties of that

" amended” by Supp. 14, 17 F. R, 9066 Qet, 11,

' [$upp. 10, 16 F, R. 3285, Apr. 14, 18561]
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(4) Values based on “premium selec--
tion” of the material, '

(b) Where testing is used to determine;

any of these types of allowables, proce-'
dures outlined in existing Governiment or
industry specifications, e. g. QQ-M-151,!
ASTM's, ete., should be used although!
other procedures if approved by the CAA

may be used. No elear-cut rules as tothe
extent of testing to be done can be estab-|
lished in this section, as this usually va-
‘tles with the case. It is therefore a
matter for joint discussion hetween the
manufacturer apd the CAA. The re-l|
sults, however, should be based on a-suf-
Rciently Iarge number of tests of the ma-
terial to establish minimum aac.ceptaad:;lel
‘or prohability values on a statlstical
basis, -

(¢) Design values pertinent to the
items in paragraphs (a) (1), (2) and (3)-
of this section are presented in ANC-5
and ANC-18 for commonly wused mg-
terials,

(d) With reference to parsgraph (a)
{4) of this section, some manufacturersy
have indicated a desire to use values
greater than the established minimum
aceeptable values even in cases where
only the use of minimum acceptable
Jalues is indicated, Such increases will
‘be acceptable provided that specimens of
each individual item of basic material as
obtained are tested prior to use, to aseer-

particular item will equal or exceed the
properties to be used in design,
[Supp. 10, 16 P. R. 3285, Apr. 14, 1951, as

1852

§3.174-8 Unusual test situations
(CAA policies which apply to § 3.174),
It should be borne in mind that in any
unusual or different situations a confer-
lence between the CAA and the manu-
facturer should be held to determine if

the testing program as propesed by the | except -fha
manufacturer is sufficient to substantiate | THaT 20, the above DUMErical MHulGpLy-

the siruetural strength of the alrcraft or
its eomponent.

:critical altitudes within the range in

- distribution of disposable load within{ ¥

1 exiz of the alrplane, and equal in magni-

of gravity

tions specified by the maneuvering and

‘diagram w.l] also be used in determining]

‘designer except that they shall not bew

ing Tackors shall” e uecreased Tinearl

FLIGKT LoAns

§3.181 Genercl. Flicht load re-
guirements shall be complied with at

which the airplane may be expected to

‘operate and at all weights between thej

minimum design weight and the maxi-
mum design weight, with any practicable

prescribed operating limitations stated}.
in § 3.777-3.%80.

§ 3,182 Definition of flight load fac-
tor. . The night load factors specifled
represent the acceleration component
(in ferms of the gravitational constant
¢) normal to the assumed longitudinall

tude and opposite in direction to the air-
plane inertia load factor at the center

SYMMETRICAL FLIGHT commons (n.ars
RETRACTED)

§3.183 General. The strength re=
quirements shall be met at all combina-
tions of air speed and load factor on and’
within the boundaries of a pertinent V-n.
diagram, constructed similarly to the one
shown in Figure 3-1, which represents
the envelope of the flight loading condi- ]

gust criteriz of §% 3.185 and 3.187. This]

the airplane structural operating limi-}
tations as specified in Subpart G.

§.3.18¢ Design air speeds. The de-
sign air speeds shall he chosen by the

less than the following values:

V. (deslgn cruising speed)
=38 yW/S (NU)
=42 VW/8 (4)

Tt o yaliies of t W /S, greater :

“With W/S5 10 5.valie of 23 a at Wid= W/3=100:
Anﬁ’?ﬁ?ﬁer provided, That the required

Pr=01+

minimum value need be no greater than
0.9Vrsa btained.at sea level,

Va (deslgn dive speed)

g TS a

. e Bcrensed "linearly
Gegr LW/ sa
#V¥e'mm 15 the recﬁm-ea TRINIMUN VA6 Of -
‘HesTii wraliig Shced vhEeifieq ApeveD ™

s

[ )

Vp (design manuevermg speed)

—V, V% where: '

¥,=5a computed stalling speed with

flaps fully retracted at the de-

sign weight, normally baseq

on the maximum alrplane

normal force coefficlent, Cyy.

n=Hlmit maneuvering load factor
used in design,

except that the value of ¥y need not ex-'

jceed the value of V: used in design.

§3.185 Maneuvering envelope. The

jairplane shall be assumed to be subjected

1o symnetrical maneuvers resuliing in
the following limit load factors, except
where limited by maximum ({(static) lift
coeficients:

(s} The positive maneuvering load

factor specified in §$3.186 at all speeds’

up.to Ve,
(b} The negative maneuvering load
factor specified in § 3.186 at speed Ve;

and factors varying linearly with speed

from ‘the specified value at Ve to 0.0 at

1 Va for the N category and —1.0 at Ve fcr

theAand U ca.tegorles

§3.186° Maneuvering load factors. (a)
The positive limit maneuvering load fac-

] tors shall not be less than the following
1 values (see Fig, 3-2):

24,000

W+ 10,000 Category N

except that % _need not be grealér Than
3.8 and shall Not be less e S F‘Qr,

H

neapible of gpinn i opeed ne ex-

\K alrplanes cortiieated 48 characteristical

Tb:ce:g 3.5.

- Category A

v 4 :‘ W;__,.Q,fiw

nc oy
Vs .

=

< TGOy, Max

o

-

2

D

a

o Op=—

ur!
“QN'ANAN
= MANEUVER

______ LIMIT MANEUVER ENVELOPES
. . == LIMIT GUST ENVELOPE
‘ LIMIT COMBEINED ENVELOEE. -

¥ NOTE
POINT G NEED NOT BE |NVESTIGATED
WHEN SUPPLEMENTARY CONDITION

. SPECIFIED

\
SPEED Vubw . § LRy ik
EM =

s 7

AUNY

IN §'3.194 15 INVESTIGATED,

FIG. 3-1—(V-n) DIAGRAM (FLIGHT ENVELOPE)

- --- Category U’

L€

L
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(b) The negative limit maneuvermgi
“load factors shall not be less than —0.4,
times the positive load factor for the N
and U categories, and shall hot be less
than —0.5 times the positive load fa.ct.or

- for the A category.

(¢) Lower values of maneuvering loa.d

fsctor may be employed only if it be,

proven that the airplane embodies fea-§

tures of design which make it impessible

“to exceed such values in flight. (See also
§ 3.106.) . ’
-§3.187 Gust em:elozae The airplane.

shall be assumedto encounter symmetri-
cal vertical gusts as specified below while
in level fiight and the resulting loads'
shall be considered limmit lodds:

(a) ~Positive (up) and negative (down)
{ 0f 30 feet per SEEOI nomina)
e ity a a speeds up to Ve

ve iﬂ,_r,e.e‘t,psr-

by Positive an_;i,,n atl
second gusts at Vi "‘g Gust load factors

Bemumedto“v’é’ﬁﬁ‘i“da”ﬂ ween-

§ 3 188 G”ust lood factors. In appiy-
ing the gust requiremients, the gust load-
factors shall be computed by the follow-
ing form

HUuvm

N mm s

where: K—-—-(W/S)‘/‘ (for W/S(IB P. 8. 1’)

2,67
(W /S) 2/4
U=nominal gust veloclty, f. p. s.
- (Note that the "effectlve sharp-
edged gust” equsals XU.)
V=airplane speed, m. p. h.
m =slope of 1ift curve, Oy, per radian,
corrected for aspect ratio.
W/S=wing loading, p. 8. 1.

§ 3.188-1 “Slope of lifi curve” (CAA|L
interpretations which apply to § 3.188).
For purposes of gust load computations
as required in § 3.188 the slope of the Hft |-
curve may he assumed equal to that of.
.the wing alone.

{8upp.. 1, .12 P. R, 3435, May 28, 1947 88

| =133— (roch/S>16p B. f)

.} plane shall be assumed to be subjected o

*{%ors shall be computed by the formula of

CIVIL AERONAUTICS MANUAL 3

§ 3.18% Airplane equilibrium. In de-
termining the wing loads and linear
‘inertia loads corresponding fo any of the
above specified flight conditions, the ap-
proprmte balancmg horizontal tail load
f-(see & 3.215) shall be taken into account‘
An a rational or conservative manner.

Incremental horizontal tail loads due

‘tional or conservative manner. _
¢ '¥LAPS EXTENDED FLYGHT CONDEITONS

§'8.190 Flaps ertended flight condi-
'tzom

‘ing, and take-off are installed, the air~

‘symmetrical maneuvers and gusts with
-the flaps fully deflected at the desizn flap:
speed ¥y resulting in limit load factors
within the range determined by the fol-
‘lowing conditions;

(1) Maneuvering, to a. positive limitl
lead factor cf 2.0.

(2) Positive and negative 15-feet-per-
sepond gusts acting normal to the flight
path in level flight. The gust load fac-

§3.188. .
. Vs shall be assumed nof less tha.n 14
Vs or 1.8 V7, whichever 15 greater, where:

Ttine device-is. -i5 employed, the airf
" W ﬁdesed Jfor critical combina-

fV_,_the computed stamng speed with ﬂaps
fully retracted at the design weight |
Vyy=the computed stalling speed with flaps
Tully extended at the design weight

) except t_l,;aj:mpen an sutomatic flap loacl

5ol air speed and fHap position per-
Wmeme {Sed 8I50"T 37388.)
65" 1n demgnmg the fiaps and sup-
porting structure, slipstream effects shall
‘be taken into a,ccount as specified in
'§ 3.223,

. Nots; In determining the external: loads
‘on the airplane s a whole, the thrust, slip-

amended by Amdt. 1, 14 F. R. 36, Jan. 5, 1849]

to maneuvering and gusts (see §§ 3:218 b-pryfp-
and 3.217) shall be reacted by angular |-puse:
inertia of the complete airplane in & ra- N

(a) When flaps or similar high §'
J1ift devices intended for use at the rela~{:
the.ly low air speeds of approach, land-} ;.

§ 3.190-1 Deszgn flap s'peed Vy (CAA
interpretations which apply to §3.190:
(@)). (a)_The minimum permissigle:
speed of 1.8 Vy 15 specified in ‘order to‘-
€OVer power-off Hisht tests &8 required:
By §4.115 (a). Sechioh 3273 requires
that slipstream effects-be eonsidered in

THE design of the flabs and operating
" tidehanism up o d of &t least ]
HE

T On ﬂig

(b} The designer may treat the fore-
going conditions as two separate cases,
or he may combine them if he so desires,
[Supp 19, 16 F. R. 8285, Apr. 14, 1951]

UNSYMMETRICAL FLIGHT CONDITIONS

§3.181 Unsymmetrical flight condi-
‘tions. . The airplane shall be assumed to
_be subjected to rolling and yawing ma-
nenvers as deseribed in the following
.conditions. Unbalanced  serodynamic

| moments about the center of gravity

_shall be reacted in a rational or conserv-
ative manner considering the principal
masses furnishing the reacting inertia
forces.

(a) ,Rolling conditions. - The airplane
shall be designed for (1) unsymmetrical
wing loads appropriate to the category,
and (2) the loads resulting from the
alleron deflections and speeds specified
Jn §3.222, In combination with an air-
'plane logd factor of at least two-thirds
‘of the positive maneuvering factor used
‘in the design of the airplane. Only the
wing and wing bracing need be investi—
gated for this condition.

Nore: These conditions mey bhe covered as
noted helow: :

(2) Rolling accelerations may be obta!.ned
by modifying the symmetrical flight condi-"
tions shown in: Figure 3-1 as follows:

{1) Aecrobatic ecategory.. In conditions A
and F assume 100 pereent of the wing air’
loag¢ acting on one side of  the plane of
symmetry and 60 percent on the other,

- (2) Normal and utility cotegories, In conw
ditlon A, assume 100 percent of the wing alr
load acting on one slde of the afrplane and
70 percent on the other. For alrplanes over
1,000 pounds design welght, the latter per-

stream, and pitching acceleration may be
a.ssumecl egual to zero, .

o

centage may be increased Iinearly with
welght up to 80 percent at 25,000 pounds. .

@€ 7 =
S -
S s n +6.0 ACROBATIC
E .
; a sk
g;:'eﬁ‘fi w& nr 4.4 UTILITY .
& P h 2 af
- -
S - 24,000
nE 2l
9 85 3 5 W10,000 NORMAL
ar NORMAL (CHARAGTERISTICALLY
. = @] INCAPABLE OF SPINNING) ‘ .
- : -
S n=25 FOR W
=2 GREATER THAN
o o S0,Q00 1B3.
(] 19000 20000 20000 40000 - 50000
o W-DESIGN WEIGHT (LBS)
NOTE.

LIMIT NEGATIVE MANEUVERING LOAD FACTORS SHALL Br
OBTAINED BY MULTIPLYING THE POSITIVE FACTOR VALUES
BY .4 FOR NORMAL AND UTILITY CATEGORIES AND '8Y 5
FOR THE ACROBATIC CATEGORY. -

FIG. 3:2—LIMIT MANEUYERING LOAD_FACTORS
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(b) The effect of alleron displacement on

- wing torslon may be accounted for by add-

ing the following inerement to the basic air-
foil moment coefficient over the alleron por-
tion of the span in the critical condition as
determined by the note ynder §3.222:

Aom= =018

‘where:

Aem=moment coefficient increment
§=down aileron deflection in de-
grees In critieal condition

(b) Yawing conditions. The aljrplane
shall be designed for,the yawing loads
resulting from the vertical surface loads
specified in §§ 3.219 to 3.221.

§3.191-1 Adileron rolliny conditlons
(CAA policies which apply to §3.191
(e}). In determining whether alr-
planes of small to medium size and
speed comply with § 3.191 (a), the Ad-

‘ministrator will accept the Icllowing

simplified procedure: :

(a) Steuady roll. Determine the Cn
value, corresponding to 23 the sym-
metrical maneuvering load factor. The
Cr distribution over the span may be as-
sumed the same as that for the sym-
metrical flight conditions. Medify the
wing movement coefficient over the

aileron portions of the span, as described §

in the “Note” under § 3.191 (a), corre-
sponding to the required aileron deflec-
tions. .The wing may be critical in for-
sion on the up, as well as on the down
aileron side, depending upon airfoll sec-
tion, elastic axis location, aileron differ-
ential, ete. (For the up aileron, the
moment coefficient increment will be

- positive.)

The above assumption concerning Cn
distribution implies that the aerody-

.namic damping forces have exactly the

same distribution as the rolling forces,
which is not strictly correct. However,
since the load factor in the rolling con-
ditions is only 24 of that in the sym-
metrical conditions, the errors involved
in this assumption are not likely to be
significant. ’ "

(1 Maximum angular accelergtion.
This condition need be investigated
only for wings carrying large mass items
outboard. In such cases instantaneous
aileron deflection (zero rolling velocify)
may be assumed and the local value of
Cr and Cn over the aileron portions of
the span modified aceordingly to obtain
the spanwise airload distribution. The
average C» of the entire wing should
correspond to %4 of the symmetrical
maneuvering load factor. The result-
inz rolling moment should be resisted by
the rolling inertia.of the entire airplane.
This procedure is, in general, conserva-
tive, and a more rational investigation
based on the time history of the control
movement and response of the airplane
may be used if desired.

[Supp. 10, 16 F. R. 3285, Apr. 14, 1951]

SUPPLEMENTARY CONDITIONS

§3.194 Special condition for rear lift]

{'for conditions
design speed of :

_V=10yW/S5+10 (m. p. h.)
Nore: It may bhe sssitmed that the value

1
ditions should also be investigated:

of ¢ is equal to —0.8 and the ‘chordwise
distribution is trisngular between & peak at
‘the tralling edge and zero at the leading edge.

§ 3.195. Engine torque effects. {(a) En-

1 gine mounts and their supporting struc-

tures shall be designed for engine torque

1 effects combined with certain basic fiight

conditions as described in_subparagrapl}_s

(1) and (2) of this paragraph. Engine] maneuvering condition.

torque may be neglected in the other
fight conditions. .

(1) The limit torgue corresponding to
talke-off power and propeller speed act-
ing simultanecusly with 75 percent of
the limit loads from flight condition A.
(See Fig. 3-1.)

(2) The limit torque corresponding tof.

maximum continuous power and propel-
ler speed, acting sitmultaneously with
the limit loads from flight condition A.
(See PFig. 3-1.)

(k) The limit torque shall be obtained:
by multiplying the mean torque by a fac~
tor of 1.33 in the case of engines having 5
or more ¢ylinders. ¥For 4-, 3-, and 2-cyl-
inder engines, the factors shall be 2, 3,
and 4, respectively. )

§3.196 Side load on engine tmount.
The limit load factor in a lateral direc-
tion for this condition shall be at least
equal to one-third of the limit load factor
for flight condition A (see Fig. 3-1) ex-
cept that it shall not be less than 1.33.
Engine mounts and their supporting
structure shall be designed for this con-
dition which may be assumed independ-
ent of other flight conditions.

CONTROL SURFACE Loavs

§$3.211 General. The control sur-
face loads specified in the following sec-
tions shall be assumed to occur in the
symmetrical and unsymmetrical flight
conditions as deseribed in §§ 3.189-3.191.
See Figures 3-3 to 3-10 for acceptable
values of control surface loadings which,
are considered as conforming to the fol-
lowing detailed rational requirements. -

§3.211-1 Conirol surface loads for
design of “Vee” type tail assemblies (CAA
policies which apply fto §3.211). (a}
“Vee” type tail assemblies require special
design criteria in order to show “the
same level of safety” under § 3.10. Thus,
for “vVee" type tail assemblies, all the
tail road requirements as set forth in
this part are considered acceptable to
this type tail design. - It will be neces~
sary, however, to increase the unit loads
on each side of the tail surface to account
for the tail surface dihedral, since air
loads act normal to the surface only.
Thus the unit loads, based on the pro-

jected area, on each side of the tail sur-

face due to vertical loads on the tfall
assembly should be increased by a factor
equal to 1/¢os ¢, while the unit horizon-
tal loads on the tail assembly should be

-increased by a factor equal to 1/sin 8, |
where ¢ is the dihedral angle, or the
'angle between each side of the fail sur-

face and the horizontal.
() The following supplementary comn-

(1) A +30 fps gust, acting normal to
the chord plane of one side of the tail
surface at Ve, should be combined with a
one “g” balancing tail load: Reduction
for downwash is acceptable. Ttis evident
that this condition will be unsymmet-
rical, since one side of the “Vee” tail will
not be highly loaded by the gust.

(2} Combined rudder and elevator
(i) In order to
obtain the full one way travel of the
ruddervator, it is desirable to have full
elevator travel in conjunction with full
rudder travel. The limiting factor for
this configuration is 24 elevator load for
one pilot, and 24 rudder load for one pilot.
applied simultaneously. |

(i) When it can be shown that the
jateral gzust condition (reference:
'§ 3.220) 1s less eritical than the condition,
in subparagraph (1) of this paragraph,
no analysis for the lateral gust need be
made. :
[Supp. 10, 18 F. R. 3286, Apr. 14, 1851]

§3.212 - Pilot effort. In the control
surface loading conditions deseribed, the.
airloads on the movable surfaces and
the corresponding deflections need not,
exceed those which could be obtained
in fight by eniploying the maximum,
pilot control forces specified in Figure:
3-11. In applying this criterion, proper
consideration shall be given to the effects
of control system boost and servo mecha~
nisms, tabs, and automatic pilot systems
in assisting the pilot.

§3.212-1 Automatic pilot sysiems
(CAA policies which apply to §3.212)..
The Administrator will accept the fol-!
lowing procedure as giving proper Conl-:
sideration of automatic pilot systems in.
assisting the pilot under §3.212: The
autopilot effort need not be added to
humsan pilot effort but the autopilot
\ effort shall be used for design if it alone’
ean produce greater control surface loads
than the human pilot. ’
[Supp. 1, 12 F. R. 3435, May 28, 1847, as
amended by Amdt, 1, 1¢ F. K. 236, Jan. 5,
1949] ’

§3.213 Trim tab effects. The effects
of trim tabs on the control surface
design conditions need be taken into
account only in cases where the surface
loads are limited on the basis of maxi-
mum pilot effort. In such cases the tabs
shall be considered to be deflected in the
direction which would assist the pilok
and the deflection shall correspond to
the maximum expected degree of “out
of trim” at the speed for the condition
‘under consideration.

HORIZONTAL TAIL SURFACES

§ 3.214 Horizontal tail surfuces. The.
horizontal tail surfaces shall be designed
for the conditions set forth in §§ 3.215—
'3.218. :

§ 3.215 Balancing loads. A hori-
zontal tail balancing load is defined as
‘that necessary to maintain the airpiane
4n equilibrium in a specified flight con-"
dition with zerp pitching acceleration.
The horizontal tail surfaces shall be de-

‘signed for the balancing loads ocourring
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‘at any polnt on the limit maneyvering
envelope, Figure 3-1, and in the flap
‘conditions. (See § 3.150.)

" Nore: The distribution of Figire 3-7 mey
- be used.

§3.216 Maneuvering loads.
maneuvering speed Vp assume a sudden,
" deflection of the elevator control fol
the maximum upward deflection as
limited by the control stops or pilot ef-
tort. whichever is critical.

'Note: The AvVerage loading of Figure 3-3
"sand the distribution of Figure -8 may be

(a) Ab
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Jused. In determining the resultant normal
JTorce coefficient for the tail under these con-
“ditlons, it will be permisstble to assume that{
‘the angle of attack of the stabilizer with

respect to the resultant direction of air
flow is equal to that which occurs when the

.alrplane is in steady unaccelerated fiight at a
1 fight speed equal to Ve

The maximum,
elevator deflection can then bhe determined
from the above criterfa and the tall normal
1orce coefficlent can he obtained from the
data. given in NACA Report No, 688 “pera-
dynamic Characterlstics of Horizontal Tall
Surfaces." or other applicable NACA reports.

(b) Same as case (a) except that the -
elevator deflection is downward.

Notz: The average loading of Flgure 3-3
and the distribution .of Figure 3-8 may b~
used.

(c) At all speeds above Vp the hori-
zontal tail shal]l be designed for the.
maneuvering loads resulting from a sud-
den upward deflection of the elevator,
followed by a downward deflection of
the elevator such that the following

Aceceptable values of imit average maneu-

vering contrel suriace
talned from Figure. 3-3

Horizontal Tall Surfaces

(1) - Condition §8.216 (

CObtaln » as function of W/S and surface

deflection;

Use Curve C for deflection 10° or less;
Use Curve B for defectlon 20°;
Use Curve A for deflection 30° or more;

(Interpolate for othe:

"+ Use distribution of Pigure 3-8.

{2} Conditlon § 3.216 (b):
Obtain 1w from Curve B. Use distribution.

of Figure 3-8.

Ioadings can be ob--
(b} as follows:

e)i ure 3-8;

Vertical Tail Surfaces

(3) Conditlon §38.218 (a):
Obtalnw as function of W/§ and surfaca
deflection In same manner as outlined
fn {1) above, use distribution of Fig-

(4) Condftion § 3.219 (b}:

Obtain w from Curve G, use distribution of

Pigure 3=T;

r deflections); of Flgure 3-8.

- (B) Condition §3.219 (c):
Obtain = from Curve A, use distribution

(Note that condition

§3.220 generally will be more crltics.l‘
than this eondition.)

Ailgrons
(6) In lleu of conditions § 8.222 (b): .

Obtain w from Curve B, acting in both up
and down directions.
Use distribution of Pigure 3-10, -

FIG. 3-3(c)—LIMIT AVERAGE MANEUVERING CONTROL SURFACE

LOADINGS

5
= LIMIT AVERAGE MANEUVERING LOADING !
- W Kgog (PSP WHERE
F  n iS5 THE POSITIVE LIMIT MANEUYERING LOAD
4o~ FAGTOR USED IN DESIGN.
sC
- NOTE !
~ W SHALL NOT BE LESS THAN
TE i2 PSF IN ANY GASE.
a3 B
¥ =
2ol
s /
o
sp
)
o 3 10
< (PSF)

s 114l I.IIIIIII] NI TEN T

FIG, 3-3(b)—LIMIT AVERAGE MANEUVERING CONTROL SURFACE

LOADING
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1 _OVERALL LENGTH OF AIRPLANE (FT)
‘ v DESIGN SPEED (MPH)
FiG. 3-4 —- MANEUVERING TAIL LOAD INGREMENT (UP OR DOWN)
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FIG. 3-5{a)— DOWN GUST LOADING ON HORIZONTAL TAIL SURFAGE
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W AVERAGE UP GUST LOADING (PSF)
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NOTES::
to) N BALANGING GONDITIONS 03.2211
P *40% OF NET BALANCING LOAD
) { FLAPS RETRACTED} -
P20 (FLAPS DEFLEGTES)
- {b} IN CONDITION ©3.2221{b}
: P=20% OF NET TAIL LOAD

FIG. 3-7 TAIL
LOAD DISTRIBUTION

TQ THE STABILIZER
Loan.)

Q [ACTING 1N &
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SURFAGE

——d

- - 3

FIG. 3-8 TALL' SURFACE
LOAD DISTRIBUTION

!

FIG. 3-9 TAIL SURFAGE
LOAD DISTRIBUTION

7

FIG. 3-10 AILERON
LOAD DISTRIBUTION

-.combinations of normal acceleration and
“angular acceleration are obtained:

Airplanle angul
i noermal ngular acceleration
Condition accelera- radianfsée.?

) tion % .
Pown Joad.. <eoamo- Lo +4Ti”" (m—1.5)
TUpload. o eoemeeeenn fim —‘Tﬁnm (m—=1.5)
-where:

fip=positive limit maneuvering load
factor used in the design of the.

airplane.
¥ =initial speed in miles per hour.

(@) The wial tail load for the condi-
tions specified in (¢) shall be the sum of:
(1) The balancing tail lead correspond-

. ing with the condition at speed V and the.

'} 8 3.218 (a)).
1§3.216 (a) represents what may cccur

specified value of the normal load factor
n, plus (2) the maneuvering load in-
crement due to the specified value of the
angular acceleration. -

Nore: The maneuvering load increment or"
Figure -4 and the distributions of Figure
3-8 (for down loads) and Figure 3-9 (for.
up loads) may be used. These distributlons
apply to the total tail load. :

§3.216°1 Time Ristories of “puuup'
maneuvers (CAA policies which epply to-
§ 3.216). ;

§ 3.216-2 Unchecked pull-up maneu~|
‘per (CAA opolicies which apply fo¥
{a) The condition given in!

in an *unchecked” pull-up maneuver.
The basic assumption is that while the.
airplane is fiying in steady level flight
at the speed V3, the pilot suddenly pulls

f §8.216-1),

the elevator control back and holds it
in the full kack position. :

(1) An example of the time history of.
a typical case of an unchecked pull~-up’
maneuver is shown in Figure 1 (&) {(see.
It will be noted from this
figure that approximately full elevator-
deflection was applied in roughly 0.1 sec- !
ond and that the elevator was held im:
the full up position until after the peak’
c. g. acceleration was obtained, It will-
also be noted that the maximum down
tail load was attained before the airplane
had a chance to piteh appreciably sinee,
the e. g, acceleration corresponding to
maximum down tail load was approxi-
mately 1.5.
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(2) This condition is intended to rep-
resent the condition obtained at the in~
stant of maximum down tail load in an
unchecked pull-up as shown on the Fig-
ure 1 (a) (see § 3.216-1) ai the time of
approximately 0.15 seconds. ' )

(k) For purposes of simplifying anal-
ysis procedure the download applied to!
the horizontal tail surface may be car-
ried forward to the wing attachment
points, assuming that the fuselage load
faetor is equal to zero. The moment at
the wing due to the above described
loads need not be bhalanced out as @
couple at the wing attachment points.
However, the linear and angular inertia,
forces may be taken irito account if de-!
sired. ’ .
[Supp. 10, 16 F.-R. 3287, Apr. 14, 1951]

'§3.216-3 Unchecked push-down mea-
neivering load (CAA policies which ap-
ply to §3.216 (b)). The condition
given in §3.216 (b) represents an “un-
checked” push-down and is identical to
§3.216 (a) in principle, except that
sudden application of full forward stick

the up load applied to the horizontal
tail surfaces may be carried through the
attachment of the horizontal tail sur-
faces to the fuselage, and local fuselage
members.. No other structure need be
_investigated for this condition.

[Supp. 10, 16 F. R. 3287, Apr. 14, 1951]

. §3.2164 Checked meneuvering load
condition (CAA policies which apply 1o
§3.215 (e)). (a) The condition given
in §3.216 (¢} involves a down load and
up load corresponding to what may occur
in 8 “checked maneuver.”

(b} A “checked maneuver” is defined
as-one in which the pitehing control is
suddenly displaced in one direction and
then suddenly moved in the opposite
direction, the deflections and timing he-.
ing such as to avoid exceeding the limit;
maneuvering load factor,

(e) A typical case of a fully checked
pull-up maneuver is shown for the DC-3
airplane in Figure 1 (¢) (see § 3.216-1).
This figure will be briefly reviewed as it
contains all of the information essential
to explaining the down load and up load
‘eases required by § 3.216 (¢).

(1) It will be noted that 8 degrees cf
up elevator was obtained in approxi-
mately 0.2 second. - This 0.2 second time
is the time at which the critical down
load case oceurs. It will be noted that
& maximum down tail load of approxi-
mately 2,500 pounds is obtained at this
point: further, that the airplane load
‘factor is only slightly over 1 gz.
requirements specify a load factor of 1.0
‘for simplicity.) As time increases, it
will be noted that the load factor begins
to build up but that, when the load

factor had been built up to approxi-§

-mately 2.7 g, the pilot started to push

forward rapidly on the elevator control. |:
This pushing forward is called “check-

ing” and at speeds above the maneuver-
Ing speed such “checking” is reguired in
order to prevent the airplane from ex-:
ceeding the limit maneuvering factor,

(The§

It will be noted that at the end of ohe’
second, the elevator has been completely

that the maximum up tail load was ob-
tained at this point concurrent with the
‘maximum load factor of 3.2 g. The con-

represents the eritical up tail load con-
dition of § 3.216 (¢).
[Supp. 10, 16 F, R. 8287, Apr. 14, 1951]

.§ 3.216-5 Principles applicable to de-
 tailed analysis of conditions given in
§3.216 (CAA policies which apply lo
"§ 3.216). (a) The basic principles un-

‘{ions covered in § 3,216 (a), (b) and (¢}
are deseribed below: )

acceleration of 1.0 is specified, concur-

‘on the airplane should therefore satisfy
the following conditions:

(1) The algebraic sum of the upload

(For analysis purposes, 2 reasonable
approximation to this condition is satis-
factory.) .

.. (ii). The summation of wing, fuselage
.and tail moments about the center of
gravity of the airplane should be egqual
‘to the pitching moment. of inertia of the
alrplane multiplied by the specified
angular acceleration. )

(2} The analysis of the upload condi-
tion may be carried out in the same
manner, except that “nm” times the
weight of the airplane is used in sub-
paragraph (1) () of this paragraph.

(b) In all of the conditions covered
in § 3.218 (c), the thrust may be assumed
zero for simplicity. There atre many
computation procedures b¥ which these
.conditions can be satisfled. An example
.of a typical method is that given 11[1

Navy Specification S8-1A. In Figure
3-4- of this part, the maneuvering tail
load increment has been based on aver-
sge values of the ratio of airplane pitch-
ing inertia to overall length.

guirement are likely to be critical only
at speeds Vp and Ve
shown that at ¥V the specified down load
' condition is adequately taken care of by

.$3.216 (b). For these reasons, the con-
ditions of §3.216 ¢¢) need not be in-
vestigated at the speed Vo

[Supp. 10, 16 F. R. 3287, Apr, 14, 1951]

§ 3.216-6 Maneuvering conirol sur-
‘face loading figure 3-3 (b) in this part
(CAA policies whick apply to § 3.216),
(a) The curves on Figure 3-3 (b) in
' § 3.216 were derived as follows:

(1) The three curves A, B and C of
Figure 3-3 (b giving control surfaces
lpading vs. W/S ecorrespond to normal
:force coeflicients of 0.8¢, 0.70, and 0.55
‘respectively. These curves represent psf
‘loading obtained with the above normal,

-foree coeflicients acting at a design speed

“checked” back to zero deflection and |

dition occurring at this time (1.0 second) §

‘derlying detailed analysis for the condi~{:

. (1) For the down load case, a normalf

rent with a specified positive value of |
angular aceeleration. The forces acting

on the wing and down load on the tail’
L K|} should equal the weight of the airplane.
is assumed. To simplify the analysis

. {e) Conditions specified by this re-

Investigation has|

. §3.216 (a) and that the specified upload
condition is adequately taken care of by

‘of V» based on thé assumption of Ci,,
equals 1.5. )

(2) The basic computations for these
curves were as follows: :

TV =Veva
qy = 0.00266 V,'=0.00256 n ¥, ~
: WS o
P
Ve = 0.00256G , _

4 — ™ TS (W/85)
e cr‘mnx -1 .

iD= uﬂqﬂ:.fﬁ n(W/S)
1.6

. a4 wo2E Cn (W/8)
: 15

(3) These curves are all straight line
curves and can be extended as straight,
lines to give the correct pounds per:
square foot loadings on the surface on
the same basis as given above,
[Supp. 10, 16 F. R. 32687, Apr. 14, 1951]

§3.217 Gust loads. The horizontal
tail surfaces shall be designed for loads,
occurring in the following conditions:

(a) Positive and negative gusts of 30:
feet per second nominal intensity at
speed Ve, corresponding to flight condi-
tion § 3.187 (a) with flaps retracted.

NoTe: The average loadings of Figures
3-6 (a) and 3-6 (b) and the distribution-
of Figure 3~-9 may be used for the total
tail loading in this conditlon. -

(b} Positive and negative gusts of 15
feet per second nominal intensity at
speed V;, corresponding to fight condi-
tion § 3.190 (b) with flaps extended. In
determining the total load on the hori-
zontal tail for these conditions, the ini-
tial balancing tail loads shall first be de-
termined for steady unaccelerated flight
at the pertinent design speeds Ve and Vy,
The incremental tail Ioad resulting from
the gust shall then be added to the initial
balancing tail load to obtain the total
tail load.

Note: The incrementzl tall losd due to
the gust may be computed by the followlng:
formuzia: )

36a,
AT=01 EUVSa, (1_'"ij
where:
Af=the Umit{ gust load lncrement on
the tall in pounds;
K =gust coefficlent K in § 3.188, .
U=nominal gust intensity in feet per
second, :
V=airplane speed in miles per hour,
Sy—tall surface ares in sguare feet,
a;=slope of lift curve of tall surface,
C;, per degree, corrected for aspect
- ratlo, .
t,=slope of lift curve of wing, Cj per:
degree,
Ry,=aspect ratio of the wing.

§ 3.217-1 Gust loads; horizontal teil
surfaces (CAA policies which apply 1o
-§ 3.217). The specified up gust and
down gust load may be carried through
the fuselage structure to the wing at-
tachment points, assuming that the
fuselage load factor is equal to that

given by nnsitive and negative gusts of
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30 fps at V. respectively,  The angulaz
inertia forces in general produce reliev-
ing loads and may he taken into account!
Jf desired.. The attachments of concen—\
‘trated mass items in the rear portion:
I the fuselage may be critically loaded.
by pitching acceleration forees.
[Supp. 10, 16 F. R. 3287, Apr. 14, 1951}

§ 3.218 Unsymmetrical loads. . The
maximum horizontai tail surface loading
(Joad per unit area), as determined by

the preceding- sectlons shall be applied {

to the horizontal surfaces on one side of
the plane of symmetry and the follow-
ing percentage of that loading shall be
applied on the opposite side:
o, =100-10 (n-1) where:
n 15 the specified positive maneuver-
ing lead factor.

In any case the above value.shall not bef

greater than 80 percent.
. . VERTICAL TAIL SURFACES
§3.219  Maneuvering loads
‘speeds up to Vp.

(a) With the airplane in unaccelerated
,flight at zero yaw, a sudden displacement
- of the rudder control to the maximum

At all

deflection as limited by the control stops .

Yor pilot effort, whichever is cntma.l shall
be assumed.
Nore: The average loading of Figure 3-3

and the distribution of Flgure 3-8 may be
used.

(b) The airplane shall be assumed to
. be yawed to a sideslip angle ot 15 degrees
-while the rudder control is maintained
at full deflection (except as limited by
pilot effort). in the direction tending to
increase the the sideslip.

‘NoTE: The average loading of Figure 3-3'

and the distribution of Flgure 3-7 may be
used.

{¢) The airplane shall be assumed to be |
yawed to a sideslip angle. of 15 degreesil

while the rudder control is maintained in|
‘the neutral position (exeept as limited;
by pilot effort). The assumed sideslip
angles may be reduced if it is shown tha

the value chosen for a particular speed
cannot be exceeded in the cases of steady
slips, uncoordinated rolls from a steep
bank, and sudden failure of the eritical
engme with delayed corrective - action.

| Nore: The average loading of Figure 3-3

,‘'and the distribution of Figure 3-9 may be
used

§3.219-1 Vertical surface maneuver-
ing loads (CAA policies which apply to
§3.219). The specified maneuvering
leads may be applied to.the vertical sur-
faces and carried through the fuselage
[st;ructure to the wing attechment points,
Jassummg the lateral inertia load factor
jalong the fuselage structure as zero.
‘The wing drag bracing through the
fuselage should be analyzed for this con-
dition since the wings will furnish &
la.rge part of the resisting angular in-
lertia. Angular inertia forces on -the
'fuselage may be included if desired.
[Supp. 10, 16 F. R. 3287, Apr. 14, 1961]

§3.220 Gustionds. (a) Theairplane
shall be assumed to encounter a gust of
30 feet per second nominal intensity

cal surface area.

| tical surfaces by end plate effects,
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notmal to the plane of symmetry while

in unaccelerated fight at speed Ve.
(b) The gust loading shall be com-}
puted by the following formula:
— KUVm
=B
where:

pounds per square foot,
. 4.
= e, 35t
K= 1.83- W /5,077 except that X shall

not be less tha.n 1.0, A value of K
‘obtalned by rational determination
. may ke used,
U= nominal gust tntenstty in feet per
‘second,
V= airplane speed fn miles per hour,
m= slope of lift curve of vertical surface,
Cp per radlan, corrected or aspect
- ratio,
W= design welght in pounds,
S, = vertical surface area in square feet.
(¢) This loading applies-only to that
portion of the vertical surfaces having a
well-defined leading edge.
" Nowe: The average loading of Figure 3-8
and the distribution of Figure 3-9 may be
used.

§ 3.220-1 Gust loads; vertical tail sur-
faces (CAA policies which apply to
§ 3.220).
§ 3.220 was.derived from, the K factor for
vertical gusts (§ 3.188) on the assump-
tion that the effective area of the air-
plane for lateral gusts is twice the verti-
Substituting 28, in
place of S in the formula of § 3,188, we

obta.m
K=1.aa——'—-
eA
CX
S aBo
=133—7%
AN

(b) "The specified gust loads may be
applied to the vertical surfaces and car-
ried through the fuselage structure to

the wing attachment points as described.
' in § 3.219-1.

[Supp. 10, 16 F. ‘R. 8287, Apx‘ 14, 1951]

§$8.221 Outboard fins.
board fins are carried on the horizontal

tall surface, the tail surfaces shall be
designed- for the maximum horizontal |
surface load in combination with the }.

corresponding loads induced on the ver-
Such
induced effects need not he combined
with other vertical surface loads. When
outhoard fins extend above and below
the horizontal surface, the critical verti-
cal surface loading ¢load per upit area¥
as -determined by §$3.219 and 3.220
shall he applied:

(&) "To the portion of the vertical sur-
faces above the horizontal surface, and
80 percent of that loading applied to the
portion below the horizontal surface,

(b) To the portion of the vertical sur-
faces helow the horizontal surface, and
80 percent of that loading applied to the
portion above the horizontal surface.

ATLERONS, WING. FLAPS, TABS, ETC.

§3.292 Adileroms. (a) In the sym-
metrical flight conditions (see §§ 3.183-

-(a) The K factor specified in}

When' out-

3.189), the ailerons shall be designed for
.all Ioads to which they are subjected
‘while in the neutral position,

(b} In unsymmetrical flight condi-
tions (see § 3.191 (a)}, the ailerons shall
be designed for the loads resulting from

‘the following deflections except as lim-

w= average limit  wunit -pressure 1n ited by pilot effort:

(1) At speed Vyp it shall be assumed

¥ that there occurs a sudden maximum

displacemernt of the aileron control
_(Suitable allowance may be made for
‘control system deflections.).

(2) When V. is greater than Vs, the
nileron deflection at Ve shall be that re-
quired to produce a rate of roll not less
than that obtained in condition (1).

(3) At speed Vg the aileron deflection
shall be that required to produce a rate’
of roll not less than one-third of that
which would be obtained at the speed
and aileron deflection SDEClﬁed in condi-
tion (1).

Nore: For conventiona! a.ilerons, the de-
flections for conditions (2) and {3} may he

- computed from:

Vo _ 05V,
a:—?;sl. and ,ss_.‘ A7 8 4
where: ’ ’

'§,=total aileron deflectlon (sum of both
atleron deﬂecttons) in condition
(1y.

S:=total atleron deflection in condl-
tion (2).

sa=total defiection in condition (3) In
the equation for 5 the 0.5 factor
1s used tnstead of 0.383 to allow for
.wing forslomal flexibility. -

{e) The critical loading on the ailerons'

should occur in condition (2) if Ve is
less than 2V, and the wing meets the
torsional stiffness criteria. The normal
force coefficient Cw for the ailerons may
be taken as 0.045, where 8 is the deflec-
tion of the individual aileron in degrees.

[ “The critical condition for wing torsional

loads will depend upori the basic airfoil
-moment coefficient .as well as the speed,
'and may: bE determined as follows:

= (Cni= O153) Ve
. (Cop— 0152, Vo*
Lwhere
T3/ Te is the ratio of wing torsion in
condition (b) (3) tothat in conditlon
(b} (2).
2, and §s, are the down deilections of
the individuel aijleron in conditions
(k) (2) and (3) respectively.

- (d) When Tz/T2 is greater than 1.0
condition (b) (3} is critical, when Tz/Ta

is less than 1.0 condition (b} (2} is erit-’

ical.

(e} In lieu of the above ra.t.mnal con-
ditions the average loading of Figure 3-3
and the distribution of Flgure 3-10 may
be used. .

" §3.223° Wing flaps. Wing flaps, their

operating mechanism, and supporting’

structure ghall be designed for crifical
loads oceurring in the flap-extended

flight conditions (see § 3.180) with the.

flaps extended to any position from fully
retracted to fully extended; except that
when an’ automatic flap load limiting
device is employed these parts may be
designed for critical combinations of air
speed and flap position permitted by the
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‘device, (Also See §§3.338 ‘and 3.339.)
‘The effects of propeller slipstrearnh corre-

sponding fo take-off power shall bef

itaken into aceount at an airplane fpeed
‘of not less than 1.4V. where Vs is the
conmiputed stalling speed with flaps fully
retracted at the desizn weight. For in-
vestigation of the slipstream condition,
the airplane load factor may be assumed
to be 1.0,

'$8.223-1 Wing flap load distribution
(CAA policies which apply 10 § 3.223). A
trapezoidal chord load distribution with
the leading edge twice the frailing edge
loading is acceptable.

however, it is recommended that the sup-
‘porting strueture zlso be desighed to

. "withstand a down load equal to 25 per=

eent of the up load.)
‘[Supp. 10, 16 F. R. 3288, Apr. 14, 1961] _

$3.224 Tabs. Control surface tabs
'shall be designed for the most severe
combination of air speed and tab deflec-
tion likely to be obtained within the
limit V-n diagram (Fig. 3-1) for any
usable loading condition of the airplane.

§3.224-1 Trim tab design (CAA poli-
c'zes Awhich, apply- to’ §3224) (a) To
provxﬂe ruggedness ‘and for ‘emergency
use of tabs; it is recommended that trim
tabs, their attachments and actuating
meéchanism be desighed for loads corre-

“sponding to full tab deflection at speed
Ve with main surface neutral; except{

that the tab deflection need not exceed
that which would produce a hinge mo-
ment on the main surface corresponding
to maximium pilot effort. ’

(b) A trapezoidal chord load distri-
bution with the loading of the leading

edge twice that of the trailing edge isjy

acceptable.

‘[Supp. 10, 16 F. R, 3288, Apr. 14, 1851]

§3.225 Special devices. The loading
for special devices employing aerody-

. namic surfaces, such as slots and spoil-

ers, shall be based on test data.
CoNTROL SYSTEM LOADS

§3.231 Primary flight controls and)

systems. (a) Flight confrol systems
and supporting structures shall be de-.
siened for loads corresponding to 125
percent of the computed hinge moments
of the movable control surface in the

‘conditions prescribed in §§ 3.211 f¢ 3.225,

subject to the foIiowmg maxima. and
minima.;

(1) The system Iimit loads need not

.exceed those which can be produced by

the pilot and automatic devices operat-
ing the controls.

(2) The loads shall in any case bﬂ
sufficient to provide a rugeged system for
service use, including consideration of;
jameming, ground gusts, taxying tail tcu
wind, control inertia, and frietion.

(b) Acceptable maximum and mini-;
mum pilot loads -for elevator, aileron,
and rudder controls are shown in Figures

'3-11. These pilot loads shall be assumed

to act at the appropriate control grips ot
pads in a manner simulating fitght con-|
ditions ‘and to he reacted af. the alfach-]

(Note that thesei,
‘loadings apply in the up direction only;

ments of the control system to the con-:
‘trol surface horn.

§3.231-1 Hinge moments (CA4 pol~
icies which apply o § 3.231 (a)). The
125 percent factor on computed hinge.
moments provided in § 3.231 (a) need be:
applied only to elevator, aileron and rud-|
Fder systems. A factor as low as 1.0 may
be used when hinge moments are based

tion will depend to an extent upon the;

Small scale wind tunnel data are gen-f
erally not reliable encugh to warra.nm

elimination of the factor. If a.ccurate
flight test data are used, the factor may
be reduced to 1.0.

[Supp. 10, 16 F. R. 3288, Apr. 14, 1651]

§3.231-2 Swysiem limit loads (CAA

(a) When the autopilet is acting in con-
junetion with the human pilot, the auto-
pilot effort need not be added to human
pilot effort, but the autopilot. effort
should be used for design if it alone can
produce greater contrel system loa.ds
than the human pilot. .

position to the autopilot, that portion of |

{Supp. 18, 16 F. R. 3288, Apr. 14, 1851}

tems on two-control airplanes (CAA pol-
icies which apply fo § 3.231). (a) With
respect to interconnected control sys-
tems such as in two control airplanes, the
following is recommended in showing the
“same level of safety” specified in § 3.10.

(1) If, in the case of two or more
interconnected control systetns, the con-
trol wheel or stick forces due to combined'
‘gontrol system loads resulting from air
loads on the contrel surfaces are less

3-11 of this part, each control system
from the interconnection to the control’
surface should be designed for minimum
pilot effort on the control wheel or stick

corporated into the system.

. (2) If the control wheel or stick forees
due to combined control system loads
‘resulting from air loads on the control
surfaces are in excess of the maximum

part, it is considered permissible to di-
'vide the maximum pilot effort loads in
'the control systems from the peint of
‘Interconnection to the control surfaces:

;in proportion to the control surface air

Joads. Howeéver, the load in each such
‘control system should be increased 25
;percent to allow for any error in the
determination of  the control surface

: loads but in no case need the resulting

soads in any one system exceed the total
pilot effort, if the pilot effort were ap-
blied to that system alone, In any case,
the minimum load in any one system
ishould be no less than that specified in
subparagraph (1) of this paragraph.

(X

;[Supp. 10, 16 F. R: 5288, Apr. 14, 1961]

accuracy and reliability of the data.

policies which apply to § 3.231 (@) ().}

"(b) When {he human pilot acts in op- ‘

the system between them should be de-]
signed for the maximum effort of human
pilot or autopilet, whichever is the lesser. {

§ 3.231-3 Interconnected control'sys-_

‘than the minimum prescribed in Figure |

in order that sufficient ruggedness be in- |

forces prescribed in. Figure 3-11 of thig

L amended by Amdt 1, 14 F

§3.232 Duai controls, When dual

! controls are provided, the systers shall

be desigried for the pilots operating in
opposition, -using individual pilot loads
equal to 75 percent of those obtained in
accordance with § 3.231, except that the
individual pilot loads shall not be less
‘than the minimum  loads specified in

Figure 3-11.
{on test data; however, the exact reduc- [}

§3.233 Ground gust condiltions. (a)

.The following ground gust conditions
shall be investigated in cases where a-
-deviation from the specific values for-

‘minimum control forces listed in Figure
3-11 is applicable, The following con-
L ditions are intended to simulate the load-
ings on control surfaces due to ground-

'gusts and when taxying with the wind.

(b) The limit hinge moment H shall .
be obtained from the following formula: -

H=K.Sq
where: '
- H=limit hinge moment (foot-
© pounds).

¢= mean chord of the control sur-
face aft of the hinge line
(feet).

S=area of control surface aft of the
hinge line (square feet).
g=dynamic pressure . (pounds .per
" . square foot) to be based on a
design speed- not less than
10VW/S+10 miles per hour,
except that the design speed
need not exceed 60 miles per

hour.
K={factor as speclﬂed below

- Surface ) DK
(&) Alleron e mwsmne—m—— 40,958

Control column locked or lashed
in mid-position.

Surfase K
[N ¥ 1310 o L —— =+0. 50
- Allerons at full throw; + moment
on one ailercn, — moment on
the other.
{cy {d) Elevator i~ +0.76

Elevater (¢) full up (—), and (d)
" full down {+).
{e) (f) Rudder o _____ =+=0.78
Rudder-(e) in neutral, and (f) at
full throw.

(¢} As used in paragraph (b) in con-
nection withh ailerons and elevators, a

Cpositive value of K indicates 2 moment

.tending to depress the surface while a
negative value of K indicates a moment
tending to raise the surface.

§3.233-1 Ground gust loads (CAA
policies whick apply to § 3.233). * Section
.3.233 requires ground gust loads to be in- -
vestigated when a reduction in minimum
pilot effort loads is desiréd. In such
cases the entire system shall he investi-.
‘gated for ground gust loads. However,
in instances where the designer desires
to investigate ground gust loads without.
‘intending to reduce pilot effort loads, the
ground gust load need be carried only
from- the control surface horn to the
nearest-stops or gust locks, including the'
stops or locks and their supporting strue-
tures,.

ISupp. 1, 12 F. R. 3436, May 28. 1947, as
. 38, Jan. 5,
1949
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§8.234¢ Secondary controls and 3ys-
-tems. Secondary cortrols, such as wheel
brakes, spoilers, and tab controls, shall
-be designed for the loads based on the
maximum which a pilot is likely to apply
‘to the control in question,
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to four wheel type alighting gear showld
result in a satisfactory design. It is sug<
ge'sted however, that sufficient landing
and taxiing tests be conducted to deter-
-mine the suitability of the landing gear
design and configuration. Since higher'
Apeed turns should be possible with &

except that the descent velocity need not:
exceed 10 feet per second ahd shall not

| be less than 7 feet per second., Wing

lift not  exceeding two-thirds of the
weight of the airplane may be assumed

to exist throughout the landing impact

and may be a.ssumed to act through the.

Liyrr PiLot LoADS

Control

lgss then 5,000 Ibs.!

Maximum loads for deslgn weight W equal to or

Minimum loads 2§

- 87 ounds.

in-pounds 1.

unds, .
n-poundsé
100 pounds. ’

100 pounds.
130 pounds,

1 For degign welght W

with weight to 1.5 times tﬁr
# If the design of any Indivi

gaclﬁecl valuss at a design weight of 25,000

eater than 5,000 pounds the above specified maxizémm values shall be Incremed linearly

unds
al sat of control systems or surfaces 1s such as te make these specified minimum loads

Inapplicable, values corresponding to the pertinent hinge moments obtained ageording to § 3.233 may be used instead, -

exce t thiat in any case valuesless than 0.6 of the Specified minimum loads shall not be employed.

e critical portions of the aileron control system shall also be de:

. value equal to 1.25 times the couple force determined from the above eriteria.

# D=wheel diamets |:'

signed for a single tangential force bhaving a Umit’

FIG -3-11—PILOT CONTROL FORCE LIMITS

(GROTND LOADS

43241 Ground loads. "The Iloads
specified in the following conditions shall
he considered as the external loads and
inertia forces which would oceur in an
airplane structure if it were acting as a

rigid body. In each of the ground load}

conditions specified the external reac-.
tions shall be placed in equilibrium with
the linear and angular inertia forees in
a rational or conservative manner,

§ 3.241-1 Four-wheel type .alighting
gears (CAA policies which apply 1o
§ 3.241). At present, little operational
data or other information are available-
on which to base requirements for air-
planes equipped with four wheel type
alighting gears. The following-is sug-
gested for applying the reguirements off
this part to aircraft equipped with four;
wheel type alighting gears.

{a} The provisions of §§ 3.241 through'
3.256, except for the following, should be;
considered applicable: §§ 3.245 (a), 3 246!

" ¢a), and 3.250 through 3.252.

(b) The conditions as specified m=
§§3.245 (b) (2), 3246 (b), 3.247 and
/3.249 should be considered apphcable to
four wheel type gear without modifica-
tion, the rear wheels being conszdered the.
main gear.

{¢) The landing conditions specxﬂed in
§ 3.245 (b) (1) should be modified by di-
viding the total required load on the for-
ward gear between the two wheels, 60.
percent to one wheel and 40 percent to
‘the other,

{d) The requirements of § 3.253 should
be modified by applying the required
loads simultaneously to the two front
wheels, 120 percent to cne wheel and 80
percent to the other. (Note that this.
gives an 80-40 percent distribution of the
"total load on the front gear.}

(e) It is believed that the method oié]

‘applying the requirements of this par
for single nose wheel type alighting gear

four wheel aircraft than w1th one having
& conventional tricycle gear, it is believed
that provision should be made to include
high speed turns in the taxiing fest pro-
grams of all four wheel aireraft.

a.hghting gear is also designed for road-
Lability, i. e, for use as an automobile,
‘which is usually the case, the design of
the alighting gear in accordance with ap-
plicable motor vehicle design require-
ments is acceptable, provided it can he
shown that these requirements fully
cover the.afrworthiness requirements of
the regulations in this subchapter.

‘[Supp. 10, 16 F. R. 3288, Apr. 14, 1961}

§3.242 Design weight. The design
weight uSed in the landing conditions
shall not be, less than the maximum
weight for which certification is desired:
Provided, however, That for multiengine
airplanes meeting the one-engine-inop-
fierative climb requirement of § 3.85 (b),
‘the airplane may be designed for a de-
sign landing weight whigh is less than
the maximum design weight, if comph-I
ance is shown with the following sections;
of Part 4b of this subchapter in lieu of!
the corresponding requirements of this'
part: the ground load regquirements 01’|
§ 4b.230, the landing gear requ1rementsl
of §§ 4b.331 through 4h.336, and the fuel
jettisoning system requirements of:
§ 4b.437. ‘
[Amd$. 03-0, 11 F. R, 11374, Nov. 9, 1948, a.s|
amended by Amdt. 3-9, 17 F. R. 11631, Dec
20, 1852]

8 3.243 Load jfuctor for landing con-‘
ditions. In the following landing con-
ditions the limit vértieal inertia load fac-
tor at the center of gravity of the air-
piane shall be chosen by the designer
Rut shall not be less than the value which
would be obtained when landing the air-
plane with a descent velocity, in feet per
second, equal to the following value:

V=44 (W/S)t

(1) If an sircraft with four wheel type.

mrplane centér of gravlty When such
wing lift is assumed, the ground reaction
load factor may be taken equal to the
inertis load factor minus the ratio of the
.assumed wing 1ift to the airplane weight.
(See § 3.354 for requirements conecern-
ing the enerzy absorption tests which
determine the limit load factor corré-
sponding to the reguired limit descent
velocities.). In no case, however, shall
ithe inertia load factor used for design
ipurposes be less than 2.67, nor shall the
limit ground reaction load factor be less
than 2.0, unless it is demonstrated that
lower values of limit load factor will not
be exceeded in taxying the airplane over
terrain having the maximum degree of
roughness to be expected under intended
‘service use at all speeds up to take-off
speed.

LANDING CASES AND ATTITUDES

_ §3.244 Landing cases and aiiitudes.
For conventional arrangements of main
' and nose, or main and tail wheels, the
airplane shall be assumed to contact the
.ground at the specified limit vertical ve-
Jdocity in the attitudes described in
§§ 3.245-3.247.  (See Figs. 3-12 (a) and
3-12 (b) for acceptable landing condi-
tions which are considered to confofm.
with §§ 3.245-3.247.)

§3.244-1 Landing cases and atti-
tudes (CAd policies which apply to
§ 3.244). - The supporting siructure as
well as the landing gear itself should be
capable of withstanding the loads occur-
ring at the critical extension of the shock
struts in-accordance with Note (2) of
Figure 3-12 (a) in § 3.245-1. ’
‘[Bupp. 10, 16 F. R. 8286, Apr. 14, 1951]

§ 3.2456 Level landing—<a) Tazl wheel
‘type. Normal level flight attitude.

(b) Nose wheel type. Two cases shall
.be considered:
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(2) Main wheels contacting tné
ground, nose wheel just clear of the.
ground. (The angular attitude may be
assumed the same as in subparagraph
(1) of this paragraph for purposes of’
analysis.)

(¢) Dreg components. In this condi-
tion, drag components simulating the
forces required to accelerate the tires
and wheels up to the ianding speed shall’]
be properly combined with the corre-
sponding instantaneous vertical ground

‘reactions. The wheel spin-up drag loads

may be based on vertical ground reac-

.tions, assuming wing lift and a tire-
-sliding coefficient of friction of 0.8, but

in any case'the drag loads shall not be
less than 25 percent of the maximum
irlertica.l-gmund reactions neglecting wing
lift. )

§ 3.245-1 Wheel spin-up loads (CAA

T policies which apply fo §3245). (a)

Section 3.245 requires that spin-up loads,
be taken into account in struetural de-

arbitrary drag loads for this purpose.

(b) If it is desired to use a method
more rational than the arbitrary dragi
components referred to in §3.244 in
determining the wheel spin-up loads for
landing conditions, the Adminjstrator.

signs, Section 3.244 permits the use of
JFrngr=maximum rearward horizontzl

- will accept the following method from
‘NACA T. N. 863 for this purnose (how-
ever, the minimum drag component of
0.25 times the vertical component will
&till apply) : .

"1\ [Fla(Va—Ve) #Fymar

FAmaz™=Te tz

where

force acting on the wheel-
pounds.

re=effective rolling radius of wheel
under impact-feet bhased on
recommended operating tire

J Tail wheel type Nose wheel type
Condition : Level landing
Level | Tail-down %’?ff!i;%?n“ﬁ with nose wheel| Tail-down
landing lending renctions jusgtrg}]egs of landing
Reference section . .. o ooseeiioameoons 1 §3.245 (a) | §3.230 () | §3.245 (b) (1), | § 3. 245 (b) () | §3.246(b){e)
ertiea' component A% €. fuwecemcaamaenas aW (274 nWw nW W
For and aft componet 8L ¢ B oomo oo FaW 0 KEnW HnW [
Yatersl component in either direction ate. 2. [u} 4] ) (] 4] ]
Shock absorber extension (hydraulic shock
T 2 Ly D Note (2) | Note (2) Nots (2) Note {2) Wote (2)
8hock sbsorber deflection (ttibber or spring
ock absorber) 100% 100% 100, 100% 100%
Tire deflection, Statie Statle . .;}Btlu( Btatic Static
Main wheel loads (hoth wheels) ... . _,%3’ 2 WDf cui i “‘Z?Vdi E{’;V ”“5
: s RWB G 0
Tail {nose} wheel loads. { Iy : g ”Wa"% K"‘d;} o g ;
NOLOS - - oo e am e eimmmm i mm e {1} 80E (B) femcmecamae NG E (1) and (3) 3}

Nots {1).—K ma¥ be determined as follows: K=0.25 for W=3,000 pounds or less; K'=0.33 for 1W=8,000 pounds or

grester, with linear vorintion of K
of design, the zximum Joad factor shall be assumed to occur jhrnughout the shock
tion to 100 percent deflection ymless demonsirated otherwiss, an

< NOTE {2).~For the purpose

ahsorber stroke from 25 percent deflec

‘shall be nsed with whatever sh

TAIL
SEE NOTE 3

TaNK

TAIL DOWN LANDING

WHEEL TYPE

QRGUND LIKE
(BEE NOTE I

between these weights.

the load factor

ock ansorber extension is most eritieal for each element of the landing gear.
Nore (3. —TUnbalanesd mements shall be balanced by a raticnal or conservative method.

FIG. 3-12(c)—BASIC LANDING CONDITIONS

NOSE WH

INCLINED

EEL TYPE

LEVEL LANDING WITH

REACTIONS

JUST GLEAR

FIG. 3
BASIC LANDI

-i2{b)
NG CONDITIONS

SEE NOTE 3

TAN'®

LEVEL LANDING WITH NOSE WHEEL

OF GROUND

@
NOTE; SEE % 3.246 (b}
TAIL DOWN LANDING
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pressure <{(may be assumed
equal to the rolling radius un-
der a static load of n;We).

Is=rotational mass moment of iner-.}
tia of rolling assembly slug:
feet required. - j

Va=linear velocity of airplane par-]
allel to ground at instant of |
contact, assumed 1.2V, in i
feet per second.

V.=peripheral speed of tire if pre-'
rotation is used (feet per sec-
ond)—a positive means of |
pre-rofation should be pro-l
vided before pre-rotation can |
be considered. i

n=¢ffective coefficient of friction; :

. 0.80 is acceptable.
Fymaz=maximum vertical f6réé on wheel
(pounds) =n,W., where W. and
n; are defined in §§ 3.353 and
3.354.
t:=time interval between ground
contact and attainment of

maximum vertical force on}

wheel (seconds). If the value
of Famax from the above equa-
tion exceeds 0.8Fvymax, the lat-
ter value should be used for
Famax.

: NoTm: This equation assumes a linear vari-
atlon of load factor with time until the peak
load is reached and under this assumption
determines the drag force at the time that
the wheel peripheral velocity at radius 7,
,equals the alrplane veloeity.. Most shock
.absorbers do not exactly follow a linear vari-
atfon of load factor with time, Hence, ra-
tional or conservative allowances should be

made to compensate for these variations. |

On most landing gears the time for wheel
spin-up will be less than the time required
to develop maximum vertical load factor for
-the gpecified rate of desceni and forward
velocity., However, for exceptlonally large
wheeis, & wheel peripheral velocity equal &b
the ground speed may not have been at-
tained at time of maximum vertical gear
toad. This case {s covered by the statement
.above that the drag spin-up lozd need not,
.exceed 0.8 of the maximum vertical load.

(¢) Dynamiec spring-back of the land-
ing gear and adjacent structure at the
instant just afier the wheels come up to
speed may result in dynamie forward
acting loads of considerable magnitude.
This effect may be simulated in the level
landing condition hy assuming that the
wheel spin-up loads are reversed. Dy-
namic spring-back is likely to be critical .

‘only for landing gear uniis having:
‘wheels of large mass supported by rela.-
tively flexible cantilever struts.

(d) The arbitrary drag loads referredi
to in § 3.244 (Fig, 3-12) are usually sufi-!
client to provide for wheel spin-up ex-|
cept for airplanes having large diametey!
wheels or high stalling speeds. For the
latter, it is recommended that a more
‘rational investigation, such as that de-
Seribed above, be made.

J{Supp. 1, 12 F. R. 3436, May 28, 1947, as
amended by Amdt. 1, 14 F. R, 36, Jan. 5, 1949]

§3.245-2 Level landing inclined reae- |,
tion resultant (CAA policies which apply
o §3.245). In Figure 3-12 (b} in
§ 3.245-1 the level landing inclined reac-

41 type.
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to pass through the wheel axles.

' [Supp. 10, 16 F. R. 3288, Apr. 14, 1951}

-§3.246 Tail down—(a) Tail wheel
Mazin and tail wheels contacting,
ground simultanecusly.

(b) Nose wheel type. Stalling atti-
tude or the maximum angle permitting
clearance of the ground by all parts of
‘the airplane, whichever is the lesser.

(e} Vertical ground regetions. Inthis
condition, it shall he assumed that the
‘ground reactions are vertical, the wheels
having been brought up to speed before

i the maximum vertical load is attained,

§ 3.247 One-wheel landing. Oneside
of the main gear shall confact the
ground with the airplane in the level
attitude. The ground reactions shall be
the same as those obtained on the one
side in the level attitude. (See § 3.245.)

CROTND ROLL CONIITIONS

§3.248 Braked roll. The limit ver-
tical load factor shall be 1.33. The atti-
tude and ground contacts shall be those
deseribed for level landings in § 3.245,
with the shock absorbers and tires de-
flected to their static positions. A drag
reaction egual to the vertical reaction at
the wheel multiplied by a coefficient of
friction of 0.8 shall he applied at the
ground contact peint of each wheel ha.v-

ing brakes, except that the drag rea.ctlon
need not exceed the maximum value
based on limiting hrake torque.

§3.249 Side loed. Level attitude
with main wheels ‘only contacting the
ground, with the shock absorbers and
tires deflected to their staiic positions.
The limit vertical load factor shall be
1.33 with the vertical ground reaction
divided equally between main wheels,
The limit side inertia factor shall be 0.83
with the side ground reaction divided be-
tween main wheels as follows:

0.6W acting inboard on one side.

TAIL WHEELS

§3.250 Supplementary conditions for
tail wheels. The conditions in §§ 3.251
and 3.252 apply to tail wheels and af-
fected supporting structure.

§ 3.251 Obstruction load. The limit
‘ground reaction obtained in the tail down
landing condition shaill be assumed to act
tlup and aft through the axle at 45 de-|
grees. ‘The shock absorber and tire may}
-be assumed deflected fo their static posi-|
‘tions. i

§3.252 Swude load. A Hmit vertical’
ground reaction equal to the static load:
on the tail wheel, in combination with a;
.side component of equal magnitude.!
[ When a swivel is provided, the tail wheel’
shall be assumed swiveled 90 degrees to
the airplane longitudinal axis, the result-
rant ground load passing through the
axle. When a lock steering device or
slummy damper is provided, the tafi
‘'wheel shall also be assumed in the trail-i
[ ing position with the side load acting ai

.tion resultant for both tail wheel and

the ground contact point. The shock’

nose wheel type landing gears is assumed }

-affected

skiplanes.

“glide.

¢.33W acting outboard on the other side. ’

absorber and tire shall be assumed de-
fleeted to their static positions.

NOSE WHEELS

§ 3.253 Supplementary conditions for

nose wheels. The conditions set forth in
§§ 3.254-3.256 apply to nose wheels and
supporting  structure., The
shock absorbers and tires shall be as-
sumed deflected to their static positions.

§3.254¢ Aft logd. Limit force com-

‘bonents at axle:

Vertical, 2.25 times static load on wheel,
Drag, 0.8 times vertical load.

§3.265 Forward load. Limit forece

components at axle:

Vertical, 2.25 times static load on wheel,
Forward, 0.4 tlmes vertical load.

§3.256 Side load. -Limit force com-
porents at ground contact:

Vertical, 2.25 times static load on wheel,
Side, 0.7 times vertical lead.
SKIPLANES

§ 3.257 Supplemeniary conditions for
The airplane shall be as-
sumed resting on the ground with one

.mezin ski frozen in the snow and the

other main ski and the tail ski free to

shall be applied at the most convenient
point near the tail assembly, where P
is the static ground reaction on the tail

‘ski. For this condition the factor of

safety shalt be assumed equal to 1.0,

§ 3.2587-1 Type certification of skis
(CAA policies which apply to § 3.257).
Type certification of skis is not contin-
-gent upon compliance with § 3.257 which
applies to skiplanes only.

[Supp. 10, 16 F. R. 3288, Apr. 14, 1651]

§3.257-2 Supplementary conditions
for skiplanes (CAA policies which avply
10 § 3.257). (a) The following materiat
outlines acceptable supplementary
structural eonditions for skiplanes with
a tricycle type gear, in order to show

“the same level of safety” under § 3.10. ..
(1) To provide adequate strength for.

normal landing, taxiing and ground han--

‘dling conditions for skiplanes equipped

with a tricycle gear, a limit torque equal

to 0.667TW foot pounds should be sep-

arately applied about the vertical axis
through the centerline of each main ped-
estal bearing of each main geayr, W being
the maximum design weight of the air-
plane in pounds.

{2) For the nose gear, a limit torque
equal to 1.333WH foot pounds should be

Separately applied about the vertical axis

through the centerline of thé nose gear
pedestal bearing, where X is the ratio of
the nose gear ground reaction (total of
both sides), as determined from § 3.245
(b) (1}, proper account being taken of
the increase of load on the nose gear due

‘to pitching of the airplane.

" (3) In the case of a steerable nose

gear, the limit torque on the nose gear -
need not exeeed the pilot effort.

(b) An ultimate factor of safety of 1.5
should be applied to the limit torgues

A limit side force equal to P/3.

N
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specified in paragraph (a) (1), (2) and
(3) of this section.

[Supp. 10, 16 F. R. 3288, Apr, 14, 1951]
§ 3.257-3 Factor of safelty of 1.0

..(CAA policies which apply to § 3.257)

(a) The load P/2 in § 3.257 is considered
an ultimate loading. Therefore the fac-
tor of 1.0 is considered an ultimate factor.
{Supp. 10, 16 F. R. 3288, Apr. 14, 1951]

WATER LoaADS

§3.265 Water load condifions. The.

‘structure of boat and float type sea-

planes shall be desighed for water loads
developed during take-off and landing
with the seaplane in any attitude likely
to occur in normal operation at appro-
priate forward and sinking velocities
under the most severe sea conditions:
likely fo be encountered. Unless a more:
rational analysis of the water loads is
perfarmed, the requirements of 8§ 4b.251
through 4b.258 of this subchapter shail
apply.

. [Amdt. 3-7, 17 F. R. 1086, Feb. 5, 1852]

§ 3.265-1 Float loads (CAA policies.
which apply to §3.265). (a) Floats

‘'which are presently certificated on the

basis of Part 4a of this subchapter in’
effect prior to November 9, 1943, are
considered satisfactory siructuraliy for
installation on airplanes which are de-
signed in accordayce with this part,

(b) New float designs which are sub-
mitted for approval should be investi-
gated for the structural design require-
ments of this part. )

{Supp. 10, 16 F, R. 3288, Apr. 14, 1951, as
amended by Supp. 14, 17 . R. 8066, Oct. 11,
1952}

§ 3.265-2 Water loads; aliernaie

standards (CAA policies which apply to

5§ 3.10 and 3.265). ANC-3 provides a
level of safety equivalent to, and may be
applied in lieu of § 3.265.

[Supp. 14, 17 F. R. 066, Oct, 11, 1952]

SUBPART D-—DESIGN AND CONSTRUCTION
Sounce: §§3.291 to 3.401 contained in
Civil Alr Regulations, Amendment ©¢3-0, 11
F. R. 13882, Nov, 9, 1946, except as otherwise
noted.
GENERAL

§3.291 Genergl. The suitability of
all guestionable design details or parts
having an imporiant bearing on safety in
operation shall be established by tests,

§3.292 DMaterials and workmonship.
The suitability and durability of all ma~-
terials used in the airplane structure
shall be established on the basis of expe-
All materials used in
the airplane structure shall conform to
approved specifications which will insure
their having the strength and. other

properties assumed in the design data.

All workmsnship shall be of a high fi

standard.

§ 3.293 Fabricetion methods. Thel
methods of fabrication employed in con-|
structing the airplane strueture.shali be

suchfas to produce consistently sound|]

struc.ture When. 4 fabrication 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 spec!ﬁcatlon . \

§3.204 Standard fastemings.  All
.bolks, 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 ali such bolts|

pins, and screws. Self-locking nuts
:shall not be used on bolts subject to ro-
‘tation during the operation of the
airplane,

§ 3.395 “Profection. All members of

| the structure shall be suitably protected]
against deterioration or loss of strengthl}.

in service due to weathering, gorrosion,
abrasion, or other causes. In seaplanes,

sbecial precaution shall be taken against!

corrosiont from sall water, particularly
'where parts made from different metals
are in close proximity. Adecuate provi-
sions for ventilation and drainage of all
parts of the siructure shall be made.

§ 3.296 Inspection provisions. Ade-
quate means shall be provided to permit

' the close examination of such parts of

the airplane as require periodic inspec-
tion, adjustments for proper alignmentfi
and functioning, and dubrication of mov-
ing parts. . .
STRUCTURAL PARTS

§ 3.301 Maglerial strengih properties
and design values, Material strength
properties shall be based on a sufficient
‘number of tests of material conforming
to specifications to establish design val-
ues on a statistical basis. The design
valiues shall be so chosen that the prob-
ability of any structure being under-
strength because of material variations
is extremely remote. Values contained
in ANC- 5, ANC-T8, and. ANG228;
Parf"ﬂ

. Nom: ANC-S5, “Strength’ of Metal Atreraft
Elements,’” ANC-18, “Design of Wood Aircraft.
Structures,” and ANC-28, “Sandwich Con=-
struction for Aircrafi,” are published by the’
Subcommittee on Alr Force-Navy-Civil Alr-
craft Design Criteria, and may be obtained
from the Superintendent of Documents,
Government. Printing Office, Washington 25,

D.C. . . .

§ 3.301~1 Design properties (CAA pol-
icies which apply to § 3.301). {a) With
reference to section 5.00 of ANC-5,
Amendment No. 1, allowable design

property columns headed “Army-Navy” |

represent design properties which will be

equalled or exceeded by the properties |

‘possessed by approximately 90 percent of
the material. All other allowable design

property columns relate to the minimam J.

guaranteed properties and are based on
Yalues given in the various material
specifications. The Administrator will
permit uses of these design properties as

ioutlined in subparagraphs (1) and <2)

of this section, based on the objectives of
§ 31%1'1?1 the case bf strilctires wnerethe.
applied loads are eventually distributed
‘through single members within an as-
isembly, the failure of which would result
1in the loss of the structural integrity of
:the component inyvolved, the guaranteed
jminimum design mechanical properties |
‘Tisted in ANC-5 shall be used.

Notr: Typical examples of such items are:

1, Wing lift struts.

2. Spars in two-spar wings,

3, Sparcaps in regions suck as wing eui-
outs and wing center sections where loads
are transmitied through caps only.

4, Primary attachment fittings dependent
on single bolts for load transfer.

(2) Redundant structures wherein
partial failure of individual elements
would result in the applied load being
safely distributed to other load carrying
members, may be designed on the basis of
the “20 percent. probability” allowable.
Note: Typical examples of such items are:
1. Sheet-stiffener combinations.

2. Multi-rivet or multipie bolt connections.

(b) Certain manufacturers have indi-
cated a desire to use desigh value greater
than the guaranteed minimums even.in.
applications where only suaranteed
aminimum values would be permitted un-
der paragraph (a) of this section, and.
ihave advocated that such allowables
‘be based on “premium selection” of the
material. Such increased design allow-
ables will be acceptable to the Adminis-
trator: Provided, That a specimen or-
sspecimens of each individual item are.
tested prior to its use, to determine that
the actual strength properties of that.
particular item will .equai or exceed the
hproperties used in design. - This, in effect,
results in the airplane or materials man-
ufacturer guaranteeing higher minimum
‘propertigs than those given in the basic
procurement specifications

(c) See §3.174-1 (a).

8§ 3.301-2 Substitution of seam-welded
for semmnless steel tubing (CAA policies
which apply to §3.301). Seam welded
tubing may be substituted for seamless
steel tubing as follows:

(a) SAE 4130 welded tubing as per
Specification AN-T-3, may be substi-
tuted for SAE 4130 seamless tubing con-
forming to Specification AN-WW—T—
850a, and vice versa.

(h) SAE 1025 welded tubing as per
Specification AN-T-4, may be substi-
tuted for SAE 1025 seamless tubing con-
 forming to Specification AN~-WW-T-846,.
and vice versa.

(¢} SAE 8630 welded tubing conform-
ing to Specification AN-T-33a may he
,substituted for SAE 8630 seamless tub-
ing conferming to Specification AN-T-
15 and vice versa,

[Supp. 10, 16 F. R. 3289, Apr. 14 1951]

§ 3.302 Special factors. Where there
lmay be uncertainty concerning the aec-