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2 SIVIL AR KEGULATIONS

04.0 GENERAL

G4.00  Scope. The airworthiness requireinents set forth in this Part shall beused as a basis
for obtaining airworthiness or type certificates: Provided, That (1) deviations feom these require-
ments which, in the opinion of the Administrator, insure the equivalent condition for safe opern-
tion and, (2) equivalent requirements of the United States Arnwy or Navy with respect to air-
worthiness, may be accepted in liew of the requirements set forth m this Part.  Unless otherwise
specified an amendment to this Part will apply only to airplanes for which applications for type
cerlaficates ave received subsequent to the effeclive date of such amendment. '

04.01 Airplane categories. At the clection of the applicant, an airplane may be certifi-
cated under the requirements for a particular category according to the intended use of the air-
plane.  Seetions of this part which aflect only one particular category are designated by & suflix
added to the appropriate section numbers, as foliows:

Normal Cetegory Suflix “N”’
Trangport Category Suffix T
Acrobatic Category Sulfix “A”

All scctions not designated by a suffix are applicable to all categories, except as otherwise
specified.

04.02 Airworthiness certificate. The airworthiness requirements specified hereinafter
shall be used as a basis lor the certification ol airplanes: Provided, Thal an zivplane manulfac-
tured in accordance with, and conforming to, the currently offective alveraft specifications issued
therefor, will be eligible for an airworthiness certificute if the Administrator determines such
atrplane is in condition for safe operation: Provided, further, That an airplane which hag not
demonstrated compliance with the airworthiness requirements specified hercinafter butl which,
in the opinion of the Administrator, is i condition for safe operation for experimental purposes
or for particular activities, will be eligible for an airworthiness certificate.

04.03 Data required.
04.030 (Unassigned.)

04.031 Data required for airworthiness certificate. When an airworthiness certificate is
sought and a type certificate is not involved, data which are adequate to establish complianece
of the aireraft with the requirements listed hereinafter shall be submitted to the Administrator.

04.032 Data required for type certificate. [Datn which are adequate to establish compli-
ance of the aireraft with the airworthiness requirements bsted hereinafter and which are ade-
quate for the reproduction of other airplancs of the same type shall be submitted to the Admin-
istraior. 'The procedure for submitting the required data, the teehnical contents of such data,
and the methods of testing atrerafl with respeet 1o the preseribed airworthiness requirements
shall be in accordance with Civil Acronautics Manual 04, Airplane Alrworthiness.

04.04 Inspection and tests. Authorized representatives of the Administrator shall have
aocess to the awplone and may witness or couducet sueh imspections and tests as are decrued
necessmy by the Administrator.  Prior to, or at the time of, presentation of the airplanc for
official flight tests, the applicaut for an airworthiness or type cortificate shall submit to the
Adminisirator a detailed report of pertinent flight tesls conducted, and satisfuctory proof of
conformity of the airplane with the techinical data submitted to the Administrator,

04.05 Procedure for type certification. Acceptable procedures for type certification are
outlined in Civil Acronautics Manual 04,

04.06 Changes. Changes to certificated ajveraft shall be substantiated to demonstrate
continued complisnce of the aiveraft with the pertinent airworthiness requirements,

04.060 Minor changes. Minor changes to airplanes being manufactured under the terms
of a type 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 sub-
mittal 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 requirements is necessary.
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04.061 Major changes. Mzjor changes to airplanes being manulactured under the terms
of a type certificate may reguire the issunnce of n new tvpe certificate and the Administrator
may, in his diseretion, require such clhianges to comply with current airworthiness requirements.

44.062 Changes requived by the Administrator.  In the case of aireralt models approved
under the airworthiness vequirements in effect prior to the currently clicelive regulations, the
Administrator may require that aiveralt submitied for orizinal airwortliiness certifieation com-
ply with sueh portions of the currently effective regulations as are considered necessary.

04.1 DEFINITIONS

04.1060 Weight, W. The total weight of the airplane and its contents.

04.101 Design weight. The weight of the wivplane assumed for purposes of showine
compliance with the structural requirements hereinaftoer specified.

04.1010 Minimum design weight. Weight empty with standard equipment, plus erew,
plus fuel of 0.25 1h. per maximum (exeept tale-ofl) horsepower, plus oil as per capacity,

04.102 Standard weight. The maxinmun weight for which the airplane is certificated as
complying with ali the airworthiness requirements for normal operations.

04.103 Provisional weight. The maximum weight for which the airplane is certificated
as complying with the airworthiness requirements as modified for scheduled air earriers in
§ 04.71.

04.104 Design wing area, §. The area enclosed by the projection of the wing outline,
including ailerons and {laps but ignoring fairings and fillets, on o surfnce containing the wing
chords, The outline is assumed to extend through nacelles and through the fuselage to the
plane of symmetry.

04.105 Design Power, P. The total engine horsepower chosen for use in determining the
maneuvering load factors. The corresponding engine output will be incorporated in the atr-
craft certificate as a maximumn operational limitation in all fhght operations other than take-off
or climbing flight. (See § 04.744.)

04.106 Design wing loading, W/S. The design weight (§ 04.101) divided by the design
wing area {§ 04.104).

04.107 Design power loading, W/P. The design weight (§ 04.101) divided by the design
power. (See § 04,105 and Figure 04-3.)

04.108 Air density p. The mass density of the air through which the airplane i moving,
in terms of the weight of a unit volume of air divided by the acceleration of gravity. The
symbol p, denotes the mass density of air at sea level under standard atmospheric conditions
and has the value of 0.002378 slugs per cubic foot. (See § 04.130 for definition of standard
atmosphere.}

04.109 True airspeed V,. The velocity of the airplane, along its flight path, with
respect to the body of air through which the airplane is moving. -

04.110 Indicated airspeed, V. The true alrspeed multiplicd by the term p/p,. (See
§ 04.108.)

04.111 Design level speed, V.. The indicated airgpeed chosen for use in determining the
pertinent structural loading conditions. This value will be incorporated in the atreraft certifi-
cate as a maximum operational imitation in level and elimbing flight.  {(See § 04.743)

04.112 Design gliding speed, V,, The maximum indicated airspeed to be used in deter-
mining the pertinent structural loading conditions.  (Sce §§ 04.211 and 04.743.)

04.113 Design stalling speed, V,. The computed indicated airspeed in unacecelerated
flight based on the maximum lift. cocfficient of the wing and the design gross weight. ‘The
cffcets of slipstreams and nacelles shall be neglected in eomputing V. When high-lift devices
are in operation the corresponding stalling speed will be denoted by Vi,

04.114 Design flap speed, ¥V, The indicated airspeed at which maximum operation of
high-lift devices is assumed.  (Sce §§ 04.211 and 04.743.)
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04.115 Maximum vertical speed, V... A fictitious value of indicated airspeed computed
for unaccelerated flight in a verdical dive with zero propelier thrust.

04.116 Design maneuvering speed, ¥,. The indicated airspeed at which maximum oper-
ation of the control surfaces is assumed.  (See § 04.211.)

04.117 Design gast velocity, U. A specific gust velocily assumed to act normal to the
flight path, (See § 04.2121.)

04.118 Dynamic pressure, ¢. The kinetic energy of a unit volume of air.
g=%p V. (in terms of true airspeed).
=¥psV? (in terms of indicated airspeed).
= V*3/391 pounds per square foot, when V is miles per hour indicated airspeed.
(See § 04.108 for definition of p.)

04.119 Load factor or acceleration factor, n. The ratio of a load to the design weight.
When the load in question represents the net external load acting on the airplane in a given
direction, n represents the acceleration factor in that direction.

04.120 Limit load. A load (or load factor, or pressure) which it is assumed or known may
be safcly experienced but will not be exceeded in operation,

04.121 Factor of safety, j. A factor by which the limit leads are multiplicd for various
design purposes.

04.122 TUltimate factor of safety, j,. A specified factor of safety used in determining the
maximum load which the airplane structure is required to support.

04.123 Yield factor of safety, j,. A specified factor of safety used in connection with the
prevention of permanent deformations.

04.124 Ultimate load. A limif load multiplied by the specified wlitmate factor {or factors)
of safely. See above definitions and § 04.200.

04.125 Yield load. A Iimit load multiplied by the specified yield factor (or factors) of
safety. (Sec above definitions and § 04.201.)

04.126 Strength test. A static load test in which the wtimate loads are properly applied.
{See § 04.200 and § 04.3021.)

04.127 Proof test. A static load test in which the yield loads arc properly applied for a
period of at least one minute. (See § 04.201.)

04.128 Balancing loads. Loads by which the airplane is placed in a state of equilibrium
under the action of external forces resulting from speeified loading conditions. The state of
equilibrium thus obtained may be either real or fictitious, IDalancing loads may represent air
loads, inertia loads, or both,  (Sec § 04.2210)

04.129 Aerodynamic coeflicients, CL, CM, CP, ete. The coeflicients hereinafter specified
are those of the “absolute’” {nondimensional) system adopted as standard 1in the United States.
The subseripts N and ¢’ used hereinafter refer respectively to directions normal to and parallel
with the basic chord of the airfoil seetion.  Other subseripts have the usual signilicance. When
applied to an entire wing or surface, the cocflicionts represent average values and shall be properly
correlated with local conditions (load distribution) as required in § 04.217.

04.130 Standard atmosphere (standard air}. Standard atmosphere refers to that variition
of air conditions with altitude which has been adopted as standard in the United States. (Sece
any acronaulics text book or handbool, or NACA Technical Report No. 218.)

04.131 Primary structure. Those portions of the airplane, the failure of which would
seriously endanger the safety of the airplane.
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04,2 STRUCTURAL LOADING CONDITIONS

04.20 General structural requirements,

04.200 Strength. The primary structure (see § 04.131) shall be capable of supporting the
ultimate loads (see § 04.124) determined by the Joading conditions and uftimate factors of safety
hereinafter specified, the loads being properly distributed and applied.

04.201 Deformations. The primary structure shall be capable of supporting without detri-
mental permanent deformations, for a period of at least one minute, the yield loads (sce § 04.125)
determined by the loading conditions and yield factors of safety heremafter specified, the loads
being properly distributed and applied. Where no yield factor of safety is specified a factor of
1.0 shall be assumed. In addition, temporary delormations which oceur before the yicld load is
reached shall be of such a naturc that their repeated occurrence will not weaken or damage the
primary structure.

04.202 Stiffness. The primary structure shail be capable of supporting the #midf loads
(see §04.120) determined by the loading conditions hoereinafter specified without deflecting
beyond whatever limits may be hereinafier prescribed or which may be deemed necessary by
the Administrator for the case In question.

04.203 Proof of strength and rigidity. No gencral requirements, but see § 04.3 for specific
requirements.,

04.204 Materials, fabrication, protection, etc. No general requirements, but see § 04.4 for
specific requirements.

04.21 Flight loads.

04.210 General. The airworthiness rafing of an airplane with respect toits strength under
flight loads will be based on the airspeeds and accelerations {from maneuvering or gusts) which
can safely be developed in combination.  For certain elasses of airplanes the acceleration factors
and gust velocities are arbitrarily specified hereinafter and shall be used for those classes. The
airspecds which can safely be deve})oped i combination with the specified acceleration factors
and gusts shall be determined in accordance with the procedure hereinafver specified and shall
serve as a basis for rcstricting the operation of the airpiane in flight.  (Sce § 04.743))

04.211 Airspeeds. (See §§ 04.109 to 04.116 for definitions.) The design airspeeds shall
be determined as follows:

Ve (See § 04111

V, shall not be less than V,+ K (V,,— V), except that it need not be greater than cither
Vo --100 miles per hour or 1.5 V,, whichever 1s lower. K, is specifiecd on Fig. 04-1. V,, 1s
defined in § 04.115. A special ruling may be obtained from the Administrator if the design
gliding speed thus determined is greater than 1.33 V,, and appears to be unnecessarily bhigh for
the tvpe of airplane involved.

V', shall not be less than 2V, V., is defined in § 04.113.

¥, shall not be less than V,+ K (Vi—V,,), except that it need not be greater than V.
K, is specified in Fig. 04-2.  (Sce §§ 04.2220, 04.2223 and 04,2230 for exceptions for multi-
engine alrplanes.)

04.212 Load facters. The [light load {fuctors specified hereinafter shall represent
wing load factors. The net load factor, or aceeleration factor, shall be obtained by proper
consideration of balancing loads acting on the airplanc in the specific flight conditions.

04.212¢ Manenvering load factors. The limit maneuvering load factors speeified
heremafter (sce Ing, 04-3) are derived largely from experience with conventional types of air-
plancs and shall be considered ag minimum values unless it can be proved, to the satisfaction
of the Administrator, that the airplane embodies features of design which make it impossible
to develop such values in flight, in which case lower values may be used subject to the approval
of the Administrator

04.2121 Gust load factor. The gust load factors shall be computed on the bhasgis of a
gust 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 the lift curve. The gust velocitics specified
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shall he used only in conjunction with the gust formudae specified in Civil Acronanties Manual
14.2121.

04.2122  Factors of safety. The minimum factors of safety are specified for eack loading
condition.  See also § 04.27 for multiplying factors of salety required m certain cases.

04.213 Symmetrical flight conditions (flaps retracted).

04.2130 General. The [ollowing flight conditions, together with Table 041, shall be
considered as representing the minimum number of conditions required to cover a suitable
range of symmelrical flight loadings.

04.2131 Condition 1 positive high angle of attack. The factors given in Table 04-1 and
Fig. 04 -3 for this condition shall be used.  To provide for flight conditions eritical for the front
11 trugs or its equivalent the aerodynamic characteristios Cy, CF (or €4), and ¢ shall be deter-
mined as [ollows:

{a) Oy, P (¢r 18 dynamie pressure corresponding to Vy; see §8 04111 and 04.118)
L.
{6y C/=—valuc corresponding to Cly,, or value equal to —.20 Cy,, whichever is greater

negatively.

(¢) C'F’==most forward position of the center of pressure hetween € — Cy, and (7, max.;
when Uy, exceeds Cp max., the CF curve shall be extended accordingly.

(d) For hiplane combinations the C'F of the upper wing shall be assumed to be 2.5 percent
of the chord forward of its notninal position.

(€) Cy’=moment coefficient necessary to give the required CP’ in conjunetion with

04.21310 Condition I, (positive high angle of attack modified). The smaller of the two
values of €1 specified in § 04.2131 (8), and the most rearward (P position in the range specified
in § 04.2131 (¢) shall also be investigated when Condition [ is eritical for the rear spar (or its
equivalent) or if any portion of the front spar {or its equivalent) is likely to be eritical in tension.
Only the wings snd wing bracing need be investigated for this eondition.

04.2132 Condition I7 (negative high angle of attack). The $actors given in Table 04-1 for
this condition shall be used, with the following provisions:
(@) ¢y ="rVIS),

(t) C.—=actual value corresponding to €y, .
() When (7, is positive or has a negative value smaller than 0,02, 16 may be assumed to be
Zero,
Y

(d) Cyr=actual yalue corresponding to 'y, .

04.2133 Condition 1] (positive low angle of attack). 'The [actors given in Table 04-1 for

this condition shall be used, with the following provisions:
Ty
(a) (J-*Nm:ﬁ’i‘iym—) {g.1s dynamic pressure corresponding to Vi sce § § 04,138 and 04.112).
£

(b) C,=actual value corresponding to Cy .

{e) When (), is positive or has a negative value svaaller than 0.02, it may be assumed to be
ACTO.

(d} Cw=actual value corresponding to Cy, .

04.21330 Condition II1, (positive low angle of attack, modified). I{ the moment coeffi-
cient of the airfoil seetion at zero lift has a positive value, or a negative value smaller than 0.06,
the effects of displaced ailerons on the moment coefficient shall be accounted for in Condition
IIT for that portion of the span ineorporating ailerons. To cover this point it will be salis-
factory to cowbine 75 percent of the loads acting in Condition IIT with the loads due to a
moment coefficient of —0.08—CY,,,, acting over that portion only of the span incorporating
ailerons. The design dynamic pressure for the additional moment forees shall be equal to 0.75¢,.
Only the wings and wing bracing nced be investigated for this condition,
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04.2134 Condition IV (negative low angle of attack). The factors given in Table 04—1 for
thig condition shall be used, with the following provisions:
_ ey (WIS)

(b) C,=actual vatue corresponding to e

(¢) When €, is positive or has a negative value smaller than 0.02, it may be assumod to be
ZOTO,

() Chy==nctnal value corresponding to Cy;yp.

04.2135  Condition V (inverted flight). The factors given in Table 04-1 [or this condition
shall be used, with the following provisions:

(@) Clyy— nV(H A WIS}

by /=0,

{¢) P —=259

{d} Only the rear (or single) lift {russ system of externally braced wing structures need be
investigated for this condition.

04.2136 Condition VI (gliding). The factors given in Table 04-1 shall be used for this
condition, with the following provisions:

(a) (,NW—Valuo corresponding to (7, max. (positive),

(b) /=, max. (positive)4-0.01.

(e) Cy=actual value corresponding to 'y

{d) The drag of nacelles and other items attached to the wings shall be conservatively
estimated and properly ineluded in the investigation of this condition.
(e) Only the wings and wing bracing need be invesiigated for this condition.

04.214 Symmetrical flight conditions (flaps or auxiliary devices in operation).

04.2140 General. When flaps or other auxiliary high-lift devices are installed on the
wings the design conditions shall be suitably modified to account for their use in flight.  The
modifications shall be based on the intended usc of such devices and the acrodynamic character-
istics of the wing. The following conditions, together with Table (04-2, shall be considercd as
representing the minimumnumber of conditions mqulred to cover a suitable ran ge of symmetri-

cal flight 1051(!11109 in cascs where the flaps are used only at relatively low air %poed%

04.2141 Condition VII (positive gnst, flaps deflected). The factors given in Table 04-2
for this condition shall be used, with the following provisions:

() The most critical deflection of the flap shall be investigated.

(b) The magnitude and distribution of normal, chord and moement forees over the wing
shall correspond to that which would be obtained in developing the specified imit gust load
factor at the specified alrspeed.

04.2142 Condition VIIT (negative gust, flaps defiected). ‘The [actors given in Table 04-2
for this condition shall be used, with the following provisions:

{@) The most eritical deflection of the [lap shall be investigated.

{6 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 limed gust load
factor ai the specilied amrspeed. 7

04.2143 Condition IX (dive, flaps deflected). The factors given in Table 04-2 for thiscon-
dition shall be used, with the following provisions:

{a) "The most critical deflection of the {lap shall be investigated.

{0) The load 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 ave produced on the wing structure,

{e) Only the wings and wing bracing nced be investigated for this condition.
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$4.215 Unsymmetrical flight conditions.

04.215¢4 General. [n the following unsymmetrieal flight conditions, the unbalanced
rolling moment shall be assumed to be resisted by the angular inertia of the complete airplane.
See Civil Aeronautics Manual 04.2130 for an aceeptable alternative procedure. )

04.2151 Condition I,,. Condition 7 (§ 04.2131} shall be modified by assuming 100 percent
of the air load acting on one wing and 40 percent on the other.  For airplancs over 1,000 pounds
standard weight the labler factor may be incrcased linearly with standard weight up to 80
percent at 25,000 pounds.

04.2152 Condition III,. Condition F77 (§ 04.2133) shall be modified ag deseribed for Con-
dition £, in § 04.2151.

04.2153 Condition V,. Condition V' (§ 04.2135) shall be modified as described for Con-
dition I, in § 04.2151.

04.216 Special flight conditions.

04.2160 Gust at reduced weight. The requirements for gust conditions (excepting tail
surface gust conditions) under any loading between minimum and maximum design weight shall
be met hy primary structure ceritically loaded thereby.

04.2161 Lift-wire-cut. For wings employing wire braecing in the lift truss, Conditions
I and 117 shall be investigated, using load factors nl and 111 of one half the values specified
for these conditions and assuming that any lift wire is out of action. This requircment does
not apply to parallel double lift wires, for which casc see § 04,273,

04.2162 Drag-wire-cut. Drag struts in double-truss systems shall be designed to with-
stand the loads developed when the drag wire of the upper system in one bay aud the drag wire
of the lower system in the adjacent bay are cach carrying their limit loads from any flight
condition, the remaining wires in these two bays being assurmed to be out of action. The
minimum ultimate factor of safety shall be 1.5.

04.2163 Unsymmetrical propeller thrust. The structure shall incorporate an wltimate
factor of safety of 1.5 against failure due to loads caused by maximum (except take-off) power
applicd on one side of the plane of symmetry only, when power on the other side is off and the
atrplane is in unaccelerated rectilinear flight.

04.2164 Wing tanks empty. I fuel tanks are supported by the wing structure, such
structure and its bracing shall also be investigated for Conditions I, 17, I71, and TV with wing
tonks empty. The design weight may be reduced by 0.9 pounds per certified maximum
(except take-ofl) horsepower. .

04.217 Wing load distribution. The limi air loads and incrtia loads acting on the
wing structure shall be distributed and applied in a manner closely approximating the actual
distribution in flight.

04.22 Control surface loads.

04.220 General. In addition to the flight loads specified in § 04.21 the primary structure
shall meet the requirements hereinafter specified to account for the loads acting on the control
surfaccs. The following loading conditions include the application of balancing loads (§ 04.128)
derived from the symmetrical flight conditions and also cover the possibility of loading the
control surfaces and systems in operating the airplanc and by encountering pusts. See also
§ 04.27 for multiplying factors of safety required in certain cases.

04.221 Horizontal tail surfaces.

04.2210 Balancing. The limit load acting on the horizontal tail surface shall not be less
than the maximum balancing load obtained from Cenditions I, IZ, 711, IV, VII, and VIII. In
computing these loads for tail surface design the moments of fuselage and nacelles shall he
suitably accounted for. The factors given in Table 04-3 shall be used, with the following
provisions: o .

(e) For Conditions 7, IT, IT1, and IV, P (in Fig. 04-4)=40 percent of net balancing load.
(This means that the load on the fixed surface should be 140 percent of the net balancing load.)
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In any ease P need not exeeed that corresponding to s fémit elevator control foree of 150 pounds
applicd by the pilot. o
(6) Tor Conditions VII and VIII, P may be assumed equal to zero,

04.2211 Mancuvering (horizontal surfaces). The factors and distributions specified in
Table 04-3 and Fig. 04 5 for this condition shall be used, together with the following pro-
visions:

(@) The limit unit loading in either divection need not exceed that corresponding to a 200
pound foree on the elevator control (sce Table 04 -6).

(b) The average {imit unit loading shall not be less than 15 pounds per square [oot (sce
Table 04-3).

04.2212 Damping (horizental surfaces). The total limit load acting down on the fixed
surface {(stabilizer) in the maneuvering eondition (§ 04,2211) shall be applied in accordance
with the load distribution of Fig. 046, acting in either direction. The load acting on the
ino:l'&ble surface In the maneuvering condition may be neglected in determining the damping
oads,

04.2213 Tab effects (horizontal surfaces). When a tab is installed so that it can be used
by the pilot as a trimming or agsisting device, o limit up lead over the tab corresponding to
the dynamic pressure at 7y and the maximum tab deflection shall be assumed to act in con-
junction with the limil down load specified in § 04.2211, disregarding the provisions of § 04.2211
(@), applied over the remaining area. If the control force necessary to balance the resuliing
loads on the elevator and tab exceeds 200 pounds (Table 04-6), the loadings over the areas
no{:- covered by the tab may be reduced until the control force is equal 4o this maximum limi?
value,

04.222 Vertical tail surfaces.

04.2220 Maneuvering. ‘The factors given in Table 04—4 and Tig. 04-5 for this condition
shall be used, with the following provisions:

(a) 1f the propeller axes are not in the plane of symmetery, the design speed shall not be
less than the maximum speed in level flight with any engine inoperative.

(3) The limit unit loading in either direction need not exceed that corresponding to the
maximum Fmit control force (Table 046} except as modified by paragraph (¢) following.

{¢) In any case the average fimit unit loading shall not be less than the minimum pressure
specified in Table 044 for this condition.

04.2221 Damping (vertical surfaces). The total limit load acting on the fixed surface
(fin} in the maneuvering condition shall be up{plied in accordance with the load distribution of
Fig. 04-6, acting in either direction. The load acting on the movable surface in the maneuver-
ing condition may be neglected in determining the damping loads.

04.2222 Gusis (vertical surfaces). The gust conditions specified in Table 04-4 shall be
applied, using the following formulae and provisions:

(@) The gust shall be assumed to be sharp-edged and to aet normal to the plane of sym-
metry in either direction.

{b) The average limit unit pressure, 2, developed in striking the gusi shall be determined
from the following formula:

w= L Vm/575, where

% 1s in pounds per square {oot,

{7 is In feet per second

V is in miles per hour and

m=slope of lilt curve, (}, per radian, corrected for aspect ratio.
The aspect ratio shall not be taken as less than 2.0 in any case.

(¢) 'This condition applies only to that portion of the vertical surface which hag a well-
defined leading edge. )

(d) Tho chord distribution extending over the fixed and movable surfaces shall simulate
that for a symmetrical airloil, except that the distribution in Fig. 04-6 may be used where
applicable.


http://tha.ii

10 CIVIL AIR REGULATIONS

04.2223 Tab effects (vertical surfaces). When a tab is installed on the vertical movable
tail surface so that it can be used by the pilot as o trunming device Lhe Timit unt loading over
the entire vertical lail surfaces shall nol be less than that corresponding to the maximum
defleciion of the tab together with simultancous application of the following control force in a
direction asgsisting the tab action:

I'or airplanes with all propeller axes in the plane of symmetry, zero.
TFor airplanes with propeller axes not in the plane of symmetery, 200 pounds.

The lactors speeified in Table 04—4 for this condition shall be used, with the following
exception:

() If the propeller axes are not in the plane of symmetry, the design speed Vi specified in
Table 04—4 may be reduced to the maximumn speed in lovel flight with any engine moperative.

04.2224 Special cases (Vertical surfaces). A special ruling shall be obtained from the
Administrator when an aulomatic pilot is used on airplanes with propeller axes not in the plane
of symmetry,

04.223 Ailerons.

04.2230 Maneuvering, The lactors given in Table 04-5 and Fig. 04-7 for this condition
shall be used, with the following provisions:

{a@) 1I 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) The limit unit loading in either direction need not exceed that corresponding to the maxi-
mum control foree (Table 04—6) resizted by only one aileron, except as modilied by paragraph ()
following,

() gIn any case the average limit unit loading shall not be less than the minimum pressure
specified in Table 04-5 for this condition,

(4.2231 Tah effects (ailerons). (Applies only to airplanes with propeller axes not in the
plane of symmetry.) When a tab is installed on one or both ailerons so that it can be used by
the pilot to assist in moving the ailerons, the fimst unit loading over both ailerons shall be of
sufficient magnitude and in such direction as to hold the ailerons in equilibrium with the tab or
tabs deflected to the maximum position., The factors specified in Table 04-5 for this condition
shall be used.

04.2232 Fying conditions (ailerons). The ailerons and their control system shall be capable
of meeting all requirements specified in the basie symmetrical flying conditions so far as the
latter produce symmetrical loads on the aitlerons.

04.224 Wing flaps. Wing ﬂups shall be loaded in accordance with Conditions VIT and
VIFT (§ 04.2141 and § 04.2142) and in addition shall be eapable of developing an wltimate faclor
of safety of at least 1.5 with respect to any mtermediate conditions which are more severe for
any part of the flap or its operating mechanism.

04.225 Tahbs., The limit forces acting on control-surface tabs shall be determined from the
most severe combination of airplane gpeed and tab normal foree coefficient likely to be obtained
for any usable loading condition of the alrplaneand at speedsup to the desgign gliding speeds, V.
An wltimate factor of safoly of at least 1.5 shall be maimtained.

04.226 Special devices, Special rulings shall be obtained from the Administrator In con-
nection with the design and analysis of \\1119—&](% slruetures, spoilers, unconventional ailerons,
auxiliary airfoils, and similar deviees. ]’vquc-qts for special rulings shall be accompanied by
suitable dmmng_fs or sketehes of the strueture in question, togetlier with general information
and an outline of the method by whieh it is proposed to dotounme the struclural loading.

04.23 Control system loads.

04.230 General. All control systems shall be designed for limitloads 25 percent greater than
those corresponding to thefimit loads speetfied for the control surfaces to which they are attached,
assuming the movable surface to be in thai position which produces the greatest load in the
control system, except that the maximum and minimum conlrol foree hlmt% in Table 046 shall
apply as her einafter spectfied. The fuctors of safely specified in Table (46 shall be used. Sce
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also § 04.27 for multiplying factors of safety required in certain cases. Sce alse § 04.331 for
operation requirements for control systems,

04.2300 The forces in the control wires or push rods operating the movable surfaces shall
be computed and their eflect on the rest of the struclure shall be investigated and allowed for in
the design of such structure.

04.231 Elevator systems. In applying § 04.230 the control foree specified in Table 04-6
and Fig. 04-8 shall be assumed to act in a fore-and-alt direction and shall be applied at the grip
of a control stick, or shall be equally divided between two diametrically opposite points on the
rim of a control wheel.

04.232 Rudder systems. In applying § 04.230 the control foree specified in Table 04-6
shall be assumed to act in & direction which will produce the greatest load in the control system
and shall be applied at the point of contact of the pilot’s foot.

04.233 Aileron systems. In applying § 04.230 it shall be assumed that the ailerons are
loaded in opposite directions. The control force specified i Table 046 and Fig. 04-9 shall be
assumed to act in a lateral direetion at the grip of a control stick, or shall be assumed to act as
part of couple equal to the specified foree mul](iplicd by the diameter of & control wheel. The
following assumptions shall be made:

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

(5 For diflerential ailevons, 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
geomoetry of the system shall be made.

04.234 Flap and tab control systems. In applying § 04.230 sultable minimum manual
forces shall be assumed 1o act on flap and tab coutrol systems and other similar controls.

04.24 Ground Loads.

04.240 General. The following conditions represent the minimum amount of investiga-
fion required for conventional (tail down type) landing gear.  For uncenventional types it may
be necessary to lnvestigate other landing sctitudes, depending on the arrangement and design
of the landing gear members. Consideration will be given to & reduction of the specified limait
load [actors when it can be proved that the shock absorbing system will positively limit the
acceleration [netor to a definite lewer value in the drop Lest specified in §04.2411. The mintmum
factors of safety arc specified for each loading condition.  See also § 04.27 for mulliplying factors
of safety required in certain cases.

04.241 Level landing. The mmimum Lwet load factor is specified in Fig. 04-10. The
resultant of the ground reaction shall be assumed to be a foree lying at the intersection of the
plane of symmetry and a plane in which ave located the axles and the center of gravity of the
airplane less chassis, The propeller axia {or equavalent reference line) shall be assumed hori-
zonlal 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
cotaponent shall be of the magnitude vequired to give the vesultant 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 eenter of the wheel, The shocl-absorber unit and tives shall be assumed to
be deflected to half their total travel, unless it is apparent that a more eritical arrangement
could exigt., The minimum w/fimate factor of safety shall be 1.5

04.2410  I{ o sliding element mnstead of o rolling element is used for the landing gear, a
horizontal component of one-half of the vertical component shall be used to represent the effcet
of ground frietion, cxcept that ski gear which iz designed and used only for landing on snow
and ice may be designed {or the same horizontal component as wheel gear,

04.2411 Energy absorption. The level landing condition specified in § 04.241 shall be
assumed to be produeed by a free drop, in inches, equal to 0.36 times the caleulated stalling
speed (V;) in mles per hour, except that the height of free drop shall not be less than 18 inches
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for airplanes employing devices which increase the normal sinking speed, but need not execeed
18 inches when such devices arve not employed. The height of free drop is meagured from the
bottom of the Live to the ground, with the landing gear extended Lo ils extreme unloaded position.
(See §§ 04.340 and 04.440.)

04.242 Three-point landing. The minimum Hmir load factor is specified In Fig. 04-10.
The value of the sum of the stalic ground reactions shall be the gross weight of the air ])me less
chassis. The total load shall be divided between he chassis and tail skid or wheel in mverse
proportion to the distances, measured parallel to the ground line, from the center of gravity
of the airplanc less chassis to the points of contact with the n'louml The load on the chassis
shall be divided cqually belween wheels.  Loads shall be assumed to be perpendicular to the
ground line in the three-point landing attitude, with all shock absorbers and tives deflected
to the same degree as in level landing. The tail wheel or skid installation shall also be inves-
tigated for this condition. The minimum wlfimate factor of safety shall be 1.5.

04.2420 Energy absportion.—The three-point landing condition specified in § 04.242 shall
be assumed to be produced by a frec drop as specified under § 04.2411.  This requires shock
absorption by both main wheels and tail wheel (or skid). (Sce §§ 04.340 and 04.440.)

04.243 Side load. The minimum fsmit load factor shall be 0.667. The weight of the air-
plane shall be assumed to act on one wheel in a direction perpendicular to the ground. In
addition, a side component of cqual 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 (1.55
times the vertical component shall be assumed to act parallel to the ground at such point.  The
airplane shall he assumed to be in a three-point attitude with the shock absorbers deflected Lo
their static position and the tires deflected one-quarter the nominal diarmeler of their cross
section, The minimum wlizmate factor of safety shall be 1.5.

04.244 One-wheel landing. An investigation of the fuselage structure is required for a
onc-wheel landing, in which only those loads obtained on one side of the fuselage in the lovel
landing condition are applied. The resulting load factor is therefore onc-half of the level
landing load factor. (This condition is identical with the Jevel landing condition insofar as
the landing gear structure is concerned.) The minimum wltimate factor “of safety shall be 1.5.

04.245 Braked landing. The minimum limit load factor shall be 1.33.  Airplancs equipped
with brakes shall be investigated for the loads incurred when a landing is made with the whecls
locked and the airplane is in an attitude such that the tail skid or w heel just clears the ground.
The weight of the airplane less chassis shall be assumed to act on the wheels in a direction
perpendicular to the ground line in this attitude. In addition, a component parallel to the
ground Uine shall be assumed to act at the point. of contact of the wheels and the ground, the
magmtudo of this component being equal to the weight of the airplane less chassis times a
coefficient of frietion of 0.55. The tire in all cases shall be assumed to have deflected not more
than one-quarter the nominal diameter of its cross section, and the deflectton of the shock
absorbers shall be the same as in level landing.  The mintmum wltimate factor of safety shall
be 1.5

04.246 Side loads on tail wheel or skid. Suitable assumptions shall be made to cover
side loads scting on tail skids or tail wheels which are not free to swivel or which can be locked
or stecred by the piloL.

04.25 Water loads.

04.250 General. The following requirements shall apply to the entire airplane, but
have particular reference to hull structures, wings, nacelles, and {loat supporting structure, ‘Fhe
requireraents lor certification of floats ag individual items of equipment are specified in Part
15. The minimum factors of safcty are specified for cach loading condition. See also § 04.27
for multiplying factors of safety required in certain cases. Detail design requirements for
hulls and floats are speetfied in § 04.45,

04.251 Landing with inclined reactions (float seaplanes). The vertical component of the
limat load factor shall be 4,20 except that it need not e¢xceed a value given by the following

formula:
n=3.04-0.133 (W'/S).
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The propeller axis {or equivalent veference line) shail be assumed to be horizontal and the
resultant waler veaction (e be acting in the plane of synunetry and passing through the conter
of gravity ol the airplane less floats and {loat bracing but inclined so that its horizontal com-
pouent is equal to one-quarter of its vertical eomponent.  The forees representing the weights
of and in the airplane shall be assumaed to act in a direction parallel to the water teaciion.
'I‘ihu weight of the floats and fioat bracing may be deducted from the gross weight of the air-
planc.

04.2510  For the design of float attachment members, includipg the members necessary to
complete a rigid brace truss through the fusclage, the minimum w/iimate factor of salety shall
be 1.85. For the remaining structural members the minimum wltimate factor of safely shall
be 1,50,

#4.252 Landing with vertical reacfions (float seaplanes). The limit lond factor shall be
4.33, acting vertically, exeept that it need not exceed a value given by the following formula:

n=3.0+0.133 (IF/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 Hoats and float bracing nay be deducted from
the gross weight of the airplane.

04.2520 The minimum factors of safety shall be the same as those specified in § 04.2510.

04.253 Landing with side load ({loat seaplanes). The vertical component of the
limit load factor shall be 4.0, to be applied to the gross weight of the atrplanc less floats and
float bracing. The propeller axis (or equivalent reference line) shall be assumed to be hori-
zontal and the resultant water reaction shall be assumed o be in the vertical plane which passes
through the center of gravity of the airplane less flonts 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 arc used. A side load equal
to onc-Tourth of the vertical load shall be applied along a line approximately hall-way between
the bottom of the keel and the level of the water line at rest.  When built-in struts are used,
check eaiculations shall be made for the built-in struts with the side load at the level of the water
line atrest.  When twin floats are used, the entire side load specified shall be applied to the float
on the side from which the water reaetion originates. The minumum wltimate factor of salety
shall he 1.50.

04.254 DBoat seaplanes.
04.2540 Local bottom pressures.

(@) Maximum local pressure. The maximum value of the limit local pressure shall be
determined from the following equation:

W
o s T 14 )4 Ty
Pz 1055V <I+5(}.(J(]0 , where

p=pressure, pounds per square inch .

Ve=stalling speed, flaps down, power on, in miles per hour. (To be caleulated on the

basis of wind tunnel data or flight tests on previous airplancs.)

W=cdesien weizht.

The minimum uftimate factor of safety shall be 1.5,

(h) Variation in loeal pressure. The local pressures to be applied to the hull bottom shall
vary in accordance with Ifigure 04-11. No variation {rom keel to chine (beamwise) shall be
assumed, excopt when the chine flare indicates the advisability of higher pressures of the chine.

() Application of local pressure.  The local pressures determined {from § 04.2540 (a) and
Figure 04-11 shall be applied over a local arca in such 2 manner as to cause the maximum local
loads in the hull bottom structure.

04.2541 Distributed bottom pressures. )

(@) For the purpose of designing [rames, keels, and chine structure, the limit pressures
obtained from § 04.2540 (a) and Figure 0411 shall be reduced to one-half the “loeal” values and
stmultancously applied over the entire hull bottom. The loads so obtained shall be carried
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into the side-wall structure of the hull proper, but need not be transmitted i a fore-and-aft
dircetion as shear and bending loads.  The minimum wltimate {actor of safety shall he 1.5,

(b} Unsymmetrical loading. Each floor member or frame shall be designed for a load on one
sidle of the hull centerline equal to the most critical symmetrical loading, combined with a load
on the other gide of the hull centerline equal to one-balf of the most eritieal symmetrical loading,

04.2542 Step loading condition.

(a) Application of load.  The resultant water load shall be applied vertically in the plane of
symmetry so as to pass through the center of gravity of the airplane (in full load condition),

{6 Acecleration. Tue fmit acceleration shall be 4.33.

(c) Hull shear and bending loads. The hull shear and bending loads shall be computed from
the inertia loads produced by the vertical water load. To avoid excessive local shear loads and
bending moments near the point of water load application, the water load may be distributed
over the hull botlom, using pressures not less than thosge specified in § 04,2541 {a). The mini-
mum w/fmate faclor of safety shall be 1.5,

04.2543 Bow loading condition.

(@} Application of load. The resultant water load shall be applied in the plane of symmetry
at a point ane-tenth of the distance from the bow to the step and shall be divected upward and
rearward at an angle of 30 degrees from the vertieal,

{5 Magnitude of load. The magnitude of the fimat vesultant water load shall be defermined
from the following equation:

Py=Y%n W, where

P is the load in pounds,

1, 1s the step landing load factor,

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

{¢} Hull shear and bending loads. The hull shear and bending loads shall be determined
by proper consideration of the inertia loads which resist the linear and angular accelerations
involved, To avoid excessive local shear Ioads, the water reaction may be distvibuted over the
hull bottom, using pressure not less than those specitied in § 04.2541 (a), The minimum wltemate
factor of safety shall be 1.5.

04.2544 Stern loading condition.

() Application of load. The resultant water load shall be applied verticslly 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 § 04.2541 (a).

() Magnitude of load. The Hmit resuliant load shall equal three-quarters of the design
weight of the airplane,

(¢} Hull shear and bending loads. The hull shear and hending loads shall be determined by
assurming the hull siracture to be supported at the wing atlachiment fittings and neglecting
internal inertia loads, This condition need net be applied to the fitlings or to the portion of the
hull ahead of the rear attachment fittings. The minimum wltimate {actor of safety shall be 1.5,

04.2545 Side loading condition.

(a) Application of load. The resultant water load shall e applied in a vertical plane through
the center of gravity. The vertical component shall be assumed to act in the plane of syvinmetry
and the horizontal component at a point half-way between the bottom of the keel and the load
walerline at design weight (ot rest).

() Magnitude of load. The Jimif vertical component of aceeleration shall be 3.25 and the
side component shall be equal to fifteen percent of the vertical component.

(¢} Hull shear and bending loads. The hull shear and bending loads shall be determined by
proper consideration of the inertia loads 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 speeified by § 04.2541 (a). The minimum wfiimate {actor
of safety shall be 1.5,

04.255 (Unassigned.)
04.256 (Unassigned.)
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04.257 Seaplane float loads. Each main float of a float seaplane shall be eapable of
carrying the {ollowing loads when supported at the attwelunent {fittings ns imstallod on the
airplane. The minimum wltimaete {factor of safely shall be 1.5.

{a} A limit load, acting upward, applied at the bow end of the float and of magnitude equal
itj-lo onc-half of that portion of the arplane gross weight normally supported by the particular

ont.

{b) The limit load specified in paragraph {2), above, acting upward at the stern.

(e} A Lmit load, acling upward, applied at the step and of magnitude equal to 1.33 times
that portion ol the airplane gross weight normally supported by the particular float.

04.2570 Seaplane float bottom loads. Main seaplane float bottoms shall be designed to
withstand the following loads.  The minimum w/iimate factor of safety shall be 1.5,

(ey A limat Toad of at least 5.33 pounds per square inch over that portion of the bottom
lying between the first step and o section at 25 peveent of the distance from the step to the bow.

(5) A lamit load ol at least 2.67 pounds per square inch over that portion of the bottom
lying between the seetion at 25 percent of the distance from the step to the bow and a scction at
75 pereent of the distance from the step to the bow,

(&) A b load of at least 2.67 pounds per square mch over that portion of the bottom
lying between the first and second steps. I only one step is used, this load shall extend over
that portion of the bottom lying between the step and o seetion at 50 percent of the distance
from the step to the stern,

04.258 Wing-tip float loads. Wing-tip floats and their attachment, including the wing
strueture, shall be analyzed for cach of the following conditions, using a minimum wliimate
factor of safely of 1.5:

(@) A Hmil load acting vertically up at the completely sulmerged center of buovancy aned
equal to three times the completely submerged displacement,

(&) A fadf load inelined upward at 43 degrees to the rear and acting through the complelely
submerged center of broyaney and equal to three times the completely submerged displace-
mendt.

{€) A limit load actine paraliel to the water surface (faterally) applied at the center of arca
of the side view and equal to one and one-half times the completely submerged displacement.

04.2580  The primary wing strueture shall tncorporate sufficient extra strengtih to inzure
that failure of wing-tip float attachiment members oceurs before the wing structure is damaged.

04.259 Miscellaneous water loads.

04.25%0 Soawing louds.  Special rulines shell be obtained from the Admunistrator for the

strength requirements for seawings.
04.26 Speciai loading conditions.

04.260 Fngine torgue. In the case of engines having five or more eylinders the stresses
due to the torgque load shall be multiplied by a Zan it load factor of 1.5, For 4, 3, and 2 eylinder
engines the fomit load fuctors shall be 2, 3, and 4, respectively. The torque acting on the air-
platie struciure shall be computed for the taie-off power desived and the propeller speed cor-
responding thereto,  (See § 04.744)  The enghne mownt and forward portion of the fuscage
and nacelles shall he desizned for this condition.  The minimum witimate factor of salety shall
be 1.5, unless higher factors ave deemed necessary by the Administrator in order to make
apeeial provigion for conditions such as vibration stress concentration, and faligue.

04.261 High angle of attack and torque. The limit loads determined from § 04.260 shall
ho considered as acting simultancously with 75 percent of the fmit loads determined from
Condition T (§ 04.2131). The engine momnt, nacelles and forward portion of the fuselage
(when o nose engine s installed) shall be designed {ov this condition.  The minimum wltimate
factor of safety shall be 1.5.

04.2610 The engine mounts, nacelles, and forward portion of the fuselage {when a nose
engine is installed) shall be investigated for the Limit loads determined from Condition 7 (sce
§§704.2131 and 04.2160) acting simullaneously with the limit loads due to the engine torque

BB —43——2
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determined in aceordance with § 04.260, except that the engine power and the propeller specl
shall correspond to the design power (§ 04.105) or the output specified for climbing flight (see
§ 04.744), whichever 18 higher.  The mimmum wlfimate [actor of safety shall be 1.5.

04.262 Side load on engine mount. The fimit lond factor for this condition shal!l be equal
Lo one-third of the {imit Joad factor for Flight Condition 7 {§ 04.2131) but shall in no ease be less
than L.33. The engine mount and forward section of the fusclage and nacelics shall be analyzed
for this condition, considering the &imit load lo be produced by inertin forces.  The minimum
ultimate Tactor of safety shall be 1.5.

04.263 Up load on engine mount. For cngine mounts the [imdt load in cach member
shall be arbitrarily assumed as 50 percent of thal in the level Janding condition but of opposite
sign. The minimum wliimate factor of safety shall be 1.5,

04.264 Passenger loads. Paszenger loads in the accelerated flight conditions shall be
computed for a standard passenger weight of 170 pounds, and a mimmum wltimate factor of
safety of 1.50 shall be used, except that scats and berths need not be degsigned for the reduced
welght gust conditions specified in § 04.2160. This shall not exempt the primary structere
from such gust condilions,

04.2640 Struetures to which safety belts are attached shall be capable of withstanding an
wltimate load of 1,000 pounds per person applied thirough the safety belt and dirceted upward and
forward at an angle of 45 degrees with the Hoor hine,

04.265 Local loads. The primary structure shall be designed to withstand local loads
caused by dead weights and control loads. Bageage compartments shall be designed to with-
stand loads corresponding to the maximum authorized capacilty. The investigation of dead-
weight loads shall include a sufficient number of reduced weight gust conditionsg to insure that
the most severe combinations have been investigated. Sec § 04.90 for standard weights.

04.266 Rigging loads. Structures braced by wires (or tie-rods) shall be eapable of develop-
ing 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 strueture is such
that all wires cannot be simuliancously rigged to 20 percent of their rated loads, a rigging con-
dition shall be assumed in which the average of the rigging loads, expressed in percent, equals 20.
{Sec alzgo §04.274.)  The above condition need not be superimmposed on other loading conditions,
but the Administralor may require additional investigation for residual rigging loads when suck
invesligation appears necessary.  (Sce alsa § 04.315)

04.267 Air loads on struts. External wing-brace struts which are at an angle of more than
45 degrees with the plane of gymmetry and which have a eross-seetional fineness ralio of more
than 3 shall be assumed to act as hfting air foils and shall be designed to carry the resultant
transverse loads in eombination with the specified axial loads,  In computing the lmit loads
the strut seetions shall be assumed to have a normal foree cocflicient equal to 1.0 and the total
air load shall be based on the exposed area of the strul.  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,

04.27  Multiplying factors of safety.

04.27%  General, In addition to the minimum factors of safety specified for each loading
condition, the multiplying factors specilied in Table 04-7 and the following paragraphs shall be
incorporated in the structure.  The total factor of safety required for any structural component
or part equals the minimum factor of safety specified for the loading condition in queslion
multiplied by the factors of safety hereinafter specified, except that certain multiplying factors
may be included in others, as indicated in Table 04—7.

04.271 Fittings. All fittings in the primary strueture shall incorporate the multiplying
factor of safety specified in Table 04—7. Tor 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.  Continuous joinis in metal plating and welded joints between pri-
mary structural members are not classitied as fittings.  (See also §§ 04.4030 and 04.4031.)
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] 04,272 Castings. All castings used in the primary strueture shall incorporate a inultiply-
ing factor of safety not less than that spocilicd in Table 04-7.

- 04.273  Parallel double wires, When parallel double wires are used in wing lift trusses each
wire shall incorporate a multiplying factor of safety not less than that speeified in Table 04-7.

04.274 Wires at small angles. Wire or tic-rod members of wing or tall swrlace external
bracing ¢hall imcorporate a mulviplying factor of safety computed as follows:

K-=L/2K (exeept that K shall not be less than 1.0}, where

K==the additional factor,

H=the reaction resisted by the wire in a direcetion normal to the wing or tail surface plane,
and

L==the Joad required in the wire to balance the reaction K.

04.275 Douhble drag irusses. Whenever double drag trussing is employed, all drag wirves
shall incorporate a mulliplying factor of safety varying linecarly from 3.0, when the ratio of
overhang Lo root chord of overhang s 2.0 or grealer, to 1.20 when such ratio i1s 1.0 or less,
assuming an equal division of drag load between the two systems.

04.276 Torque tubes 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 04-7.  (See also § 04.422)

04.277 Control surface hinges and control system joints. Control surface hinges and
control systern joints subjected to angular motion, excepting ball or roller bearings and AN
standard parts used in eable control systemns, shall incorporate multiplying factors of safety not
less than those specified in Table 047 with respect to the ultimate beaving strength of the
softest material used as a bearing.  For ball or roller bearings a yield factor of safety of 1.0 with
regpeet 1o the manufacturer’s non-Brinell rating is considered sufficient to provide an adequate
ultvmate tactor of safety.

04.278 Wire sizes. (See §§ 04.403, 04.4032, and 04.412.)

04,279 Al structural members in 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 speeilied in Table 04-7.

843 PROOF OF STRUCTURE

04.30 General. Proof of compliance with the loading requirements ontlined in § 04.2
shall be made in a wanner satisfactory to the Administrator and may consist of structural anal-
vses, lond tests, light tests, references Lo previously approved structures, or combinations of the
above. Any condition which ean be shown io be noncritical need not be further investigated.

084.300 Proof of structural analysis. Structural analyses will be accepted as complete
proof of strength ouly i the case of stractural arrangements for which experience has shown
such analyses to he reliable.  References shall be given for all methods of analysis, formulac,
theories, and material properties which arve not generally accepted ag standard.  The accepta-
bility of a structurel analysis will depend to some extent on the execess strength incorperated in
the structure.

04.3006 The structural analysis shall be based on guarantced minimum mechanical prop-
orties of the materials specified on the drawings, excepl in eases where exact mechanical prop-
erties of the materials used are deterimined.

043001 The cffects of welding, form {actors, stress concentrations, discontinuities,
cut-outs, instability, end fixity of columns and vibration shall be accounted for when such
factors are present to such an extent as to influcnce the strength of the structure.

04.301 Combined structural analysis and tests. In certain cases it will be satisfactory to
eomibine structural analysis procedure with the results of load tests of portions of the stracture
not subjeet to accurate analysis. In such cases test results shall be reduced to correspond to
the mechanical properties ol the materials actually used in the airplane.  When a unit other
than the speeific one tested is incorporated in the airplane presented for certification, test
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results shall be reduced to correspond to the minimum guaranteed mechaniecal properties of
the materials specilied on the drawings.

04.302 Load tests. Proof of compliance with structural loading requirements by means
of Toad tests only is aceepiable provided that strength and proofl tests (sce §§ 04.126 and 04.127)
are conducted to demonstrate complianee with §§ 04.200 and 04.201, respeetively, and further
provided that the following sub-paragraphs are complied with.

04.302¢ The tests shall be supplemented by special tests or analyses to prove compliance
with multiplying {actor of safety requirements.  (See § 04.27)

04.3021 When a unit other than the specific one tested 1s incorporated in the airplane
presented for certification, the results of strength tests shall be reduced fo correspond to the
munimum guaranteed mechanical properties of the materinls specified on the drawings, unless
test loads are carricd at least 15 percent beyond the required values. '

04.3022 The determination of test loads, the apparatus used, and the methods of con-
ducting the tests shall be satisfactory to the Admihstrator,

04.3023 The tests shall be conducted in the presence of a representative of the Adminis-
trator unless otherwise divected by the Administrator,

04.303 Flight load tests. Proof of strength by means of flizht load tests will not bhe
accepted unless the necessity therefor is established and the test methods ave proved suitable
to the satisfaction of the Administrator,

04.304 Load tests required. The following load tests ave required in all cases and shall
be made in the presence of o represeuntative of the Adminstrator unless otherwise divected by
the Administrator:

{o) Strength tests of wing ribs.  (Sce § 64.313))

(6) Pressuve tests of fuel and oil tanks,  (See § 04.623.)

{e} Proof tests of tail and control surfuces.  {(See § 04.32.)

() Proof and operating tests of coutrol systems,  (Sce §§ 04.33 and 04.331.)

04.31 Proof of wings. The strength of stressed-skin wings shall be substantiated by load
tests (§ 04.302) or by combined structural analysis and tests (§ 04.301).  The torsional rigidity
of the wings sball be within a range of values satisfactory for the prevention of flutter.  Com-
plisnce with such torsional rigidity requiretnent shall be deanomstrated by statie tests or other
metheds acceptable to the Admuustrator,

04.310 Redundancies. Wing cellules in which the division of laading betwaen Jift trusses
and drag trusses i indeterninmate shall be analyzed either by an aeceptable method for indeter-
minabe structures or by making assumptions which result ju eanservative design loads for all
ruembers,

04.311 Beams. The following poinis shall be covered in the proof of strength of wing

. A . e
beams, in addition to any speeial types of possible faslure peenliar to the structore.
04.3110 Secondary bending, When axial loads are present the required mininnan w/iimate
factor of safety shall be introduced before the computation of the bending moments in order to
instre that the reguived altimate loads can be supported by the siructure.

04.3111 Lateral buckling. "The ability of beams to resist lateral buckling shall be proved.
04.3112 Webs. The strength of shear webs shall be proved.

04.3113 When axial load is present testg arve required 1o determine the effeetive “EI' in
the case of truss-type beams and beams hiwving unconventional web construction.

04.31t4 Joint glippage in wood heams. When a joiut in a wood beam is designed to trans-
mit bending from oune section of the beam 1o another or to the fusclage, the stresses in each part
of the structure shall be caleulated ou the assumption that the jomnt s 100 percent eflicient
{except in mid-bay for which see §04.4110) and also under the assuraption that the bending
moment lransmitled by the jomt 8 75 percent of that obtammed under the assumption of
perfoct continuity. Each part of the structure shall be designed to carry the most severe loads
determined from the abeve assumptions,
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04.3115 Bolt holes. Incomputing the area, moment of inertia, ete., of wood beans pierced
by bolts, the diameter of the bolt hole shall be assuned 0 be one-sixteenth meh greater than
the dismeter of the bolt.

04.3116 In computing the ability of box beams to resist bending loads only that portion of
the wob with ite grain purallel to the beam axis and one-hall of that portion of the web wilh,
ig grain at an angle of 45 degrees to the beam shall be considered.  The more conservative
method of neglecting the web entirely may be employed.

04.312 Drag trusses. Drag struts shall be assumed to have an end fixity coeflicient of 1.0
except In cases of unusuwally vigid restraint, m which a coefliciont of 1.5 may be used.

04.3183 Ribs. The strength of ribs shall be proved by test to at least 125 percent of the
ultimate loads for the most severe loading conditions, except that conglderation will be given to
structural analyses In conjunetion with suitable spocimen test data when it can be demonstrated
to the satisfaction of the Administrator that it is impractical to simulate the actual loading con-
ditions in a statie test.  Such analyses shall, on the basis of guaranteed minimum materinl prop-
ertics, show proof of strength at 124 pereent of the required wlftmate loads. The following
points shall also apply in proving the strength of ribs.

04.3130 The load shall be suitably distributed between upper and lower wing surfaces
unless 4 more severe distribution is used.

04.3131 The eflects of allerons and high-lift devices shall be properly accounted for.

04.3132 Rib tests shall simulate conditions in the airplane with respect to torsional rigidity
of spars, {ixity conditions, lateral support and attachment to spars.

04.314 Covering. Proof of strength of fahric covering is not required when standard grades
of cloth and methods of attaching and doping are ecmployed provided, howerer, that the Adminis-
trafor may require special tests when it appears necessary to account for the cffects of unusually
high design airspeeds or slipstream velocitics, or similar factors. When metal covering 1s em-
ployed its ability to perform its structural function shall be demonstrated by tests of typical
panels or by other means acceptable to the Administrator. In particular, compliance with
§ 04.201 requires demonstration of the behavior of the covering under load in order te determine
the effects of tempornry deformations {(wrinkles).

04.315 Nonparallel wires. When two or more wires are attached to a common point
on the wing, but are nos parallel, proper allowanee for redundancies and she effects of rigging
shall be made,

04.32 Proof of tail and control surfaces. Structural analyses of tail and control surfaces
will be aceepted as complete proof of compliance with wltimaie load reguirements only when the
structure conforms with conventional types for which refiable analytical methods are available.
Prool tests as defined in § 04.127 are required to prove compliance with yield load requirements.

04.320 Control surlace tests shall include the horn or fitting to which the control system is
attached.

04.321 In the analysis of control surfaces proper allowance shall be made for rigging loads
in brace wires in cases where the counter wires do not go slack before the ulfimate load 18 reached.

04.322  Analyses or individual load tests shall be conducted to demonstrate complianee with
the multiplying factor of safety requirements outlined in § 04.27 for contbrol surface hinges and
brace wires.

04.323 Vibration tests. The natural frequencies of vibration of the wings, fuselage, and
control surlfaces shall be within such ranges of values as are satisfactory for the prevention of
flutter,  Compliance with this requiremoent shall be demonstrated by vibration tests or other
methods acceptable to the Administrator,

04.233  Proof of control systems. Structural analyses of control systems will he accepted as
complete proof of compliance with wltimate load reguirements only when the structure conforms
with conventional types for which reliable analytical methods are available. Proof tests as
defined in § 04.127 are required to prove compliance with yield load requirements.
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04.330 TIn control system tests, thoe direction of test loads shall be such as to produce the
most severe loading of the control system structure.  The tests shall inelude all fittings, pulleys,
and brackets used to attach the control system to the primary structure.

04.331 Operation test. An operation test shall be eonducted by operating the controls
from the pillet’s compartment with the entire sysiem so loaded as to correspond to the minimum
fimit control foree speeifiod in item 3 of Tuble 04 -G for the control system m question.  In this
test there shall be no jainming, excessive frietion, or exeessive deflection.

04.332 Analyses or individual load tests shall be eondueted to demonstrate compliance
with the maultiplying factor of safety requirements specified in § 04.27 for control systemn joints
subjected to angular motion,

04.34 Proof of landing gear. Structural analyses of landing gear will be accepted as com-
plete proof of compliance with load requirements only when the structure conforms with couven-
tional types for which reliable analytical moethods are avuilable. Analvses may be used to
demonstrate complinnce with the energy absorption requirenments in certain eases.  When such
analyses are not applicable, dynamie tests shall be conducted to demonstrate compliance with
energy absorption requirements.

04.340 Energy absorption tests, Vhen tests for energy absorption are required they shall
be so conducted as fo simulate the landing conditions {or which encrey absorption requirements
are specified in § 04,440, and test data shall be obtained {rom which the maximum acceleration
devcloped 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 arplane, proper allowance and corrections shall be made for the errors thus wntroduced.

04.35 Proof of hulls and floats, Structural analyses of hulls and suxiliary floats will be
accepted as complete proof of compliance with load requirements only when the structurce
conforms with conventional types for which rcliable analytical methods are available. The
strength of the structure as a whole and its ability to distribute water loads from the bottom
plating into the main structural members shall be demonstrated. See Part 15 {or the require-
ments for main fioats.

04.36  Proof of fuselages and engine mounts. Structural analyses of fuselages and engine
mounts will be accepled as complete proof of complianee with load requirements only when the
structure conforms with conventional types for which reliable analytical methods are available.

04.360 The end fixity coefficient used in dotermining critical column loads shall in no case
exceed 2.0, A value of 1.0 shall be used for all members in the engine mount. In doubtful
cascs, tests are required to substantiate the degree of restraint assumed.

04.361 Baggage compariments. The ability of baggage compartments to sustain the
maximum authorized baggage loads under all required flight and landing conditions shell be
demonstratod.

04.37 Proof of fittings and parts. Proof of strength of all fittings and joints of the primary
structure is required. Where applicable, structural analysis methods may be used. When
stuch methods are inadequate, a load test is required.  Compliance with the multiplying factor
of safety requirements for fittings (§ 04.27) sbhall be demonstrated.

04.370 Since the system of forees which designs a fitting does not necessarily include the
forces which design the attaching members, all the forees acting in all the specified conditions
shall be considered for every fitting. ‘The strength of each part of a buili-up fitting shall be
investigated and proper allowance shall be made for the effects of eccentric loading when initially
present or when introduced by deflection of the strueture under load.

04.371 Bolts. The allowable bearing load assumed for the threaded portion of a bolt shall
not exceed 25 percent of the rated shear strength of the bolt.
04.4 DETAIL DESIGN AND CONSTRUCTION

04.40 General. The primary structure and all mechanisms essential to the safe operation
of the nirplane shall not incorporate design details which experience has shown to be unreliable
or otherwise unsatisfactory. The suitability of all design details shall be cstablished to the
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satisfaction of the Administrator.  Certain design features which have been found to be essen-
tinl to the airworthiness of an airplane are hercinafter speeified and sball be observed.

04.400 Materials and werkmanship., The primary structore shall be made from materials
which experience or conelusive tesis have proved to be uniform in quality and strength and to
be otherwize suitable for airplane copsiruction.  Workmanship shall be of suficiently high grade
as Lo nsure proper continted functioning of all parts.

04.401 Fabrication methods. The methods of {abrication employed in constructing the
primary structure shall be such as to produce a uniformly sound structure which shall also be
rehable with respect to maintenance of the original strength under reasonable service conditions.

04.4010 Gluing. Gloing may be used except in cases where inferior joints might result or
where proper protoclion from moisture cannot be shown,

04.4011 Torch welding. Torch welding of primary structural parts may be used only for
ferrous materials and for such other materials shown Lo be suliable therefor.

04.4012 Eleetric welding. Electrie ave, spot, or seam: welding may be used in the primary
structure when specifically approved by the Administrator for the application involved.
Requesty for approval of the use of clectric welding shall be gecompanied by information as to
the extont to which such welding is to be used, drawings of the parts involved, apparatus
employed, general methods of control and inspection, and references to test data substantiating
the strength and suitability of the welds obtained.

¢4.4013 Brazing and soldering. The use of brazing and soldering in joining parts of the
primary slructure 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,

4.4014 Protection. All members of the primary structure shall be suitably protected
against deterioration or loss of strength in service due to corrosion, abrasion, vibration or other
causes. This applies particularly to design details and small parts. In seaplancs special pre-
cantions 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 protoetive coatings of varnish or approved cquivalent. Built-up box spars and
similar struetures shall be protected on the interior by at least one coat of varnish or approved
equivalent and adequate provisions for drainage shall be made. Due care shall be taken to
prevent coating of the gluing surfaces.

04.4015 Inspection. Inspection openings of adequate size shall be provided for such vital
parts of the aireralt as require periodic mspection.

04.492 Joints, filtings and connecting parts. In each joint of the primary structurc the
design details shall be such as to minimize the possibility of loosening of the joint in service,
progressive failure duc to stress concentration, and damage caused by normal servicing and
field operations. (Sec § 04.271 for multiplying factors of safety required.)

04.4020 Bolts, pins and screw. All bolts and serews in the structure shall be of uniform
material of high quality and of first-class workmanship. Machine screws shall not be uged in
the primary structurc unless specifically approved for such use by the Administrator, The
use of an approved locking device or method is required for all bolts, pins and screwe.

04.4621 Wood serews. The use of wood screws in the primary structure iz prohibited
except in special cases when the suitability of the particular application is proved to the satis-
faction of the Administrator.

04.4022 Eyebolis. Special eycbolts and similar bolts shall have » fillet between the
head and the shank of at least ¥ the diameter of the bolt when used in control surfaces or at
other locations where they might be subjecicd to bending or vibration.

04.4023 Castings. Castings used in the primary stracture shall incorporate the multi-
plying factor of safety specified in § 04.272 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.
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04.403 Tie-rods and wires. Tho mintmum size of tie-rod which may be used in primary
structwre is No. 640G, The corresponding minimur allowable size of single-steand hard wire
is No. 13 (0,072-inch dinmeter).

04.4030 Wire terminals. The assumed terminal efliciency of single-strand hard wire
shall not be greater than 83 percent.

04.4031 Wire anchorages. A litiing atfached tn a wire or eable up to and inclnding the
3,400-pound size shall have at least the rated strength of the wire or cable, and the multiplying
factor of safety for fittings (§ 04.271) is not required in such cases. I the case of fibtings to
which several tic-rods or wires are attached, this requirement applies separately to cach portion
of the fitting to which a tie-rod or wire is attached, but doocs not require simultancous applica-
tion of rated wire loads. The end connections of brace wires shall be such as to minimize
restraint against bending or vibration.

04.4082 Counfer wire sizes. (See also §§ 04.274 and 04.275.) In o wire-braced structure
the wire sizes shall be guch that any wire can be rigged Lo at least 10 pereent of its rated strength
without causing any other wire to be loaded to more than 20 pereent of its rated strength,  As
used here “rated strength™ refers to the wire proper, vot the terminal,

04.404 General flutter prevention measures. When he decms it necessary in the intercst
of safety, the Administrator may require special provisions against flutter. Tor specific
requiremenis see §§ 04.323, 04.413, 04,423, 04,424, 04.425, 04.426, 04.435, 04.436, and 04.707.

04.41 Detail design of wings.

04.410 External bracing. When streamline wires are used for external lift bracing they
shall be double unless the design complies with the lift-wire-cut condition specified in § 04,2161,
(See also § 04.273.)

04.4100 Wire.braced monoplanes. If wonoplane wiugs ave externally braced by wires
only, the right and left sides of the bracing shall be mdependent of each other so that an un-
symmetrical load from ono side will not be carried through the opposite wires before heing
eounteracted, unless tho design complies with the {ollowing conditions:

() The minimum true angle belween any external brace wire and a spar is 14 degrees.

(b) The counter (landing) wires are designed to remain in tension at east up to the Iimet
toad.

(¢} The landing and flying wires are double.

04.4101 Muliiple~strand cable shall not be used in lift 1rnsses.

04.4102 Jury struts. When clamps are used for the attachment of jury struts to lift
struts, the design shall be such as to prevent misalignment or loeal crusling of the lift strut.

04.411 Wing beams. Provisions shall be made to reinforce wing heams against torsional
failure, espedally at the point of attachinent of Jift struts, brace wires and aileron hinge brackets.

04.4110 Wing heam joints. Joints in metal beamns {(except pinned joints) and joints in
mid-bays of wood heams shall maintain 100 percent efliciency of the beam with respect to
bending, shear and {orsion.

04.412 Drag truss. TFabric-covered wing structures having a cantilever length of over-
hang such that the ratio of span of overltang to chard at root of overhung is greater thaa 1.75
shall have a double system of internal drag frussing spaced as far apart as possible, or other
means of providing cquivaleni torsional stiffness.  In the formuer case counter wires shall be of
the same size ag the ({mg wires,  (See alzso § 04.275)

04.4120 Multiple-strand cable shall not be used in drag trasses unless such use is sub-
stantiated to the satisfaction of the Administrator.

04.413 Aileron and flap attachments. Aileron and flap attachment ribs or hrackets
shall be rigidly constructed and firmly attached to the main wing structure in order to reduce
wing flutter tendencies.
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04.414 Internally-braced biplanes. Internally-braced biplanes shall be provided with
N ar 1 struts to cqualize deflections, and the offect of sueh strus ghall be considered in the
stress analysis.

04.415 Fahrie covering. Fabrie covering shall comply with the requirements of § 04.400
and shall he attached 10 a manner which will develop the necessary strength, with due con-
sideration for shp-stream etffects,  (See § 04.314.)

04,416 Metal-ecovered wings. The detail design of such wings shall incorporate suitable
provigioi against buckling or wrmkling of metal covering as specified in §§ 04.201 and (4.314.

04,42  Detail design of tail and control surfaces.

04.420 Imstallation. Movable tail surfaces shall be so installed that there iz no interfer-
ence between the surlaces or their bracing when any one is held in ity extreme position and any
other 1s operated through its {ull sngular movenient.

04.42)  Stops. When an adjustable stabilizer is used, stops shall be provided at the stabi-
lizer to limit its movement, in the event of failure of the adjusting mechanism, to a range cqual
to the maximum required te balanee the airplane.

04.4210 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 Lo balance the airplanc under the conditions specified in
§ 04.704.

04.422 Hinges. Hinges of the strap type bearing directly on torque tubes are permissible
only in the ease of steel torque tubes which have a multiplying factor of safety as specified in
§ 04.276. In other cases sleeves of suitable material shall be provided for beanng surfaces.

04.4220 Clevis pins may be used as hinge pins provided that they are made of material
conforming with, or the cquivalent of, S, A, K. Specification 2330.

04.423 Elevators. When separate elevators are nsed they shall be rigidly interconnected.

04.424 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
eliding speed.

04.425 Wing flaps. Flaps shall be so installed as not to induce {lutter or appreciable
bufteting.

04.426 Tabs. The installation of trim and balancing tabs shall be such as to prevent the
development, of any free motion of the tab. When trailing edge tabs are used to assist in
moving the main surface (balaneing tabs), the aveas and velative movements shall be so pro-
portioned that the main surface is not overbalaneed at any time.

04.43 Detail design of control systems.

04.430 TInstallation. Al control systems and operating devices shall be go designed and
installed as to provide reasonable case of operation by the crew and so as to preelude ithe prob-
ability of inadvertent operation, jamming, chafing, interference by cargo, passengers or loose
ohjecls, and the slapping of cables against parts of the airplanc.  All pulleys shall be provided
with satisfactory guards.

04.431 Stops. All control systems shall be provided with stops which positively limit
the rango of motion of the control surfaces. Btops shall be capable of withstanding the loads
carresponding to the design conditions for the control system.

04.432 Joints. Bolts with castellated nuts saletied with cotter pins or with an approved
typo of sclf-locking nut shall be used throughout the control system, except that the use of
clevis pins in standard cable ends, thimbles and shackles is satisfactory for light airplanes.

04.433 Welds. Welds shall not be employed in control systems to carry tension without
reinforcement from rivets or bolts.
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- 04.434 TFlap conirols. The flap-operating mechanism shall be such as to prevent sudden,
madvertent, or aulomatic opening of the flap at speeds above the design specdf or the extended
flap conditions. The time required to fully extend or retract flaps shall not be less than 15
seconds, unless it can be demonstrated to the satisfaction of the Adminisirator that the opera-
tion of the flaps in a lesser time docs not resnlt in unsatisflactory flight characteristics. Means
shall be provided 1o refain flaps in their fully retracted position and to indicate such position to
the piloi,

04.434-T TFlap controls. 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 heremalter as landing, approach, and {ake-off positions, or to the fully
retracted pogition, by placing the primary Hap control in a single setting marked a8 correspond-
ing to each such flap position, the flaps thercupon moving direcily to the desired position
without requiring further attention. 1f any extension of the flaps beyond the landing position
is possible, the flap control shall be clearly marked to identify sueh range of extension,

The landing position, approach position, and take-olf position, or any of them, may be
made variable with altitude or weight by means of a sccondary flap control provided for that
purposc. Such a secondary control, if provided, shall operate mdependently 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 thercafter be obtained by placing the primary flap control in
the desired position. The secondary control shall be so designed and marked as to be readily
operablo by the crew.

The rate of flap retraction shaltl be such as to permit compliance with § 04.7540-T,

04.435 Tab controls. Tab controls shall be irreversible and nonfiexible, unless the tab is
statically balanced about its hinge line.  Proper precautions shall be taken against the possi-
bility of inadvertent or abrupt tab operation and operation in the wrong direction.

04.4356 When adjustable clevator tabs are used for the purpose of trimming the airplane,
8 tab position indicator shall be instalied and means shall be provided for indicating to the
pifot a range of adjustment suitable for safe take-off and the directions of motion of the control
for nose-up and nose-down motions of the alrplane.

04.436 Spring devices. The use of springs In the control system either as a return mech-
apism or as an auxiltary mechanism for assisting the pilot (bungee device) is prohibited except
under the following conditions:

{@} The airplane shall be satisfactorily mancuverable and controllable and free from futter
under all conditions with and without the use of the spring device.

(5} In all cases the spring mechanism shall be of a type and design satisfactory to the
Adminigtrator.

{e) Rubber cord shall not be used for this purpose.

04.437 Single-cable controls. Single-cable controls are probibited except in special cases
in which their use can be proved to be satislaclory.

04.438 Control system locks. When a device is provided for locking a control surface
while the aireraft is on the ground or water, compliance with the following requirements shall
be shown.

(a) The locking device ghall be so installed as to positively prevent taxiing the aireraft
faster than 20 miles per bour, cither intentionally or inadvertently, while the lock is engaged.

(6) Means shall be provided to preclude the possibility of the lock becoming engaged
during flichts.

04.439-T Trim controls. For transport category airplanes, the trimming devices shall
be capable of eontinued normal operation m spite of the failure of any one conneeting or trans-
mitting clement in the primary control system. Trim controls shall operate in the plane
and with the sense of the motion of the airptane which their operation 18 intended to produce.

04.44 Detail design of landing gear.

04.4406 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 i § 04,2411 and § (4.2420 without exceeding the witimate load used in the
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analysiz of any landing gear member,  (Sec § 04,340 for proof of absorption capacity.) If
the design of the shock-absorbing svstem is such that the above method of speeifying the re-
quired energy absorption capacity appears to give lrrational results, an alternate method will
be considered upon presentation of pertinent data.

04.441 Shock-absorbing systems. The shoclk-absorbing systems employed shall incor-
porute{ suitable means for absorbing the shocks developed in taxiing or running over rough
ground.

04.442 Wheels, Main landing gear wheels shall be a of type or model certificated by the
Administrator in accordance with the provisions of Part 15 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.

04.4420 TFor the purpose of these regulations main landing pear wheels are congidered as
those nearest the airplane center of gravity with respeet to fore-and-aft location.

04.4421 For the purpose of these regulations a tail wheel is considered as one which sup-
ports the tail of a conventional sirplanc in the three-point landing attitude. A nose wheel is
considered to be a whecl supporting the nose of the airplane when the two main wheels are
located behind the center of gravity,

04.443 Tires. A landing gear wheel may be equipped with any make or type of tire,
provided that the tire is a proper it 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.

04.4430 When specinlly construeted tires nre used to support an airplane, the wheels shall
be plainly end conspicucusly marked to that effeet.  Such markings shall includs the make,
size, number of plics and identification marking of the proper tire,

04.444 Refracting mechanism. When retractable landing wheels are nsed visual means
shall he provided for indicating to the pilot, at all times, the position of the wheels, Sepuarate
mdicators for each wheel are required when each wheel 18 separately operated unless a single
indicator is obviously satisfactory. In addition, landplanes shall be provided with an aural
or equally eflective indicator which shall function continuously after the throttle is closed until
the gear 18 down and locked.

04.4440 A Eyositive lock shall be provided for the wheels in the extended position, unless a
rugged irreversible mechanism is used.

04.4441 Manual operation of retractable landing gears shall be provided for.

04.445-T Brakes. Transport category airplanes shall be equipped with brakes ecrtificated
in accordance with thoe provisiong of Part 15 for the maximum certificated landing weight
at sea level and the power-off stalling speed, V, as deflined in § 04.7511-T.  The brake system
for such aivplanes shall be so designed and construeted that in the event of a single failure in
any connecting or transmitting eloment in the brake system, or thoe loss of any single source
of hydraulic or other brake operating encrgy supply, it shall be possible, as shown by suitable
tost or othor data, to bring the airplane to rest under the conditions specified in § 04.7533-T
with a mean negative acederation during the landing roll of at least 50 percent of that obtained
in determining the landing distance under that section.

04.45 Hulls and floats. (Sce also § 04.46.)

04.450 Buoyancy {main seaplane floats)., Main seaplane floats shall have a buoyaney in
excess of that requived to support the gross weight of the airplane in fresh water as follows:

() 80 pereent in the case of single floats,

{6) 90 pereent in the case of double floats,

04.4500 MNain seaplane floats for use on aireraft of 2,500 pounds or more maximum
authorized weight shall contain at least five water-tight compartments of approximately equal
volume. Main seaplane floats for use on mireraft of less than 2,500 pounds maximum authorized
weight shall contain at least four such compartments,
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04.451 Buovancy {(hoat seaplanes). The hulls of boat ccaplanes and amphibians shall he
divided into watee-tight compartments in aceerdance with the lollowing requirements:

() Tn aireraft of 5,000 pounds muaximum suthorized weight or more the compartments
shall be so mranged that, with any two adjacent compartments flooded, the hell and auxiliory
floats (and tires, if used) will rotain suflicient buoyaney to support the gross weight of the
aireraft in fresh waler.

(5 In alvevafl of 1,500 to 5,000 pounds maximun avthorized welcht the compartments
shall be so arranged that, with any one compartment Booded, the hull and aoxiliary foats (and
tires, il used) will vetain sufficient buoyancy (o support the maximunm authorized weizht of the
ajveralt in [resh water,

{&) In atveraft of less than 1,500 pounds maximoun anthorized weight watler-tight subdi-
vision of the hull is not required.

(o} Bulklicads may lave water-tight doors for the purpose of communicationn between
compartients,

04,452 Walier stability. Auxillary floats shall be so arranged that when completely
submerged in fresh water, they will provide a vighting moment which is at least 1.5 times the
upsetting moment caused by the aircraft being tilted. A greater degree of stability may be
roquired in the case of large {lying boats, depending on the height of the center of gravity above
the water level, the area and location of wings and tail surfaces, aud other considerations.

04.453 TFloat design. Tn designing the bow portion of floats and hulls suitable provision
shall be made for the effects of striking floating objects.

04.46 Fuselage and cabins.

04.460 Provision for turp-over. The fuselage and cabins shall be designed to protect the
passengers and crow in the event of a complete turn-over and adequate provision shall be
made to permit egress of passengers and erew in such event, This requirement may be svit-
ably modified when the possibility of a complete turn-over in landing is remote.

04.461 Doors. Closed cabins on all aircraft carrying passengers shall be provided with
at least one adequate and easily accessible external door,

04.4810 No passenger door shall be located in the plance of rotation of an inboard propeller,
nor within 5 degrees thereof as measured from the propeller hub,

04.462 Exits. Closed cabins on atreraft carrying more than 5 persons shall be provided
with emergency exits in addition to the one external door required by § 04.461, consisting of
movable windows or panels or of additional external doors which provide a elear and un-
obstructed opening, the minbnum dimensions of whicl shall be such that a 19-inch by 26-inch
ellipse muy be completely inseribed therein.  The location aud the method of operation of
emoerseney exits shall he approved by the Administrator. 1f the pilot is in & compsrtment
separate {rom the cabin, passage through such compartment sball not be considered as an
emergency exit {or the passengers.  The number of emerrency exils required is ag follows:

(a) Alveraft with a total seating capacity of more than 5 persous, but not in excess of 15,
shall be provided with at least one eanergeney exit or one suitable door in addition to the main
door specified in § 04.461. This emergency exit, or second door, shall be on the opposite side
of the cabin from the main door. 1If desired, an additional emergency exit may be provided in
the top of the cabin, but sueh an installation shall not obviate the necessity for an exit on cach
side.

by Alveraft with o seating capacity of more than 15 persons shall be provided with an
additional enwergeney exit or door cither in the top or side of the cabin for every additional 7
persons or [raction thereof above 15, exeept that not more than 4 exits, including daors, will be
required il the arrangement and dimensions are suitable for the purpose intended.

04.463 Pilot’s compartment. The pilot’s compartinent shall be g0 constructed as to
afford suitable ventilation and adequate vision to the pilet under nermal flying conditions.
Ju cabin aireraft the windows shall be so arranged that they may be readily cleaned or eapsily
opened in {light to provide forward vision for the pilot. The ventilation requirements of
§ 04.467 shall also apply to the pilot’s compartment,
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04.4630 The plot 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 controls lies in the
region between the plane of rotation of any prepeller and the suvface generated by a line passing
through the conter of the propeller hub and making an angle of 5 degroes forward or aft of
the plaze of rotation of the propeller,

04.4631 A metal identification plate shull be permanently affixed in a visible location in
the pilot’s compartment of exch airplane,  This plate shall contain the manufacturer’s name,
the date of manufacture, the manufacturer’s gerial number and the model designation,  The
manufacturer shall specify the fuel capacity of cach fuel tank on the manufacturer’s identifica-
tion plate, or on or adjacent to the fuel shut-off valves in the pilot’s compartment,

04.4632  Means shall be provided by which the operating personnel is suitably informed
of all pperation information and limnitations deemed necessary by the Administrator.

04.4633 The windows and windshields of the pilot’s compartment in airplanes certifi-
eated for air transportation service shall be so arranged as to provide satisfactory forward
vision and protection under all conditions and, to accomplish this, particular atteution shall
be paad to the following detall requirements:

(@) Sufficient data specifying the windshicld material, number of lamnations, binder if
any, size and shape of panes, angle of panes to fhight path and method and rigidity of mounting,
shall be forwarded to the Adminstrator for rulings as to the acceptability of the windshicld
from the standpoint of strengih.

{6y 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.

{) The pilot’s compartment shall be so constructed and arranged as to prevent glare or
reflections which would interfere with the vision of either pilot, particularly while flving at
night. The aireraft will be {lown by a representative of the Administrator during hours of
darkness to determine complianee with this provision.

04.4634 The pilot’s compartment in airplanes certificated for air transportation service
shall be so construcied as to prevent any leakage into it when the airplane is flying in rain or
SNOW.

04.4635 When a second pilot is required (§ 61.520), two seats shall be instzlled side-by-
side in the piot’s compartiment of airplanes certilicated for air transportation service from
cither of which the airplane shall be fulty and readily controllable. If any differcnec exists as
to convenienee of the instruments and controls necessary for safe flicht such difference should
favor the left-land seat.  The left-hand seat shall be known as the first pilot’s seat and the
right-hand one as the second pilot’s seat.

04.4636 The navigation instruments for use by the pilot i airplane certifieated for air
transporation service shall be so installed ns to be easily wisible fo bim with the minimum
practicable deviation from his normal position and line of yvision when he is looking out and
forward along the fight path and they shall also be visible to the second pilot,

04.4637 All airplanes certificated {or air transportation service shall be provided with a
door or an adequate openable window between the pilot’s compartment and the passengers’
eabin.  When a door ig provided it shall be equipped with u locking means whicl shall prevent
passengers from opening sucl door while m fhght.

04.464 Passenger chairs. Seats or chairs for 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.  (See Part 15 and § (#4.2640 for safety belt requirements.)

04.465 Baggage compartments. Fach baggage and mail compartment shall bear a
placard stating the maximum allowable weight of contents, as determined by the structural
strength of the compartment (§ 04.265) and by fight test (§ 04.742). Suitable means shall be
provided to prevent the contents of mail and baggage compartments from shifting.

04.466 Reinforcement near propeiters. Surfaces near propeller tips shall be suitably
stitfened against vibration and the eliects of ice thrown [rom the propeller. (Sec § 04.611 for
clearance requirgments. )
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_ 04.467 Passenger compariments. A suitable ventilation system shall be provided which
will preclude the presence of fuel fumes and dangerous traces of carbon moenoxide in each

passenger compartment.
04.5 EQUIPMENT

04.50 General. The equipment required shall be dependent upon the type of operation
for which certification is to be made. The requirements specified herein (§ 04.5) shall be the
basic cquipment requirements and such additional cquipment as may be specified in other
seetions of the Civil Air Regulations for specific special cases shall be supplemental hereto
unless otherwise specified.

04.500 Each item of equipment specified in the Civil Air Regulations shall be of a type and
design satisfactory to the Administrator, shall be properly installed and shall function to the
satisfaction of the Administrator. Items of cquipment for which certification is required shall
have been certificated in accordance with Lhe provisions of Part 15 or previous regulations.

04.501 An approved life preserver or flotation device is one approved by the Administrator
for such vsage on sea~going vessels.

04.502 Fire extinguishing apparatus approved by the Underwriters Laboratories is con-
sidered to be of an approved type.

04.51 Non-air-carrier (NAC) airplanes. Airplanes which are certilicated as non-air car-
riers, shall have at least the following equipnrent:

04.510 NAC landplanes- -Visual-contact day flying (within 100 miles of a fixed base):

{a) One airspeed indicator.  {See § 04.5800 for installation requirtements.)

(by One altimeter.

{¢) A tachometer for cach engine

{d) An oil-pressure gange when an oil-pressure system is employed.

() A water thermometer for each water-cooled cogiue,

/) An oil thermometer for each air-cooled engine,

{7 A manifold-pressure gauge, or equivalent, for cach altitude engine,

() A [uel quantivy gauge. (See § 04.624 for requirements.)

{(7) Certificated safety belts for all passengers and memnbers of the erew.  (See Part 15 for
belt requirements and § 04,5310 for installation requirements,)

;3 A portable fire exiingnisher, which extingujsher shall be of au approved type, which
ghall have a minmum eapacity, if carbon tetrachloride, of one guart, or, if carbon diexide, of
two pounds, or, if other, of equivalent effeetivencss; except that any extingnisher of not less
than half the above capacity may be used in ap airplane equipped with an engine whose maxi-
mum rating is 40 horsepower or less.  {See § 04.5811 for mstallation requiremenis.)

(k) Landing gear position indicator for retractable main landing gear.  (Sca § 04.444 for
requirernents.)

) A deviee for measuring or indieating the amount of oil in the tanks.  (Sec § 04.633 for
Tequirctnents.)

C (m) A first aid kit

{n) A log-hook for the airplane and one for each engine.  {Sce Part 01 for requirements.)

(o) Rigging information for nirplanes with wire-braced wings, eitber in the forns of a sketel
or listed data, which ghall inelude sufficient information to permit proper rigging.

04.511 NAC landplancs-—Visual-contact day flying (unlimited distance). Airplanes of
this category shall have the equipment specified in § 04.510 and, in addition, there shall be
nstalled:

(@) A magnelic compass.  (Bee § 04.5803 for mnstallation requitements.)

04.512 NAC landplanes—-Visual-contact night flying. Airplanes of ¢his category shall
have she equipment specified in § 04,511 and, in addition, there shall be installed:

{a) A set of cortificated standard forward position lights in combination with a certificated
tail tight.  (See Part (5 for light requirements and § 04.5827 for installation requircments.)

(0) Two electrie landing lehis if the aiveralt is operated for hire: Provided, Lowever, That
only one such fanding fight shall be required for any airplane certifieated for a weight of less
than 1,500 pounds, (Sce § 04.5825 {or installation requirements.)
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(¢) Certificated landing flares as follows, if the aireraft is operated for hire beyond an ares
within a circle with a radius of 3 miles drawn from the center of the airport of take-off (sece
Part 15 for flare requiroments and § (04.5813 for installation requirements):

Airplanes of 3,500 pounds maximum authorized weight or less—35 Class 3 flares or 3 Class 2
flares.

Airplanes of between 3,500 pounds and 5,000 pounds maximum authorized weight—-
4 Class 2 {lares,

Airplanes of 5,000 pounds maximum authorized weight or more~-2 Class I flares or 3 Class 2
Aares and one Class | flare.

II desired, airplancs of less than 5,000 pounds maximum authorized weight may carry the
flare equipment specified for heavier airplanes,

(d) A storage battery suitablo as a source of encrgy supply for such lights and radio as are
installed.  (See § 04.5821 for installation requirements.)

{¢) Radio equipment, if the aircraft is operated in o countrol zone (§ 60.103}, as follows:
A radio range and weather broadeast receivor operating within the frequency range of 200 fo
400 kilocyeles,  Under normal atmospherie conditions thus receiver must be capable of receiving
with o range of 100 miles intelligence emanaied from a radio range or weather broadcast station
the eguivalent of an SBRA installation.

(f1 A sct of spare fuses.  (Sce § 04.5822 for installation requirements.)

04.513 NAC landplanes—-Instrument day flying. Airplanes of this category shall have the
equiptnent spectfied in § 04.511 and, in addition, there shall be installed:

{m} Radio cquipment: Same as § 04.612 (e}, whether the aireraft is operated for hive or
not, and, in addition, a radio transmitter operated on 3105 Lkilocyeles with a power output
suflicient to establish eommunication at o distance of at least 100 miles under normal atmos-
plieric conditions.  Additional frequencies may be emploved subject to approval of the Federal
Communications Commission.

(b) A gyroseopic rate-of-turn mdicalor.

(e} A bapk indicator. (Instruments () and (¢) may be combined in one ingtrument if
desired.)

() A sensitive altimeter which shall be adjustable for changes in barometric pressure and
compensated for changes in temperature,

(e A clock with a sweep-sceond hand,

({) A storage battery sultable as o source of encrey supply for the radio equipment installed.
(3ce § 04.5821 for installation requirements and § 04,5823))

() A genorator,

() A sef of spare {uses.  (See § 04.5822 for installation requirements.)

(i) A rate-of-climb mdicator.

04.514 NAC landplanes— Instrument night flying, Airplanes of this category shall have
the equipmens specilied in §§ 04.512 and 04.513 combined.  The storage battery shall be suit-
able as a source of energy supply for both the radio cquipment and the lights,

04.515 NAC seaplanes and amphibians. The equipment requirements for soaplanes and
amphibians shall be the same as specified for landplanes (§ 04.510 through § 04.514) except that
seaplanes und amphibians shall not be certificated for operation over water out of sight of land
unless they have at leagt the equipment specitied in § 04511, and exeept that all certificated
seaplanes and amphibians shall alse have an approved life prescrver or flotation device for each
person for which there s a seat, and except that all seaplanes and amphibians certificated for
night operation shall also have a white anchor hight, (Sec § 04.5824 for installation require-
menbs. )}

04.52 Air carrier airplanes—Goods (ACG). (To be supplied.)

04.53  Air carrier airplanes—Passengers (ACP). Airplancs certificated for use by an air
carrier in passenger service shall have installed at least the following equipment:

04.530 ACP landplanes— Visual-contact day flying. The same as specified i § 04.511
and, in addition, the following:

{¢) An eleetrically heated pitot tube, or equivalent, for the air speed mdicator.
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(6) One additional portable fire extinguisher of the type specified in § 04.510 (. (Sce
§ 04.5811 for instullation requirements). '

(¢} Fixed five extinguishing apparatus of an approved {ype for cach engine compartment,

{(d) Type certificated radio equipment vs spectlied in Part 40,

{e) A st of spare fuses,  (See § 04,5322 for nstallation requiretnents.)

(f) A rate-of-climb indicator.

{4y A storage battery— Sume as § 04.513 (f).

(k) A moeans for providing, without continuous manuval operation, vision through the wind-
shicld adequate for exeeuting take-offs and landings in rain.

Note: Bubseetlon (Y i8 not offective until January 1, 1645

04.531 ACP landpilanes—Visual-contact night flying. The same as specified in § 04.530
and, in addition, the following:

(@) A set of cerlificated air-carvier airplane position lights. The forward lights may be
air-carrier forward position lights or a combination of standard forward position lights and a
gct of auxiliary forward position lghts,” (See Part 15 for light requirements and seetion 04.6827
for installation requirements.)

(b) A storage batlery of sufficient capacity for such lights and radio as are installed. (See
§ 04.5821 for installation requirements and § 04.5823.)

() Two cleetrie landing hghts.  (Sce § 04.5825 for installation reguirements.)

(dy Certificated landing fares as follows: 2 Class 1 flares or 3 Class 2 flares and one Class 1
flare, (See Part 15 for flave requirements and § 04.5813 for mstallation requirements.)

{¢) Instrument lights. (Sce § 04.5826 for installation requirements.)

(f) Cabin lights in all passenger eabins and compartments.

() A generator. (Sce § 04.5823 for requirements.)

() Radio equipment same as § 40.233.

04.532 ACP landplanes —Instrument day flying. The same as specified inn § 04.530 except
§ 04.510 (b} und, in addition, the following:

{a) A gyroscopic rate-of-turn indicator comibined with a bank indicator,

{b) A gvroscopie instrument showing bank asd pitel

{¢) A gyroscopie direction finder.

{f) Two sensitive type altimeters, both of which shall be adjustable for changes in
barometrie pressurce and compensated for changes in tempervatures; Provided, That aireralt in
usc on or before January 1, 1934, and thereafter replacements and additions of aireraft of the
game make and model may, for purposes of standardization, be deemed to have met this requive-
maent if there are installed in cach such aiveraft, one sensitive type altteter and one standard
type altimeter pravided cach is adjustable for changes in barowmetric pressure, and compensated
for changes in temperatuce.

() A free air thermometer of the digtance type, with an indicating dial in the cockpit.

(f} A eclock with a sweop-gecond hand.

(1) A vaguum gauge, installed in the lines loading to instrurments (@), ), and ().

(b} Type certificated radio equipment as specified in Purt 20,

({) Means shall be provided to indicate icing vonditions, or the probability thereof, in the
carburctor if the de-icing device specified in § 04.6291 requires the manual manipuiation of
controls. N

{11 A storage battery suitable as a source of energy supply for thie radio cquipment installed,
(See § 04.5821 for mstallation requirements and § 04.5823.)

(k) A generator. (Sce § 04.5823 for wstallation requirements.)

04.533 ACP landplanes—-Instrument night flying. The same as specified n §§ 04.531
and 04,532 combined. The storaze battery, in this case, shall be of sulficient capacity for all
radio cquipment and all lights installed.

04.534 ACP seaplanes and amphibians, The same as specified for landplanes (§ 04.530
through § 04.533) and includiog the life preservees speciflied in § 04.515, except that when cor-
tiftcated for night operation they shall also have imstalled the anchor hight specified n
§ 04.515,

04.54 (Unassigned).
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04.55 {(Unassigned).
04.56 (Unassigned).
04.57 (Unassigned).

04.58 Installation requirements. The {ollowing regulations apply to the installation of
speeific items of equipment and are additional to the regulations of § 04.50.

04.580 Instruments. The following regulations shall apply to the installation of instru-
ments when such instruments are required hy these regulations.

04.5800 Airspeed indicator. This instrument shail be so installed as to indicate true
aitspeed at sea level with the maximum practicable aceuracy but the instrument orror shall not
be more than plus or minus 3 pereent, exeept that it need not he less than plus or minus 5 miles
per hour, at the level flight speed corresponding to the design power (§ 04.105), at Vi, (§ 04,111},
or at the maximum attainable level flight specd, whichever 1s lowest.

04.5801 Powerplant instruments and controls. (See §§ 04.650 and 04.651.)
04.5802 Fuel guaniity gauge. (Sec § 04.624)

04.5803 Magnetic compass. This instrument shall be properly damped and compen-
sated and shall be located where it 18 least affected by electrical disturbances and magnetic
influences.

04.5804 Navigation instroments. Navigation instruments for use by the pifot shall be so
ingtalled as to he easily visible to him with the minimum practicable deviation from his normal
position and line of vision when he is looking out and forward along the flight path and they
shall also be visible to the second pilot,

04.5805 CGyroscopic instruments, All gyroscopic instruments shall derive their cnergy
from engine-driven pumps or from ausiliary power units.  Each souree of encrgy supply and
its attendant eompicte installation shall comply with the imstrunent monvfacturer’s recom-
mendations for salisfactory instrument operation. On multicugiue aiveraft eachi lustroment,
shall have two sepurate sources of encrgy, either one of which shall be capable of carrying the
required load. Engine-driven pumps, when used, shall be on separate engines.  The mstallation
shall be such that failure of one source of energy or breakage of one line will not interfere with
proper fimetioning of the nstruments by means of the other source.

04.5681 Safety equipment instaliation.

04.5810 Safety belis. Safety belts shall be so attached that no part of the attachment
will fail at & load lower than that specified in § 04 2640,

04.5811 Fire extinguishers, The portable fire extinguisher specified in § 04.510 shall be
so installed as to be accessible to the passengers. The two portuble fire extinguishers specified
i § 04.530 shall be so installed that one is readily available to the ¢crew and the other is near
the main external cabin door where it shall be readily available to passengers and ground
personnel.

04.5812 Safety belt signal. When a signal or sign is used to indicate to passengers the
tirnes 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.

(4.5813 Landing flares. Landing flareg shall be relcasable from the pilot’s compartment.
Structural provision shall be made [or the recoil loads.

04.5814 Deicers. Positive means shall be provided for the deflation of all wing boots.

$4.582 Electrical equipment installation.

04.5820 General. Electrical equipment shall be installed in aceordance with accepted
practice and suitably protected from [uel, oil, water and other detrimental substances.  Ade-

quate clearance shall be provided between wiring and fuel and oil tanks, fuel and oil lines,
arburetors, exhaust piping and moving parts.

04.5821 Battery. Battery shall be easily accessible and adequately isolated from fuel,
oil and ignition systems. Adjacent parts of the aireraft structure shall be protected with a

GHEB205°—48——8
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suitable acid-proof paint i the battery containg acid or other corrosive substance and is not
completely cuclosed, [ the battery 15 cotupletely enclosed, suitable vontilation shall be pro-
vided.  All batteries shall be so instulled that spilled hyuid witl be suitably drained or absorbed
without cotming in contact with the alrpline s(ructtive,

04.5822 Fuses. Fusos shall be so located that thoy can readily be replaced in idight,
They shall break the current in o gencrating systent at o sulficiently small current ilow Lo
adequately protect the lights, radio cquipment snd other paris of the cireuit.

04.5823 Generator. When a geoerator 1s specified it shall have suflicient capacity to
carry the entire running load. Soeh generator shall be engime-driven unless an spproved
equivalent system is provided.  Auxiliary power units will be approved in lieu of batteries
and engine-driven generstors, provided that they are ot least two in pumber and that the
supply system is capable of earrying the cutire running load with any one unit out of action,

04.58230 Ruuniag lead. The running load shall be defined as the electric consumption
of all lights, radio equipment and other eleotrical devices except those which are designed ouly
for occasional intermittent use. Ilxamples of devices regarded as Mmtermittont are radio
broadeasting equipment, landing lights and electrically operated landing gears and wing flaps,
Radio range signal reecivers and all other lights are considered a part of the constant load.

04.5824 Anchor lights. The anchor light specified [or seaplanes and amphibians shall
be so mounted and installed that, when the airplane 13 moored or drifting on the water, it will
show a white Jight visible for at least two miles at night under clear atmospherie conditions,

04.5825 Landing lights. Eleetric landing lights shall be so Installed on multiengine
aireraft that at least one shall be not less than 10 feet to the right or lelt of the first pilot's
seat and beyond the swept disk of the outermost propeller.  On single-engine aiveraft such
lights shall be so instailed that no visible portion of (he swept disk of the propeller, if of the
tractor type, is iluminated thereby., Individual switches [or cach dight shall be provided in
the pilot’s compactmens.

04.5826 Instrument lights. Tnstrument lights shall be so installed as to provide sutficient
ilumination to malke all Hight instruments casily readsable and shall be cquipped with rheostat
control for dimming unless it cau be shown that a non-dimming light is satisfactory.

04.5827 Position lights shall be installed so that, with the airplane in normal flying
position, the forward red position light is displayed on the left side and tl;c forward green
position loht on the right side, cach showing unbroken lght between two vertical planes whose
dikedral angle is 110 degrees when measured to the left and rvight, respectively, of the airplane
from Qead shead,  Soch forward position hights shall be spaced laterally as far apart as proctis
coble.  One rear position licht shall be mstalled on the airplane at the rear and as far aft ag
possible and shall show a lght visib]e_ szL_t}u'oug_hout a dih;-dml angle of 140 degrecs ‘t:is_oet'ed
by a vertical plane through the longitudinal axis of the airplane. Such light shall emit (a)
n the ease of a non-air eayrier airplane, a continuous white light and (b) iIn the case of an alr
earvier airplane, alternate red and white flashes as specified in § 152015, In lien of such single
rear position Hght, an air carrier airplane may ecarry two rear position lights, one red and one
white, spaced as closely as possible to each other with one unit above the other and in combina-
tion emitting the red and white flashes speeified in § 15.2015.

04.5828 Master switch. Electrical installations shall incorporate s master switch easily
accessible to a member of the crew.

04.583 Radio equipment installation. (To be amplified.)
£4.589 Miscellaneouns equipment installation.

04.5890 Seats. Seats or chairs, even though adjustable, in open or closed airplanes, shall
be securely fastened in place whether or not the safety belt Joad is transmitted through the sent.

04,5891 Accessories. Engine-driven accessories on multiengine aireraft shall be dis-
yributed among two or more engines,
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04.6 POWEZRPLANT INSTALLATION

04.60 Engines, Mneines shall be of 4 type and design which has been type certificated,
or found ciigible for use in covvificnted aireraft, in vecordaniee with the reguirements of Part 13
or shall have been approved as alrworthy i accordance with previous regulations.

04.61 Propellers. Propellers shall be of a type and design which has been certificated as
alrworthy in accordance with the reguirements of Part 14 or shall have been approved as air-
worthy in accordance with previous regulations, except that wood propellers of a conventional
type for use m light airplanes need not be certificated.  In certain eases maximum engine bore
Limitations are alzo assigned 1o propellers,  Propellers may be used on any engine provided
that the cevtified power ratings, speed ratings, und bore of the engine ace nob in excess of the
limitations of the propeller as cortiticated, and Jurther provided that the vibration characteristics
of the combination are gavisfactory Lo the Administraior,

04.610 Controllable pitch. The coutrol mechanism shall be designed and equipped with a
positive stop which shall Yumit tho minimum piteh so that the take-off erankshalt speed for
which the awveraft 18 cortificated 13 not exceeded during take-off with take-off power unless it 1s
necessary to 8o locate the stop that a higher erankshalt speed may be used m an emergency.
The means provided for controlling the pitel shall be 2o arranged as fo minimize the attention
requited from a pilot to prevent the engines from exceedimg their crankshaft speed limitations
under any flicht condition,

04.611 Propeller ciearance. Propeilers shall have a minimum ground clearance of 9
inches when the airpiaue is in a horizontal position with the landing gear deflected as 1t would
be under the maximuam authorized weight of the anrplane.  Propcllers on scaplanes shall clear
the water by at least 18 inches when the scaplane is at rest under the maximum aathorized load
eondition. A clearance of at least 1 mch shall be provided between the tips of propeliers and
any part of the structure.

04.62 Fuel systems.

04.620 Capacity and feed. The fuel capacity shall be at least 0.15 gallons per maximum
{except take-off) horsepower for which thie anplune s cortificated.  Atr-pressure fuel systemns
shall not be wsed.  Only straight gravity feed or mechanieal pumping of fuel is permitted.
The system shall be so arranged that the entive fuel supply may be utilized in the steepest elimb
and at the best gliding angle and so that the [ced ports will not he uncovered during normal
manenvers involving moderate rolling or side slipping.  The system shall also {feed fuels promptly
alter one tank bas run dry and another tank is turned on. I a mechanical pump is used, an
emergeney hamd pump of equal capacity shall be installed and available for immediate use in
ease of 4 pump failure during take-off,  Hand purmps of suitable capucity may alsoe be used for
pumping fuel from an auxiliary tank to o main Iuel tank.

04.621 Tank installation. No fuel tank shail be placed eloser to an engine than the remote
side ol a Lire-wall, At least one-half Ineh clear air space shell be allowed between the tank and
fire wall.  Spaces adjncent to the surfaces of the tank shall be ventilased go that fumes cannot
accumulate or reach the erew or passengers in case of leakage. I two or more tanks have their
outlets interconnected they shall be considered as one tank and the air space in the tanks shall
algo b intorconnected to prevent differences in pressure at the air vents of cach tank of sufficient
magnitude to cauge fuel flow between {tanks.  Mechanical pump systems shall net feed from
more than ene tank at a time exeept by speeial ruling from the Administrator,

04.622 Tank construction. Kach fuel tank shall be provided with cither a sump and drain
located at the point which 1s lowest when the atrplane is i a hormal position on the ground or
outlets ut the bottom of the tank provided with large mesh finger strainers.  1f a sump is pro-
vided, the maim focl supply shall not be drawn from the botlem of this sump.  If no sumyp is
provided the system drain shall be controllable from the pilot’s compartment and shall acl as a
tank drain.  Iach tank shall be suitably vented from the top portion of the air space.  Such
air vents shall be go arranged as to minimize the possibility of stoppage by dirt or ice formation.
When farge fuel tanks ave used, the size of the vent tubes should be proportioned so ag {o permit
rapid changes in ntamnal air pressure to oceur and thereby proveut collapse of the tanks in a
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stecp glide or dive. Tanks of 10 gallons or more capacity shall be provided with internal
baflies unless suitable external support is provided to resist surging.

©04.623 Tank strength. Fuel tanks shall be eapable of withstanding an internal test
pressure of 3} pounds per square inch without failure or leakage. Fuel tanks of large eapacity
which have a maximum fuel depth greater than 2 feet shall be investigated for the pressure
developed during the maximum lim# aeccleration with full tanks., Tanks shall be so designed,
and the rivets or welds so located, as to resist vibration failures or leakage.

04.624 Gauge. A satisfactorv gaoge shall be so installed on all airplanes as to readily
indicate to a pilot or flight mechanic the gquantity of fuel in cach tank while in flight. When
two or more tanks arc closely interconnected and vented, and it is impossible to feed from
each one separately, only one fueldovel gange need be installed. 1f a glass gauge is used,
it ghall be suitably protected against breakage.

04.625 Lines and fitiings. AJl fuel lines and fittings shall be of sufficient size so that
under the pressuro of normal operation the low is not less than double the normal flow required
for take-olf engine power. A test for proof of compliance with this requirement shall be made.
All fuel Yines shall be so gupported as to prevent excessive vibration and should be located so no
structural loads can be applied.  Bends of small radins and vertieal humps in the lines shall be
avoided,  Coepper fuel ines which 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
Hexibly conneeted thereto.  Flexible hose connectious and fuel lines shall have metal liners or
the cquivalent.  Fittings shall be of & type satislactory to the Adninistrator.

04.626 Strainers. Ounc or more strainers of adequaie size and design, incorporaiing a
suitable sediment trap and drain, shall be provided mm the fuel line between the tank and the
carburcior and shall be installed in an accessible pesition.  The screcen shall be easily vemovable
for cleaning,

04.627 Vaives. One or more positive and quick-aclting valves that will shut off all {uel
to each engine shall be within casy reach of the fivst pilot and the second pilot or of the flizht
mechanie,  In the case of airplancs employing more than one source of fuel supply, suitable
provision shall be made for independent feeding from cach source,

044.6270 Dump valves. When fuel tanks are equipped with dumyp valves, the operating
mechaniam for such valves shall be within convenient reach of the first pilot and the sccond
pilot, or of the flight mechanic.  Dump valves shall be so installed as to provide for safe and
rapid discharge of fuel.

04.628 Drains. One or more accessible draing shall be provided at the lowest point on the
fuel systems to completely drain all parts of each system when the airplane is in its normal
position on level ground,  Such drains shall discharge clear of alt parts of the airplane and shall
be equipped with suitable safety locks to prevent sccidental opening.

04.629 Miscellaneous fuel system reguirements,

04.629G Tiller openings. All filler openings in the fuel system shall be plainly marked
with the capacity and the word “fucl.” Provision shall he made {0 prevent any overflow from
entering the wing or fusclage.

04.6291 An adequate means shall be provided for preventing the formation of ice in the
engine carburetors. {See also § 04.532 (1).)
04.63 Lubrication systems.

04.630 General. Each engine shall have an independent oil supply. The oit capacity
of the system shall be at least U 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 raling concerning the ecapacity will be made by the Administrator when oil may be
transferred between eugines in flight or when a suitable reserve is provided. The suitability
of the lubrication system shall be demonstrated in flight tests in whieh engine temperature
measurements are obtained. The system shall provide the engine with an ample quantity of
oil ut a lemperature suttable for sutisfactory engine operation,
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04.631 Tank installation. il tanks shall 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.

04.632 Tank strength. Oil tanks shall be capable of withsfanding an internal test
pressure of 5 pounds per square inch without [ailure or leakage, Tanks shall be so designed
and the rivets or welds so loeatad as to resist vibration failures and leakage.

04.633 Gauge. A suitable menns shall be provided to determine the amount of oil in the
system during the filling oparation.

04.634 Piping. Oil piping shall have an inside dinmeter not less than the inside diamecter
of the engine inlet or outlet and shall have no splices between connections.  Connections in the
o1l system shall be of a type satisfactory to the Administrator.

04.635 Drains, Oue or more accessible drains shall be provided at the lowest point on
the lubricating systems to drain completely all parts of cach system when the airplane is i its
normal position on level ground,  Such drains shall discharge elear of all parts of the airplane
and shall be equipped with suitable saloty toeks to prevent aceidental opening.

04.636 Oil temperature. A suitable means shall be provided for measuring the oil tem-
perature at the engine inlet,

04.637 Filler openings. All {iller openings in the oil systemn shall be plainly marked with
the capacity and the word “oil.”

04.64 Cooling systems.

04.640 General. The cooling system shall be of sufficient capacity to maintain engine
temperstures within safe operating liwits under all conditions of flight during a period at least
equal to that established by the {uel capacity of the aireraft, assuming normal engine power and
speeds.  Compliance with this requirement shall be demonstrated in flight tests in which engine
temperature measurements are obtained under critical flight conditions including [light with
one or more éngines inoperative.

04.641 Radiators. Radiators shall be so mounted as to reduce vibration and eliminate
strains causing distortion.

04.642 Piping. Piping and conneclions shall conform to accepted standards and shall
not transmit vibration to ithe radiator or the structure of the aiveraft.

04.643 Drains. One or more accessible drains shall be provided at the lowest points on
the cooling system to drain completely all parts of such system when the airplane is in its
normal 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 aceidental opening.

04.644 Filler openings. All filler openings in the cooling system shall be plainly marked
with the capacity of the system and the name of the proper cooling liquid.

04.65 Powerplant instruments, contrels and accessories.

04.650 Instruments. The ongine instruments required are specified in § 04.5. The
installation requirements for navigation instruments in § 04.5804 shall apply to tachometers
and manilold pressure gauges.  All other instruments shall be visible in flight to the pilot and
co-pilot or to the {licht mechanic. 1f the manilold pressure gauges and tachometers are not
visible to the {licht mechanie, he shall be provided with a duplicate set of these instruments.

04.651 Controls. All powerplant controls, including these of the fuel system, shall be
plainly marked to show their [unction and method of operation.

04.6510¢ Throttie controls. Throttle controls shall be easily aecessible to both pilots and
shall be so arranged as to afford a positive nnd immediately responsive means of controlling
all engines separately or simultaneously.  Flexibie throttle control systems shall be of a cer-
tificated type. A forward movement shall open tie throtde.
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04.6511 Igpition switches. JTgniiion switches shall be easily accessible to both pilats,
A positive means {or guickly shutting off all ignition of multiengine aireraft, hy grouping of
switches or otherwise, shall be previded.

04.6512 Propeller pitch ceuntrols. Separste pitch controls shall be provided for each
propeller.

04.652 Accessories [Air carrier airplanes). (See § 04.5801.)
04.66 Manifolding, cowling and grewall.

064.6680 General. Al manifolds, cowling and firewalls shall be s0 designed and installed
ag to reduce to & minhmn the possibility of Ove either during ight or {ollowiug an aceident
and shall therefore comply with accepted practice in all detuils of installation not hegeinafier
specified.

64.661 Manifelds. Exhaust manifolds shall he construeted of suitable materials, shall
provide Tor expansion, and shall be arranged and cooled so that local hot points do not form.
Guasos shall be discharged elear of the cowling, sirplane structuee and fuel system. puits of
drains,  They shall not blew baek on the carburetor air intake or the pilot or passengers, hor
cause a glare ahead of the pilot at night.  No exbaust manifolding shall be located immnediately
adjacent to or under the carburetor ov fuel svstem parts liable to leakage.

04.662 Air intakes. Carburstor air intakes shall be suitably drained and shall open
eompletely outside the cowling unfess the emergence of back-five flames is positively prevented.
The drain shall not discharge fuel in the path of possible exhaust Hames.

04.663 Engine cowling. Al cowling around the powerplant and on the engine side of ihe
firewall shall be made of metal and shall be so arranged that any accumalations of dirt, waste
or fuel may be ohserved without complete removal of the cowling. It shall Gt tighily to the
firewall, but openings may be provided if the airplane surface within 15 ipchies thereof is pro-
tected with metal or other suitable fireproofing material. The cowling shall be completely and
suitably drained in all attitudes of flight and on the ground, with scparate drains provided for
the parts of the Fuel system liable to leakage,  All such drains shall be so located as to prevent
fuel or oil {rom dripping onto the exhanst manifold or any parts of the aireraft and {rom per-
meating any material of a cellular nature

04.664 Tirewall. A firewoll shall be provided unless the engine i mounted in au isolated
nacello with no fuel tanks.  Sucb fire bulkbead shall be consirueted in either of the following
approved manners:

(@) A single sheet of terne-plate not less than 0.028-ineh thick.

(5) A single sheet of stainiess steel not less than 0.015-inch thick.

fe) Two sheets of aluminum or alumimun alloy not less than 0.02-inch thick fastened to-
gethor and having between them an ashestos paper or asbestos fabrie sheet at least %-ineh thick.

04.6640 The firewall shall completely isolate the engine compariment and shall have all
necessary openings fitted with close-fitting grommets or bushings.  Adjacent inflammable
structural niembers shall be protected by asbestos or an equivalent msulating material and
provision shall be made for preventing fuel and ot from permeating it.

04.665 Heating systems. leating systems involving the passage of cabin air ever 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’s compartment. They shall be constructed of suitable materials, be adeguately cooled
aud he susceptible to ready disassembly for inspeetion,

04.67 (Unassigned.)
04.68 (Unassigned.)
04.69 Miscellaneous powerplant requirements.

04.690 Materials. Fuel, oil and cooling systems shall be made of materials which, includ-
ing their normal or inherent impurities, will not react chemically with any {uels, oils or liquids
that are likely to be placed iu them.
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04.7 PERFORMANCE

04.70 Performance reguirements. Al atrplanes shall comply with the performance
requircrnents set forth i §§ 04.707 and 04.708.  All airplaves except those eertifieated in the
transport eategory shall comply with §§ 04.700 through 04.706, inelosive.  Complianee with
such performance requireents shall be shown in standard atmosphere, at all weights up to and
including the standard welzht (§ 04.102) and under all loading conditions within the center of
gravity range certified (§ 04.742): Provided, That demonstration of compliance with landine-
speed requiretnents, and with those relating to take-off time and distaniee, way he limtted to an
infermediate yange of conter of gravity positions if it ennn be shown that it 1s possible for the
airplane to continue light with one engine inoperative, and that pagsengers or other load can be
easiby and rapidly shifted while in flicht to permiat the realization, nd the pilot’s diseretion, of a
ceuter of gravity position within the range covered by this demonstration.  There shall he no
Hight or handling characteristics which, in the opinion of the Administrator, render the airplane
unairworlhy.

04.700 Landing speeds. The landing speed with power off, in standard ealm air at sea
level, shall not exceed a value determined as follows:

{a) Airplanes certificated for passenger carrying:

65 miles per hour {for airplanes of 20,600 pounds standard weight or logs,

70 miles per hour for alrplanes of 30,000 pounds standard weight or more, and a linear varia-
tion with standard welght shall apply for arplances hetween 20,000 and 30,000 pounds.

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

The above landing speed valueg may be imcroased 5 miles por hour,

04.701 Take-off, Take-off at sea level:
{a) Within 1,000 feet for landplanes;
{6) Within 60 scconds in ealm air for seaplanes,

04.702 Climh. The average rate of clitrh for the first minute after the airplanc leaves the
take-olf surface in accordance with § 04.701, and the rate of steady elimb at sea levels with not
more than maximum except talke-off power, sholl not be less in feet per minute than:

{a} Landplanes: Eight times the measured power-ofl stalling speed 1n miles per hour with
the flaps and landing gear retracted, or 300 {eet per minute, whichever is ereater;

{by Seaplanes: Six times the measured power-ofl slalling speed in miles per hour with the
flaps retracted, or 250 feet per minute, whichever is greater.

04.703 Controllability and maneuverability. All airplanes shall be controllable and
mancuverable under sll power conditions and at all {lying specds between minimum flyng
speed and the maximum certificd speed. All airplanes shall have control adequate for an
average {anding at minimun landing speed with power off,

04.7030 Controllability at the stall. With power off and with 759 maximum-cxeept-
take-off power, with {laps and landing gear in any position; the airplane shall have sufficient
divectional and lateral contral so that when the airplane is stalled, the downward pitching
motion following the stall shall oceur prior to any uncontrollable roil or yaw. Any suech pitch-
ing motion shall not be excessive and recovery to normal {light shall be possible by normal use
of the controls alter the pitching motion 18 unmistakably developed, without excessive toss
of altitude.

04.704 Balance. As used in these regulutions the term “balanced” refers to steady flight
in calm air without cxertion of control foree by the pilof or antomatic pilot. lLateral and
direetional balance is required at eruising speed, which for this purpose shall be taken as 90
percent of the bigh speed in level flight.  Longitudinal balance is required undor the following
flight conditions:

© {a) Power on: In level flight, at all speeds between eruising speed and a speed 20 percent
in excess of stalling speed. i a climb, at maximum (except take-off) horsepower and a speed
20 pereent in excess of stalling speed.

(6) Power ofl: Tn a glide, at a speed not in excess of 140 percent of the maximum permis-

sible landing speed or the placard speed with flaps extended, whichever is lower, under the
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forward center of gravity position approved with maximum autherized load and under the
most forward center of gravity position approved, regardless of weight.

04.705 Stability. Under all power conditions all airplanes shall be longitudinally,
laterally and directionally stable.  An airplane will be considered to be longitudinally stable if,
in stability tests, the amplitude of the oscillations decreases,

04.706 Spinning. (Not applicable to airplanes certificated in the transport category.) At
any permissible combination of weight and center of gravity position obtainable with all or part
of the designusclul load, there shall be no excessive reversal of control forees during any possible
spinning up to & turng. It shall be possible promptly to recover at any point in the spinning
deseribed above by using the controls in a normal manner for that purpose and without exceed-
ing either the limiting airspeed or the limit design normal acceleration for the airplane, It
shall not be possible to obtain uneontrollable spins by means of any possible use of the controls:
Provided, That compliance with the foregoing requirernents with respect to spinning shall not
be required for those airpianes—

(@) permancently placarded “‘intentionsl spinning prohibited”; or

(h) demonsirated Lo the satisfaction of the Admimstrator to be characteristically incapable
of spinning,

04.707 Flutter and vibration. Wings, tail surfaces, control surfaces and primary strae-
tural parts shall be free from flutter or objectionable vibration in all vormal attitndes or eon-
ditions of ficht between the minimum flying speed and the maximoum indicated airspeed
attained in official flicht tests.  (See § 04.722))

04.707-T Flutter and vibration. All parts of transport category airplanes shall be free
from fluiter or excessive vibration under all speed and power conditions appropriate to the apera-
tion of the sirplane during take-off, climb, level flight, and landing, and during glide at speeds
up to the maximum indicated airspeed attamed during official flight tests (See § 04.722),  There
shall be no appreciable boffeting 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 as
to interfere with the pilot’s control of the airplane or cause discomfort o its oceupants.

04.768 Ground and water characteristics. Landplanes shall be maneuverable on the
ground and shall be free from dangerous ground looping tendeneics and objectionable taxiing
characteristics, 'The scaworthiness and handling characteristics of scaplanes and amphibians
ghall be demonstrated by tesis deemed appropriate by the Administrator. (Sce § 04.452 for
water stability requirements.)

44.71 Modified performance requirements for air carrier airplahes not certificated in
the transport category. The weight of any multi-engine air carrier aireralt mauufactured
pursuant lo & type certificate issued prior to January 1, 1941, and which airera{t is being
operated in accordance with the requirements of Part 61, may be increased beyond the values
corresponding to the landing speed specified in § 04.700 and {ake-off requirements of § 04.701,
subject to the following condifions:

04.71¢ The increased weight shall be Jmown as the provisional weight (§ 04.103). The
gtandard weight (§ 04.102) shall be the maximum permissible weight for all operations other than
those in accordance with the reguirements of Part 61, The provisional weight shall be the
maximum permissible weight for any operation.

04,711 Compliance with all the airworthiness requirements except landing speed and
take-oft is required at the provisional weight, except thnt the provisional weight may exceed the



PART 04-—AIRPLANE AIRWORTIINESS 39

design weight on which the structural loads for the landing conditions are based by an amount
not greater than 15 pereent, provided that the airplane is shown to be eapable of safely with-
standing the ground or water shoek loads incident to taking-ofl at the prosisional weight,

04.712  The aireraft shall be provided with suitable means for the rapid and safe discharge
of a quantity of fucl suflicient to reduce its weight from the provisional weight to the standard
weight,

04.713 In no case shall the provisional weight exceed a value corresponding to a landing
speed of 5 miles per hour 1 excess of that specified in § 04.700, a take-off distance of 1,500 feet
in the case of landplanes; or o take-off time of 60 seconds in the case of scaplanes.

04.714  Aireraft engaged in operations in accordance with the reqguirements of Part 61
shall be certificated for the weighit at which they comply with the take-ofl and other perforraance
provisions of those regulations for the particular operation involved provided that such certilied
weight shall not exeeed the provisional weight, [t may, however, be less than the provisional
E}' standard weights, dependent upon the ground or water facilities and the nature of the route
flown.

04.72 Performance tests.

04.720 General. Compliance with the foregoing performance requirements shall be
demonstrated by means of suitable flight tests of the type airplane. Computuations may be used
to estimate the effects of minor changes.  Additional information concerning the performance
characteristics of air carrier airplanes is specified in § 04.73.  Such characteristics shalf be
determined by direct flight testing, or by methods combming basic flight tests and ealculations.
All performance characteristics shall be correeted to standard atmospherie conditions and zero
wind. Metheds of performance caleulation and correction employed shall be subject to the
approval of the Administrator.

04.7200 The applicant shall provide a person holding an appropriate commercial pilot
certificate to make the flight tests, but & designated inspector of the Administrator may pilot
the airplane during such parts of the tests as he may deem advisable.

04.7201 In the event that the applicant’s test pilot is unable or unwilling to conduet any
of the required flight tests, the tests shall be discontinued until the applicant furnishes a
competent pilot.

$4.7202 PParachutes shall be worn by members of the crew during the flight tests.

04.7203. 'The applicant shall submit to the inspector of the Administrator a report
covering all computations and tests required in connection with calibration of flight instru-
ments and correetion of test resulls 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.

04.721 Loading conditions. The loading 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.

04.7210 Use of ballast. Ballast may be used to enable airplanes to comply with the
flicht requirements as to longitudinal stability, balance and landing, in accordance with the
following provisions:

04.72100 (z) Ballast shall not be used for $his purpose in airplanes having a gross weight
of less than 5,000 pounds nor in airplanes with a total scating capaeity of less than 7 persons.

04.72101  {§) The place or places for carrying ballast shall be properly designed and n-
stalled and plainly marked.

04.72102 {¢) The loading schedule whieh will accompany cach certificate issued for an
atrplane requiring spectal loading of this type shall be conspicuously posted in either the pilot’s
compartment or in or adjacent to the ballast compartments and striet compliance therewith
will be required of the airplane operntor.

04.7211 Fuel to be carried. When low fuel adversely affects balance or stability, the
airplane shall be so tested as to simulate the condition exizting when the amount of fucl on
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board does not cxeeed one gallon for every 12 maximum (exeept take-off) Liorsepower of the
engine or engines installed thereon.  When the engine is limited Lo a lower power, the latter
shall be used in computing low fucl,

04.722 Maximum airspeed. The {licht tests shall include steady flicht in relatively
smooth pir ot the design gliding speed (V) for which complinnee with the structural loading
requirements (§ 04.21) has been proved, exeept that they need not mveolve speeds in oxeess of
1.33 V,, (§ 04.111), provided that the operation Himits ave eorrespondingly fixed (sce § 04.743).
When Bigh-lilt devices having nonautomatic operation ave employed, the tests shall also include
steady fliglt at the desion flap speed V', (§ 04.114), exeept that they need not imvolve speeds in
exeess of 2 Vi, (see § 04.113).  In cases where the high-lilt devices are automatically operated,
the tests shall cover the range of speeds within which the deviees ave operative,

04.723 (Ome engine inoperative performance. Multiengine airplanes shall be flight
tested ot such abtitudes and weights as are neeessary, o 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 eritical engine inoperative and cach other engine operating at
not more than maxiinum exeept take-ofl power.  Such data when approved by the Adminis-
trator ghall he kept n the airplane at all times during ilight in & place conveniently aceessible
to the pilot.

04.724 Airspeed indicator calibration. In accordance with § 04.5800, the airspeed
indieator of the type airplane shall be ealibrated in flight.  The method of calibration used
shall be subjeet Lo the approval of the Administrator.

04.725 Check of fuel system. The operation of the fuel system shall be checked in flight
to determine its effectivencss under low fuel conditiong and after changing from one supply
tank to another. (See § 04.620.) For such tests low fuel 1s defined as approximately 15
minutes’ supply in each tank tested at the maximum (except take-off) power certified.

04.73 Performance characteristics of air carrier aireraft. No air carrier shall operute
aireraft in scheduled air tramsportation unless data shall have been submitted to and approved
by the Administrator, covering the determination of such performance charaeteristics, i addi-
ticn to those specilied in §8 04.70, 04,71, and 04,72, as are, in the opmion of the Administrator,
necessary o determnine the ability of such aireraft to safelv perform the type of operation which
the air carrier proposes to conduet,  The method used for the determination of such ability
shall be subjeet to the approval of the Administrator.

04.74 Operation limitations.

04.740 Weight, Non-air-carrier airplanes may he certifieated at a maximum authorized
weight which i8 niot sufficient to permit earrving simnultancousiy the full fuel and full pay load,
provided that such weight shall be sufficient to provide a gasoline load of at feast 0.15 gallon
per certified maximum (except take-ofl) horsepower, with all seats occupiced and with suflicient
oil for this amount of fuel.

04.741 Provisienal weight (Air carrier airplanes), (See § 04.71.)

04.742 Center of gravity limitations. The maximum variation in the loeation of the
center of gravity for which the airplane is certifleated to be alrworthy shall be established.
Means shall be provided, when necessary in the opinion of the Admiuistretor, by which the
operator is suilably inflormed of the permissible loading conditions which result in a center of
gravity within the certified range.

04.743  Airspeed Hmitations. Maximum operation limitations will be incorporated in the
atrerait certificate and will specily the indicated airspeeds which shall not be exceeded in level
and climbing flight (§ 04.111), in gliding and diving flight, and with flaps extended.  The valucs
in ghding llight and with flaps extended will be 10 pereent less than the corresponding maximum
airspeeds attained in flight tests in accordance with § 04.722.

04.744 Powerplant limitations. Maximum operational limitations will be incorporated
in the aireraft certificate and will specify powerplant outputs on take-off (§ 04.260), in climbing
flight, and for all operations other than take-off and chimbing {ight (§ 04.105). The output,
except for take-off, shall not exceed thal corresponding to the maximum (except take-ofl) rating
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of the engine installed. For the ahove purposes no specified eubput will be in excess of that
corresponding to the Timits imposcd by either the pertient cugine or propeller eertification.
(Bee §304.C0 and 04.61

04.75-T Performance reguirements for iransport category airplanes., The following
requirements shall apply in nlace of §§ 04.700 to 04.706, inclusive:

04.750-T Minimum requirements for certification. An airplane may be certificated
under the provisions of § §4.75--T, upon there haviug been established, in aceordancee with the
terms of that section:

{a) A maximum take-off weight et sea level;

(6) A maximum handing weight at sea lovels

(v} A maximum one-engine—inaperative operating altitude (ag defined in § 04.7513-T),
which shall be at least 5,000 feet at a weight equal to the maximun sea level take-ofl weight;

(/) Take-off characteristics at maximum sea level take-off weight, and landing charace-
teristics at maximum sea level landing weight, in accordance with the provisions of §§ 04.7532-T
anid 04.7538 T and

{¢) Compliance with the requirements of all other applicable parts of the Regulations,

Tf o covtificate is ssued under these eonditions, it mayv be amended from time to time to
inelude landing and take-off weights over an inereased range of altitudes, and other pertinent
performance data, including additiouad landing and take-off characteristics obtained in accord-
anee with the provisions of §§ 04.7522-1 and 04.7533-T.

04.751.-T Definitions.

04.7513-T Stalling speeds. In the following sub-sections of § 04.75-T:

V,, denotes the true indicated stalling speed of the airplane in miles per hour with engines
idling, throttles closed, propellers in low piteh, landing gear extended, flaps m the “landing
position,” as defined in § 04.7512-T, cow] flaps closed, center of gravity in the most unfavorable
position within the allowable landing range, and the weight of the airplane equal to the weight
m conneetion with which Vi, is being used as a factor to determine a required performance.

V,, denotes the true indicated stalling speed in miles per hour with engines idiing, throitles
closcd, propeilers in low piteh, and with the airplane in all other respeets (Haps, landing gear,
etc.) in the condition existing i the particular test in connection with which Vi is being used.

04.7512-T Flap positions. The flap positions denoted respectively as the landing
position, approach position, and take-off position are those provided for in § 04.434-T, and
may be made vaviable with weight and altitude in aceordance with that section.

04.7513-T Maximum one-engine-inoperative operating altitude (to he determined in
complying with § 04.723) shall be the alfitude in standurd air at which the steady rate of climb
in feot per minute is 0.02 V. * with the eritical engine inoperative, its propeller stopped, all other
engines operating at the maximum-exeept-lake-oft power available at such altitude, the landing
gear retracted, and the flaps in the most favorable position.

04.752-T Weights. The maximum take-off weight and maximum landing weight shall
be established by the applicant and nay be made vartable with altitide,  The maximum take-
ofl weight for any altitude shall not exceed the maximum design weight used in the structural
loading conditions for {light loads (§ 04.21), and shall not exceed the design weight used in the
structural Joading conditions for ground or water loads (§§ 04.24 anel 04.25, respectively) by a
ratio of more than 1.15. The maximum landing weight for any altitude shall not exceed the
design weight nsed in the structural loading eonditions for ground or watec Joads.

04.7520-T Fuel dumping provisions. 1f the maximum take-off weight for any altitude
excecds the maximum landing weight for the same altitude, adequate provision shall be made,
in sccordance with § 04.8, for the rapid and safe dumping during flicht of a quaniity of fucl
sufficient o reduce the weight of the aivplane from such maximum take-off weight to sach
maximum landing weight,  Compliance with this requirement shall be shown by dumping
suitable colored fluids and fuel in ilight tests in the following conditions:

(@) Level flight at a speed of 2.0 V;

(b) climb at a specd of 1.4 V, with 75 per cent of maximum-except-take-off power;
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(¢) glide with power off at a speed of 1.4 V.

In conditions (¢) and (b), the time required to dump the necessary amount of fuel shall not
exceed 10 minutes, During such tests, the dumped (fuid shall not come in contact with any
portion of the aireraft or adversely affect its control, nor shall any fumes from such fluld enter
any portion of the aiveraft.

04.753-T Required performance and performance determinations. Performance data
shall be corrected to standard atmosphere and stll air where such corrections are applicable.
Performance data may be determined by ealeulation from basic flight tests if the results of
such calculation are substantially equal in aceuracy to the results of direct tests.

04.7530-T Stalling speed requirements. (a) V,
exceed 80 miles per hour.

&)V, at maximum landing weight, faps in the approach position, landing gear extended,
and center of gravity in the most unfavorable position permitted for landing, shall not exceed
85 miiles per hour.

04.7531-T Climb requirements. In the climb tests required by this section, the engine
cowl] tlaps, or vilier means of controthing the engine cooling awr supply, shall be in a position
which will provide adequate cooling with maximum-except-take-off power at best climbing
speed under standard atmospherie conditions.

() Flaps in landing 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, all engines operating at the take-ofl power
available ot such altitude, landing gear extended, center of gravity in the most unfavorable
posilion permitted for landing, and flaps in the landing position, shall be at least 0.07 V, 2

(0y Flaps in 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 welght 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 unfaverable pesition permitted for
landing, and the flaps in the approach position, shall be at least 0.04 V2

(e) Flaps in take-off position. The steady rate of climb in feet per minute, at any altitude
within the range {or which take-off weight is to be specified in the certifieate, with the weight
cqual to maximum take-off weight for that altitude, the speed equal to the minimum take-off
chimb speed permitted o § 04.75320-T (b)), the eritical engine inoperative, its propeller wind-
milling with the propeller control in a position which would allow the cngine (i operating
normally and within approved limits) to develop at least 50 pereent of maximuin-except-take-off
engine speed, all other engines operating at the take-ofl power available at such altitude, the
landing gear retracted, center of gravity mn the most unfavorable position permitted for tale-ofl,
and the flaps iu the take-off position, shadl be at least 0.035 V%

04.7532-T Take-off determination. The following take-off data shall be determined
over such range of weights and altitudes as the applicant may desire, with a constant take-ofl
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 a
level take-ofl surface with zero wind,

04.75320-T Speeds. {a) Critical-cngine-failure speed, denoted by V|, is a true indicated
airspeed, chosen by the applicant but in any case not less than the minimum speed at which
the controllability i3 adequate to proceed safely with the take-off, using normal piloting skill,
when the eritical engine s suddenly made inoperative.

(5 Minimum take-off climb speed, denoted by Vi, is a true indicated airspeed chosen by
the applicant, which shall permit the rate of elimb required in § 04.7531-T (¢) but which shall
not be less than 1.20 V, for two-engined airplanes, or 1.15 V, for airplanes having more than
two engines, or less than 1,10 times the minimum speed at which the airplanc is fully controllable
in flight using normal piloting skill when the critical engine is suddenly made inoperative.

04.75321-T Take-off path. The lengths and slopes of segments of the take-off path,
and the location of crifical points on the complete path shall be determined in accordance with

o 8t maximura Janding weight shall not
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the following conditions and assumptions. The location of the points defined below shall be
expressed in terms of the horizontal and vertical distances from the starting poirnt.

{a) Starting point. The pont from which a standing start is made with all engines
operating,

(b) Criiical-engine-fallure point. The point at which the airplanc attains speed V)
(eritical engine failure speed) when accelerated from point (o) wish all engines operating,

(¢) Accelerate-and-stop point. The point on the iake-off surface at which the airplane
can he brought safely to a step if all engines are cut at point {(8).

() Start-of-climb pomt.  The point on or just clear of the take-off surface at which the
airplanie attains speed Vy {(take-oll-climb-speed) when the eritical engine is made inoperative
with its propeller windmilling in low pitch at point {(b).

The take-off aceeleration segment, () to (), shall be determined by making a continuous
ran wp o speed Vi with the eritical engine cut at point (b)),

{¢) Retraction-completion point.  The point at which landing gear retraction is eom-
pleted when retraction 1s initiated not earlier than point {d).

The initial climb segrent, () to (¢, shall be assumed to correspond to the rate of climb
at speed 1y with landing gear extended and windmilling propeller in low pitch.

The second climb scgnrent, beginning at point {e), shall be assumed to correspond to the
rate of climb at speed Vi, with landing gear retracted and windmilling propeller in high pitel,
as defined in § 04.7531-T (¢}, This segment may continue indefinitely or may end at point
{¢y) in accordance with paragraph (g) following,

{(f) 50-foot height point.  The poini at which the airplance attains a height of 50 feet
{above the take-olf surface} along the take-olf fhght path defined herein,

() Teathering-completion point.  The point where feathering or stopping of the inopera-
tive propelier is cotapleted, il the applicant desires to include this step in the take-olf determina-
tion. 14 shall be assumed that the decision to feather or stop is made not earlier than the
mstant of attaining point (f).

In the event that it s desired to Include propeller [eathering or stopping in the take-off
path, the final elimb segment, beginning at point (¢, shall be assumed Lo correspond to the
rate of climb at speed Vo with landing gear retracted and the propeller of the inoperative engine
feathered or stopped.

04.7533-T Landing determination. The horizontal distance required to land and come
1o a complete stop [rom a point at a height of 50 Jeel above the landing surface shall be de-
termined for such range of weights and altitudes as the applicant may desire.  In making this
determination:

() Immediately prior Lo reaching the 50-Toot altitude, a steady gliding approach shadl
have been maintaited, with a true indieated airspeed of at least 1.3 V.

{b) The nose of the airplane shall net be depressed, nor the power inereased, after reaching
the 50-foot altitude. At all times during and immediately prior to the landing, the flaps shall
he in the landing position, except that after the airplane is on the landing surface and the true
indicated airspeed has been reduced to not more than 0.9V, the flap position may be changed.

(¢} The operating pressures on the braking systern shall not be in excess of those approved
by the manulacturer of the brakes.

() The brakes shall not be used in such manner as to produce excessive wear of brakes or
tires.

fe) The landing shall be made in such manner that there is no excessive vertical acceler-
ation, no tendeney to bouunce, nose over, porpoise, ground loop, or water loop, and in such
manner that its reproduetion shall not require any exceptional degree of skill on the part of the
pilot, or exceptionally favorable conditions, If this last condition {with respect to exceptional
slcdiil or favorable conditions) is not met, the distance to be determined shall be that considered
to corrcspond to a piloiing technique normally usable.

04.754-T Fiight characteristics. There shall be no fiight characteristic which makes
the airplane unairworthy, The airplane shall also meet the following requirements nnder all
critical loading conditions within the range of center ol gravity, and, except as provided in
04.7541-"1 (d), at the maximum weight for which certification is sought.
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04.7540-T Controliability and maneuverability. The airplanc shall be controllable and
mancuverable during take-off, climb, lovel thizht, elide, and landing, and it shall be possible {0
make » smooth transition from one flisht condilion to anothier, without reguiring an exeeplional
dogree of skill, alertness, or strength on the part of the pilot, under all conditions of operation
probable for the type, including those corulitions normally encountered in the ovent of sudden
fatture of any engine. It shall be possible, with power off, with flaps either retracted or in the
Janding pesition, with the center of gravily in the most unfavorable loeatien within the ecrtifi-
wted range, and with the airplane trimmed for a speed of 1.4 V), to change the flap position
to the opposite cxireme, Lo make a sudden application of take-ofl power on all engines, or to
change the speed to any value between 1.10 Vo and £.70 V', without requiring o change in the
trimn control or the exertion of more conirol foree than can readily be applied with one hand for
a short period. It shall not be necessary to nse exeeptional piloting =kill in order to prevent
loss of altilude when flap velracltion [rom any poesition is initinted during steady horizontal
flight at 1.1 Vy, with simuliancous application of not more than maximum-except-lake-off

power.

#4.7541-T Trim. The means used for trimeming the airplane shall be sueh that after
being trimmed and without further pressare upon ov movement of either the primary control
or itz corresponding trim control by the pilot or the automatic pilot, the airplane will maintain:

(@) Lateral and dircetional trim under all conditions of operation consistent with the
mtended use of the airplane, including operation at sy 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;

(5) Longitudinal frim, under the following conditions:

(1) During elimb at the best rate of elimb specd with maximum-except-take-off power.

(2) During a glide with power ofl at a speed not In excess of 1.4 Vi, and '

(8) During level flight at any speed from 90 pereent of high speed to the sum of V,, and
20 pereent of the difference betweei high speed and Vi ;

(¢) Reetilinear elimbing flight with the eritical engine inoperative, each other engine
opcrating ab maximum-except-take-off power and the best rate of elimb speed under such
condilions;

(d) Rectilinear flight with any two engines inoperative and each other engiue operating at
maximum-except-take-olf power under the followine conditions:

{1y With the weight of the airplane not more than that at which there is a speed range in
level flight of not less than 10 miles per hour;

(2) With the specd of the airplane not more than the high speed obtained under the
conditions specified 1 (1) less 10 mules per hour,

04.7542-T Stability. The airplane shall be longitudinally, dircetionally, and laterally
stable in accordance with the lollowing provisions.  Suitable stability and eontrol “fecl” may
be required in other conditions normally encountered in serviee if flight tests show such
stability to be necessary for safe operation.

04.75420-T Static longitudinal stability. In the {light conditions deseribed in the
following sub-gection 04.754200-T:

() At any speed which ean be obtained without excessive control foree and which is more
than 10 miles per hour ghove or below the speeified trim speed, but not greater than the appro-
priate maximum permissible speed or less than the minimum speed in steady unstalled flight,
the characteristics of the elevalor control forees and frietion shall be sueh that:

(13 A pull is required to maintain speeds below the specilied trim speed and a push to
maintain speeds above the specified trim speed.

(2) The control will, when unrestrained by ihe pilot, move continuously toward its original -
trim position.

() Where a stable slope of the stick foree versus speed eurve is specified, any decrease
in speed below trim speed shall require an inercase in the steady pull on the elevator control
and any increase in gpeed above trim speed shall require an inerease in the steady push on the
control. Such slope shall be between sueh limits that any substantial change in speed is elearty
perceptible to the pilot through a resulting ehange in stiek foree, and that the stick force required
to produce necessary changes in speed does not reach excessive values,
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04.754200-T Specific stabiiity condilions., (a) Landing, With flaps in the sea level
landing position, the landing gens extended, manimum sea level Tanding weight, the airplanc
trimmed at 1.4V, and throttles closed, the stick force earve shall have s stable slope at all
speeds bebween 1.1V, and 1.8V,

5y Approach. With {laps in sealevel approach position, landing gear retracted, maximum
sea level landing weight, the airplane tritmmed at 1.4V, and with power suilicient to thaintain
lovel flight 2t this speed, the stick force eurve shall bave a stable zlope at all speeds between
1.1V, and 1.8 V,,.

(&) Climb. With flaps retracted, landing gear refracted, maximum sea level take-ofl
welght, 75 pereent of maximum-except-take-ofl power and with the afrplane frimmed ot
14V or» the stick force curve shall have a stable slope at all specds between 1.2 Vi and 1.6 V.

() Cruising.  With [laps retracted, maximum sea level take-ofl weight, 75 percent of
Taxjmum-except-take-off power, and with the airplate trommed for level fght, the stick foree
curve shall have a stable slope at all speeds obtamable wilh reasonable stick forees between:

(1) 1.2 V,, and the maxunum pernussible speed, when the landing gear is reteacted;

(2) 1.2 V,, and the level [light speed, when the landing gear is extended.

04.75421-T Pynamic longitudinal stability The airplane shall not be dynamicaily
ungtable longitudinally, as shown by the damping of the normal long period osciflation, under
any fhghit condmon that is likely to be maintained for more than 10 mmutoq 1 ordinary service.
Complianee with this requirement shall be demonstrated under at least the following condi-
tions:

(o) During level flight with 75 percent of maximum-except-take-oft power

) ])urinp o elimb with 75 pereent of maximuin-except-take-ofl power at a speced equal
to 75 pereent of thal obiained in item {(«} above.

Any short period oseillation occurring between stalling speed and maximuin permissible
speed shall be heavily damped with the primary eontrols in a fixed position.

04.75422-T Directional and lateral static stability. The static dircetional stability,
as shown by the tendeney to recovery from a skid with rudder free, shall be positive for afl
flap positions and symrmctrical power conditions, and for all speeds from 1.2 V, up to the maxi-
mum permissible speed.  The static lateral stability, as shown by the temiem,), to raise the low
wing i a sideslip, shall be positive within the same limits.

04.7543-T Sialling. With power off, and with that power IlC(‘(“:b{lly to maintain level
{fieht with flaps in approach position at a spu(rd of 1.6 ¥, maximum landing weight, (lans 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 correet roll and yaw by unreversed use of the aileron and
rudder controls up to the time when the airplane pitches in the mancuver deseribed below,
During the piteliing and recovery portions of the mancuaver it shall be possible to prevent
appreciable rolling or yawing by normal use of the controls.

In (lvrtmm‘,lmtnw this quah‘n the order of events shall be:

{a) With irim eontrols adjus fed for straighi flight at a speed of 1.4 V,, reduce speed by
means of the elevator control until the speed is steady at shightly above sialling speed; then

() Pull clevator control back at a normal rate until & stall is produced as evidenced by an
uncontrollable downward pitching moilon of the airplane, or until the control reaches the stop.
Normal use of the elevator control for recovery may he made alter such pitching motion is
unmistakably developed.,

In any case, the airplane shall not piteh exeessively before recovery is completed.

The :i;lrplane shall be recoverable without difficulty or the use of power from the inoperative
engine when it is stalfed with the critical engine inoperative and the remaining engines operating
at 75 per cent of maximum-except-take-off power.

04.755-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 airplanc
as the Administrator may require, including, but not limited to, the following:



46 CIVIL AIR REGULATIONS

(a) All porformnnco data sceured under § 04.7513-T to 04.75633-T, inclusive, together with
any pertinent deseriptions of the conditions, airspeeds, ele., under which such data w oTe
determined ;

(b) ’\dvqlmte instructions for the use and adjustment of the fiap controls undor § 04.434~T.

(¢) The wdicated airspeeds correspending to those determined in § (4.75320-T, together
with pertinent discussion of procedures to he followed if the eritical engine bocomo:a inoperative
o1l take-off, .

() A discussion of any significant or unusual flying or ground-handling characteristics,
knowledge of which would be useful to a pilot not prev 1011.513 having flown the airplane,

04.8 (Unassigned).
04.9 MISCELLANEOUS REQUIREMENTS

04.9¢ Standard weights. In computing weights the following standard values shall be
used.

Grasoline -.__ B1hs per pallon.

Lubricating Ot _. L R, _ 7.5 Ibs. per gallon.
Crow aned Passenzors - e e - eemmeimee oo 170 bs per persgn, uniess otherwise specificd by the Administrator,
Parschutes - . .- R e ... 2 1bs each,

04.91 Levelmg means. Advqu‘ite means shall be provided for easily determining when
the aireraft is in a level position.
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TABLE 04-1.- Symmetrical Flight Conditions (Flaps Retracted)

1. Condition ' 1 | 11 J JIT | w ‘ v J VL
I e e —— —— e 7:_ -
2. Referenee Pact 04 L ... B L2131 ‘ 213'2 L2133 . 2]‘34 L2135 1 PRI 1Y
3. Design speed (e § 04,311 17, L7 Ve g Vi J Ve
4. Clust Velocity, U, fpy 12 . 430 ‘ —30 15 —15 .. ns
An fa) Crust IR - § 04,2121 § 042121 ‘ § 04 2121 §04 2121 . —q. ":.M{a
5. {An (4) Manenvering. | ___ U Fig.0d-3 o0 o Fin o043 | . J — 0. 2BANTs
6. Limit Load Faetor, », Wien line 6 gives two values of An, i
use InTEer e e 14Ang I4-Ann 1+anin 1+angy —ldanv ...
7. Miniom value of 2. .. . -- 2. 50 None 2. 50 None —1.5
8, Minimum Yicld Faclor of Safely, ;,, ,,,,, 1.G 10 10 L0 1.0
9. Minimum Ullirnate Factor of Sa[rh J 15 13 1.4 1.5 1Lal
. S A R |
t Feel per secomd.
¢ o taeans upward, — means downward,
3 A ay be linited by maxirium dynamie lift cocflicient obtainable under sudden changes of angle of attack,
TABLE 04-2.—Symmetrical Flight Concilions (Ilaps Extended)
e et e e o T e e e e e T* :
1. Condition | Vil ‘ VIIL 1X
J— I — ]
2. Referenep Pact, 040 .. ____ R, e e 2141
3. Design speed (see gf)i 211 [ _ \1r'{ |
. \t fucity, U, fos 2. . ‘
i oy \i_‘",,,y.,,,{l.j ,,,,,, . §04.2121 §04. 2121
6. anf Load Factor, n_ . _ I+Anvir 14+anvit
7. Minimunp valueof Ro___ R . 2,00 None Noue
8, Minlmum Yield Factor of Sufe tn J.. _____________ N 1,0 1.0 1_({7
9. Minimum Ultimale Factor of qdﬁ-ty T - JE e 1.5 1.4 I

1 Feet per second.
2 L means upward, — means downward,
3 \Itn e Yimmited by maxinun dynaizie lift coeflicient obtainable under sudden ehonges of angle of attack.
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TABLE 04-3. ——Loadmg Condltlons for Horizontal Tail Surfaces

——

Condilion

Balaneing Manenvering | Tah cflects

Damping

. Reference Part 04
. Dresign speed (see § 04,2117

. Farce Coeflicient, Cn____ .. ... ..

Average Limit Pressure, p. s, .1
Chord Distribution
. Span Distribution
- Minimum Average Limif Pr
. Bpecial Requirements_______
. Minimum Yield Factor of Mfot\ Jy
. Minimum Ultimate Factor of bafet\ s

L2211
Vi

i
T
Constant 'y

Fig. Fig, 04-5(7)
Ccmstant Cv(i‘)

Constant Cx
13

None

1.0

14d

u:@w-q_c:m AN

! Over eutire horizontal tail.
% g, iy the dynamie pressure eorresponding to 1, see § 04,118,
2 Refers to main surface, disrepurding tab; uniform pressure distribution may be assumed over tab,

TABLE 04-4. —Loadmg Conditions for Verucal Tail Surfaces

—

=

Condition

Tab effects

AManeuvering Damping GGist

. Referenee Part 04, - L2221 |
. Design spccd (80 §U’J a1y
CyorQust.__._______..
Average Limif Pressure, p.
Chord Distributicn
Span Distribution
Minimum Average Limif Prossure, p. 5. §
Special Requirements__ ... . .
. Minimum Yield Factor of qdfcry J,,,,,,,
Minimum Ultireate Factor of SBafety, j«

, 2222 L2223
VL Vih

U=30/ps ! U

04. 2222(8)

‘ . Fig. 04-6(5)

: Constant C Constant Cwx

None
1.0

ig. 04 57ty
Constant Ca (%)

Constant (‘

§ 04, 22‘20(!1)

!"o.‘”.m."?"[-":““!\’

1.5 &

1,

1 Over entire vertical tail.
3 . is the dynamic pressure corresponding to V7, see § 04,318,
3 See § 04.2220 (a) for exception.
4+ See § 04.2223 (a) for exeeption.
¢ See § 04.2222 (o).
¢ Refers to main surface, disregarding tab; tmiform pressure-distribution muay he assumed over tab.

TABLE 04-5. —--Loadlng Condmons for Al]eronq

FBwownme

e

. Condition

. Reference Part 4
Design Speed (See §04.210) ..
Cyor Gust ____.
Average Liwit Pressure, p. 8. /
Chord Distribution
Span Distribution. ., __ e
. Minimum Average Limit Pressure, p. 8. f. .

., 8pecial Requirenents .
. Mipimum Yield Factor of Safcty, ',,,,,,,,,,,, o
. Minimum Ultimate Factor of Safety, faoo ...,

Mancuvering
L2230

e

=0,
20

Fig. 04-
Constant €

vy

4
4

2
04 223000

m:;\_,h:’ Ly

1
1.

Tab effcots

L2231
1y,

2. i
¢ Constant Cy
77 None

1.0

L3

1 8pe §04.2230 {a) [or exception.

2 ¢y is the dynamic pressure corresponding to Vi, seo § 04.118.

2 V7, ig the maximuam level flight air speed with any engine inoperative.

¢ Refers t main surface, disregarding tab; uniform pressure distribution may be assunied over tah,

TABLE 04-6.—Loading Conditions for Control Systems
{See §04.230)

L AN

. Reference Part 04______

. Minimum Limit Contrel Foree, pounds. ..
. Minimum Yield Factor of Safety, jo_ - -
. Minimum Ultimaie Factor of Salely, ja.

Rudder

Flaps,

Elevator tabs, ete

Sym-
metrical
thrust !

232
200
130
1.0
LS

Unsym-
metrical
thrust ¢

. 234
None
See Rel.

Maximum Limif Contrel Force, pounds_ _

LS5

L Prepeller axes all in pldnc of symmetry.
2 Propeller axes not 8ll in plane of symmetry.

555205°-—43 4
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TABLE 04--7.——Additional {Multiplying) Factors of Safety
(Sek § 04.27)

' i | Additional
. . Additional : | May be
Ttem Component R}g'!{fsrrteg;e Yield factor ‘ lrg'#;‘;a})? covered by
J of safety, j, safety, 7a itemn No.
1. hthngs (exeept control system fttings: . ... R R - e L271 None 1.20 2,4,56738)90
2. Castings . ... ... IR e - L2372 None | i 7,8
3. Parallel double Wires in wing Jift truss . - L2735 None !
4, Wires at smali angles____. . - e None
5. Double drag truss wires_ L2750 None |
6. Torque tubes used as hinges_ . L 276 | None |
7. Control surface hinges1. . .___. I I L2717 None
&, Dontrel system joints 1 _ I . R 3 L2077 None |
9. Wirosizes. ___ C e P . 278 None |
10, Wing lift trnss (landaug conditions only) e e e el 2w None
I

1 For bearing stresses only.
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f——— ]
el isc}—asc——ac—}

= LOAD ON FIXED SURFACE

w 1L.7TS AREA OF FIXED SURFACE

15 0395C FROMLEADING EDGE

]
tiig
:5l 2h0 . # HINGE. CENTROID OF LOADING AREA SHOWN
wr
¥

I

.

1

L MOVABLE. suergJ
l 1

FiG. 04-5 MANEUVERING TAIL LOAD DISTRIBUTION

1 SEE FIG.04~4 FOR
sW f DIMENSIONS
P47t ¥
wr
Rl ¥ .

f‘_——_ _7(§>_

FIG.04-6 "DAMPING TAIL LOAD DISTRIBUTION

Fl1G. 04 -7 AILERON LOAD DISTRIBUTION
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'oo L} or La Ll A 1 L T v R Lo L) I + 1 1

= aoMAaiMUMm)

-
CONTROL S0 DETERMINED BY CARO4.230 \_= 50

/ AN 1

NminimMum 1

FORCE
30+0.02(W~500) | ]

(PoUNDS)

] L o 1 L | S § L 1 L H 1 L A

(o] 500 00O 1500 2000 250¢
GROSS WEIGHT - POUNDS

FiG. O4-2 AWRERON CONTROL FORCE LIMITS



PART 04—AIRPLANE ATRWORTHINESS 53

s_lll[llll lllllllll llll'll‘r lllllllll llll'llllﬁrllllla

o

M= 433

af T~

'R EE

= \ -
- T n= 2.80+ 2000 _
n E N/\-\ww;ooc»;
2 T ————]
s ]
z:ll|l|l11|[ll'llIlll!!il!ll‘lllt'llll'l!l'llll‘ll||l|g’_1
© £Looo 4000 ©00c0o 8000 10,000 1z000
W - GROSS WEIGHT IN POUNDS
5rr1rl||||||||[|illlilllllll|lll|u||||tli|1!ll |lll||||1q
N Muya=433
4t " .
LAN o = 3.00+0u33(W/3) -
3 f .
z-llll’llll Illllllllllll]llll lllllllll !I|l||||l llut'lll!-
o < 4. [~ 8 o 12

(W/S)= WING LOADING IN POUNDS PER SQUARE FOOT

NOTE: USE THE CHART INDICATING
THE LOWER VALUE
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3-POINT LANDING CONDITIONS
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