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4a.703 Parachutes.
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AIR CARRIER AIRCRAFT PERFORMANCE
CHARACTERISTICS
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OPERATION LIMITATIONS
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4a.724 Provisional weight (air-line carriers).
4a.725 Center of gravity limitations.

4a.726 Air-speed limitations.

4a727 Power-plant limitations.

TRANSPORT CATEGORY AIRPLANE PERFORMANCE
REQUIREMENTS

4a737-T  Performance requirements for transport
category airplanes.
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DEFINITIONS

4a739-T  Stalling speeds.

4a740-T  Flap positions.

4a741-T  Maximum one-engine-inoperative
operating altitude.

WEIGHTS

4a.742-T  Weights.
4a.743-T  Fuel dumping provisions.

PERFORMANCE REQUIREMENTSAND DETERMINATION

4a.744-T Required performance and performance
determinations.

4a.745T Stalling speed requirements.

4a.746-T Climb requirements.

4a-747-T Take-off determination.

4a748-T Speeds.

4a749-T Take-off path.
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4a750-T Landing determination.

FLIGHT CHARACTERISTICS

4a751-T  Flight characteristics.
4a752-T  Controllability and maneuverahility.
4a753-T  Trim.



4a754-T  Stahility.
4a755T  Static longitudinal stability.
4a756-T  Specific stability conditions.
4a757-T  Dynamic longitudinal stability.
4a758-T  Directiona and lateral static stability.
4a759-T  Stalling.
OPERATING MANUAL

4a760-T  Airplane operating manual.

SUBPART |—MISCELLANEOUS REQUIREMENTS
4a770 | dentification plate.

4a.771 Standard weights.
4a772 Leveling means.

AUTHORITY: 8§4a.1to4a.772issued under sec.
205 (@), 52 Stat. 984; 49 U.S.C. 425 (). Interpret or
apply secs. 601, 603, 52 Stat. 1007, 1009; 49 U.S.C. 551,
553.

SUBPART A—AIRWORTHINESSREQUIREMENTS

Source: 88 4a.1to 4a.31 contained in Amendment
48, Civil Air Regulations, 5 F.R. 1834, as amended by
Amendment 75, 5 F.R. 3946, except as noted following
sections affected.

GENERAL

§4al Scope. The airworthiness requirements set
forth in this part shall be used as a basis for obtaining
airworthiness or type certificates: Provided, That: (a)
Deviations from the requirements of this part which,
in the opinion of the Administrator, insure the
equivalent condition for safe operation and, (b)
equivalent requirements of the United States Army or
Navy with respect to airworthiness may be accepted
in lieu of the requirements set forth in this part.
Unless otherwise specified an amendment to this part
will apply only to airplanes for which applications for
type certificates are received subsequent to the
effective date of such amendment.

§4a2 Airplane categories. (a) At the election of
the applicant, an airplane may be certificated under
the requirements for a particul ar category according
to the intended use of the airplane. Sections of this
part which affect only one particul ar category are
designated by a suffix added to the appropriate
section numbers, as follows:

Normal category Suffix N
Transport category Suffix T
Acrobatic category ----------=------------ Suffix A

(b) All sections not designated by a suffix are
applicableto all categories, except as otherwise
specified.

[Amdt. 04-3, 7 F.R. 984]

AIRWORTHINESSAND TYPE CERTIFICATES

§4a15 Requirementsfor issuance. The
airworthiness requirements specified in this part shall
be used as a basis for the certification of airplanes:
Provided, That an airplane manufactured in
accordance with, and conforming to, the currently
effective aircraft specificationsissued therefor will be
eligible for an airworthiness certificate, if the
Administrator determines such airplaneisin condition
for safe operation: Provided, further, That an airplane
which has not demonstrated compliance with the
airworthiness requirements specified in this part but
which, in the opinion of the Administrator, isin
condition for safe operation for experimental purposes
or for particular activitieswill be eligible for an
airworthiness certificate.

§4a.16 Data required for airworthiness
certificate. When an airworthiness certificateis
sought and atype certificateis not involved, data
which are adequate to establish compliance of the
aircraft with the requirements listed in this part shall
be submitted to the Administrator.

§4al17 Datarequired for type certificate. Data
which are adequate to establish compliance of the
aircraft with the airworthiness requirementslisted in
this part and which are adequate for the reproduction
of other airplanes of the same type shall be submitted
to the Administrator. The procedure for submitting
the required data, the technical contents of such data,
and the methods of testing aircraft with respect to the
prescribed airworthiness requirements shall bein
accordance with Civil Aeronautics Manual 4, Airplane
Airworthiness.

§4a18 Inspection and tests. Authorized
representatives of the Administrator shall have
access to the airplane and may witness or conduct
such inspections and tests as are deemed necessary
by the Administrator.

[Amdt. 48, 5 F.R. 1834, as amended by Amdt. 04a-
6, 12 F.R. 1029

8§4a19 Flight tests. (Applicableto dl airplanes
certificated asatype on or after May 15, 1947.) After
proof of compliance with the structural requirements
contained in this part, and upon completion of all
necessary inspection and testing on the ground, and
proof of the conformity of the airplane with the type
design, and upon receipt from the applicant of a
report of flight tests conducted by him, there shall be
conducted such official flight tests asthe
Administrator finds necessary to determine
compliance with Subparts C-G. After the conclusion
of these flight tests such additional flight tests shall
be conducted as the Administrator finds necessary to



ascertain whether there is reasonabl e assurance that
the airplane, its components, and equipment are
reliable and function properly. The extent of such
additional flight tests shall depend upon the
complexity of the airplane, the number and nature of
new design features, and the record of previous tests
and experience for the particular airplane model, its
components, and equipment. |If practicable, the flight
tests performed for the purpose of ascertaining the
reliability and proper functioning shall be conducted
on the same airplane which was used in flight tests to
show compliance with Subparts C-G.

[Amdt. 04a-6, 12 F.R. 1029, as amended by Amdit.
04a7, 12 F.R. 2087]

84a20 Procedure for type certification.
Acceptable procedures for type certification are
outlined in Civil Aeronautics Manual 4.

CHANGES

§4a25 Continued compliance. Changesto
certificated aircraft shall be substantiated to
demonstrate continued compliance of the aircraft with
the pertinent airworthiness requirements.

§4a26 Minor changes. Minor changesto
airplane being manufactured under the terms of atype
certificate and which obviously do not impair the
condition of the airplane for safe operation may be
approved by authorized representatives of the
Administrator prior to submittal to the Administrator
of any required revised drawings. The approval of
such minor changes shall be based on the
airworthiness requirements in effect when the
particular airplane model was originally certificated,
unless, in the opinion of the Administrator,
compliance with current airworthiness requirementsis
necessary.

§4a27 Major changes. Major changesto
airplanes being manufactured under the terms of a
type certificate may require the issuance of anew
type certificate and the Administrator may, in his
discretion, require such changesto comply with
current airworthiness requirements.

§4a28 Changesrequired by the Administrator.
(@) In the case of aircraft models approved under the
airworthiness requirementsin effect prior to the
currently effective regulations, the Administrator may
require that aircraft submitted for original
airworthiness certification comply with such portions
of the currently effectiveregulations as are
considered necessary.

(b) All aircraft certificated under the transport
category, the manufacture of which is completed after
September 30, 1947, shall comply with the following

sections of Part 4b of this subchapter, as amended:

88 4b.58, 4b.442, 4b.445, 4b.447, 4b.449, 4b.450, 4b.478,
4b.484, 4b.503 (c), 4b.516-4b.518, 4b.556, 4b.557,
4b.560, 4b.561, 4b.586, 4b.621-4b.624, 4b.651-4b.655,
4b.661 and 4b.662-4b.676.

[Amdt. 48, 5 F.R. 1834 as amended by Amdt. 04-4,
11 F.R. 11353, Amdt. 04a-8, 12 F.R. 5959

APPROVAL OF MATERIALS, PARTS, PROCESSES, AND
APPLIANCES

§4a31 Specifications. (a) Materials, parts,
processes, and appliances shall be approved upon a
basis and in a manner found necessary by the
Administrator to implement the pertinent provisions
of the Civil Air Regulations. The Administrator may
adopt and publish such specifications as he finds
necessary to administer this section, and shall
incorporate therein such portions of the aviation
industry, Federal, and military specifications
respecting such materials, parts, processes, and
appliances as he finds appropriate.

(b) Any material, part, process, or appliance
shall be deemed to have met the requirements for
approval when it meets the pertinent specifications
adopted by the Administrator, and the manufacturer
so certifiesin amanner prescribed by the
Administrator.

[Amdt. 04a-1, 12 F.R. 7898]

SuBPART B—DEFINITIONS

Source: 88 4a.37 to 4a.46 contained in Civil Air
Regulations, May 31, 1938, as amended by
Amendment 75, 5 F.R. 3946, except as noted following
sections affected.

84a37 Weights—(a) Weight, W. Thetotal
weight of the airplane and its contents.

(b) Designweight. Theweight of the airplane
assumed for purposes of showing compliance with
the structural requirements specified in this part.

(c) Minimumdesign weight. Weight empty
with standard equipment, plus crew, plusfuel of 0.25
pound per maximum (except take-off) horsepower,
plus oil as per capacity.

(d) Standard weight. The maximum weight for
which the airplaneis certificated as complying with all
the airworthiness requirements for normal operations.

(e) Provisional weight. The maximum weight
for which the airplaneis certificated as complying
with the airworthiness requirements as modified for
scheduled air carriersin 8§ 4a.687-4a.692.

84a38 Sructural terms—(a) Designwing
area, S. The areaenclosed by the projection of the



wing outline, including ailerons and flaps but ignoring
fairings and fillets, on a surface containing the wing
chords. Theoutlineis assumed to extend through
nacelles and through the fuselage to the plane of
symmetry.

(b) Designpower, P. Thetotal engine
horsepower chosen for use in determining the
maneuvering load factors. The corresponding engine
output will be incorporated in the aircraft certificate as
amaximum operational limitation in all flight
operations other than take-off or climbing flight (see §
4a.727).

(c) Designwingloading, W/S. Thedesign
weight (8§ 4a.37 (b)) divided by the design wing area
(8 4a.38(9)).

(d) Design power loading, W/P. The design
weight (8§ 4a.37 (b)) divided by the design power (see
§4a.38 (b) and Fig. 4&3).

[CAR, May 31, 1938, as amended by Amdt. 5, 4
F.R.1171]

§4a39 Air density, r. The massdensity of the
air through which the airplane is moving, in terms of
the weight of aunit volume of air divided by the
acceleration of gravity. The symbol r , denotesthe
mass density of air at sealevel under standard
atmospheric conditions and has the value of 0.002378
slugs per cubic foot.

Cross Reference: For definition of standard
atmosphere, see § 4a.45.

84a40 Speed—(a) Trueair speed, Vt. The
velocity of the airplane, along itsflight path, with
respect to the body of air through which the airplane
ismoving.

(b) Indicated air speed, V. Thetrue air speed
multiplied by theterm V, /r , (See § 4a.39.)

(c) Designlevel speed, V,. Theindicated air
speed chosen for use in determining the pertinent
structural loading conditions. Thisvaluewill be
incorporated in the aircraft certificate asa maximum
operational limitation in level and climbing flight (see
§4a.726).

(d) Design gliding speed, V,. Themaximum
indicated air speed to be used in determining the
pertinent structural loading conditions (see 88 4a.73
and 4a.726).

(e) Design stalling speed, V.. The computed
indicated air speed in unaccel erated flight based on
the maximum lift coefficient of the wing and the
design grossweight. The effects of slipstreams and
nacelles shall be neglected in computing V.. When

high-lift devices arein operation the corresponding
stalling speed will be denoted by V.

(f) Designflap speed, V;. Theindicated air
speed at which maximum operation of high-lift devices
isassumed (see 88 4a.73 and 4a.726).

(99 Maximum vertical speed, V,,. A fictitious
value of indicated air speed computed for
unaccel erated flight in avertical dive with zero
propeller thrust.

(h) Design maneuvering speed, V,. The
indicated air speed at which maximum operation of the
control surfacesis assumed (see § 4a.73).

[CAR, May 31, 1938, as amended by Amdt. 5, 4
F.R.1171]

84a41 Designgust velocity, U. A specific
gusty velocity assumed to act normal to the flight
path. (See§4a.76.)

§4a42 Dynamic pressure, g. Thekinetic energy
of aunit volume of air.

q =% VZ(intermsof trueair speed).
= 15, oV? (in terms of indicated air speed).

= V%391 pounds per square foot, whenV is
miles per hour indicated air speed.

Cross Reference: For definition of ,, see § 4a.39.

§4a43 Load factors—(a) Load factor or
acceleration factor, n. Theratio of aload to the
design weight. When the load in question represents
the net external load acting on the airplanein agiven
direction, n represents the accel eration factor in that
direction.

(b) Limitload. A load (or load factor, or
pressure) which it is assumed or known may be safely
experienced but will not be exceeded in operation.

(c) Factor of safety, j. A factor by which the
limit loads are multiplied for various design purposes.

(d) Ultimate factor of safety, j,.. A specified
factor of safety used in determining the maximum load
which the airplane structure is required to support.

(e) Yieldfactor of safety, j,. A specified factor
of safety used in connection with the prevention of
permanent deformations.

() Ultimateload. A limit load multiplied by the
specified ultimate factor (or factors) of safety. (See
definitionsin this section and § 4a.61.)



(9) Yieldload. A limitload multiplied by the
specified yield factor (or factors) of safety. (See
definitionsin this section and § 4a.62.)

(h) Strengthtest. A static load test in which the
ultimate loads are properly applied. (See 88 4a.61 and
42230 (b).)

(i) Proof test. A static load test in which the
yield loads are properly applied for aperiod of at
least 1 minute. (See §4a.62.)

() Balancingloads. Loads by which the
airplaneis placed in a state of equilibrium under the
action of external forces resulting from specified
loading conditions. The state of equilibrium thus
obtained may be either real or fictitious. Balancing
loads may represent air loads, inertialoads, or both.
(See §84a116.)

§84a44 Aerodynamic coefficients, C, Cy, CP,
etc. The coefficients hereinafter specified are those of
the “absolute” (nondimensional) system adopted as
standard in the United States. The subscriptsN and
C used hereinafter refer respectively to directions
normal to and parallel with the basic chord of the
airfoil section. Other subscripts have the usual
significance. When applied to an entire wing or
surface, the coeffcients represent average val ues and
shall be properly correlated with local conditions
(load distribution) asrequired in § 4a.99.

§4a45 Sandard atmosphere (standard air).
Standard atmosphere refersto that variation of air
conditions with altitude which has been adopted as
standard in the United States. (See any aeronautics
text book or handbook, or NACA Technical Report
No. 218.)

84a46 Primary structure. Those portions of
the airplane the failure of which would seriously
endanger the safety of the airplane.

[Amdt. 5,4 F.R. 1171]

SuBPART C—STRUCTURAL LOADING CONDITIONS

Source: 88 4a.61 to 4a.216 contained in Civil Air
Regulations, May 31, 1938, as amended by Amdt. 75,
5 F.R. 3946, except as noted following sections
affected.

GENERAL STRUCTURAL REQUIREMENTS

§4a61 Strength. The primary structure (see §
4a.46) shall be capable of supporting the ultimate
loads (see § 4a.43 (f)) determined by the loading
conditions and ultimate factors of safety hereinafter
specified, the loads being properly distributed and

applied.

8§4a62 Deformations. The primary structure
shall be capable of supporting without detrimental
permanent deformations, for aperiod of at |east one
minute, the yield loads (see § 4a.43 (g)) determined by
the loading conditions and yield factors of safety
hereinafter specified, the loads being properly
distributed and applied. Where no yield factor of
safety is specified afactor of 1.0 shall be assumed. In
addition, temporary deformations which occur before
theyield load is reached shall be of such anature that
their repeated occurrence will not weaken or damage
the primary structure.

8§4a63 Siffness. The primary structure shall be
capable of supporting the limit loads (see § 4a.43 (b))
determined by the loading conditions specified in this
part without deflecting beyond whatever limits may
be prescribed in this part or which may be deemed
necessary by the Administrator for the casein
question.

§4a64 Proof of strength and rigidity. No
general requirements, but see Subpart D for specific
requirements.

84a65 Materials, fabrication, protection, etc.
No general requirements, but see Subpart E for
specific requirements.

FLIGHT LoADS

§4a72 General. Theairworthinessrating of an
airplane with respect to its strength under flight loads
will be based on the air speeds and accelerations
(from maneuvering or gusts) which can safely be
developed in combination. For certain classes of
airplanes the acceleration factors and gust velocities
are arbitrarily specified hereinafter and shall be used
for those classes. The air speeds which can safely be
developed in combination with the specified
acceleration factors and gusts shall be determined in
accordance with the procedure specified in this part
and shall serve as abasisfor restricting the operation
of theairplaneinflight. (See §4a.726.)

AIR SPEEDS

84a73 Air speeds. (See §4a40 for definitions.)
The design air speeds shall be determined as follows:

(8 V. (see§4a40(q)).
(b) V,shall not be less than
Vi +Kg (Vi - V).

except that it needs not be greater than either V, + 100
miles per hour or 1.5V, whichever islower. Kgis
specified on Figure 4a-1. V,,isdefined in 8 4a.40 (g).
A special ruling may be obtained



from the Administrator if the design gliding speed
thus determined is greater than 1.33 V|, and appearsto
be unnecessarily high for the type of airplane
involved.

(c) Vishal not belessthan 2Vy4. Vg¢isdefinedin
§4a40 (e).

(d) V,shall not be less than
st + Kp (VL - Vst)-

except that it need not be greater thanV,. K is
specified on Figure 4a-2.

(e) (See884a120,4a123, and 4a125 for
exceptions for multiengine airplanes.)

[Amdt. 5,4 F.R. 1171, asamended by Amdt. 75, 5
F.R. 3946]

LoAD FACTORS

84a74 General. Theflight load factors
specified in 88 4a.75-4a.99 shall represent wing |oad
factors. Thenet load factor, or acceleration factor,
shall be obtained by proper consideration of
balancing loads acting on the airplane in the specific
flight conditions.

84a75 Maneuvering load factors. Thelimit
maneuvering load factors specified in this part (see
Fig. 4a-3) are derived largely from experience with
conventional types of airplanes and shall be
considered as minimum values unlessit can be
proved, to the satisfaction of the Administrator, that
the airplane embodies features of design which make
it impossibleto develop such valuesin flight, in
which case lower values may be used subject to the
approval of the Administrator.

84a76 Gustload factors. Thegust load factors
shall be computed on the basis of agust of the
magnitude specified, acting normal to the flight path,
and proper allowance shall be made for the effects of
aspect ratio on the slope of thelift curve. The gust
velocities specified shall be used only in conjunction
with the gust formulas specified in Civil Aeronautics
Manual 4.2121.

[Amdt. 48, 5 F.R. 1835, asamended by Amdt. 75. 5
F.R. 3946]

84a77 Factorsof safety. The minimum factors
of safety are specified for each loading condition.

Cross Reference: For multiplying factors of safety
required in certain cases, see 88 4a.207-4a.216.

SYMMETRICAL FLIGHT CONDITIONS (FLAPSRETRACTED)

§4a78 General. Theflight conditions as set
forth in 88 4a.79-4a.85, together with Table 4a-1, shall
be considered as representing the minimum number of
conditionsrequired to cover asuitable range of
symmetrical flight loadings.

§4a79 Condition | (positive high angle of
attack). Thefactorsgivenin Table4a-1 and Figure
4a-3 for this condition shall be used. To provide for
flight conditions critical for the front lift truss or its
equivalent the aerodynamic characteristics Cy, CP (or
Cw), and C. shall be determined asfollows:

@ Cu = nt(W9
ql

(gl is dynamic pressure corresponding toV,; see
88 4a.40 (c) and 4a.42.)

(b) Cc =value corresponding to Cy or value
equal to -.20 Cyy whichever is greater negatively.

(c) CP =most forward position of the center of
pressure between C, = Cy, and C, max.; when Cy,
exceeds C, max., the CP curve shall be extended
accordingly.

(d) For biplane combinations the CP of the
upper wing shall be assumed to be 2.5 percent of the
chord forward of its nominal position.

(e) Cy’ =moment coefficient necessary to give
the required CP’ in conjunction with Cyy

8§4a80 Condition I, (positive high angle of
attack modified). The smaller of the two values of Cc
specified in § 4a.79 (b), and the most rearward CP
position in the range specified in 8§ 4a.79 (c) shall also
be investigated when Condition | iscritical for the rear
spar (or its equivalent) or if any portion of the front
spar (or itsequivalent) islikely to becritical in
tension. Only the wings and wing bracing need be
investigated for this condition.

8§4a81 Condition Il (negative high angle of
attack). Thefactorsgivenin Table 4a-1 for this
condition shall be used, with the following
provisions:

@ Cw = nll (WS
ql
(b) Cc = actual value corresponding to Cy;.

(c) When Ccispositive or has a negative value
smaller than 0.02 it may be assumed to be zero.

(d) Cy =actual value corresponding to Cy,.

§4a82 Condition IIl — (a) Positive low angle
of attack. Thefactorsgivenin Table4a-1 for this



condition shall be used, with the following
provisions:

(@] Cun = _nu(WS9 .
a9

(gg is dynamic pressure corresponding to V;;
88 4a.40 (d) and 4a.42).

(2) Cc=actual value corresponding to CNy;,.

(3) When Ccispositive or has anegative value
smaller than 0.02 it may be assumed to be zero.

(4 Cy=actual value corresponding toCN,,.

(b) Positive low angle of attack, modified. If
the moment coefficient of the airfoil section at zero lift
has a positive value, or anegative value smaller than
0.06, the effects of displaced ailerons on the moment
coefficient shall be accounted for in condition 111 for
that portion of the span incorporating ailerons. To
cover thispoint it will be satisfactory to combine 75
percent of the loads acting in condition |11 with the
loads due to amoment coefficient of -0.08-Cy,,;, acting
over that portion only of the span incorporating
ailerons. The design dynamic pressure for the
additional moment forces shall be equal t0 0.754,
Only the wings and wing bracing need be
investigated for this condition.

[CAR. May 31, 1938, as amended by Amdt. 48, 5
F.R. 1835]

§4a83 Condition IV (negative low angle of
attack.) Thefactorsgivenin Table 4a-1 for this
condition shall be used, with the following
provisions:

€ Cuwv = _nlVWS
qg
(b) Cc =actual value correspondingto CN,y.

(c) When Ccispositive or has a negative value
smaller than 0.02 it may be assumed to be zero.

(d) Cy =actual value corresponding to CN,y.

[CAR May 31, 1938, as amended by Amdt. 48, 5
F.R. 1835]
§4a84 Condition V (inverted flight). The

factorsgivenin Table 4a-1 for this condition shall be
used, with the following provisions:

@ Cw =_NvW9
ql

(b) C.=0.

(c) CP =25 percent.

(d) Only therear (or single) lift truss system of
externally braced wing structures need be
investigated for this condition.

84a85 Condition VI (gliding). Thefactors
givenin Table 4a-1 shall be used for this condition,
with the following provisions:

(@ CNy;=value corresponding to Cc max.
(positive).

(b) Cc' =Cc max. (positive) + 0.01.
(c) Cy =actua value corresponding to CNy .

(d) Thedraft of nacelles and other items
attached to the wings shall be conservatively
estimated and properly included in the investigation
of this condition.

(e) Only the wings and wing bracing need be
investigated for this condition.

[CAR May 31, 1938, as amended by Amdit. 48, 5
F.R. 1835]

SYMMETRICAL FLIGHT CONDITIONS (FLAPS ORAUXILIARY
DEvicESIN OPERATION)

§4a86 General. When flaps or other auxiliary
high-lift devices areinstalled on the wings, the design
conditions shall be suitably modified to account for
their usein flight. The modifications shall be based
on the intended use of such devices and the
aerodynamic characteristics of thewing. The
conditions as set forth in 88§ 4a.87-4a.89, together with
Table 4a-2, shall be considered as representing the
minimum number of conditions required to cover a
suitable range of symmetrical flight loadingsin cases
wherethe flaps are used only at relatively low air
speeds.

§4a87 Condition VIl (positive gust, flaps
deflected). Thefactorsgivenin Table 4a-2 for this
condition shall be used, with the following
provisions:

(@) Themost critical deflection of the flap shall
be investigated.

(b) The magnitude and distribution of normal,
chord, and moment forces over the wing shall
correspond to that which would be obtained in
developing the specified limit gust load factor at the
specified air speed.

[CAR, May 31, 1938, as amended by Amdt. 48, 5
F.R. 1835

§4a88 Condition VIII (negative gust, flaps
deflected). Thefactorsgivenin Table 4a-2 for this
condition shall be used, with the following
provisions:

(@) Themost critical deflection of the flap shall
be investigated.



(b) The magnitude and distribution of normal,
chord, and moment forces over the wing shall
correspond to that which would be obtained in
encountering the specified limit gust |oad factor at the
specified air speed.

[CAR, May 31, 1938, as amended by Amdt. 48, 5
F.R. 1835]

§4a89 Condition I X (dive, flaps deflected).
Thefactors given in Table 4a-2 for this condition shall
be used, with the following provisions:

(@) Themost critical deflection of the flap shall
be investigated.

(b) Theload factor and the magnitude and
distribution of normal, chord, and moment forces over
the wing shall correspond to the angle of attack at
which the greatest rearward chord loads are produced
on the wing structure.

(c) Only the wings and wing bracing need be
investigated for this condition.

UNSYMMETRICAL FLIGHT CONDITIONS

§4a90 General. Intheunsymmetrical flight
conditions set forth in 88 4a.91-4a.93, the unbalanced
rolling moment shall be assumed to be resisted by the
angular inertia of the complete airplane. See Civil
Aeronautics Manual 4.2150 for an acceptable
alternative procedure.

[Amdt. 48, 5 F.R. 1834, asamended by Amdt. 75, 5
F.R. 3946]

§4a91 Conditionl,. Condition| (§4a.79) shall
be modified by assuming 100 percent of the air load
acting on one wing and 40 percent on the other. For
airplanes over 1,000 pounds standard weight the | atter
factor may be increased linearly with standard weight
up to 80 percent at 25,000 pounds.

[Amdt. 48, 5 F.R. 1834]

§4a92 Conditionlll,. Conditionlll (§4a.82)
shall be modified as described for condition |, in
8§ 4a91.

[Amdt. 48, 5 F.R. 1835]

§4a93 Condition V,. ConditionV (8§ 4a.84)
shall be modified as described for condition |, in
§ 4a91.

SPECIAL FLIGHT CONDITIONS

84a94 Gust at reduced weight. The
requirements for gust conditions (excepting tail
surface gust conditions) under any |oading between
minimum and maximum design weight shall be met by
primary structure critically loaded thereby.

§4a95 Lift-wire-cut. For wingsemploying wire
bracing in thelift truss, Conditions | and I11 shall be
investigated, using load factorsn, and n;;, of one-half
the values specified for these conditions and
assuming that any lift wireisout of action. This
reguirement does not apply to parallel doublelift
wires, for which case see § 4a.210.

8§4a96 Drag-wire-cut. Drag strutsin double-
truss systems shall be designed to withstand the
loads devel oped when the drag wire of the upper
system in one bay and the drag wire of the lower
system in the adjacent bay are each carrying their limit
loads from any flight condition, the remaining wiresin
these two bays being assumed to be out of action.
The minimum ultimate factor of safety shall be 1.5.

§4a97 Unsymmetrical propeller thrust. The
structure shall incorporate an ultimate factor of safety
of 1.5 against failure due to loads caused by maximum
(except take-off) power applied on one side of the
plane of symmetry only, when power on the other
sideis off and the airplane isin unaccelerated
rectilinear flight.

§4a98 Wing tanksempty. If fuel tanksare
supported by the wing structure, such structure and
its bracing shall also be investigated for conditions|,
I1, 111, and IV with wing tanks empty. The design
weight may be reduced by 0.9 pound per certified
maximum (except take-off) horsepower.

WING LOAD DISTRIBUTION

§4a99 Wingload distribution. Thelimit air
loads and inertialoads acting on the wing structure
shall be distributed and applied in a manner closely
approximating the actual distribution in flight.

CONTROL SURFACE LOADS

§4a115 General. In addition to the flight loads
specified in 88 4a.72-4a.99 the primary structure shall
meet the requirements specified in this part to account
for the loads acting on the control surfaces. The
following loading conditions include the application
of balancing loads (8§ 4a.43 (j)) derived from the
symmetrical flight conditions and also cover the
possibility of loading the control surfaces and
systemsin operating the airplane and by
encountering gusts. See also 8§ 4a.207-4a.316 for
multiplying factors of safety required in certain cases.

HORIZONTAL TAIL SURFACES

§4a116 Balancing. Thelimitload acting on the
horizontal tail surface shall not be less than the
maximum balancing load obtained from conditions|,
[, 11,1V, VII, and VIII set forth in 8§ 4a.79, 4a.81,
4a.82, 4a.83, 4a.87 and 4a.88. In computing these
loads for tail surface design the moments of fuselage



and nacelles shall be suitably accounted for. The
factors given in Tables 4a-3 shall be used, with the
following provisions:

(@) Forconditionsl, II, 111, and IV, P (in Fig. 4a
4) = 40 percent of net balancing load. (Thismeans
that the load on the fixed surface should be 140
percent of the net balancing load.) Inany case P
need not exceed that corresponding to alimit elevator
control force of 150 pounds, applied by the pilot.

(b) For conditions VIl and VIII, P may be
assumed equal to zero.

[Amdt. 48, 5 F.R. 1835]

§4a117 Maneuvering (horizontal surfaces).
The factors and distributions specified in Table 4a-3
and Fig. 4a-5 for this condition shall be used, together
with the following provisions:

(@ Thelimit unit loading in either direction need
not exceed that corresponding to a 200-pound force
on the elevator control (see Table 4a-6).

(b) Theaverage limit unit loading shall not be
less than 15 pounds per square foot (see Table 4a-3).

[Amdt. 48, 5 F.R. 1835]

§4a118 Damping (horizontal surfaces). The
total limit load acting down on the fixed surface
(stabilizer) in the maneuvering condition (8§ 4a.117)
shall be applied in accordance with the load
distribution of Fig. 4a-6, acting in either direction.
The load acting on the movable surfacein the
maneuvering condition may be neglected in
determining the damping loads.

§4a119 Tab effects (horizontal surfaces). When
atabisinstalled so that it can be used by the pilot as
atrimming or assisting device, alimit up load over the
tab corresponding to the dynamic pressure at V, and
the maximum tab deflection shall be assumed to act in
conjunction with the limit down load specifiedin §
4a.117, disregarding the provision of § 4a.117 (a),
applied over theremaining area. |If the control force
necessary to balance the resulting loads on the
elevator and tab exceeds 200 pounds (Table 4a-6), the
loadings over the areas not covered by the tab may
be reduced until the control forceisequal to this
maximum limit value.

[Amdt. 48, 5 F.R. 1835]

VERTICAL TAIL SURFACES

§4a120 Maneuvering. Thefactorsgivenin
Table 4a-4 and Fig. 4a-5 for this condition shall be
used, with the following provisions:

(@) If the propeller axes are not in the plane of
symmetry, the design speed shall not be less than the

maximum speed in level flight with any engine
inoperative.

(b) Thelimit unit loading in either direction need
not exceed that corresponding to the maximum limit
control force (Table 4a-6) except as modified by
paragraph (c) of this section.

(c) Inany casethe average limit unit loading
shall not be less than the minimum pressure specified
in Table 4a-4 for this condition.

§4a121 Damping (vertical surfaces). Thetotal
limit load acting on the fixed surface (fin) in the
maneuvering condition shall be applied in accordance
with the load distribution of Fig. 4a-6, acting in either
direction. The load acting on the movable surfacein
the maneuvering condition may be neglected in
determining the damping loads.

8§4a122 Gusts (vertical surfaces). The gust
conditions specified in Table 4a-4 shall be applied,
using the following formulas and provisions:

(@) Thegust shall be assumed to be sharp-
edged and to act normal to the plane of symmetry in
either direction.

(b) Theaveragelimit unit pressure,  ,
developed in striking the gust shall be determined
from the following formula:

" = Uvm/57s,
where
v isin pounds per square foot,
Uisin feet per second,
Visinmiles per hour, and

m= slope of lift curve, C_ per radian,
corrected for aspect ratio. The aspect ratio shall not
be taken aslessthan 2.0 in any case.

(c) Thiscondition appliesonly to that portion of
the vertical surface which has awell-defined leading
edge.

(d) Thechord distribution extending over the
fixed and movable surfaces shall simulate that for a
symmetrical airfoil, except that the distributionin Fig.
4a-6 may be used where applicable.

§4a123 Tab effects (vertical surfaces). (a) When
atabisinstalled on the vertical movable tail surface
so that it can be used by the pilot asatrimming
devicethe limit unit loading over the entire vertical tail
surfaces shall not be less than that corresponding to
the maximum deflection of the tab together with
simultaneous application of the following control
forcein adirection assisting the tab action:



() Forarplaneswith all propeller axesin the
plane of symmetry, zero.

(2) For airplaneswith propeller axes not in the
plane of symmetry, 200 pounds.

(b) Thefactorsspecified in Table 4a-1 for this
condition shall be used, with the following exception:

(1) If the propeller axes are not in the plane of
symmetry, the design speed V, specified in Table 4a-4
may be reduced to the maximum speed in level flight
with any engine inoperative.

§4a124 Special cases (vertical surfaces). A
special ruling shall be obtained from the
Administrator when an automatic pilot is used on
airplanes with propeller axes not in the plane of
symmetry.

AILERONS

§4a125 Maneuvering. Thefactorsgivenin
Table4a-5 and Fig. 4a7 for this condition shall be
used, with the following provisions:

(@) If the propeller axes are not in the plane of
symmetry, the design speed shall not be less than the
maximum speed in level flight with any engine
inoperative.

(b) Thelimit unit loading in either direction need
not exceed that corresponding to the maximum control
force (Table 4a-6) resisted by only one aileron, except
as modified by paragraph (c) of this section.

(c) Inany casetheaveragelimit unit loading
shall not be less than the minimum pressure specified
in Table 4a-5 for this condition.

§4a126 Tab effects (ailerons). (Appliesonly to
airplanes with propeller axes not in the plane of
symmetry.) When atab isinstalled on one or both
ailerons so that it can be used by the pilot to assist in
moving the ailerons, the limit unit loading over both
ailerons shall be of sufficient magnitude and in such
direction asto hold the ailerons in equilibrium with
the tab or tabs deflected to the maximum position.
Thefactors specified in Table 4a-5 for this condition
shall be used.

§4a127 Flying conditions (ailerons). The
ailerons and their control system shall be capabl e of
meeting all requirements specified inthe basic
symmetrical flying conditions so far asthe |atter
produce symmetrical loads on the ailerons.

WING FLAPSAND TABS

84a128 Wing flaps. Wing flaps shall be |oaded
in accordance with conditions VIl and V111, (88 4a87,
4a.88) and in addition shall be capable of developing
an ultimate factor of safety of at least 1.5 with respect

to any intermediate conditions which are more severe
for any part of the flap or its operating mechanism.

§4a129 Tabs. Thelimit forces acting on control-
surface tabs shall be determined from the most severe
combination of airplane speed and tab normal force
coefficient likely to be obtained for any usable
loading condition of the airplane and at speeds up to
the design gliding speeds, V,. An ultimate factor of
safety of at least 1.5 shall be maintained.

SPeCIAL DEVICES

84a130 Special devices. Special rulings shall be
obtained from the Administrator in connection with
the design and analysis of wing-slot structures,
spoilers, unconventional ailerons, auxiliary airfails,
and similar devices. Requestsfor special rulings shall
be accompanied by suitable drawings or sketches of
the structure in question, together with general
information and an outline of the method by which it
is proposed to determine the structural loading.

CONTROL SYSTEM LOADS

§4a137 General. All control systems shall be
designed for limit loads 25 percent greater than those
corresponding to the limit loads specified for the
control surfaces to which they are attached, assuming
the movable surface to be in that position which
produces the greatest load in the control system,
except that the maximum and minimum control force
limitsin Table 4a-6 shall apply as specified in this
part. Thefactors of safety specified in Table 4a-6
shall be used.

Cross References: For multiplying factors of
safety required in certain cases, see 88 4a.207-4a.216.
For operation requirements for control systems, see §
4a271.

§4a138 Control wiresor pushrods. Theforces
in the control wires or push rods operating the
movabl e surfaces shall be computed and their effect
on therest of the structure shall be investigated and
allowed for in the design of such structure.

84a139 Elevator systems. Inapplying § 4a.137
the control force specified in Table 4a-6 and Fig. 4a-8
shall be assumed to act in afore-and-aft direction and
shall be applied at the grip of acontrol stick, or shall
be equally divided between two diametrically
opposite points on the rim of a control wheel.

84a.140 Rudder systems. In applying § 4a.137
the control force specified in Table 4a-6 shall be
assumed to act in adirection which will produce the
greatest load in the control system and shall be
applied at the point of contact of the pilot’s foot.



§4a141 Aileron systems. Inapplying § 4a.137 it
shall be assumed that the ailerons are loaded in
opposite directions. The control force specified in
Table4a-6 and Fig. 4a-9 shall be assumed to actina
lateral direction at the grip of acontrol stick, or shall
be assumed to act as part of couple equal to the
specified force multiplied by the diameter of a control
wheel. Thefollowing assumptions shall be made:

(@) For nondifferential ailerons, 75 percent of the
stick force or couple shall be assumed to be resisted
by adown aileron, the remainder by the other aileron;
also, as a separate condition, 50 percent shall be
assumed to beresisted by an up aileron, the
remainder by the other aileron.

(b) For differential ailerons, 75 percent of the
stick force or couple shall be assumed to be resisted
by each aileron in either the up or down position, or
rational assumptions based on the geometry of the
system shall be made.

§4a142 Flap and tab control systems. In
applying § 4a.137 suitable minimum manual forces
shall be assumed to act on flap and tab control
systems and other similar controls.

GROUND LoADs

§4a147 General. Theconditions set forthin
88 4a.148-4a.156 represent the minimum amount of
investigation required for conventional (tail down
type) landing gear. For unconventional typesit may
be necessary to investigate other landing attitudes,
depending on the arrangement and design of the
landing gear members. Consideration will be given to
areduction of the specified limit load factors when it
can be proved that the shock absorbing system will
positively limit the acceleration factor to adefinite
lower valuein the drop test specified in § 4a.148 (b).
The minimum factors of safety are specified for each
loading condition. See also §8§ 4a.207 through 4a.216
for multiplying factors of safety required in certain
cases.

§4a148 Level landing. The minimum limit load
factor is specified in Fig. 4a-10. Theresultant of the
ground reaction shall be assumed to be aforce lying
at the intersection of the plane of symmetry and a
plane in which are located the axles and the center of
gravity of the airplaneless chassis. The propeller axis
(or equivalent reference line) shall be assumed
horizontal and the basic value of the vertical
component of the resultant of the ground reaction
shall be equal to the gross weight of the airplane
minus chassis and wheels. The horizontal component
shall be of the magnitude required to give the
resultant force the specified direction except that it
need not be greater than 25 percent of the vertical

component. The resultant of the ground reaction
shall be assumed to be divided equally between
wheels and to be applied at the axle at the center of
thewheel. The shock-absorber unit and tires shall be
assumed to be deflected to half their total travel,
unlessit is apparent that a more critical arrangement
could exist. The minimum ultimate factor of safety
shall be 1.5.

(@) Siding element. If asliding element instead
of arolling element is used for the landing gear, a
horizontal component of one-half of the vertical
component shall be used to represent the effect of
ground friction, except that ski gear which is designed
and used only for landing on snow and ice may be
designed for the same horizontal component as wheel
gear.

(b) Energy absorption. Thelevel landing
condition specified in § 4a.148 shall be assumed to be
produced by afree drop, in inches, equal to 0.36 times
the calculated stalling speed (V) in miles per hour,
except that the height of free drop shall not be less
than 18 inches for airplanes employing devices which
increase the normal sinking speed, but need not
exceed 18 inches when such devices are not
employed. The height of free drop is measured from
the bottom of the tire to the ground, with the landing
gear extended to its extreme unloaded position. (See
884a.278, 4a475.)

§4a151 Three-point landing. The minimum limit
load factor is specified in Fig. 4a-10. The value of the
sum of the static ground reactions shall be the gross
weight of the airplane less chassis. Thetotal |oad
shall be divided between the chassis and tail skid or
wheel ininverse proportion to the distances,
measured parallel to the ground line, from the center
of gravity of the airplane less chassis to the points of
contact with the ground. The load on the chassis
shall be divided equally between wheels. Loads shall
be assumed to be perpendicular to the ground linein
the three-point landing attitude, with all shock
absorbers and tires deflected to the same degree asin
level landing. Thetall wheel or skid installation shall
also be investigated for this condition. The minimum
ultimate factor of safety shall be 1.5.

§4a152 Energy absorption. The three-point
landing condition specified in § 4a.151 shall be
assumed to be produced by afree-drop as specified
under § 4a.148 (b). Thisrequires shock absorption by
both main wheels and tail wheel (or skid). (See 88
4a.278, 4a475.)

§4a153 Sideload. The minimum limit load
factor shall be 0.667. The weight of the airplane shall
be assumed to act on one wheel in adirection
perpendicular to the ground. In addition, aside



component of equal magnitude shall be assumed to
act inward and normal to the plane of symmetry at the
point of contact of the wheel, and an aft component
equal to 0.55 times the vertical component shall be
assumed to act parallel to the ground at such point.
The airplane shall be assumed to bein athree-point
attitude with the shock absorbers deflected to their
static position and the tires deflected one-quarter the
nominal diameter of their cross section. The minimum
ultimate factor of safety shall be 1.5.

§4a154 One-wheel landing. An investigation
of the fuselage structureis required for aone-wheel
landing, in which only those |oads obtained on one
side of the fuselage in the level landing condition are
applied. Theresulting load factor istherefore one-
half of the level landing load factor. (Thisconditionis
identical with the level landing condition insofar as
the landing gear structureis concerned.) The
minimum ultimate factor of safety shall be 1.5.

§4a155 Braked landing. The minimum limit
load factor shall be 1.33. Airplanes equipped with
brakes shall be investigated for the |loads incurred
when alanding is made with the wheels locked and
theairplaneisin an attitude such that the tail skid or
wheel just clearsthe ground. The weight of the
airplane less chassis shall be assumed to act on the
wheelsin adirection perpendicular to the ground line
in this attitude. In addition, acomponent parallel to
the ground line shall be assumed to act at the point of
contact of the wheels and the ground, the magnitude
of this component being equal to the weight of the
airplane less chassis times a coefficient of friction of
0.55. Thetireinall cases shall be assumed to have
deflected not more than one-quarter the nominal
diameter of its cross section, and the deflection of the
shock absorbers shall be the same asin level landing.
The minimum ultimate factor of safety shall be 1.5.

84a156 Sideloadson tail wheel or skid.
Suitable assumptions shall be made to cover side
loads acting on tail skids or tail wheelswhich are not
freeto swivel or which can be locked or steered by
the pilot.

WATER LOADS

§4a161 General. Therequirementsset forthin
88 4a.1620-4a.177 shall apply to the entire airplane,
but have particular reference to hull structures, wings,
nacelles, and float supporting structure. The
requirements for certification of floats asindividual
items of equipment are specified in Part 15 of this
subchapter. The minimum factors of safety are
specified for each loading condition.

Cross References: For multiplying factors of
safety required in certain cases, see 88 4a.207-4a.216.

For detail design requirements for hulls and floats, see
88 4a.488-4a.492.

FLOAT SEAPLANES

§4a162 Landing withinclined reactions (float
seaplanes). The vertical component of the limit load
factor shall be 4.20 except that it need not exceed a
value given by the following formula:

n=30+0133W/S

The propeller axis (or equivalent reference line) shall
be assumed to be horizontal and the resultant water
reaction to be acting in the plane of symmetry and
passing through the center of gravity of the airplanes
less floats and float bracing, but inclined so that its
horizontal component is equal to one-quarter of its
vertical component. The forces representing the
weights of and in the airplane shall be assumed to act
inadirection parallel to the water reaction. The
weight of the floats and float bracing may be
deducted from the gross weight of the airplane.

§4a163 Float attachment members. For the
design of float attachment members, including the
members necessary to complete arigid brace truss
through the fuselage, the minimum ultimate factor of
safety shall be 1.85. For the remaining structural
members the minimum ultimate factor of safety shall
be 1.50.

§4a164 Landing with vertical reactions (float
seaplanes). Thelimit load factor shall be 4.33, acting
vertically, except that it need not exceed avalue given
by the following formula:

n=30+0133W/S

The propeller axis (or equivalent reference line) shall
be assumed to be horizontal, and the resultant water
reaction to be vertical and passing through the center
of gravity of the airplane less floats and float bracing.
The weight of the floats and float baring may be
deducted from the gross weight of the airplane.

§4a165 Safetyfactors. The minimum factors of
safety shall be the same as those specified in § 4a.163.

§4a.166 Landing with sideload (float
seaplanes). The vertical component of the limit load
factor shall be 4.0, to be applied to the gross weight of
the airplane less floats and float bracing. The
propeller axis (or equivalent referenceline) shall be
assumed to be horizontal and the resultant water
reaction shall be assumed to be in the vertical plane
which passes through the center of gravity of the
airplane less floats and float bracing and is
perpendicular to the propeller axis. The vertical load
shall be applied through the keel or keels of the float
or floats, and evenly divided between the floats when



twin floats are used. A sideload equal to one-fourth
of the vertical load shall be applied along aline
approximately half way between the bottom of the
keel and the level of thewater line at rest. When
built-in struts are used, check calculations shall be
made for the built-in struts with the side load at the
level of the water line at rest. When twin floats are
used, the entire side load specified shall be applied to
the float on the side from which the water reaction
originates. The minimum ultimate factor of safety
shall be 1.50.

BOAT SEAPLANES

§4a167 Local bottom pressures—(a) Maximum
local pressure. The maximum value of thelimit local
pressure shall be determined from the following
equation:

Pmax =0055V14 1+ W 'h

50,000

where:
p = pressure, pounds per square inch

V= stalling speed, flaps down, power on, in miles
per hour. (To be calculated on the basis of wind
tunnel data or flight tests on previous airplanes.)

W= design weight
The minimum ultimate factor of safety shall be 1.5.

(b) Variationinlocal pressure. Thelocal
pressures to be applied to the hull bottom shall vary
in accordance with Figure 4a-11. No variation from
keel to chine (beamwise) shall be assumed, except
when the chine flare indicates the advisability of
higher pressures of the chine.

(c) Application of local pressure. Thelocal
pressure determined from § 4a.167 (a) and Figure
4a-11 shall be applied over alocal areain such a
manner asto cause the maximum local loadsin the
hull bottom structure.

[Amdt. 48, 5 F.R. 1836]

84a168 Distributed, bottom pressures. (@) For
the purpose of designing frames, keels, and chine
structure, the limit pressures obtained from § 4a.167
(a) and Figure 4a-11 shall be reduced to one-half the
“local” values and simultaneously applied over the
entire hull bottom. The loads so obtained shall be
carried into the side-wall structure of the hull proper,
but need not be transmitted in afore-and-aft direction
as shear and bending loads. The minimum ultimate
factor of safety shall be 1.5.

(b) Unsymmetrical loading. Each floor member
or frame shall be designed for aload on one side of
the hull centerline equal to the most critical

symmetrical loading, combined with aload on the
other side of the hull center line equal to one-half of
the most critical symmetrical loading.

[Amdt. 48, 5 F.R. 1836]

84a169 Step loading condition—(a)
Application of load. Theresultant water load shall be
applied vertically in the plane of symmetry so asto
pass through the center of gravity of the airplane (in
full load condition).

(b) Acceleration. Thelimit acceleration shall be
4.33.

(c) Hull shear and bending loads. The hull
shear and bending loads shall be computed from the
inertialoads produced by the vertical water load. To
avoid excessive local shear |oads and bending
moments near the point of water load application, the
water load may be distributed over the hull bottom,
using pressures not less than those specified in §
42.168 (). The minimum ultimate factor of safety shall
be 1.5.

[Amdt. 48, 5 F.R. 1836]

84a170 Bow loading condition—(a)
Application of load. The resultant water load shall be
applied in the plane of symmetry at a point one-tenth
of the distance from the bow to the step and shall be
directed upward and rearward at an angle of 30
degrees from the vertical.

(b) Magnitude of load. The magnitude of the
limit resultant water load shall be determined from the
following equation:

Py =% N,
where
P, = load in pounds,
ns = step landing load factor;

W, = effective weight which is assumed equal to
one-half the design weight of the airplane.

(c) Hull shear and bending loads. The hull
shear and bending loads shall be determined by
proper consideration of the inertialoads which resist
the linear and angular accelerationsinvolved. To
avoid excessive local shear |oads, the water reaction
may be distributed over the hull bottom, using
pressures not less than those specified in § 4a.168(a).
The minimum ultimate factor of safety shall be 1.5.

[Amdt. 48, 5 F.R. 1836]

§4a171 Sernloading condition—(a)
Application of load. Theresultant water load shall be
applied vertically in the plane of symmetry and shall
be distributed over the hull bottom from the second



step forward with an intensity equal to the pressures
specified in § 4a.168 (a).

(b) Magnitude of load. Thelimit resultant load
shall equal three-quarters of the design weight of the
airplane.

(c) Hull shear and bending loads. The hull
shear and bending loads shall be determined by
assuming the hull structure to be supported at the
wing attachment fittings and neglecting internal
inertialoads. This condition need not be applied to
thefittings or to the portion of the hull ahead of the
rear attachment fittings. The minimum ultimate factor
of safety shall be 1.5.

[Amdt. 48, 5 F.R. 1836]

84a.172 Sideloading condition—(a)
Application of load. Theresultant water load shall be
applied in avertical plane through the center of
gravity. Thevertical component shall be assumed to
act in the plane of symmetry and the horizontal
component at a point half way between the bottom of
the keel and the load water line at design weight (at
rest).

(b) Magnitude of load. Thelimit vertical
component of acceleration shall be 3.25 and the side
component shall be equal to 15 percent of the vertical
component.

(c) Hull shear and bending loads. The hull
shear and bending loads shall be determined by
proper consideration of the inertialoads or by
introducing couples at the wing attachment points.
To avoid excessive local shear loads, the water
reaction may be distributed over the hull bottom,
using pressures not less than those specified in
8 4a.168 (a). The minimum ultimate factor of safety
shall be 1.5.

[Amdt. 48, 5 F.R. 1836]

SEAPLANE FLOAT LOADS

§4a173 Seaplanefloat loads. Each main float of
afloat seaplane shall be capable of carrying the
following loads when supported at the attachment
fittings asinstalled on the airplane. The minimum
ultimate factor of safety shall be 1.5.

(@ A limitload, acting upward, applied at the
bow end of the float and of magnitude equal to one-
half of that portion of the airplane gross weight
normally supported by the particular float.

(b) Thelimitload specified in paragraph (a) of
this section, acting upward at the stern.

(c) A limitload, acting upward, applied at the
step and of magnitude equal to 1.33 times that portion

of the airplane gross weight normally supported by
the particular float.

[Amdt. 5,4 F.R. 1171]

8§4a174 Seaplanefloat bottomloads. Main
seaplane float bottoms shall be designed to withstand
the following loads. The minimum ultimate factor of
safety shall be 1.5.

(@ A limitload of at least 5.33 pounds per
square inch over that portion of the bottom lying
between the first step and a section at 25 percent of
the distance form the step to the bow.

(b) A limitload of at least 2.67 pounds per
square inch over that portion of the bottom lying
between the section at 25 percent of the distance from
the step to the bow and a section at 75 percent of the
distance from the step to the bow.

(c) Alimitload of at least 2.67 pounds per
square inch over that portion of the bottom lying
between the first and second steps. If only one step
isused, thisload shall extend over that portion of the
bottom lying between the step and a section at 50
percent of the distance from the step to the stern.

WING-TIPFLOAT LOADS

§4a175 Wing-tip float loads. Wing-tip floats
and their attachment, including the wing structure,
shall be analyzed for each of the following conditions,
using a minimum ultimate factor of safety of 1.5:

(@ A limitload acting vertically up at the
completely submerged center of buoyancy and equal
to three times the compl etely submerged
displacement.

(b) A limitloadinclined upward at 45 degreesto
the rear and acting through the completely submerged
center of buoyancy and equal to three timesthe
completely submerged displacement.

(c) A limitload acting parallel to the water
surface (laterally) applied at the center of area of the
side view and equal to one and one-half timesthe
completely submerged displacement.

§4a176 Wing structure. The primary wing
structure shall incorporate sufficient extra strength to
insure that failure of wing-tip float attachment
members occurs before the wing structureis
damaged.

MISCELLANEOUSWATER LOADS

84a177 Seawingloads. Special rulingsshall be
obtained from the Administrator for the strength
requirements for seawings.



SPECIAL LOADING CONDITIONS

§4a187 Enginetorque. Inthe case of engines
having five or more cylinders the stresses due to the
torque load shall be multiplied by alimit load factor of
1.5. For 4-, 3-, and 2-cylinder engines the limit load
factors shall be 2, 3, and 4, respectively. Thetorque
acting on the airplane structure shall be computed for
the take-off power desired and the propeller speed
corresponding thereto (see 8 4a.727). Theengine
mount and forward portion of the fuselage and
nacelles shall be designed for this condition. The
minimum ultimate factor of safety shall be 1.5 unless
higher factors are deemed necessary by the
Administrator in order to make special provision for
conditions such as vibration, stress concentration,
and fatigue.

[Amdt. 5, 4 F.R. 1171, asamended by Amdt. 75, 5
F.R. 3946]

§4a188 High angle of attack and torque. The
limit loads determined from § 4a.187 shall be
considered as acting simultaneously with 75 percent
of the limit |oads determined from condition |
(8 4a.79). The engine mount, nacelles, and forward
portion of the fuselage (when anose engineis
installed) shall be designed for this condition. The
minimum ultimate factor of safety shall be 1.5.

§4a189 Engine mounts, nacelles, etc. The
engine mounts, nacelles, and forward portion of the
fuselage (when anose engineisinstalled) shall be
investigated for the limit loads determined from
condition | (see 88 4a.79 and 4a.94) acting
simultaneously with the limit loads due to the engine
torque determined in accordance with § 4a.187, except
that the engine power and the propeller speed shall
correspond to the design power (§ 4a.38 (b)) or the
output specified for climbing flight (see § 4a.727),
whichever ishigher. The minimum ultimate factor of
safety shall be 1.5.

[Amdt. 5,4 F.R. 1171]

§4a190 Sideload on engine mount. Thelimit
load factor for this condition shall be equal to one-
third of the limit load factor for flight condition |
(8 4a.79) but shall in no case be lessthan 1.33. The
engine mount and forward section of the fuselage and
nacelles shall be analyzed for this condition,
considering the limit load to be produced by inertia
forces. The minimum ultimate factor of safety shall be
15.

§4a191 Up load on engine mount. For engine
mounts the limit load in each member shall be
arbitrarily assumed as 50 percent of that in the level
landing condition but of opposite sign. The minimum
ultimate factor of safety will be 1.5.

§4a192 Passenger loads. Passenger loadsin
the accelerated flight conditions shall be computed
for astandard passenger weight of 170 pounds and a
minimum ultimate factor of safety of 1.50 shall be
used, except that seats and berths need not be
designed for the reduced weight gust conditions
specified in 8 4a.94. This shall not exempt the primary
structure from such gust conditions.

84a193 Safety belt loads. Onall airplanes
manufactured on or after January 1, 1951, structures,
including seats, berths, and their attachments, which
carry safety belt loads shall be capable of
withstanding the following ultimate accel erations
assumed to act upon the occupants of the belt.

Upward 2.0g
Forward 6.0g
Sideward 159

[Amdt. 4a-1 15 F.R. 29]

§4a194 Local loads. The primary structure shall
be designed to withstand local |oads caused by dead
weights and control loads. Baggage compartments
shall be designed to withstand |oads corresponding
to the maximum authorized capacity. The
investigation of dead weight loads shall include a
sufficient number of reduced weight gust conditions
to insure that the most severe combinations have
been investigated.

Cross Reference: For standard weights, see §
4a771.

§4a195 Riggingloads. Structures braced by
wires (or tie-rods) shall be capable of developing an
ultimate factor of safety of 1.5 with respect to the limit
loads due to rigging the wires to 20 percent of their
rated strength (strength of wire, not terminal). When
the structureis such that all wires cannot be
simultaneously rigged to 20 percent of their rated
loads, arigging condition shall be assumed in which
the average of the rigging loads, expressed in percent,
equals 20. (Seealso §4a.211.) Theabove condition
need not be superimposed on other loading
conditions, but the Administrator may require
additional investigation for residual rigging loads
when such investigation appears necessary. (See
also §4a.253.)

§4a196 Air loadson struts. External wing-brace
strutswhich are at an angle of more than 45 degrees
with the plane of symmetry and which have a cross-
sectional fineness ratio of more than 3 shall be
assumed to act aslifting air foils and shall be
designed to carry the resultant transverse loads in
combination with the specified axial loads. In
comparing the limit loads the strut sections shall be
assumed to have anormal force coefficient equal to
1.0 and the total air load shall be based on the



exposed area of the strut. The chord components and
vertical reactions of such air load and the lift
contributed by the strut shall not be considered in the
analysis of the wing.

MULTIPLYING FACTORSOF SAFETY

§4a207 General. Inaddition to the minimum
factors of safety specified for each loading condition,
the multiplying factors specified in Table 4a-7 and 88
4a.208-4a.216 shall be incorporated in the structure.
Thetotal factor of safety required for any structural
component or part equal's the minimum factor of
safety specified for the loading condition in question
multiplied by the factors of safety hereinafter
specified, except that certain multiplying factors may
beincluded in others, asindicated in Table 4a-7.

§4a208 Fittings. All fittingsin the primary
structure shall incorporate the multiplying factor of
safety specified in Table 4a-7. For this purpose
fittings are defined as parts used to connect one
primary member to another and shall include the
bearing of those parts on the members thus
connected. Continuousjointsin metal plating and
welded joints between primary structural members are
not classified asfittings. (Seealso 8§ 4a.320, 4a.321.)

§4a.209 Castings. All castingsusedinthe
primary structure shall incorporate amultiplying
factor of safety not less than that specified in Table
4a7.

§4a210 Parallel doublewires. When parallel
double wires are used in wing lift trusses each wire
shall incorporate a multiplying factor of safety not
less than that specified in Table 4a-7.

§4a211 Wiresat small angles. Wire or tie-rod
members of wing or tail surface external bracing shall
incorporate amultiplying factor of safety computed as
follows:

K = L/2R (except that K shall not belessthan 1.0)
where
K = the additional factor.

R = thereaction resisted by thewirein adirection
normal to the wing or tail surface plane, and

L = theload required in the wire to balance the
reaction R.

§4a212 Doubledrag trusses. Whenever double
drag trussing is employed, all drag wires shall
incorporate amultiplying factor of safety varying
linearly from 3.0, when the ratio of overhang to root
chord of overhangis 2.0 or greater, to 1.20 when such
ratiois 1.0 or less, assuming an equal division of drag
load between the two systems.

§4a213 Torquetubes used as hinges. When
steel torque tubes are employed in direct bearing
against strap-type hinges they shall incorporate a
multiplying factor of safety at the hinge point not less
than that specified in Table 4a-7. (Seealso § 4a.448.)

§4a214 Control surface hingesand control
systemjoints. Control surface hinges and control
system joints subjected to angular motion, excepting
ball or roller bearings and Army-Navy standard parts
used in cable control systems, shall incorporate
multiplying factors of safety not less than those
specified in Table 4a-7 with respect to the ultimate
bearing strength or the softest material used asa
bearing. For ball or roller bearings ayield factor of
safety of 1.0 with respect to the manufacturer’s non-
Brinell rating is considered sufficient to provide an
adeqguate ultimate factor of safety.

84a215 Wiresizes. (See§84a.319, 4a.322,
4a.335)

84a.216 Wing lift truss system. All structural
members of the wing lift truss system which transmit
direct loads from the landing gear shall, in the landing
conditions, incorporate a multiplying factor of safety
not less than that specified in Table 4a-7.

[Amdt. 5,4 F.R. 1170]

SuBPART D—PROOF OF STRUCTURE

Source: 88 4a.227 to 4a.299 contained in Civil Air
Regulations, May 31, 1938, as amended by
Amendments 75, 5 F.R. 3946, except as noted
following sections affected.

§4a227 General. Proof of compliance with the
loading requirements outlined in Subpart C shall be
made in amanner satisfactory to the Administrator
and may consist of structural analyses, load tests,
flight tests, referencesto previously approved
structures, or combinations of the above. Any
condition which can be shown to be noncritical need
not be further investigated.

§4a228 Proof of structural analysis. (a)
Structural analyses will be accepted as complete proof
of strength only in the case of structural
arrangements for which experience has shown such
analysesto bereliable. References shall be given for
all methods of analysis, formulas, theories, and
material properties which are not generally accepted
as standard. The acceptability of astructural analysis
will depend to some extent on the excess strength
incorporated in the structure.

(b) Thestructural analysis shall be based on
guaranteed minimum mechanical properties of the
materials specified on the drawings, except in cases



where exact mechanical properties of the materials
used are determined.

(c) Theeffectsof welding, form factors, stress
concentrations, discontinuities, cutouts, instability,
end fixity of columns and vibration shall be accounted
for when such factors are present to such an extent as
to influence the strength of the structure.

§4a229 Combined structural analysisand tests.
In certain casesit will be satisfactory to combine
structural analysis procedure with the results of load
tests of portions of the structure not subject to
accurate analysis. In such casestest results shall be
reduced to correspond to the mechanical properties of
the materials actually used in the airplane. When a
unit other than the specific one tested is incorporated
in the airplane presented for certification, test results
shall be reduced to correspond to the minimum
guaranteed mechanical properties of the materials
specified on the drawings.

§4a230 Load tests. Proof of compliance with
structural loading requirements by means of load
testsonly isacceptable: Provided, That strength and
proof tests (see 8 4a.43 (h) and (i)) are conducted to
demonstrate compliance with 88 4a.61, 4a.62,
respectively: And further provided, That the
following paragraphs of this section are complied
with:

(@) Thetestsshall be supplemented by special
tests or analyses to prove compliance with
multiplying factor of safety requirements. (See
88 4a.207-4a.216.)

(b) When aunit other than the specific one
tested isincorporated in the airplane presented for
certification, the results of strength tests shall be
reduced to correspond to the minimum guaranteed
mechanical properties of the materials specified on the
drawings. Unlesstest |loads are carried at least 15
percent beyond the required val ues.

(c) Thedetermination of test loads, the
apparatus used, and the methods of conducting the
tests shall be satisfactory to the Administrator.

(d) Thetestsshall be conducted in the presence
of arepresentative of the Administrator unless
otherwise directed by the Administrator.

84a.231 Flightload tests. Proof of strength by
means of flight load testswill not be accepted unless
the necessity therefor is established and the test
methods are proved suitable to the satisfaction of the
Administrator.

§4a232 Loadtestsrequired. Thefollowingload
testsarerequired in all cases and shall be madein the

presence of arepresentative of the Administrator
unless otherwise directed by the Administrator:

(8 Strengthtestsof wing ribs. (See § 4a.248.)

(b) Pressuretestsof fuel and oil tanks. (See §
4a.608.)

(c) Proof tests of tail and control surfaces. (See
88 4a.263, 4a.264.)

(d) Proof and operating tests of control systems.
(See 88 4a.269, 4a.271.)

WINGS

§4a237 Proof of wings. The strength of
stressed-skin wings shall be substantiated by load
tests (§ 4a.230) or by combined structural analysis
and tests (§ 4a.229). Thetorisional rigidity of the
wings shall be within arange of values satisfactory
for the prevention of flutter. Compliance with such
torisional rigidity requirement shall be demonstrated
by static tests or other methods acceptable to the
Administrator.

[Amdt. 98, 6 F.R. 1145]

§4a238 Redundancies. Wing cellulesin which
the division of loading between lift trusses and drag
trusses isindeterminate shall be analyzed either by an
acceptable method for indeterminate structures or by
making assumptions which result in conservative
design loads for all members.

BEAaMS

84a239 Beams. The pointsset forthin
8§ 4a.240-4a.246 shall be covered in the proof of
strength of wing beams, in addition to any special
types of possible failure peculiar to the structure.

§4a.240 Secondary bending. When axial loads
are present the required minimum ultimate factor of
safety shall be introduced before the computation of
the bending momentsin order to insure that the
required ultimate loads can be supported by the
structure.

§4a241 Lateral buckling. The ability of beams
to resist lateral buckling shall be proved.

§4a242 Webs. The strength of shear webs shall
be proved.

§84a.243 Axial load. When axial load is present
tests are required to determine the effective “El” in
the case of truss-type beams and beams having
unconventional web construction.

§4a.244 Joint slippage in wood beams. When a
joint in awood beam is designed to transmit bending
from one section of the beam to another or to the
fuselage, the stresses in each part of the structure



shall be calculated on the assumption that thejoint is
100 percent efficient (except in mid-bay for which see
8§ 4a.334) and also under the assumption that the
bending moment transmitted by thejoint is 75 percent
of that obtained under the assumption of perfect
continuity. Each part of the structure shall be
designed to carry the most severe |oads determined
from the above assumptions.

§4a245 Bolt holes. In computing the area,
moment of inertia, etc., of wood beams pierced by
bolts, the diameter of the bolt hole shall be assumed
to be one-sixteenth inch greater than the diameter of
the bolt.

§4a246 Box beams. In computing the ability of
the box beams to resist bending loads only that
portion of the web with its grain parallel to the beam
axis and one-half of that portion of the web with its
grain at an angle of 45 degreesto the beam shall be
considered. The more conservative method of
neglecting the web entirely may be employed.

DRAG TRUSSES

84a.247 Dragtrusses. Drag struts shall be
assumed to have an end fixity coefficient of 1.0 except
in cases of unusually rigid restraint, in which a
coefficient of 1.5 may be used.

RiBs

8§4a248 Ribs. The strength of ribs shall be
proved by teststo at least 125 percent of the ultimate
loads for the most severe loading conditions, except
that consideration will be given to structural analyses
in conjunction with suitable specimen test data when
it can be demonstrated to the satisfaction of the
Administrator that it isimpractical to simulate the
actual loading conditionsin a static test. Such
analyses shall, on the basis of guaranteed minimum
material properties, show proof of strength at 125
percent of the required ultimate loads. The following

points shall also apply in proving the strength of ribs.

84a249 Loaddistribution. Theload shall be
suitably distributed between upper and lower wing
surfaces unless a more severe distribution is used.

§4a.250 Aileronsand high-lift devices. The
effects of ailerons and high-lift devices shall be
properly accounted for.

84a251 Ribtests. Ribtestsshall simulate
conditions in the airplane with respect to torisional
rigidity of spars, fixity conditions, lateral support, and
attachment to spars.

COVERING

§4a252 Covering. Proof of strength of fabric
covering is not required when standard grades of

cloth and methods of attaching and doping are
employed: Provided, however, That the
Administrator may require special tests when it
appears necessary to account for the effects of
unusually high design air speeds of slipstream
velocities, or similar factors. When metal coveringis
employed its ability to perform its structural function
shall be demonstrated by tests of typical panelsor by
other means acceptable to the Administrator. In
particular, compliance with § 4a.62 requires
demonstration of the behavior of the covering under
load in order to determine the effects of temporary
deformations (wrinkles).

NONPARALLEL WIRES

§4a253 Nonparallel wires. When two or more
wires are attached to a common point on the wing, but
are not paralel, proper allowance for redundancies
and the effects of rigging shall be made.

TAIL AND CONTROL SURFACES

§4a263 Proof of tail and control surfaces.
Structural analyses of tail and control surfaceswill be
accepted as complete proof of compliance with
ultimate |oad requirements only when the structure
conforms with conventional typesfor which reliable
analytical methods are available. Proof tests as
defined in § 4a.43 (i) are required to prove compliance
with yield load requirements.

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

(b) Intheanalysisof control surfaces proper
allowance shall be made for rigging loads in brace
wiresin cases where the counter wires do not go
slack before the ultimate |oad is reached.

(c) Analysesorindividual load tests shall be
conducted to demonstrate compliance with the
multiplying factor of safety requirements outlinedin
88 4a.207-4a.216 for control surface hinges and brace
wires.

§4a264 Vibration tests. The natural frequencies
of vibration of the wings, fuselage, and control
surfaces shall be within such ranges of values as are
satisfactory for the prevention of flutter. Compliance
with this requirement shall be demonstrated by
vibration tests or other methods acceptabl e to the
Administrator.

[Amdt 98, F.R. 1145]

CONTROL SYSTEMS

8§4a269 Proof of control systems. Structural
analyses of control systemswill be accepted as
complete proof of compliance with ultimate load
requirements only when the structure conforms with



conventional typesfor which reliable analytical
methods are available. Proof tests as defined in

8§ 4a.43 (i) are required to prove compliance with yield
load requirements.

§4a270 Control systemstests. In control system
tests, the direction of test loads shall be such asto
produce the most severe |oading of the control
system structure. Thetests shall include all fittings,
pulleys, and brackets used to attach the control
system to the primary structure.

§4a271 Operationtest. An operation test shall
be conducted by operating the controls from the
pilot’s compartment with the entire system so loaded
asto correspond to the minimum limit control force
specified initem 3 of Table 4a-6 for the control system
in question. In thistest there shall be no jamming,
excessive friction, or excessive deflection.

[Amdt. 48, 5 F.R. 1836]

§4a272 Control systemjoints. Analysesor
individual load tests shall be conducted to
demonstrate compliance with the multiplying factor of
safety requirements specified in 88§ 4a.207 through
4a.216 for control system joints subjected to angular
motion.

LANDING GEAR

§4a277 Proof of landing gear. Structural
analyses of landing gear will be accepted as complete
proof of compliance with load requirements only
when the structure conforms with conventional types
for which reliable analytical methods are available.
Analyses may be used to demonstrate compliance
with the energy absorption requirementsin certain
cases. When such analyses are not applicable,
dynamic tests shall be conducted to demonstrate
compliance with energy absorption requirements.

§4a278 Energy absorption tests. When tests
for energy absorption are required they shall be so
conducted as to simulate the landing conditions for
which energy absorption requirements are specified in
§ 4a.475, and test data shall be obtained from which
the maximum accel eration devel oped at the center of
gravity of the airplane can be determined. When drop
tests of wheels, tires, and shock absorbers are
conducted in a combination differing from that
employed on the airplane, proper allowance and
corrections shall be made be made for the errors thus
introduced.

HuLLSAND FLOATS

84a.283 Proof of hullsand floats. Structural
analyses of hullsand auxiliary floats will be accepted
as complete proof of compliance with load
requirements only when the structure conforms with

conventional typesfor which reliable analytical
methods are available. The strength of the structure
asawhole and its ability to distribute water |oads
from the bottom plating into the main structural
members shall be demonstrated. See Part 15 of this
subchapter for the requirements for main floats.

FUSELAGESAND ENGINE MOUNTS

§4a289 Proof of fuselages and engine mounts.
Structural analyses of fuselages and engine mounts
will be accepted as complete proof of compliance with
load requirements only when the structure conforms
with conventional typesfor which reliable analytical
methods are available.

§4a290 Critical columnloads. Theend fixity
coefficient used in determining critical column loads
shall in no case exceed 2.0. A valueof 1.0 shall be
used for all membersin the engine mount. In doubtful
cases, tests are required to substantiate the degree of
restraint assumed.

§4a291 Baggage compartments. The ability of
baggage compartments to sustain the maximum
authorized baggage loads under all required flight and
landing conditions shall be demonstrated.

FITTINGSAND PARTS

§4a.297 Proof of fittings and parts. Proof of
strength of all fittings and joints of the primary
structure isrequired. Where applicable, structural
analysis methods may be used. When such methods
areinadeguate, aload test isrequired. Compliance
with the multiplying factor of safety requirements for
fittings (88 4a.207-4a.216) shall be demonstrated.

§4a.298 Fittings and attaching members. Since
the system of forces which designs afitting does not
necessarily include the forces which design the
attaching members, all theforces acting in all the
specified conditions shall be considered for every
fitting. The strength of each part of a built-up fitting
shall beinvestigated and proper allowance shall be
made for the effects of eccentric loading when initially
present or when introduced by deflection of the
structure under load.

§4a299 Bolts. Theallowable bearing load
assumed for the threaded portion of abolt shall not
exceed 25 percent of the rated shear strength of the
bolt.

SuBPART E—DETAIL DESIGN AND CONSTRUCTION

Source: 88 4a.301to 4a.513 contained in Civil Air
Regulations, May 31, 1938, as amended by
Amendment 75, 5 F.R. 3946, except as noted following
sections affected.



§4a301 General. The primary structure and all
mechanisms essential to the safe operation of the
airplane shall not incorporate design details which
experience has shown to be unreliable or otherwise
unsatisfactory. The suitability of all design details
shall be established to the satisfaction of the
Administrator. Certain design features which have
been found to be essential to the airworthiness of an
airplane are specified in this subpart and shall be
observed.

MATERIALS, WORKMANSHIP, AND FABRICATION METHODS

§4a302 Materialsand workmanship. The
primary structure shall be made from materials which
experience or conclusive tests have proved to be
uniformin quality and strength and to be otherwise
suitable for airplane construction. Workmanship shall
be of sufficiently high grade asto insure proper
continued functioning of all parts.

§4a303 Fabrication methods. The methods of
fabrication employed in constructing the primary
structure shall be such as to produce a uniformly
sound structure which shall also be reliable with
respect to maintenance of the original strength under
reasonabl e service conditions.

§4a304 Gluing. Gluing may be used except in
cases where inferior joints might result or where
proper protection from moisture cannot be shown.

§4a305 Torch welding. Torch welding of
primary structural parts may be used only for ferrous
materials and for such other materials shown to be
suitable therefor.

§4a306 Electric welding. Electric arc, spot, or
seam welding may be used in the primary structure
when specifically approved by the Administrator for
the application involved. Requestsfor approval of
the use of electric welding shall be accompanied by
information asto the extent to which such welding is
to be used, drawings of the partsinvolved, apparatus
employed, general methods of control and inspection,
and references to test data substantiating the
strength and suitability of the welds obtained.

§4a307 Brazing and soldering. The use of
brazing and soldering in joint parts of the primary
structure is prohibited except that brazing may be
used in special cases when the suitability of the
method and application can be definitely established
to the satisfaction of the Administrator.

§4a308 Protection. All membersof the primary
structure shall be suitably protected against
deterioration or loss of strength in service dueto
corrosion, abrasion, vibration, or other causes. This
applies particularly to design details and small parts.

In seaplanes special precautions shall be taken
against corrosion from salt water, particularly where
parts made from different metals are in close proximity.
All exposed wood structural members shall be given
at least two protective coatings of varnish or
approved equivalent. Built-up box sparsand similar
structures shall be protected on the interior by at least
one coat of varnish or approved equivalent and
adeqguate provisions for drainage shall be made. Due
care shall be taken to prevent coating of the gluing
surfaces.

§4a309 Inspection. Inspection openings of
adequate size shall be provided for such vital parts of
the aircraft as require periodic inspection.

JOINTS, FITTINGS, AND CONNECTING PARTS

§4a312 Joints, fittings, and connecting parts.
In each joint of the primary structure the design
details shall be such as to minimize the possibility of
loosening of thejoint in service, progressive failure
due to stress concentration, and damage caused by
normal servicing and field operations.

Cross Reference: For multiplying factors of safety
required, see § 4a.208.

§4a313 Bolts, pins, and screws. All boltsand
screwsin the structure shall be of uniform material of
high quality and of first-class workmanship. Machine
screws shall not be used in the primary structure
unless specifically approved for such use by the
Administrator. The use of an approved locking
device or method isrequired for al bolts, pins, and
SCrews.

§4a314 Wood screws. The use of wood screws
in the primary structureis prohibited except in special
cases when the suitability of the particular application
is proved to the satisfaction of the Administrator.

§4a315 Eyebolts. Special eyeboltsand similar
bolts shall have afillet between the head and the
shank of at |east one-fourth the diameter of the bolt
when used in control surfaces or at other locations
where they might be subjected to bending or
vibration.

§4a316 Castings. Castingsused inthe primary
structure shall incorporate the multiplying factor of
safety specified in § 4a.209 and shall be of such
material and design as to insure the maximum degree
of reliability and freedom from defects. The
Administrator has the right to prohibit the use of
castings where such use is deemed to be unairworthy.

[CAR, May 31, 1938, as amended by Amdt. 75,5
F.R. 3946]



Ti1e-RobsAND WIRES

§4a319 Tie-rodsand wires. The minimum size
of tie-rod which may be used in primary structureis
No. 6-40. The corresponding minimum allowable size
of single-strand hard wireis No. 13 (0.072-inch
diameter).

§4a320 Wireterminals. The assumed terminal
efficiency of single-strand hard wire shall not be
greater than 85 percent.

§4a321 Wireanchorages. A fitting attached to
awire or cable up to and including the 3,400-pound
size shall have at least the rated strength of the wire
or cable, and the multiplying factor of safety for fitting
(8 4a.208) is not required in such cases. In the case of
fittings to which several tie-rods or wires are attached,
this requirement applies separately to each portion of
thefitting to which atie-rod or wire is attached, but
does not require simultaneous application of rated
wireloads. The end connections of brace wires shall
be such as to minimize restraint against bending or
vibration.

§4a322 Counter wiresizes. (Seealso §§4a.211,
4a.212.) Inawire-braced structure the wire sizes shall
be such that any wire can be rigged to at least 10
percent of itsrated strength without causing any
other wire to be loaded to more than 20 percent of its
rated strength. Asused here “rated strength” refers
to the wire proper, not the terminal.

FLUTTER PREVENTION

§4a326 General flutter prevention measures.
When he deems it necessary in the interest of safety,
the Administrator may require special provisions
against flutter. For specific requirements see 8§
4a.264, 4a.336, 4a.449, 42450, 4a.451, 4a.452, 4a.465,
4a.466, and 4a.680.

[Amdt. 75, 5 F.R. 3946, as amended by amdt. 04-2,
8 F.R. 13999]

DeTAIL DESIGN OF WINGS

§4a329 External bracing. When streamline
wires are used for external lift bracing they shall be
doubl e unless the design complies with the lift-wire-
cut condition specified in 8§ 4a.95. (Seeaso § 4a210.)

§4a330 Wire-braced monoplanes. If monoplane
wings are externally braced by wires only, the right
and | eft sides of the bracing shall be independent of
each other so that an unsymmetrical 1oad from one
side will not be carried through the opposite wires
before being counteracted, unless the design
compiles with the following conditions:

(8 Theminimum true angle between any
external brace wire and aspar is 14 degrees.

(b) The counter (landing) wires are designed to
remain intension at least up to the limit load.

(c) Thelanding and flying wires are double.

84a331 Lift trusses. Multiple-strand cable shall
not be used in lift trusses.

§4a332 Jury struts. When clamps are used for
attachment of jury strutsto lift struts, the design shall
be such asto prevent misalignment or local cruising
of thelift strut.

§4a333 Wing beams. Provisionsshall be made
to reinforce wing beams against torisional failure,
especialy at the point of attachment of lift struts,
brace wires, and aileron hinge brackets.

§4a334 Wing beamjoints. Jointsin metal beams
(except pinned joints) and joints in mid-bays of wood
beams shall maintain 100 percent efficiency of the
beam with respect to bending, shear, and torsion.

§4a335 Dragtruss. (&) Fabric-covered wing
structures having a cantilever length of overhang
such that the ratio of span of overhang to chord at
root of overhang isgreater than 1.75 shall havea
double system of internal drag trussing spaced as far
apart as possible, or other means of providing
equivalent torisional stiffness. In the former case
counter wires shall be of the same size asthe drag
wires. (Seealso §4a.212))

(b) Multiple-strand cable shall not be used in
drag trusses unless such use is substantiated to the
satisfaction of the Administrator.

§4a336 Aileron and flap attachments. Aileron
and flap attachment ribs or brackets shall berigidly
constructed and firmly attached to the main wing
structure in order to reduce wing flutter tendencies.

§4a337 Internally-braced biplanes. Internaly
braced biplanes shall be provided with N or | strutsto
equalize deflections, and the effect of such struts
shall be considered in the stress analysis.

§4a338 Fabric covering. Fabric covering shall
comply with the requirements of § 4a.302 and shall be
attached in amanner which will develop the
necessary strength, with due consideration for slip-
stream effects. (See § 4a.252.)

§4a339 Metal-covered wings. The detail design
of such wings shall incorporate suitable provision
against buckling or wrinkling of metal covering as
specified in 88 4a62, 4a.252.

DeTAIL DESIGN OF TAIL AND CONTROL SURFACES

§4a445 |nstallation. Movabletail surfaces shall
be so installed that there is no interference between
the surfaces or their bracing when any oneisheldin



its extreme position and any other is operated through
itsfull angular movement.

84a.446 Stops. When an adjustable stabilizer is
used, stops shall be provided at the stabilizer to limit
its movement in the event of failure of the adjusting
mechanism, to arange equal to the maximum required
to balance the airplane.

[CAR, May 31, 1938, as amended by Amdt. 04-2, 3
F.R. 13999

§4a447 Elevator trailing edge tab systems.
Elevator trailing edge tab systems shall be equipped
with stops which limit the tab travel to values not in
excess of those provided for in the structural report.
This range of tab movement shall be sufficient to
balance the airplane under the conditions specified in
§4a677.

[Amdt. 5,4 F.R. 1170]

§4a448 Hinges. (a) Hinges of the strap type
bearing directly on torque tubes are permissible only
in the case of steel torque tubes which have a
multiplying factor of safety as specified in § 4a.213.
In other cases sleeves of suitable material shall be
provided for bearing surfaces.

(b) Clevispins may be used as hinge pins
provided that they are made of material conforming
with, or the equivalent of, SAE Specification 2330.

§4a449 Elevators. When separate elevators are
used they shall be rigidly interconnected.

§4a450 Dynamic and static balance. All
control surfaces shall be dynamically and statically
balanced to the degree necessary to prevent flutter at
all speeds up to the design gliding speed.

[Amdt. 5,4 F.R. 1171]

84a451 Wing flaps. Flapsshall be soinstalled
as not to induce flutter or appreciable buffeting.

84a452 Tabs. Theinstallation of trim and
balancing tabs shall be such asto prevent the
development of any free motion of the tab. When
trailing edge tabs are used to assist in moving the
main surface (balancing tabs), the areas and relative
movements shall be so proportioned that the main
surfaceis not overbalanced at any time.

[Amdt. 5,4 F.R. 1171]

DEeTAIL DESIGN OF CONTROL SYSTEMS

§4a459 Installation. All control systems and
operating devices shall be so designed and installed
asto provide reasonabl e ease of operation by the
crew and so as to preclude the probability of
inadvertent operation, jamming, chafing, interference

by cargo, passengers, or |oose objects, and the
slapping of cables against parts of the airplane. All
pulleys shall be provided with satisfactory guards.

[Amdt. 50, 5 F.R. 2100]

§4a460 Sops. All control systemsshall be
provided with stops which positively limit the range
of motion of the control surfaces. Stopsshall be
capable of withstanding the loads corresponding to
the design conditions for the control system.

84a461 Joints. Boltswith castellated nuts
safetied with cotter pins or with an approved type of
self-locking nut shall be used throughout the control
system, except that the use of clevis pinsin standard
cable ends, thimbles, and shackles is satisfactory for
light airplanes.

[CAR, May 31, 1938, as amended by Amdt. 04-2, 8
F.R. 13999

84a.462 Welds. Welds shall not be employedin
control systemsto carry tension without
reinforcement from rivets or bolts.

§4a463 Flap controls. Theflap operating
mechanism shall be such asto prevent sudden,
inadvertent, or automatic opening of the flap at
speeds above the design speed for the extended flap
conditions. Thetimerequired to fully extend or
retract flaps shall not be less than 15 seconds, unless
it can be demonstrated to the satisfaction of the
Administrator that the operation of theflapsin a
lesser time does not result in unsatisfactory flight
characteristics. Means shall be provided to retain
flapsin their fully retracted position and to indicate
such position to the pilot.

§4a464-T  Flap controls. (a) For transport
category airplanes, the flap control shall provide
means for bringing the flaps from any position within
the operating range to any one of three positions,
designated as landing, approach, and take-off
positions, or to the fully retracted position, by placing
the primary flap control in asingle setting marked as
corresponding to each such flap position, the flaps
thereupon moving directly to the desired position,
without requiring further attention. If any extension
of the flaps beyond the landing position is possible,
the flap control shall be clearly marked to identify
such range of extension.

(b) Thelanding position, approach position, and
take-off position, or any of them, may be made
variable with altitude or weight by means of a
secondary flap control provided for that purpose.
Such a secondary control, if provided, shall operate
independently of the primary control and in such
manner that when it has been adjusted (for the effect
of weight or altitude), the necessary flap position can



thereafter be obtained by placing the primary flap
control in the desired position. The secondary
control shall be so designed and marked asto be
readily operable by the crew.

(c) Therateof flap retraction shall be such asto
permit compliance with 4a.752-T.

[Amdt. 04-4, 7 F.R. 984]

§4a465 Tab controls. (a) Tab controlsshall be
irreversible and nonflexible, unlessthetab is statically
balanced about its hinge line. Proper precautions
shall be taken against the possibility of inadvertent or
abrupt tab operation and operation in the wrong
direction.

(b) When adjustable elevator tabs are used for
the purpose of trimming the airplane, atab position
indicator shall be installed, and means shall be
provided for indicating to the pilot arange of
adjustment suitable for safe take-off and the
directions of motion of the control for nose-up and
nose-down motions of the airplane.

§4a466 Spring devices. The use of springsin
the control system either as areturn mechanism or as
an auxiliary mechanism for assisting the pilot (bungee
device) is prohibited except under the following
conditions:

(@) Theairplane shall be satisfactorily
maneuverable and controllable and free from flutter
under all conditions with and without the use of the
spring device.

(b) Inall casesthe spring mechanism shall be of
atype and design satisfactory to the Administrator.

() Rubber cord shall not be used for this
purpose.

§4a467 Single-cable controls. Single-cable
controls are prohibited except in special casesin
which their use can be proved to be satisfactory.

§4a468 Control systemlocks. When adeviceis
provided for locking a control surface while the
aircraft is on the ground or water, compliance with the
following requirements shall be shown.

(@) Thelocking device shall be soinstalled asto
positively prevent taxing the aircraft faster than 20
miles per hour, either intentionally or inadvertently,
while thelock is engaged.

(b) Meansshall be provided to preclude the
possibility of the lock becoming engaged during
flights.

§4a469-T  Trimcontrols. For transport
category airplanes, the trimming devices shall be
capable of continued normal operation in spite of the

failure of any one connecting or transmitting element
in the primary control system. Trim controls shall
operate in the plane and with the sense of the motion
of the airplane which their operationsisintended to
produce.

[Amdt. 04-5, 7 F.R. 984]

DEeTAIL DESIGN OF LANDING GEAR

§4a475 Shock absorption. All landing gear
(including tail gear installations) shall be provided
with shock-absorbing systems which will permit the
airplane to be landed under the conditions specified
in 88 4a.148 (b), 4a.152 without exceeding the ultimate
load used in the analysis of any landing gear member.
(See § 4a.278 for proof of absorption capacity.) If the
design of the shock-absorbing system is such that
the above method of specifying the required energy
absorption capacity appearsto giveirrational results,
and alternate method will be considered upon
presentation of pertinent data.

§4a476 Shock-absorbing systems. The shock-
absorbing systems employed shall incorporate
suitable means for absorbing the shocks developed in
taxing or running over rough ground.

§4a.477 Wheels. Main landing gear wheels shall
be of atype or model certificated by the Administrator
in accordance with the provisions of Part 15 of this
subchapter and shall not be subjected to static loads
in excess of those for which they are certificated. Tail
wheels may be of any type or model and are not
certificated. Nose wheels are subject to special
rulings to be made by the Administrator.

§4a478 Mainlanding gear wheels. For the
purpose of the regulationsin this part main landing
gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft
location.

§4a479 Tail and nose wheels. For the purpose
of theregulation in this part, atail wheel is considered
as one which supportsthetail of aconventional
airplanein the three-point landing attitude. A nose
wheel is considered to be awheel supporting the
nose of the airplane when the two main wheels are
located behind the center of gravity.

§4a.480 Tires. A landing gear wheel may be
equipped with any make or type of tire, provided that
thetireisaproper fit on the rim of the wheel and
provided that the tire rating of the Airplane Tire
Committee of the Tire and Rim Association is not
exceeded.

§4a481 Tiremarkings. When specially
constructed tires are used to support an airplane, the
wheels shall be plainly and conspicuously marked to



that effect. Such markings shall include the make,
size, number of plies, and identification marking of the
proper tire.

84a.482 Retracting mechanism. (a) When
retractable landing wheels are used visual means shall
be provided for indicating to the pilot, at all times, the
position of the wheels. Separate indicators for each
wheel are required when each wheel is separately
operated unless asingleindicator is obviously
satisfactory. In addition, landplanes shall be
provided with an aural or equally effective indicator
which shall function continuously after thethrottleis
closed until the gear is down and locked.

(b) A positivelock shall be provided for the
wheelsin the extended position, unless arugged
irreversible mechanism is used.

(c) Manual operation of retractable landing
gears shall be provided for.

[Amdt. 5,4 F.R. 1171]

§4a483-T  Brakes. Transport category
airplanes shall be equipped with brakes certificated in
accordance with the provisions of Part 15 of this
subchapter, for the maximum certificated landing
weight at sealevel and the power-off stalling speed,
Vs, asdefined in 8§ 4a.739-T. The brake system for
such airplanes shall be so designed and constructed
that in the event of asingle failure in any connecting
or transmitting element in the brake system, or the
loss of any signal source of hydraulic or other brake
operating energy supply, it shall be possible, as
shown by suitable test or other data, to bring the
airplaneto rest under the conditions specified in
8§ 4a.750-T with a mean negative acceleration during
the land roll of at least 50 percent of that obtained in
determining the landing distance under that section.

[Amdt. 04-6, 7 F.R. 985 as amended by Amdt. 04-2,
8 F.R. 13999

HuLLSAND FLOATS

§4a488 Hullsand floats. (Seealso §8 4a.497
through 4a.513.)

§4a489 Buoyancy (main seaplanefloats.) (@)
Main seaplane floats shall have abuoyancy in excess
of that required to support the gross weight of the
airplanein fresh water asfollows:

(1) 80 percent inthe case of singlefloats,
(2) 90 percent in the case of double floats.

(b) Main seaplane floats for use on aircraft of
2,500 pounds or more maximum authorized weight
shall contain at least five watertight compartments of
approximately equal volume. Main seaplane floats for

use on aircraft of less than 2,500 pounds maximum
authorized weight shall contain at least four such
compartments.

§4a490 Buoyancy (boat seaplanes). The hulls
of boat seaplanes and amphibians shall be divided
into watertight compartments in accordance with the
following requirements:

(@) Inaircraft of 5,000 pounds maximum
authorized weight or more the compartments shall be
so arranged that, with any two adjacent compartments
flooded, the hull and auxiliary floats (and tires, if
used) will retain sufficient buoyancy to support the
gross weight of the aircraft in fresh water.

(b) Inaircraft of 1,500 to 5,000 pounds maximum
authorized weight the compartments shall be so
arranged that, with any one compartment flooded, the
hull and auxiliary floats (and tires, if used) will retain
sufficient buoyancy to support the maximum
authorized weight of the aircraft in fresh water.

(c) Inaircraft of lessthan 1,500 pounds
maximum authorized weight watertight subdivision of
the hull is not required.

(d) Bulkheads may have watertight doors for the
purpose of communication between compartments.

§4a491 Water stability. Auxiliary floats shall be
so arranged that when compl etely submerged in fresh
water, they will provide arighting moment which is at
least 1.5 times the upsetting moment caused by the
aircraft being tilted. A greater degree of stability may
be required in the case of large flying boats,
depending on the height of the center of gravity
above the water level, the area and location of wings
and tail surfaces, and other considerations.

§4a492 Float design. In designing the bow
portion of floats and hulls suitable provision shall be
made for the effects of striking floating objects.

FUSELAGE AND CABINS

§4a497 Provision for turn-over. Thefuselage
and cabins shall be designed to protect the
passengers and crew in the event of acomplete turn-
over and adequate provision shall be made to permit
egress of passengers and crew in such event. The
requirements of this section may be suitably modified
when the possibility of acompleteturn-over in
landing is remote.

[Amdt. 5,4 F.R. 1171]

§4a498 External door. Closed cabinson all
aircraft carrying passengers shall be provided with at
least one adequate and easily accessible external
door.



§4a499 Location of passenger door. No
passenger door shall be located in the plane of
rotation of an inboard propeller, nor within 5 degrees
thereof as measured from the propeller hub.

[Amdt. 5,4 F.R. 1171]

§4a500 Exits. Closed cabinson aircraft carrying
more than 5 persons shall be provided with
emergency exits, in addition to the one external door
required by § 4a.499, consisting of movable windows
of panels or of additional external doorswhich
provide a clear and unobstructed opening, the
minimum dimensions of which shall be such that a 19-
inch by 26-inch ellipse may be completely inscribed
therein. The location and the method of operation of
emergency exits shall be approved by the
Administrator. If the pilotisin acompartment
separate from the cabin, passage through such
compartment shall not be considered as an emergency
exit for the passengers. The number of emergency
exitsrequired isasfollows:

(@) Aircraft with atotal seating capacity of more
than 5 persons, but not in excess of 15, shall be
provided with at |east one emergency exit or one
suitable door in addition to the main door specifiedin
§4a.498. Thisemergency exit, or second door, shall
be on the opposite side of the cabin from the main
door. If desired, an additional emergency exit may be
provided in the top of the cabin, but such an
installation shall not obviate the necessity for an exit
on each side.

(b) Aircraft with a seating capacity of more than
15 persons shall be provided with an additional
emergency exit or door either in the top or side of the
cabin for every additional 7 persons or fraction
thereof above 15, except that not more than 4 exits,
including doors, will be required if the arrangement
and dimensions are suitable for the purpose intended.

[CAR, May 31, 1938, as amended by Amdt. 48, 5
F.R. 1836]

PiLoT COMPARTMENT

§4a501 Construction. The pilot compartment
shall be so constructed asto afford suitable
ventilation and adequate vision to the pilot under
normal flying conditions. In cabin aircraft the
windows shall be so arranged that they may be
readily cleaned or easily opened in flight to provide
forward vision for the pilot. The ventilation
requirements of § 4a.510 shall also apply to the pilot
compartment.

§4a502 Location. The pilot and the primary
control units, excluding cables and control rods, shall
be so located with respect to the propellers that no

portion of the pilot or controlsliesin theregion
between the plane of rotation of any propeller and the
surface generated by aline passing through the
center of the propeller hub and making an angle of 5
degrees forward or aft of the plane of rotation of the
propeller.

§4a504 Operation information and limitations.
Means shall be provided by which the operating
personnel is suitably informed of all operation
information and limitations deemed necessary by the
Administrator.

[Amdt. 48, 5 F.R. 1836, as amended by Amdt. 75, 5
F.R. 3946]

84a505 Windows and windshields. The
windows and windshields of the pilot compartment in
airplanes certificated for air transportation service
shall be so arranged as to provide satisfactory
forward vision and protection under all conditions
and, to accomplish this, particular attention shall be
paid to the following detail requirements:

(@) Sufficient data specifying the windshield
material, number of laminations, binder if any, size and
shape of panes, angle of panesto flight path, and
method and rigidity of mounting, shall be forwarded
to the Administrator for rulings as to the acceptability
of the windshield from the standpoint of strength.

(b) Windshields shall be so installed that they
can be easily opened in flight and shall be so
arranged that the air stream and snow or rain are
deflected across the opening, or to provide equivalent
results.

(c) Thepilot compartment shall be so
constructed and arranged as to prevent glare or
reflections which would interfere with the vision of
either pilot, particularly whileflying at night. The
aircraft will be flown by arepresentative of the
Administrator during hours of darknessto determine
compliance with this provision.

§4a506 Leakage. The pilot compartment in
airplanes certificated for air transportation service
shall be so constructed asto prevent any leakage into
it when the airplaneisflying inrain or snow.

§4a507 Seats. When asecond pilot isrequired
(8 61.121 of this subchapter) two seats shall be
installed side by side in the pilot compartment of
airplanes certificated for air transportation service
from either of which the airplane shall be fully and
readily controllable. If any difference existsasto
convenience of the instruments and controls
necessary for safe flight such difference should favor
the left-hand seat. The left-hand seat shall be known
asthefirst pilot’s seat and the right-hand one as the
second pilot’s seat.



§4a508 Navigation instruments. The
navigation instruments for use by the pilot in
airplanes certificated for air transportation service
shall be soinstalled as to be easily visible to him with
the minimum practicable deviation from his normal
position and line of vision when heislooking out and
forward along the flight path and they shall also be
visibleto the second pilot.

§4a509 Opening between pilot compartment
and passengers' cabin. All airplanes certificated for
air transportation service shall be provided with a
door or an adequate openable window between the
pilot compartment and the passenger cabin. When a
door is provided it shall be equipped with alocking
means which shall prevent passengers from opening
such door whilein flight.

PASSENGER AND BAGGAGE COMPARTMENTS

§4a510 Passenger compartments. A suitable
ventilation system shall be provided which will
preclude the presence of fuel fumes and dangerous
traces of carbon monoxide in each passenger
compartment.

§4a511 Passenger chairs. Seatsor chairsfor
passengers shall be securely fastened in place in both
open and closed airplanes, whether or not the safety
belt load is transmitted through the seat.

Cross Reference: For safety belt requirements, see
88 4a.193, 4a.532 (i), and 4a.565.

[Amdt. 4a-4, 15 F.R. 29]

§4a512 Baggage compartments. Each baggage
and mail compartment shall bear a placard stating the
maximum allowable weight of contents, as determined
by the structural strength of the compartment (8§
4a.194) and by flight test (§ 4a.725). Suitable means
shall be provided to prevent the contents of mail and
baggage compartments from shifting.

REINFORCEMENT NEAR PROPELLERS

§4a513 Reinforcement near propellers.
Surfaces near propeller tips shall be suitably stiffened
against vibration and effects of ice thrown from the
propeller.

Cross Reference: For clearance requirements, see
§4a599.

SUBPART F—EQUIPMENT

Source: 88 4a.523 to 4a.581 contained in Civil Air
Regulations, May 31, 1938, as amended by
Amendments 75, 5 F.R. 3946; except as noted
following sections affected.

84a523 General. The equipment required shall
be dependent upon the type of operation for which

certification isto be made. The requirements
specified in this subpart shall be the basic equipment
requirements and such additional equipment as may
be specified in other sections of the Civil Air
Regulations for specific special cases shall be
supplemental hereto unless otherwise specified.

§4a524 Requirements. Each item of equipment
specified in the Civil Air Regulations shall be atype
and design satisfactory to the Administrator, shall be
properly installed, and shall function to the
satisfaction of the Administrator. Items of equipment
for which certification isrequired shall have been
certificated in accordance with the provisions of Part
15 of this subchapter or previous regulations.

§4a525 Lifepreserver or flotation device. An
approved life preserver or flotation deviceisone
approved by the Administrator for such usage on
sea-going vessels.

§4a526 Fire extinguishing apparatus. Fre
extinguishing apparatus approved by the
Underwriters Laboratoriesis considered to be of an
approved type.

NoN-AIR CARRIER (NAC) AIRPLANES

§4a531 Non-air carrier (NAC) airplanes.
Airplanes which are certificated as non-air carriers
shall have at least the equipment set forthiin
88 4a532-4a.537.

[CAR, May 31, 1938, as amended by Reg. 601-A-1,
3F.R. 2055]

§4a532 NAC landplanes; visual contact day
flying (within 100 miles of a fixed base). (a) Oneair-
speed indicator.

Cross Reference: For installation requirements,
see § 4a.559.

(b) Onedtimeter.
(c) A tachometer for each engine.

(d) An oil-pressure gauge when an oil-pressure
system is employed.

(e) A water thermometer for each water-cooled
engine.

(f) Anoil thermometer for each air-cooled
engine.

(9) A manifold-pressure gauge, or equivalent,
for each altitude engine.

(h) A fuel quantity gauge. (See § 4a.609 for
reguirements.)

(i) Approved safety beltsfor all occupants (see
§ 4a.565).



[Amdt. 4a-4, 15 F.R. 29]

Cross References: For belt requirements, see Part
15 of this subchapter. For installation requirements,
see § 4a.565.

() A portablefire extinguisher, which
extinguisher shall be of an approved type, which shall
have a minimum capacity, if carbon tetrachloride, of 1
quart, or, if carbon dioxide, of 2 pounds, or, if other, of
equivalent effectiveness; except that any extinguisher
of not less than half the above capacity may be used
in an airplane equipped with an engine whose
maximum rating is 40 horsepower or less. (See §
4a.566 for installation requirements.)

(k) Landing gear position indicator for
retractable main landing gear. (See § 4a.482 for
requirements.)

() A devicefor measuring or indicating the
amount of oil inthetanks. (See § 4a.624 for
requirements.)

M) A first-aid kit.

(n) A logbook for the airplane and one for each
engine. (See Part 1 of this subchapter for
reguirements.)

(o) Rigginginformation for airplaneswith wire-
braced wings, either in the form of a sketch or listed
data, which shall include sufficient information to
permit proper rigging.

[CAR, May 31, 1938, as amended by Amdt. 5, 4
F.R. 1171, Amdt. 116, 6 F.R. 2870]

§4a533 NAC landplanes; visual contact day
flying (unlimited distance). Airplanesof this
category shall have the equipment specified in
8§ 4a.532 and, in addition, there shall be installed:

(@) A magnetic compass.

Cross Reference: For installation requirements,
see § 4a.562.

§4a534 NAC landplanes; visual contact night
flying. Airplanes of this category shall have the
equipment specified in § 4a.533 and, in addition, there
shall beinstalled:

(@) A setof certificated standard forward
position lightsin combination with a certificated tail
light.

Cross References. For light requirements, see Part
15 of this subchapter. For installation requirements,
see §4a578.

(b) Two electriclanding lightsif theaircraftis
operated for hire: Provided, however, That only one
such landing light shall be required for any airplane

certificated for aweight of less than 1,500 pounds.
(See §4a.576 for installation requirements.)

(c) Certificated landing flares asfollows, if the
aircraft is operated for hire beyond an areawithin a
circlewith aradius of 3 miles drawn from the center of
the airport of take-off (see Part 15 of this subchapter
for flare requirements and § 4a.568 for installation
requirements):

() Airplanes of 3,500 pounds maximum
authorized weight or less—five Class 3 flares or three
Class 2 flares.

(2) Airplanes of between 3,500 pounds and
5,000 pounds maximum authorized weight—four Class
2 flares.

(3) Airplanes of 5,000 pounds maximum
authorized weight or more—two Class 1 flares or three
Class 2 flaresand one Class 1 flare.

(4) If desired, airplanes of lessthan 5,000
pounds maximum authorized weight may carry the
flare equipment specified for heavier airplanes.

(d) A storage battery suitable as a source of
energy supply for such lightsand radio as are
installed.

Cross Reference: For installation requirements,
see §4a.571.

(e) Radioequipment, if the aircraft isoperated in
acontrol zone (8§ 60.13 of this subchapter), asfollows:
A radio range and weather broadcast receiver
operating within the frequency range of 200 to 400
kilocycles. Under normal atmospheric conditionsthis
receiver must be capable of receiving with arange of
100 milesintelligence emanated from aradio range or
weather broadcast station the equivalent of a
simultaneous Adcock range with scheduled
broadcast installation.

(f) A set of sparefuses.

Cross Reference: For installation requirements,
see §4a572.

[CAR, May 31, 1938, as amended by Amdt. 5, 4
F.R.1171]

§4a535 NAC landplanes; instrument day flying.
Airplanes of this category shall have the equipment
specified in § 4a.533 and, in addition, there shall be
installed:

(8 Radioequipment: Sameas §4a.534 (e),
whether the aircraft is operated for hire or not, andin
addition, aradio transmitter operated on 3105
kilocycles with a power output sufficient to establish
communication at a distance of at least 100 miles
under normal atmospheric conditions. Additional



frequencies may be employed subject to approval of
the Federal Communications Commission.

(b) A gyroscopic rate-of-turn indicator.

(c) A bank indicator. (Therate-of-turnindicator
may be combined in the bank indicator if desired.)

(d) A sensitiveatimeter which shall be
adjustable for changes in barometric pressure and
compensated for changesin temperature.

(e) A clock with asweep second hand.

(f) A storage battery suitable as a source of
energy supply for the radio equipment installed.

Cross Reference: For installation requirements,
see 8§ 4a571, 4a.573.

(g) A generator.
(h) A set of spare fuses.

Cross Reference: For installation requirements,
see §4a572.

(i) A rate-of-climbindicator.

§4a536 NAC landplanes; instrument night
flying. Airplanes of this category shall have the
equipment specified in 88 4a.534, 4a.535 combined.
The storage battery shall be suitable as a source of
energy supply for both the radio equipment and the
lights.

§4a537 NAC seaplanes and amphibians. The
equipment requirements for seaplanes and
amphibians shall be the same as specified for
landplanes (88§ 4a.532-4a.536) except that seaplanes
and amphibians shall not be certificated for operation
over water out of sight of land unless they have at
least the equipment specified in 8 4a.533, and except
that all certificated seaplanes and amphibians shall
also have an approved life preserver or flotation
device for each person for whom thereis a seat, and
except that all seaplanes and amphibians certificated
for night operation shall also have awhite anchor
light.

AIR CARRIER AIRPLANES; PASSENGER (ACP)

§4a547 Air carrier airplanes; passengers
(ACP). Airplanes certificated for use by an air carrier
in passenger service shall have installed at |east the
equipment set forth in 88 4a.548-4a.552.

[CAR, May 31, 1938, as amended by No. 601-A-1,
3F.R. 2055]
§4a548 ACP landplanes; visual contact day

flying. The same as specifiedin § 4a.533 and, in
addition, the following:

(@) Anelectrically heated pitot tube, or
equivalent, for the air-speed indicator.

(b) Oneadditional portable fire extinguisher of
the type specified in § 4a.532 (j). (See § 4a.566 for
installation requirements.)

(c) Fixed fire extinguishing apparatus of an
approved type for each engine compartment.

(d) Type certificated radio equipment as
specified in Part 40 of this subchapter.

(e) A setof sparefuses. (See§4a572for
installation requirements.)

(f) A rate-of-climbindicator.
(g) A storage battery: Same as § 4a.535 (f).

(h) A meansfor providing, without continuous
manual operation, vision through the windshield
adequate for executing take-offsand landingsin rain.

[Amdt. 129, 7 F.R. 4691, amended by Amdt. 04-15,
7 F.R. 6240]

§4a549 ACP landplanes; visual contact night
flying. The same as specifiedin § 4a.548 and, in
addition, the following:

(@) A setof certificated air carrier airplane
position lights. The forward lights may beair carrier
forward position lights or a combination of standard
forward position lights and a set of auxiliary forward
position lights. (See Part 15 of this subchapter for
light requirements and § 4a.578 for installation
reguirements.)

(b) A storage battery of sufficient capacity for
such lights and radio as are install ed.

Cross Reference: For installation requirements,
see 8§ 4a571, 4a.573.

(c) Twoelectriclanding lights.

Cross Reference: For installation requirements,
see § 4a.576.

(d) Certificated landing flares asfollows. two
Class 1 flares or three Class 2 flares and one Class 1
flare.

Cross References: For flare requirements, see Part
15 of this subchapter. For installation requirements,
see § 4a.568.

(e) Instrument lights.

Cross Reference: For installation requirements,
see 8§ 4a.577.

(f) Cabinlightsin all passenger cabinsand
compartments.

(9) A generator. (See §4a.573 for requirements.)



(h) Radio equipment same as § 40.61.

[CAR, May 31, 1938, as amended by Amdt. 04-9, 7
F.R. 1709, Amdt. 04-2, 8 F.R. 13999

§4a550 ACP landplanes; instrument day flying.
The same as specified in § 4a.548 except § 4a.548 (b)
and, in addition, the following:

(@) A gyroscopic rate-of-turn indicator
combined with abank indicator.

(b) A gyroscopic instrument showing bank and
pitch.

(c) A gyroscopic direction finder.

(d) Two sensitive-type atimeters, both of which
shall be adjustable for changesin barometric pressure
and compensated for changes in temperatures:
Provided, That aircraft in use on or before January 1,
1939, and thereafter replacements and additions of
aircraft of the same make and model may, for purposes
of standardization, be deemed to have me this
requirement, if there are installed in each such aircraft
one sensitive type altimeter and one standard type
altimeter, provided each is adjustable for changesin
barometric pressure and compensated for changesin
temperature.

(e) A freeair thermometer of the distance type
with an indicating dial in the cockpit.

(f) A clock with asweep second hand.

(90 A vacuum gauge, installed in thelines
leading to instruments in paragraphs (a), (b) and (c) of
this section.

(h) Type certificated radio equipment as
specified in Part 40 of this subchapter.

(i) Meansshall be providedto indicateicing
conditions, or the probability thereof, in the
carburetor if the de-icing device specified in § 4a.616
requires the manual manipulation of controls.

() A storage battery suitable as a source of
energy supply for the radio equipment installed.

Cross Reference: For installation requirements,
see 8§ 4a571, 4a.573.

(k) A generator.

Cross Reference: For installation requirements,
see §4a573.

[CAR, May 31, 1938, as amended by Amdt. 5, 4
F.R. 1171, Amdt. 85, 6 F.R. 5145]

§4a551 ACP landplanes; instrument night
flying. The same as specified in 88 4a.549 and 4a.550
combined. The storage battery, in this case, shall be

of sufficient capacity for al radio equipment and all
lightsinstalled.

§4a552 ACP seaplanes and amphibians. The
same as specified for landplanes. (88 4a.548-4a.551)
and including the life preservers specified in § 4537,
except that when certificated for night operation they
shall also have installed the anchor light specifiedin §
4a537.

INSTALLATION REQUIREMENTS

§4a557 Installation requirements. The
regulationsin 88 4a.558-4a.581 apply to the
installation of specific items of equipment and are
additional to the regulations of § 4a.523.

INSTRUMENT INSTALLATION

84a558 Instruments. Theregulationsin
8§88 4a.559-4a.564 shall apply to the installation of
instruments when such instruments are required by
theregulationsin this part.

84a559 Air-speedindicator. Thisinstrument
shall be so installed asto indicate true air speed at sea
level with the maximum practicable accuracy, but the
instrument error shall not be more than plus or minus
3 percent, except that it need not be less than plus or
minus 5 miles per hour, at the level flight speed
corresponding to the design power (8§ 4a.38 (b)), at V,
(8 4a.40 (c)) or at the maximum attainable level flight
speed, whichever islowest.

[Amdt. 5,4 F.R. 1171]

8§4a560 Power-plant instruments and controls.
See 8§88 4a.642, 4a.643.

§4a561 Fuel quantity gauge. See 8§ 4a.6009.

84a562 Magnetic compass. Thisinstrument
shall be properly damped and compensated and shall
be located whereit isleast affected by electrical
disturbances and magnetic influences.

§4a563 Navigational instruments. Navigational
instruments for use by the pilot shall be so installed
asto be easily visible to him with the minimum
practicable deviation from his normal position and line
of vision when heislooking out and forward along
the flight path, and they shall also be visible to the
second pilot.

84a564 Gyroscopicinstruments. All gyroscopic
instruments shall derive their energy from engine-
driven pumps or from auxiliary power units. Each
source of energy supply and its attendant compl ete
installation shall comply with the instrument
manufacturer’ s recommendations for satisfactory
instrument operation. On multiengine aircraft each
instrument shall have two separate sources of energy,



either one of which shall be capable of carrying the
required load. Engine-driven pumps, when used, shall
be on separate engines. The installation shall be such
that failure of one source of energy or breakage of
one linewill not interfere with proper functioning of
the instruments by means of the other source.

SAFETY EQUIPMENT INSTALLATION

§4a565 Safety belts. Airplanes manufactured on
or after January 1, 1951, shall be equipped with safety
belts approved in accordance with § 4a.31. Inno case
shall the rated strength of the safety belt be less than
that corresponding with the ultimate load factors
specified in § 4a.193, taking due account of the
dimensional characteristics of the safety belt
installation for the specific seat or berth arrangement.
Safety belts shall be attached so that no part of the
anchorage will fail at aload lower than that
corresponding with the ultimate load factors specified
in84a193.

(Sec. 205 (a), 52 Stat. 984; 49 U.S.C. 425 (a).
Interpret or apply secs. 601, 603, 52 Stat. 1007, 1009;
49 U.SC. 551, 553)

[Amdt. 4a-4, 15 F.R. 29]

§4a566 Fireextinguishers. The portablefire
extinguisher specified in § 4a.532 (j) shall be so
installed as to be accessible to the passengers. The
two portable fire extinguishers specified in § 4a.548
shall be so installed that one is readily available to the
crew and the other is near the main external cabin
door whereit shall be readily available to passengers
and ground personnel.

§4a567 Safety belt signal. When asignal or
signis used to indicate to passengers the times that
seat belts should be fastened, such signal or sign
shall be located in a conspicuous place and so
arranged that it can be operated from the seat of either
pilot.

[Amdt. 129, 7 F.R. 4691]

§4a568 Landingflares. Landing flares shall be
releasable from the pilot compartment. Structural
provision shall be made for the recoil loads.

§4a569 De-icers. Positive means shall be
provided for the deflation of all wing boots.

ELECTRICAL EQUIPMENT INSTALLATION

§4a570 General. Electrical equipment shall be
installed in accordance with accepted practice and
suitably protected from fuel, oil, water, and other
detrimental substances. Adequate clearance shall be
provided between wiring and fuel and oil tanks, fuel
and oil lines, carburetors, exhaust piping, and moving
parts.

[Amdt. 48, 4 F.R. 1836]

84a571 Battery. Batteriesshall be easily
accessible and adequately isolated from fuel, oil, and
ignition systems. Adjacent parts of the aircraft
structure shall be protected with a suitabl e acid-proof
paint if the battery contains acid or other corrosive
substance and is not completely enclosed. If the
battery is completely enclosed, suitable ventilation
shall be provided. All batteries shall be so installed
that spilled liquid will be suitably drained or absorbed
without coming in contact with the airplane structure.

84a572 Fuses. Fusesshall be so located that
they can readily be replaced in flight. They shall
break the current in agenerating system at a
sufficiently small current flow adequately to protect
the lights, radio equipment, and other parts of the
circuit.

§4a573 Generator. When agenerator is
specified it shall have sufficient capacity to carry the
entirerunning load. Such generator shall be engine-
driven unless an approved equivalent systemis
provided. Auxiliary power unitswill be approvedin
lieu of batteries and engine-driven generators,
provided that they are at least two in number and that
the supply system is capable of carrying the entire
running load with any one unit out of action.

§4a574 Runningload. The running load shall
be defined as the electric consumption of all lights,
radio equipment, and other electrical devices, except
those which are designed only for occasional
intermittent use. Examples of devicesregarded as
intermittent are radio broadcasting equipment, landing
lights, and electrically operated landing gears and
wing flaps. Radio range signal receiversand all other
lights are considered a part of the constant |oad.

84a575 Anchor lights. The anchor light
specified for seaplanes and amphibians shall be so
mounted and installed that, when the airplaneis
moored or drifting on the water, it will show awhite
light visible for at least 2 miles at night under clear
atmospheric conditions.

[Amdt. 48, 4 F.R. 1836]

§4a576 Landing lights. Electric landing lights
shall be so installed on multiengine aircraft that at
least one shall be not less than 10 feet to theright or
left of thefirst pilot’s seat and beyond the swept disk
of the outermost propeller. On single-engine aircraft
such lights shall be so installed that no visible portion
of the swept disk of the propeller, if of the tractor
type, isilluminated thereby. Individual switchesfor
each light shall be provided in the pilot compartment.

[Amdt. 5,4 F.R. 1171]



§4a577 Instrument lights. Instrument lights
shall be so installed as to provide sufficient
illumination to make al flight instruments easily
readable and shall be equipped with rheostat control
for dimming unlessit can be shown that a
nondimming light is satisfactory.

§4a578 Position lights. Position lights shall be
installed so that, with the airplanein normal flying
position, the forward red position light is displayed
on the left side and the forward green position light
on theright side, each showing unbroken light
between two vertical planes whose dihedral angleis
110 degrees when measured to the left and right,
respectively, of the airplane from dead ahead. Such
forward position lights shall be spaced laterally asfar
apart as practicable. Onerear position light shall be
installed on the airplane at the rear and as far aft as
possible and shall show alight visible aft throughout
adihedral angle of 140 degrees bisected by avertical
plane through the longitudinal axis of the airplane.
Such light shall emit (a) in the case of anon-air carrier
airplane, either a continuous white light as specified
in § 15.20 (b) (5) of this subchapter, or alternate red
and white flashes as specified in § 15.20 (b) (6) of this
subchapter, and (b) in the case of an air carrier
airplane, alternate red and white flashes as specified
in § 15.20 (b) (6) of this subchapter. Inlieu of such a
single flashing rear position light, an airplane may
carry two rear position lights, one red and one white,
spaced as closely as possibleto each other and in
combination emitting the red and white flashes
specified in § 15.20 (b) (6) of this subchapter.

[Amdt. 04-10, 7 F.R. 1709 as amended by Amdt. 04-
1,9F.R. 2772, Amdt. 04-2, 9 F.R. 11462]

§4a579 Master switch. Electrica installations
shall incorporate a master switch easily accessible to
amember of the crew.

MISCELLANEOUS EQUIPMENT INSTALLATION

§4a580 Seats. Seatsor chairs, even though
adjustable, in open or closed airplanes, shall be
securely fastened in place whether or not the safety
belt load is transmitted through the seat.

§4a581 Accessories. Engine-driven accessories
on multiengine aircraft shall be distributed among two
or more engines.

SUBPART G—POWER-PLANT INSTALLATION ENGINES

Source: 88 4a.591 to 4a.661 contained in Civil Air
Regulations May 31, 1938, as amended by
Amendment 75, 5 F.R. 3946, except as noted following
sections affected.

84a591 Engines. Enginesshall be of atype and
design which has been type certificated, or found

eligible for usein certificated aircraft, in accordance
with the requirements of Part 13 of this subchapter or
shall have been approved as airworthy in accordance
with previous regulations.

[Amdt. 116, 6 F.R. 2870]

PROPELLERS

§4a597 Propellers. Propellersshall be of atype
and design which has been certificated as airworthy
in accordance with the requirements of Part 14 of this
subchapter or shall have been approved as airworthy
in accordance with previous regulations, except that
wood propellers of aconventional typefor usein
light airplanes need not be certificated. In certain
cases maximum engine bore limitations are also
assigned to propellers. Propellers may be used on
any engine provided that the certified power ratings,
speed ratings, and bore of the enginearenotin
excess of the limitations of the propeller as
certificated, and further provided that the vibration
characteristics of the combination are satisfactory to
the Administrator.

[CAR, May 31, 1938, as amended by Amdt. 04-2, 8
F.R. 13999

§4a598 Controllable pitch. The control
mechanism shall be designed and equipped with a
positive stop which shall limit the minimum pitch so
that the take-off crankshaft speed for which the
aircraft is certificated is not exceeded during take-off
with take-off power unlessit is necessary to so locate
the stop that a higher crankshaft speed may be used
in an emergency. The means provided for controlling
the pitch shall be so arranged asto minimize the
attention required from a pilot to prevent the engines
from exceeding their crankshaft speed limitations
under any flight condition.

§4a599 Propeller clearance. Propellersshall
have a minimum ground clearance of 9 inches when
the airplaneisin ahorizontal position with the landing
gear deflected asit would be under the maximum
authorized weight of the airplane. Propellerson
seaplanes shall clear the water by at |east 18 inches
when the seaplaneis at rest under the maximum
authorized load condition. A clearance of at least 1
inch shall be provided between the tips of the
propellers and any part of the structure.

FUEL SysTEMS

§4a605 Capacity and feed. Thefuel capacity
shall be at least 0.15 gallons per maximum (except
take-off) horsepower for which the airplaneis
certificated. Air-pressurefuel systems shall not be
used. Only straight gravity feed or mechanical
pumping of fuel is permitted. The system shall be so



arranged that the entire fuel supply may be utilized in
the steepest climb and at the best gliding angle and
so that the feed ports will not be uncovered during
normal maneuversinvolving moderaterolling or side
slipping. The system shall also feed fuel promptly
after one tank has run dry and another tank isturned
on. If amechanical pump isused, an emergency hand
pump of equal capacity shall beinstalled and
available for immediate usein case of apump failure
during take-off. Hand pumps of suitable capacity may
also be used for pumping fuel from an auxiliary tank to
amain fuel tank.

84a.606 Tank installation. No fuel tank shall be
placed closer to an engine than the remote side of a
firewall. Atleast one-half inch clear air space shall be
allowed between the tank and the firewall. Spaces
adjacent to the surfaces of the tank shall be ventilated
so that fumes cannot accumulate or reach the crew or
passengersin case of leakage. If two or more tanks
have their outlets interconnected they shall be
considered as one tank and the air space in the tanks
shall also be interconnected to prevent differencein
pressure at the air vents of each tank of sufficient
magnitude to cause fuel flow between tanks.
Mechanical pump systems shall not feed from more
than one tank at atime except by special ruling from
the Administrator.

§4a607 Tank construction. Each fuel tank shall
be provided with either a sump and drain located at
the point which islowest when he airplaneisina
normal position on the ground or outlets at the
bottom or the tank provided with large mesh finger
strainers. If asumpis provided, the main fuel supply
shall not be drawn from the bottom of this sump. If
no sump is provided, the system drain shall be
controllable from the pilot compartment and shall act
asatank drain. Each tank shall be suitably vented
from the top portion of the air space. Such air vents
shall be so arranged as to minimize the possibility of
stoppage by dirt or ice formation. When large fuel
tanks are used, the size of the vent tubes should be
proportioned so as to permit rapid changesin internal
air pressure to occur and thereby prevent collapse of
thetanksin asteep glide or dive. Tanks of 10 gallons
or more capacity shall be provided with internal
baffles, unless suitable external support is provided to
resist surging.

84a608 Tank strength. Fuel tanks shall be
capable of withstanding an internal test pressure of
3/, pounds per square inch without failure or leakage.
Fuel tanks of large capacity which have a maximum
fuel depth greater than 2 feet shall be investigated for
the pressure devel oped during the maximum limit
acceleration with full tanks. Tanks shall be so

designed, and the rivets or welds so located, asto
resist vibration failures or leakage.

§4a609 Gauge. A satisfactory gauge shall be
soinstalled on all airplanes asto readily indicateto a
pilot or flight mechanic the quantity of fuel in each
tank whilein flight. When two or more tanks are
closely interconnected and vented, and it is
impossible to feed from each one separately, only one
fuel-level gauge need beinstalled. If aglassgaugeis
used, it shall be suitably protected against breakage.

84a610 Linesand fittings. All fuel linesand
fittings shall be of sufficient size so that under the
pressure of normal operation the flow islessthan
double the normal flow required for take-off engine
power. A test for proof of compliance with this
requirement shall be made. All fuel lines shall be so
supported as to prevent excessive vibration and
should be located so no structural loads can be
applied. Bends of small radius and vertical humpsin
the lines shall be avoided. Copper fuel lineswhich
have been bent shall be annealed before installation.
Parts of the fuel system attached to the engine and to
the primary structure of the airplane shall be flexibly
connected thereto. Flexible hose connections and
fuel lines shall have metal liners or the equivalent.
Fittings shall be of atype satisfactory to the
Administrator.

§4a611 Srainers. One or more strainers of
adequate size and design, incorporating a suitable
sediment trap and drain, shall be provided in the fuel
line between the tank and the carburetor and shall be
installed in an accessible position. The screen shall
be easily removable for cleaning.

§4a612 Valves. One or more positive and quick-
acting valves that will shut off all fuel to each engine
shall be within easy reach of thefirst pilot and the
second pilot or of the flight mechanic. In the case of
airplanes employing more than one source of fuel
supply, suitable provision shall be made for
independent feeding from each source.

§4a613 Dump valves. When fuel tanks are
equipped with dump valves, the operating mechanism
for such valves shall be within convenient reach of
thefirst pilot and the second pilot or of the flight
mechanic. Dump valves shall be so installed asto
provide for safe and rapid discharge of fuel.

§4a614 Drains. Oneor more accessible drains
shall be provided at the lowest point on the fuel
systemsto completely drain all parts of each system
when the airplaneisin its normal position on level
ground. Such drainsshall discharge clear of all parts
of the airplane and shall be equipped with suitable
safety locks to prevent accidental opening.



MisCELLANEOUS FUEL SYSTEM REQUIREMENTS

§4a615 Filler openings. All filler openingsin
the fuel system shall be plainly marked with the
capacity and theword “fuel”. Provision shall be made
to prevent any overflow from entering the wing or
fuselage.

§4a616 Prevention of ice formation. An
adequate means shall be provided for preventing the
formation of icein the engine carburetors (see also
§ 4a.550 (i).

[Amdt. 5,4 F.R. 1171]

LUBRICATION SYSTEMS

§4a621 General. Each engine shall have an
independent oil supply. The oil capacity of the
system shall be at least 1 gallon for every 25 gallons
of fuel but shall not be less than 1 gallon for each 75
maximum (except take-off) rated horsepower of the
engine or engines. A special ruling concerning the
capacity will be made by the Administrator when oil
may be transferred between enginesin flight or when
asuitablereserveisprovided. The suitability of the
[ubrication system shall be demonstrated in flight
tests in which engine temperature measurements are
obtained. The system shall provide the engine with
an ample quantity of oil at atemperature suitable for
satisfactory engine operation.

[Amdt. 04-1, 7 F.R. 7933]

84a622 Tank installation. Oil tanksshall be
suitably vented and shall be provided with an
expansion space which cannot be inadvertently filled
with oil. Such expansion space shall be at least 10
percent of the total tank volume, except that it shall in
no case be less than one-half gallon.

84a623 Tank strength. QOil tanks shall be
capable of withstanding an internal test pressure of 5
pounds per square inch without failure or leakage.
Tanks shall be so designed and the rivets or welds so
located asto resist vibration failures and |eakage.

§4a624 Gauge. A suitable meansshall be
provided to determine the amount of oil in the system
during thefilling operation.

84a625 Piping. Qil piping shall have aninside
diameter not less than the inside diameter of the
engineinlet or outlet and shall have no splices
between connections. Connectionsin the oil system
shall be of atype satisfactory to the Administrator.

84a626 Drains. Oneor more accessible drains
shall be provided at the [owest point on the
lubricating systemsto drain completely all parts of
each system when he airplaneisin itsnormal position
on level ground. Such drains shall discharge clear of

all parts of the airplane and shall be equipped with
suitable safety locks to prevent accidental opening.

§4a627 Oil temperature. A suitable means shall
be provided for measuring the oil temperature at the
engineinlet.

§4a628 Filler openings. All filler openingsin
the oil system shall be plainly marked with the
capacity and the word “il”.

COOLING SYSTEMS

§4a633 General. The cooling system shall be of
sufficient capacity to maintain engine temperatures
within saf e operating limits under all conditions of
flight during a period at least equal to that established
by the fuel capacity of the aircraft, assuming normal
engine power and speeds. Compliance with this
requirement shall be demonstrated in flight testsin
which engine temperature measurement are obtained
under critical flight conditionsincluding flight with
onhe or more engines inoperative.

§4a634 Radiators. Radiators shall be so
mounted as to reduce vibration and eliminate strains
causing distortion.

§4a635 Piping. Piping and connections shall
conform to accepted standards and shall not transmit
vibration to the radiator or the structure of the aircraft.

§4a635 Drains. Oneor more accessible drains
shall be provided at the lowest points on the cooling
system to drain completely all parts of such system
when the airplaneisin its normal position on level
ground. Such drainsshall discharge clear of all parts
of the airplane and shall be equipped with suitable
safety locks to prevent accidental opening.

§4a637 Filler openings. All filler openingsin
the cooling system shall be plainly marked with the
capacity of the system and the name of the proper
cooling liquid.

POWER-PLANT INSTRUMENTS, CONTROLS, AND
ACCESSORIES

§4a642 Instruments. The engineinstruments
reguired are specified in Subpart F. Theinstallation
requirements for navigational instrumentsin § 4a563
shall apply to tachometers and manifold pressure
gauges. All other instruments shall be visiblein flight
to the pilot and copilot or to the flight mechanic. If
the manifold pressure gauges and tachometers are not
visible to the flight mechanic, he shall be provided
with a duplicate set of these instruments.

§4a643 Controls. All power-plant controls,
including those of the fuel system, shall be plainly
marked to show their function and method of
operation. Thefuel capacity and the identity of each



tank shall be inscribed on or adjacent to the fuel tank
selector valve controlsin the pilot compartment.

[Amdt. 423, 14 F.R. 6769]

§4a644 Throttle controls. Throttle controls
shall be easily accessible to both pilots and shall be
so arranged as to afford a positive and immediately
responsive means of controlling all engines
separately or simultaneously. Flexible throttle control
systems shall be of acertificated type. A forward
movement shall open the throttle.

§4a645 Ignition switches. Ignition switches
shall be easily accessible to both pilots. A positive
means for quickly shutting off all ignition of
multiengine aircraft, by grouping of switches or
otherwise, shall be provided.

§4a646 Propeller pitch controls. Separate pitch
controls shall be provided for each propeller.

§4a647 Accessories (air carrier planes). (See
§ 4a581)

MANIFOLDING, COWLING, AND FIRE WALL

§4a651 General. All manifolds, cowling, and
firewalls shall be so designed and installed asto
reduce to aminimum the possibility of fire either
during flight or following an accident and shall
therefore comply with accepted practicein all details
of installation not specified in this part.

§4a652 Manifolds. Exhaust manifoldsshall be
constructed of suitable materials, shall provide for
expansion, and shall be arranged and cooled so that
local hot points do not form. Gases shall be
discharged clear of the cowling, airplane structure,
and fuel system parts of drains. They shall not blow
back on the carburetor air intake or the pilot or
passengers, nor cause a glare ahead of the pilot at
night. No exhaust manifolding shall be located
immediately adjacent to or under the carburetor or fuel
system parts liable to |leakage.

§4a.653 Air intakes. Carburetor air intakes shall
be suitably drained and shall open completely outside
the cowling, unless the emergence of back-fire flames
ispositively prevented. Thedrain shall not discharge
fuel in the path of possible exhaust flames.

§4a654 Engine cowling. All cowling around
the power plant and on the engine side of the fire wall
shall be made of metal and shall be so arranged that
any accumulations of dirt, waste, or fuel may be
observed without complete removal of the cowling. It
shall fit tightly to the fire wall, but openings may be
provided if the airplane surface within 15 inches
thereof is protected with metal or other suitable

fireproofing material. The cowling shall be completely
and suitably drained in all attitudes of flight an on the
ground, with separate drains provided for the parts of
the fuel system liableto leakage. All such drains shall
be so located as to prevent fuel or oil from dripping
onto the exhaust manifold or any parts of the aircraft
and from permeating any material of acellular nature.

§4a655 Firewall. (a) A firewall shal be
provided unless the engineis mounted in an isolated
nacelle with no fuel tanks. Such fire bulkhead shall be
constructed in either of the following approved
manners:

() A single sheet of terneplate not less than
0.028 inch thick.

(2) A single sheet of stainless steel not less
than 0.015 inch thick.

(3) Two sheetsof aluminum or aluminum aloy
not less than 0.02” thick fastened together and having
between them an asbestos paper or asbestos fabric
sheet at least 1/8 inch thick.

(b) Thefirewall shall completely isolatethe
engine compartment and shall have all necessary
openings fitted with close-fitting grommets or
bushings. Adjacent inflammable structural members
shall be protected by asbestos or an equivalent
insulating material, and provision shall be made for
preventing fuel and oil from permeating it.

84a.656 Heating systems. Heating systems
involving the passage of cabin air over or in close
proximity to engine exhaust manifolds shall not be
used, unless adequate precautions are incorporated in
the design to prevent the introduction of carbon
monoxide into the cabin or pilot compartment. They
shall be constructed of suitable materials, be
adequately cooled, and be susceptible to ready
disassembly for inspection.

MISCELLANEOUS POWER-PLANT REQUIREMENTS

§4a661 Materials. Fuel, ail, and cooling
systems shall be made of materials which, including
their normal or inherent impurities, will not react
chemically with any fuels, ails, or liquids that are
likely to be placed in them.

SUBPART H—PERFORMANCE

Source: 884a.671to 4a.760-T contained in Civil
Air Regulations, May 31, 1938, as amended by Amdt.
75, 5 F.R. 3946, except as noted following sections
affected.

84a671 Performancerequirements. All
airplanes shall comply with the performance
requirements set forth in 88 4a.680 and 4a.682. All
airplanes except those certificated in the transport



category shall comply with 88 4a.672 through 4a.679,
inclusive. Compliance with such performance
requirements shall be shown in standard atmosphere,
at all weights up to and including the standard weight
(8 4a.37 (d)) and under all loading conditions within
the center of gravity range certified (§ 4a.725):
Provided, That demonstration of compliance with
landing-speed requirements, and with those relating
to take-off time and distance, may be limited to an
intermediate range of center of gravity positionsif it
can be shown that it is possible for the airplane to
continue flight with one engine inoperative, and that
passengers or other load can be easily and rapidly
shifted while in flight to permit the realization, at the
pilot’s discretion, of acenter of gravity position
within the range covered by this demonstration.
There shall be no flight or handling characteristics
which, in the opinion of the Administrator, render the
airplane unairworthy.

[Amdt. 04-12, 7 F.R. 1730 as amended by Amdt. 04-
2,8F.R. 13999

84a.672 Landing speeds. The landing speed
with power off, in standard calm air at sealevel, shall
not exceed avalue determined as follows:

(@) Airplanes certificated for passenger carrying:

() 65 milesper hour for airplanes of 20,000
pounds standard weight or less,

(2) 70 miles per hour for airplanes of 30,000
pounds standard weight or more, and alinear
variation with standard weight shall apply for
airplanes between 20,000 and 30,000 pounds.

(b) Airplaneswhich are certificated for the
carriage of goods only:

The above landing speed values may be increased
5 miles per hour.

84a673 Take-off. Take-off at sealevel:

(@) Within 1,000 feet for land planes;

(b) Within 60 secondsin calm air for seaplanes.
[Amdt. 56, 5 F.R. 2100]

§4a674 Climb. Theaveragerate of climb for the
first minute after the airplane leaves the take-off
surface in accordance with § 4a.673, and the rate of
steady climb at sealevel with not more than maximum-
except-take-off power, shall not be lessin feet per
minute than:

(@) Landplanes. Eighttimesthe measured
power-off stalling speed in miles per hour with the
flaps and landing gear retracted, or 300 feet per
minute, whichever is greater;

(b) Seaplanes. Six timesthe measured power-
off stalling speed in miles per hour with the flaps
retracted, or 250 feet per minute, whichever is greater.

[Amdt. 56, 5 F.R. 2100]

§4a675 Controllability and maneuverability.
All airplanes shall be controllable and maneuverable
under all power conditions and at all flying speeds
between minimum flying speed and the maximum
certified speed. All airplanes shall have control
adequate for an average landing at minimum landing
speed with power off.

§4a676 Controllability at the stall. With power
off and with 75 percent maximum-except-take-off
power, with flaps and landing gear in any position,
the airplane shall have sufficient directional and
lateral control so that when the airplaneis stalled, the
downward pitching motion following the stall shall
occur prior to any uncontrollableroll or yaw. Any
such pitching motion shall not be excessive and
recovery to normal flight shall be possible by normal
use of the controls after the pitching motionis
unmistakably developed, without excessive |oss of
altitude.

[Amdt. 04-14, 7 F.R. 5037]

§4a677 Balance. Asusedintheregulationsin
this part the term “balanced” refersto steady flightin
calm air without exertion of control force by the pilot
or automatic pilot. Lateral and directional balanceis
required at cruising speed which for this purpose
shall be taken as 90 percent of the high speed in level
flight. Longitudinal balanceis required under the
following flight conditions:

(@) Power on. Inlevel flight, at all speeds
between cruising speed and a speed 20 percent in
excess of stalling speed. Inaclimb, at maximum
(except take-off) horsepower and a speed 20 percent
in excess of stalling speed.

(b) Power off. Inaglide, at aspeed notin
excess of 140 percent of the maximum permissible
landing speed or the placard speed with flaps
extended, whichever islower, under the forward
center of gravity position approved with maximum
authorized load and under the most forward center of
gravity position approved, regardless of weight.

§4a678 Sability. Under al power conditionsall
airplanes shall be longitudinally, laterally, and
directionally stable. Anairplane will be considered to
be longitudinally stableif, in stability tests, the
amplitude of the oscillations decreases.

§4a679 Spinning. (Not applicableto airplanes
certificated in the transport category). At any
permissible combination of weight and center of



gravity position obtainable with all or part of the
design useful load, there shall be no excessive
reversal of control forces during any possible
spinning up to 6 turns. It shall be possible promptly
to recover at any point in the spinning described
above by using the controlsin anormal manner for
that purpose and without exceeding either the limiting
air speed or the limit design normal acceleration for
the airplane. It shall not be possible to obtain
uncontrollable spins by means of any possible use of
the controls. Provided, That compliance with the
foregoing requirements with respect to spinning shall
not be required for those airplanes:

(@) Permanently placarded “intentional spinning
prohibited”; or

(b) Demonstrated to the satisfaction of the
Administrator to be characteristically incapable of
spinning.

[Amdt. 04-14, 7 F.R. 5037]

§4a680 Flutter and vibration. Wings, tail
surfaces, control surfaces, and primary structural
parts shall be free from flutter or objectionable
vibration in all normal attitudes or conditions of flight
between the minimum flying speed and the maximum
indicated air speed attained in official flight tests (see
§4a708).

§4a681-T  Flutter and vibration. All parts of
transport category airplanes shall be free from flutter
or excessive vibration under all speed and power
conditions appropriate to the operation of the airplane
during take-off, climb, level flight, and landing, and
during glide at speeds up to the maximum indicated air
speed attained during official flight tests (see §
4a.708). There shall be no appreciable buffeting for
any flap position at any speed in excess of 10 miles
per hour above stalling speed for such position nor
shall buffeting at lower speeds be so violent asto
interfere with the pilot’ s control of the airplane or
cause discomfort to its occupants.

[Amdt. 40-7, 7 F.R. 984]

§4a682 Ground and water characteristics.
Landplanes shall be maneuverable on the ground and
shall be free from dangerous ground looping
tendencies and objectionable taxying characteristics.
The seaworthiness and handling characteristics of
seaplanes and amphibians shall be demonstrated by
tests deemed appropriate by the Administrator.

Cross Reference: For water stability requirements,
see §4a.491.

M oDIFIED PERFORMANCE REQUIREMENTS

§4a.687 Modified performance requirements for
multiengine airplanes not certificated in the
transport category. The weight of any multiengine
airplane manufactured pursuant to atype certificate
issued prior to January 1, 1941, may beincreased
beyond the values corresponding to the landing
speed specified in § 4a.672 and take-off requirements
of § 4a.673, subject to the following conditions:

(@) Theincreased weight shall be known asthe
provisional weight (8§ 4a.37 (€)). The standard weight
(8 4a.37 (d)) shall be the maximum permissible weight
for landing. The provisional weight shall be the
maximum permissible weight for take-off.

(b) Compliancewith all the airworthiness
requirements except landing speed and take-off is
required at the provisional weight, except that the
provisional weight may exceed the design weight on
which the structural loads for the landing conditions
are based by an amount not greater than 15 percent:
Provided, That the airplane is shown to be capabl e of
safely withstanding the ground or water shock loads
incident to taking off at the provisional weight.

(c) Theairplane shall be provided with suitable
means for the rapid and safe discharge of a quantity
of fuel sufficient to reduce its weight from the
provisional weight to the standard weight.

(d) Inno caseshall the provisional weight
exceed avalue corresponding to alanding speed of 5
miles per hour in excess of that specifiedin § 4a.672, a
take-off distance of 1,500 feet in the case of
landplanes, or atake-off time of 60 secondsin the
case of seaplanes; nor shall any provisional weight
authorized in respect to any type of airplane after
January 1, 1945, exceed the value corresponding to a
rate of climb of at least 180 feet per minute at an
altitude of 5,000 feet with the critical engine
inoperative, its propeller windmilling with the
propeller control in a position which would allow the
engine (if operated normally and within approved
limits) to develop at least 50 percent of maximum-
except-take-off engine speed, all other engines
operating at the take-off power available at such
altitude, the landing gear retracted, center of gravity
in the most unfavorable position permitted for take-
off, and the flaps in the take-off position.

[Amdt. 04-3, 10 F.R. 3793]

PERFORMANCE TESTS

84a701 General. Compliance with the
performance requirementsin 88 4a.671 through 4a.692
shall be demonstrated by means of suitable flight
tests of the type airplane. Computations may be used



to estimate the effects of minor changes. Additional
information concerning the performance
characteristics of air carrier airplanesis specifiedin §
4a.717. Such characteristics shall be determined by
direct flight testing, or by methods combining basic
flight tests and calculations. All performance
characteristics shall be corrected to standard
atmospheric conditions and zero wind. Methods of
performance cal culation and correction employed
shall be subject to the approval of the Administrator.

§4a702 Flight test pilot. (a) The applicant shall
provide a person holding an appropriate commercial
pilot certificate to make the flight tests, but a
designated inspector of the Administrator may pilot
the airplane during such parts of the tests as he may
deem advisable.

(b) Intheevent that the applicant’ stest pilot is
unable or unwilling to conduct any of the required
flight tests, the tests shall be discontinued until the
applicant furnishes a competent pilot.

842703 Parachutes. Parachutes shall be worn
by members of the crew during the flight tests.

§4a704 Reports. The applicant shall submit to
the inspector of the Administrator areport covering
all computations and tests required in connection
with calibration of flight instruments and correction of
testsresults to standard atmospheric conditions. The
inspector will conduct any flight tests which appear
to him to be necessary in order to check the
calibration and correction report or to determine the
airworthiness of the airplane.

§4a705 Loading conditions. Theloading
conditions used in performance tests shall be such as
to cover the range of loads and center of gravity
positions for which the airplane is to be certificated.

84a.706 Useof ballast. Ballast may be used to
enabl e airplanes to comply with the flight
requirements as to longitudinal stability, balance, and
landing in accordance with the following provisions:

(@) Ballast shall not be used for this purposein
airplanes having a gross weight of less than 5,000
pounds nor in airplanes with atotal seating capacity
of less than seven persons.

(b) Theplaceor placesfor carrying ballast shall
be properly designed and installed and plainly
marked.

(c) Theloading schedule which will accompany
each certificate issued for an airplane requiring special
loading of thistype shall be conspicuously posted in
either the pilot compartment or in or adjacent to the
ballast compartments, and strict compliance therewith
will be required of the airplane operator.

[CAR, May 31, 1938, as amended by Amdt. 48, 5
F.R. 1836]

§4a707 Fuel to becarried. When low fuel
adversely affects balance or stability, the airplane
shall be so tested as to simulate the condition existing
when the amount of fuel on board does not exceed 1
gdlon for every 12 maximum (except take-off)
horsepower of the engine or enginesinstalled
thereon. When the engineislimited to alower power,
the latter shall be used in computing low fuel.



§4a708 Maximumair speed. Theflight tests
shall include steady flight in relatively smooth air at
the design gliding speed (V) for which compliance
with the structural loading requirements (88 4a.72
through 4a.99) has been proved, except that they
need not involve speedsin excess of 1.33V, (8§ 4a40
(c)): Provided, That the operation limits are
correspondingly fixed (see § 4a.726). When high-lift
devices having nonautomatic operation are employed,
the tests shall also include steady flight at the design
flap speed V; (8 4a.40 (f)), except that they need not
involve speedsin excess of 2 Vg (see 8§ 4a40 (€)). In
cases where the high-lift devices are automatically
operated, the tests shall cover the range of speeds
within which the devices are operative.

§4a709 One-engine-inoperative performance.
Multiengine airplanes shall be flight tested at such
altitudes and weights as are necessary, in the opinion
of the Administrator, to prepare accurate data to show
climbing performance within the range of weight for
which certification is sought, with the critical engine
inoperative and each other engine operating at not
more than maximum-except-take-off power. Such data
when approved by the Administrator shall be kept in
theairplane at all times during flight in aplace
conveniently accessible to the pilot.

[Amdt. 56, 5 F.R. 2101 as amended by Amdit. 75, 5
F.R. 3947]

§4a710 Air-speed indicator calibration. In
accordance with § 4a.559, the air-speed indicator of
the type airplane shall be calibrated in flight. The
method of calibration used shall be subject to the
approval of the Administrator.

§4a711 Check of fuel system. The operation of
the fuel system shall be checked in flight to determine
its effectiveness under low fuel conditions and after
changing from one supply tank to another. (See §
4a.605.) For such testslow fuel isdefined as
approximately 15 minutes supply in each tank tested,
at the maximum-except-take-off power certified.

AIR CARRIER AIRCRAFT PERFORMANCE
CHARACTERISTICS

84a717 Performance characteristics of air
carrier aircraft. No air carrier shall operate aircraft in
scheduled air transportation unless data shall have
been submitted to and approved by the
Administrator, covering the determination of such
performance characteristics, in addition to those
specified in 88 4a.671-4a.711, as are, in the opinion of
the Administrator, necessary to determine the ability
of such aircraft to safely perform the type of operation
which the air carrier proposes to conduct. The

method used for the determination of such ability
shall be subject to the approval of the Administrator.

[Amdt. 26, 4 F.R. 3837 as amended by Amdt. 75, 5
F.R. 3947]

OPERATION LIMITATIONS

§4a723 Weight. Non-air carrier airplanes may be
certificated at a maximum authorized weight which is
not sufficient to permit carrying simultaneously the
full fuel and full pay load, provided that such weight
shall be sufficient to provide a gasoline load of at
least 0.15 gallon per certified maximum (except take-
off) horsepower, with all seats occupied and with
sufficient oil for this amount of fuel.

§4a724 Provisional weight (air carrier
airplanes). (See 88 4a.687-4a.692.)

§4a725 Center of gravity limitations. The
maximum variation in the location of the center of
gravity for which the airplane is certificated to be
airworthy shall be established. Means shall be
provided, when necessary in the opinion of the
Administrator, by which the operator is suitably
informed of the permissible |oading conditions which
result in a center of gravity within the certified range.

§4a.726 Air-speed limitations. Maximum
operation limitationswill be incorporated in the
aircraft certificate and will specify theindicated air
speeds which shall not be exceeded in level and
climbing flight (8§ 4a.40 (c)), in gliding and diving
flight, and with flaps extended. Thevaluesin gliding
flight and with flaps extended will be 10 percent less
than the corresponding maximum air speeds attained
in flight testsin accordance with § 4a.708.

[Amdt. 5, 4 F.R. 1170]

§4a727 Power-plant limitations. Maximum
operational limitations will be incorporated in the
aircraft certificate and will specify power-plant
outputs on take-off (§ 4a.187), in climbing flight, and
for all operations other than take-off and climbing
flight (8 4a.38 (b)). The output, except for take-off,
shall not exceed that corresponding to the maximum
(except take-off) rating of the engineinstalled. For the
above purposes no specified output will bein excess
of that corresponding to the limitsimposed by either
the pertinent engine or propeller certification (see 88
4a.25 and 4a.26).

[Amdt. 5, 4 F.R. 1170]

TRANSPORT CATEGORY AIRPLANE PERFORMANCE
REQUIREMENTS

84a737-T  Performance requirements for
transport category airplanes. Thefollowing
requirements shall apply in place of 88 4a.672-4a.679.



[Amdt. 04-8, 7 F.R. 985, as amended by Amdt. 04-
2,8F.R. 13999

§4a738-T  Minimumrequirements for
certification. (a) An airplane may be certificated
under the provisions of 8 4a.737-T upon there having
been established, in accordance with the terms of that
section:

(1) A maximum take-off weight at sealevel;
(2) A maximum landing weight at sealevel;

(3) A maximum one-engine-inoperative
operating altitude (as defined in 8 4a-741-T), which
shall be at least 5,000 feet at aweight equal to the
maximum sealevel take-off weight;

(4) Take-off characteristics at maximum sealevel
take-off weight, and landing characteristics at
maximum sea level landing weight, in accordance with
the provisions of §§ 4a.747-T and 4a.750-T, and

(5) Compliance with the requirements of all other
applicable parts of the regulations of this part.

(b) If acertificateisissued under these
conditions, it may be amended from time to time to
include landing and take-off weights over an
increased range altitudes and other pertinent
performance data, including additional landing and
take-off characteristics obtained in accordance with
the provisions of 88 4a.747-T and 4a.750-T.

[Amdt. 04-8, 7 F.R. 985]

DEFINITIONS

§4a739-T Stalling speeds. In8§84a737-T
through 4a.760-T:

(@) Vs denotesthetrueindicated stalling speed
of the airplane in miles per hour with enginesidling,
throttles closed, propellersin low pitch, landing gear
extended, flapsin the “landing position”, as defined
in 8 4a.740-T, cowl flaps closed, center of gravity in
the most unfavorabl e position within the allowable
landing range, and the weight of the airplane equal to
the weight in connection with which Vs, is being used
as afactor to determine arequired performance.

(b) Vs, denotesthe trueindicated stalling speed
in miles per hour with enginesidling, throttles closed,
propellersin low pitch, and with the airplanein all
other respects (flaps, landing gear, etc.) in the
condition existing in the particul ar test in connection
with which Vs, is being used.

[Amdt. 04-8, 7 F.R. 985]

§4a740-T  Flap positions. Theflap positions
denoted respectively asthe landing position,
approach position, and take-off position are those

provided for in § 4a.464-T, and may be made variable
with weight and altitude in accordance with that
section.

[Amdt. 04-8, 7 F.R. 985]

§4a741-T  Maximum one-engine-inoperative
operating altitude. Maximum one-engine-inoperative
operating altitude (to be determined in complying with
8§ 4a.709) shall be the atitude in standard air at which
the steady rate of climbin feet per minuteis 0.02 Vs,
with the critical engineinoperative, its propeller
stopped, all other engines operating at the maximum-
except-take-off power available at such altitude, the
landing gear retracted, and the flapsin the most
favorable position.

[Amdt. 04-8, 7 F.R. 985]

WEIGHTS

84a742-T  Weights. The maximum take-off
weight and maximum landing weight shall be
established by the applicant and may be made
variable with altitude. The maximum take-off weight
for any altitude shall not exceed the maximum design
weight used in the structural loading conditions for
flight loads (88 4a.72-4a.99), and shall not exceed the
design weight used in the structural loading
conditions for ground or water loads (88 4a.147-
4a.156 and 88 4a.161-4a.177, respectively) by aratio of
more than 1.15. The maximum landing weight for any
altitude shall not exceed the design weight used in the
structural loading conditions for ground or water
loads.

[Amdt. 04-8, 7 F.R. 985]

8§4a743-T  Fuel dumping provisions. (@) If the
maximum take-off weight for any altitude exceeds the
maximum landing weight for the same altitude,
adequate provision shall be made, in accordance with
Subpart G, for the rapid and safe dumping during
flight of a quantity of fuel sufficient to reduce the
weight of the airplane from such maximum take-off
weight of such maximum landing weight. Compliance
with this section shall be shown by dumping suitable
colored fluids and fuel in flight testsin the following
conditions:

(1) Leve flight at aspeed of 2.0 Vs,

(2) Climbat aspeed of 1.4 Vs, with 75 percent of
maximum-except-take-off power,

(3) Glidewith power off at aspeed of 1.4 Vg.

(b) Inconditions (a) (1) and (2), the timerequired
to dump the necessary amount of fuel shall not
exceed 10 minutes. During such tests, the dumped
fluid shall not come in contact with any portion of the



aircraft or adversely affect its control, nor shall any
fumes from such fluid enter any portion of the aircraft.

[Amdt. 04-8, 7 F.R. 985]

PERFORMANCE REQUIREMENTSAND DETERMINATIONS

8§4a744-T  Required performance and
performance determinations. Performance data shall
be corrected to standard atmosphere and still air
where such corrections are applicable. Performance
data may be determined by calculation from basic
flight testsif the results of such calculation are
substantially equal in accuracy to the results of direct
tests.

[Amdt. 04-8, 7 F.R. 985]

8§4a745-T  Salling speed requirements. (a)
Vs, at maximum landing weight shall not exceed 80
miles per hour.

(b) Vs, at maximum landing weight, flapsin the
approach position, landing gear extended, and center
of gravity in the most unfavorable position permitted
for landing, shall not exceed 85 miles per hour.

[Amdt. 04-8, 7 F.R. 985]

§4a746-T  Climbrequirements. Intheclimb
testsrequired by this section, the engine cowl flaps,
or other means of controlling the engine cooling air
supply, shall bein a position which will provide
adequate cooling with maximum-except-take-off power
at best climbing speed under standard atmospheric
conditions.

(@) Flapsinlanding position. The steady rate
of climb in feet per minute, at any atitude within the
range for which landing weight isto be specifiedin
the certificate, with the weight equal to maximum
landing weight for that altitude, all engines operating
at the take-off power available at such altitude,
landing gear extended, center of gravity in the most
unfavorable position permitted for landing, and flaps
in the landing position, shall be at least 0.07 V.

(b) Flapsin approach position. The steady
rate of climb in feet per minute, at any altitude within
the range for which landing weight is to be specified
in the certificate, with the weight equal to maximum
landing weight for that altitude, the critical engine
inoperative, its propeller stopped, all other engines
operating at the take-off power available at such
altitude, the landing gear retracted, center of gravity
in the most unfavorable position permitted for
landing, and the flaps in the approach position, shall
be at least 0.04 Vy”.

(c) Flapsintake-off position. The steady rate
of climb in feet per minute, at any atitude within the
range for which take-off weight isto be specified in

the certificate, with the weight equal to maximum take-
off weight for that altitude, the speed equal to the
minimum take-off climb speed permittedin § 4a.748-T
(b), the critical engine inoperative, its propeller
windmilling with the propeller control in aposition
which would allow the engine (if operating normally
and within approved limits) to develop at least 50
percent of maximum-except-take-off engine speed, all
other engines operating at the take-off power
available at such altitude, the landing gear retracted,
center of gravity in the most unfavorable position
permitted for take-off, and the flapsin the take-off
position, shall be at least 0.035 V2.

[Amdt. 04-8, 7 F.R. 985]

8§4a747-T  Take-off determination. Thetake-
off data set forth in 88 4a.748-T and 4a.749-T shall be
determined over such range of weights and altitudes
as the applicant may desire, with a constant take-off
flap position for a particular weight and altitude, and
with the operating engines at not more than the take-
off power available at the particular altitude. These
data shall be based on alevel take-off surface with
zero wind.

[Amcdt. 04-8, 7 F.R. 986]

84a748-T  Speeds—(a) Critical-engine-
failure speed, denoted by V4, isatrueindicated air
speed, chosen by the applicant, but in any case not
less than the minimum speed at which the
controllability is adequate to proceed safely with the
take-off, using normal piloting skill, when the critical
engine is suddenly made inoperative.

(b) Minimum take-off climb speed, denoted by
V,, isatrueindicated air speed chosen by the
applicant, which shall permit the rate of climb required
in § 4a.746-T (c) but which shall not be lessthan 1.20
Vg for two-engined airplanes, or 1.15 Vg, for airplanes
having more than two engines, or lessthan 1.10 times
the minimum speed at which the airplaneisfully
controllablein flight using normal piloting skill when
the critical engineis suddenly made inoperative.

[Amcdt. 04-8, 7 F.R. 986]

84a749-T  Take-off path. Thelengthsand
slopes of segments of the take-off path, and the
location of critical points on the complete path shall
be determined in accordance with the following
conditions and assumptions. The location of the
points defined in paragraphs (a) to (e) of this section
shall be expressed in terms of the horizontal and
vertical distances from the starting point.

(@) Starting point. The point fromwhich a
standing start is made with all engines operating.



(b) Critical-engine-failure point. The point at
which the airplane attains speed V; (critical-engine-
failure speed) when accel erated from point (a) with all
engines operating.

(c) Accelerate-and-stop point. The point on the
take-off surface at which the airplane can be brought
safely to astop if all enginesare cut at point (b).

(d) Sart-of-climb point. The point on or just
clear of the take-off surface at which the airplane
attains speed V, (take-off climb speed) when the
critical engineis made inoperative with its propeller
windmilling in low pitch at point (b).

The take-off acceleration segment, (a) to (d), shall
be determined by making a continuous run up to
speed V, with the critical engine cut at point (b).

(e) Retraction-completion point. The point at
which landing gear retraction is completed when
retraction isinitiated not earlier than point (d).

() Theinitia climb segment, (d) to (€), shall be
assumed to correspond to the rate of climb at speed
V, with landing gear extended and windmilling
propeller in low pitch.

(2) Thesecond climb segment, beginning at
point (e), shall be assumed to correspond to the rate
of climb at speed V, with landing gear retracted and
windmilling propeller in high pitch, as defined in
8 4a.746-T (c). Thissegment may continue
indefinitely or may end at point (g) in accordance with
paragraph (g) of this section.

(f) 50-foot height point. The point at which the
airplane attains a height of 50 feet (above the take-off
surface) along the take-off flight path defined herein.

(g) Feathering-completion point. The point
where feathering or stopping of the inoperative
propeller is completed, if the applicant desiresto
include this step in the take-off determination. It shall
be assumed that the decision to feather or stop is
made not earlier than the instant of attaining point (f).

() Intheeventthatitisdesiredtoinclude
propeller feathering or stopping in the take-off path,
the final climb segment, beginning at point (g), shall
be assumed to correspond to the rate of climb at
speed V, with landing gear retracted and the propeller
of the inoperative engine feathered or stopped.

§4a749aT Temperature accountability.
Operating correction factors for take-off weight and
take-off distance shall be determined to account for
temperatures above and below standard, and when
approved by the Administrator shall beincludedin
the Airplane Flight Manual. These factors shall be
obtained as set forth in paragraphs (a) and (b) of this
section.

(@) For any specific airplane type, the average
full temperature accountability shall be computed for
the range of weights of the airplane, altitudes above
sealevel, and ambient temperatures required by the
expected operating conditions. Account shall be
taken of the temperature effect on both the
aerodynamic characteristics of the airplane and on the
engine power. The full temperature accountability
shall be expressed per degree of temperature in terms
of aweight correction, atake-off distance correction,
and achange, if any, in the critical enginefailure
speed, V.

(b) The operating correction factors for the
airplane weight and take-off distance shall be at |east
one-half of the full accountability values. Thevaue
of V, shall be further corrected by the average amount
necessary to assure that the airplane can stop within
the runway length at the ambient temperature; except
that the corrected value of V; shall not be lessthan a
minimum at which the airplane can be controlled with
the critical engineinoperative. (Secs. 205 (a), 601, 603,
52 Stat. 984, 1007, 1009, 62 Stat. 1216; 49 U.S.C. 425 (a),
551, 553, Pub. Law 872, 80th Cong. 1st Sess.)

[Amdt. 1a-2, 14 FR. 3743]

8§4a750-T Landing determination. The
horizontal distance required to land and cometo a
complete stop from a point at a height of 50 feet
above the landing surface shall be determined for
such range of weights and altitudes as the applicant
may desire. In making this determination:

(@) Immediately prior to reaching the 50-foot
altitude, a steady gliding approach shall have been
maintained, with atrue indicated air speed or at least
13Vs,.

(b) Thenose of the airplane shall not be
depressed, nor the power increased, after reaching the
50-foot atitude. At all timesduring and immediately
prior to the landing, the flaps shall bein the landing
position, except that after the airplaneison the
landing surface and the true indicated air speed has
been reduced to not more than 0.9 Vs, the flap
position may be changed.

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

(d) The brakes shall not be used in such manner
asto produce excessive wear of brakes or tires.

(e) Thelanding shall be made in such manner
that thereis no excessive vertical acceleration, no
tendency to bounce, nose over, porpoise, ground
loop, or water loop, and in such manner that its
reproduction shall not require any exceptional degree
of skill onthe part of the pilot, or exceptionally



favorable conditions. If thislast condition (with
respect to exceptional skill or favorable conditions) is
not met, the distance to be determined shall be that
considered to correspond to a piloting technique
normally usable.

[Amcdt. 04-8, 7 F.R. 986]

FLIGHT CHARACTERISTICS

8§4a751-T  Flight characteristics. There shall
be no flight characteristic which makesthe airplane
unairworthy. Theairplane shall also meet the
following requirements under al critical loading
conditions within the range of center of gravity, and,
except as provided in § 4a.753 (d), at the maximum
weight for which certification is sought.

[Amdt. 04-8, 7 F.R. 986, as amended by Amdit. 04-2,
8 F.R. 13999

84a752-T  Controllability and
maneuver ability. Theairplane shall be controllable
and maneuverable during take-off, climb, level flight,
glide, and landing, and it shall be possibleto makea
smooth transition from one flight condition to
another, without requiring an exceptional degree of
skill, alertness, or strength on the part of the pilot,
under all conditions of operation probable for the
type, including those conditions normally
encountered in the event of sudden failure of any
engine. It shall be possible, with power off, with flaps
either retracted or in the landing position, with the
center of gravity in the most unfavorable location
within the certificated range, and with the airplane
trimmed for aspeed of 1.4 V's,, to change the flap
position to the opposite extreme, to make a sudden
application of take-off power on all engines, or to
change the speed to any value between 1.10 Vs,, and
170Vs,, without requiring a changein the trim control
or the exertion of more control force than can readily
be applied with one hand for a short period. It shall
not be necessary to use exceptional piloting skill in
order to prevent loss of altitude when flap retraction
from any position isinitiated during steady horizontal
flight at 1.1 Vs, with simultaneous application of not
more than maximum-except-take-off power.

[Amdt. 04-8, 7 F.R. 986]

§4a753-T  Trim. The meansused for trimming
the airplane shall be such that after being trimmed and
without further pressure upon or movement of either
the primary control or its corresponding trim control
by the pilot or the automatic pilot, the airplane will
maintain:

(@) Lateral and directional trim under all
conditions of operation consistent with the intended
use of the airplane, including operation at any speed

from best rate-of-climb speed to high speed and
operation in which there is greatest lateral variation in
the distribution of the useful load;

(b) Longitudinal trim, under the following
conditions:

(1) During climb at the best rate-of-climb speed
with maximum-except-take-off-power.

(2) During aglidewith power off at a speed not
inexcessof 1.4 Vs,, and

(3) Duringlevel flight at any speed from 90
percent of high speed to the sum of Vs, and 20
percent of the difference between high speed and Vs;

(c) Rectilinear climbing flight with the critical
engine inoperative, each other engine operating at
maxi mum-except-take-off power and the best rate-of-
climb speed under such conditions;

(d) Rectilinear flight with any two engines
inoperative and each other engine operating at
maxi mum-except-take-off power under the following
conditions:

(1) Withtheweight of the airplane not more
than that at which thereis aspeed rangein level flight
of not less than 10 miles per hour;

(2) With the speed of the airplane not more than
the high speed obtained under the conditions
specified in subparagraph (1) of this paragraph less 10
miles per hour.

[Amcdt. 04-8, 7 F.R. 986]

84a754-T  Stability. Theairplane shall be
longitudinally, directionally, and |laterally stablein
accordance with the following provisions. Suitable
stability and control “feel” may be required in other
conditions normally encountered in serviceif flight
tests show such stability to be necessary for safe
operation.

[Amdt. 04-8, 7 F.R. 987]

84a755-T  Saticlongitudinal stability. Inthe
flight conditions described in § 4a.756-T,

(@) At any speed which can be obtained without
excessive control force and which ismore than 10
miles per hour above or below the specified trim
speed, but not greater than the appropriate maximum
permissible speed or less than the minimum speed in
steady unstalled flight, the characteristics of the
elevator control forces and friction shall be such that:

(1) A pull isrequired to maintain speeds below
the specified trim speed and a push to maintain
speeds above the specified trim speed.



(2) The control will, when unrestrained by the
pilot, moved continuously toward itsoriginal trim
position.

(b) Where astable slope of the stick force
versus speed curveis specified, any decreasein
speed below trim speed shall require anincreasein
the steady pull on the elevator control and any
increase in speed above trim speed shall require an
increase in the steady push on the control. Such
slope shall be between such limits that any
substantial changein speed is clearly perceptible to
the pilot through aresulting change in stick force, and
that the stick force required to produce necessary
changesin speed does not reach excessive values.

[Amdt. 04-8, 7 F.R. 987]

84a756-T  Specific stability conditions—(a)
Landing. With flapsin the sealevel landing position,
the landing gear extended, maximum sealevel landing
weight, the airplane trimmed at 1.4 Vs, and throttles
closed, the stick force curve shall have a stable slope
at all speedsbetween 1.1 Vs; and 1.8 Vs,.

(b) Approach. Withflapsin sealevel approach
position, landing gear retracted, maximum sealevel
landing weight, the airplanetrimmed at 1.4 Vs, and
with power sufficient to maintain level flight at this
speed, the stick force curve shall have astable slope
at all speeds between 1.1 Vs; and 1.8 Vs,.

(c) Climb. With flapsretracted, landing gear
retracted, maximum sealevel take-off weight, 75
percent of maximum-except-take-off power, and with
theairplanetrimmed at 1.4 Vs,, the stick force curve
shall have astable slope at all speeds between 1.2 Vs,
and 1.6 Vs;.

(d) Cruising. With flaps retracted, maximum sea
level take-off weight, 75 percent of maximum-except-
take-off power, and with the airplane trimmed for level
flight, the stick force curve shall have a stable slope at
all speeds obtainable with reasonabl e stick forces
between:

(1) 212Vs,; andthe maximum permissible speed,
when the landing gear isretracted;

(2) 12Vs,andthelevel flight speed, when the
landing gear is extended.

[Amdt. 04-8, 7 F.R. 987]

8§4a757-T  Dynamic longitudinal stability.
The airplane shall not be dynamically unstable
longitudinally, as shown by the damping of the
normal long period oscillation, under any flight
condition that islikely to be maintained for more than
10 minutesin ordinary service. Compliance with this
requirement shall be demonstrated under at least the
following conditions:

(@) During level flight with 75 percent of
maximum-except-take-off power.

(b) During aclimb with 75 percent of maximum-
except-take-off power at a speed equal to 75 percent
of that obtained in paragraph (@) of this section.

Any short period oscillation occurring between
stalling speed and maximum permissible speed shall
be heavily damped with the primary controlsin afixed
position.

[Amdt. 04-8, 7 F.R. 987]

§4a758-T Directional and lateral static
stability. The static directional stability, as shown by
the tendency to recover from a skid with rudder free,
shall be positive for al flap positions and symmetrical
power conditions, and for all speedsfrom 1.2 Vs, up
to the maximum permissible speed. The static lateral
stability as shown by the tendency to raise the low
wingin asideslip, shall be positive within the same
limits.

[Amdt. 04-8, 7 F.R. 987]

84a759-T  Stalling. With power off, and with
that power necessary to maintain level flight with
flapsin approach position at aspeed of 1.6 Vs;,
maximum landing weight, flaps and landing gear in
any position, and center of gravity in the least
favorable position for recovery, it shall be possible to
produce and to correct roll and yaw by unreversed
use of the aileron and rudder controls up to the time
when the airplane pitches in the maneuver described
below. During the pitching and recovery portions of
the maneuver it shall be possible to prevent
appreciablerolling or yawning by normal use of the
controls.

In demonstrating this quality, the order of events
shall be:

(@) Withtrim controls adjusted for straight flight
at aspeed of 1.4 Vs, reduce speed by means of the
elevator control until the speed is steady at slightly
above stalling speed; then

(b) Pull elevator control back at anormal rate
until astall is produced as evidenced by an
uncontrollable downward pitching motion of the
airplane, or until the control reaches the stop. Normal
use of the elevator control for recovery may be made
after such pitching motion is unmistakably developed.

In any case, the airplane shall not pitch
excessively before recovery is completed.

The airplane shall be recoverable without
difficulty or the use of power from the inoperative
enginewhen it is stalled with the critical engine



inoperative and the remaining engines operating at 75
percent of maximum-except-take-off power.

[Amdt. 04-08, 7 F.R. 987]

OPERATING MANUAL

§4a760-T  Airplane operating manual. There
shall be furnished with each airplane a copy of a
manual which shall contain such information
regarding the operation of the airplane asthe
Administrator may require, including, but not limited
to, the following:

(@) All performance data secured under
88 4a.741-T through 4a.750-T together with any
pertinent descriptions of the conditions, air speeds,
etc., under which such data were determined.

(b) Adequate instructionsfor the use and
adjustment of the flap controls under § 4a.464-T.

(c) Theindicated air speeds corresponding to
those determined in § 4a.748-T, together with
pertinent discussion of proceduresto be followed if
the critical engine becomes inoperative on take-off.

(d) A discussion of any significant or unusual
flying or ground-handling characteristics, knowledge
of which would be useful to a pilot not previously
having flown the airplane.

[Amdt. 04-8, 7 F.R. 987]

SUBPART | - MISCELLANEOUS
REQUIREMENTS

§4a770 |dentification plate. A fireproof
identification plate shall be securely attached to the
structure in an accessible location where it will not
likely be defaced during normal service. The
identification plate shall not be placed in alocation
where it might be expected to be destroyed or lost in
the event of aaccident. Theidentification plate shall
contain the identification datarequired by § 2.36 of
this chapter.

[Amdt. 4a-3, 14 F.R. 6769]

Source: 88 4a.771 and 4a.772 contained in Civil
Air Regulations, May 31, 1938.

§4a771 Standard weights. In computing
weights the following standard val ues shall be used:

Gasoling----------=--------- 6 pounds per gallon.
Lubricating oil------------- 7.5 pounds per gallon.

Crew and passengers------ 170 pounds per person,
unless otherwise
specified by the
Administrator.

Parachutes------------------- 20 pounds each.

8§4a772 Leveling means. Adeguate means shall
be provided for easily determining when the aircraft is
inalevel position.



APPENDIX—TABLES AND FIGURES

Table 4a-1.—Symmetrical Flight Conditions (Flaps Retracted)

1. Condition: I | 11 [\ V \
2. Reference §4a79 §4a81 §4a82 §4a83 §4a84 §4a85
3. Design Speed (see §4a.73) A Vi \A \A A V;
4. Gust Velocity, U, f.p.s. (Y () +30 -30 +15 -15
5. {Dn(a) Gust (®) §4a76 84a.76 84a.76 §4a76 -05Dbnl, | -

{Dn(b) Maneuvering Fig.4a3 | - Fig.4&3 | - -0.25Dnl, | -
6. Limit Load Factor, n. When item 5 givestwo values of Dn, use larger------ 1+Dn, 1+Dn, 1+Dny, 1+Dnyy -1+Dny | -——--
7. Minimum Vaueof n 250 None 250 None -15 None
8. Minimum Yield Factor of Sefety, j, 10 10 10 10 10 10
9. Minimum Ultimate Factor of Safety, j, 15 15 15 15 15 15
() Feet per second.
(® + means upward, - means downward.
() May be limited by maximum dynamic lift coefficient obtainable under sudden changes of angle of attack.
[CAR, May 31, 1938, as amended by Amdit. 48, 5 F.R. 1837]

TABLE 4a-2—SYMMETRICAL FLIGHT CONDITIONS (FLAPS EXTENDED)

1. Condition VI VIII IX
2. Reference §4a87 §4a88 §4a89
3. Design Speed (see §4a.73) Vi Vi V;
4. Gust Velocity, U, f.p.s. (H) () +15 T B
5.0n () §4a76 §4a76 | e
6. Limit Load Factor, n 1+Dny,, 1+Dnyy | -
7. Minimum Vaueof n 200 None None
8. Minimum Yield Factor of Sefety, j, 10 10 10
9. Minimum Ultimate Factor of Safety, jm 15 15 15

() Feet per second.

() + meansupward, - means downward.

() May belimited by maximum dynamic lift coefficient obtainable under sudden changes of angle of attack.

[CAR, May 31, 1938, as amended by Amdt. 48, 5 F.R. 1837]




TABLE 4a-3—LOADING CONDITIONS FOR HORIZONTAL TAIL SURFACES

1. Condition Balancing Maneuvering Damping Tab effects
2. Reference §4a116 84a117 §4a118 §4a118
3. Design Speed (see § 4a.73)---------mmmmmmmmmmmm e | s Vo | e \A
4. Force Coefficient, Cyr--m--mmmmmmmmmmmmmm e | s {-.55 (down)}
{+3BWp)} | | e

5. Average Limit Pressure, p.s.f. (N)-----mmmmmmemmmmmeemmeeeeeeeee | s ca®d | |
6. Chord Distribution Fig. 4a-4 Fig. 4a-5 Fig. 4a-6 Fig. 4a-5(%)
7. Span Distribution Constant Cy Constant Cy Constant Cy Constant Cy(°)
8. Minimum Average Limit Pressure, p.sf. ()--------mmmemmmmeeeeee | e 15 | e | e
9. Specia Requirements None None None None
10. Minimum Yield Factor of Safety, j, 10 10 10 10
11. Minimum Ultimate Factor of Safety, j, 15 15 15 15
(*) Over entire horizontal tail.
6 0, isthe dynamic pressure corresponding to V,, see § 4a.42.
(®) Refersto main surface, disregarding tab; uniform pressure distribution may be assumed over tab.
CAR, May 31, 1938, as amended by Amdit. 48, 5 F.R. 1837]

TABLE 4a-4.%.L OADING CONDITIONS FOR VERTICAL TAIL SURFACES
1. Condition Maneuvering Damping Gust Tab effects
2. Reference §4a120 §4a121 §4a122 §4a123
3. Design Speed (see § 4a.73) v, | A v @
4. Cyor Gust Cv=045 | @ U=30fps | -
5. Average Limit Pressure, p.sf. () ca®d | §4a122(b) | e
6. Chord Distribution Fig. 4a-5 Fig. 4a-6 Fig. 4a-6(°) Fig. 4a5(°)
7. Span Digtribution Constant Cy Constant Cy Constant Cy Constant Cy ()
8. Minimum Average Limit Pressure, p.sf. () 2 | e | e |
9. Specia Requirements 4a.120 (b) None None None
10. Minimum Yield Factor of Safety, j, 10 10 10 10
11. Minimum Ultimate Factor of Safety, j, 15 15 15 15

() Over entire vertical tail.

@) g, is the dynamic pressure corresponding to Vp (see § 4a.42).

() See §4a.120 (a) for exception.
() See §4a.123 (b) for exception.
() See§4a122(c).

(®) Refersto main surface, disregarding tab; uniform pressure distribution may be assumed over tab

[CAR, May 31, 1938, as amended by Amdt. 5, 4 F.R. 1170]



TABLE 4a5—LOADING CONDITIONS FOR AILERONS

1. Condition Maneuvering Tab effects
2. Reference §4a125 §4a.126
3. Design Speed (see § 4a.73) v, () Vv, @
4. Cyor Gust Cy=045 | -
5. Average Limit Pressure, p.sf. Ce® |
6. Chord Distribution Fig. 4a-7 Fig. 4a-7 (%)
7. Span Digtribution Constant Cy Constant Cy ()
8. Minimum Average Limit Pressure, p.sf. 2| e
9. Specia Requirements §4a125 (b) None
10. Minimum Y ield Factor of Sefety, j, 10 10
11. Minimum Ultimate Factor of Safety, |, 15 15
(") See §4a.125 (a) for exception.
(® g isthe dynamic pressure corresponding to V, (see § 4a.42).
() V' isthe maximum level flight air speed with any engine inoperative.
(Y Refersto main surface, disregarding tab; uniform pressure distribution may be assumed over tab.
[CAR, May 31, 1939]
TABLE 4a-6% LOADING CONDITIONS FOR CONTROL SYSTEMS
(See §4a.137)
Rudder
Elevator | Symmetrical thrust () Unsymmetrical thrust (%) Aileron Flaps, tabs, etc.
1. Reference 139 140 140 A41 142
2. Maximum Limit Control Force, pounds ------ 200 200 200 80 None
3. Minimum Limit Control Force, pounds------- Fig. 4a-8 130 200 Fig. 429 See Ref.
4. Minimum Yield Factor of Safety, j, ----------- 10 10 10 10 10
5. Minimum Ultimate Factor of Safety, j,-------- 15 15 15 15 15

") Propeller axesall in plane of symmetry.
%) Propeller axesnot all in plane of symmetry.

(
(



PART 4A—AIRPLANE AIRWORTHINESS
TABLE 4a7—ADDITIONAL (MULTIPLYING) FACTORS OF SAFETY

(See 88 4a.207-4a.216)
Additional Additional May be
yield factor of ultimate factor covered by

Item Component Reference safety, j, of safety, ju Item No.
1. Fittings (except control system fittings)--------------- §4a.208 None 1.20 2,456,789
2. Cadtings §4a.209 None 200 78
3. Pardlel doublewiresin wing lift truss---------------- 8§4a.210 None 105 4
4. Wiresat small angles §4a211 None SeeRef. e
5. Double drag trusswires §4a.212 None SeeRef.  —ememeeeeee-
6. Torque tubes used as hinges §4a.213 None 15 e
7. Control surface hinges (%) §4a214 None 6.67 = mmmmmmmmmmmeeee-
8. Control system joints () §4a214 None 333 s
9. Wiresizes §4a215 None o1 P ——
10. Wing lift truss (landing conditions only)------------- §4a216 None Lo

(") For hearing stresses only.
[CAR, May 31, 1939, as amended by Amdt. 5, 4 F.R. 1170]
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