





UNITED STATES OF AMERICA | .. .-
CIVIL AERONAUTICS BOARD
WASHINGTON, D. C.

vivil Air Regulations Revised Part 4b
* Effective: July 20, 1930
Adopted: May 16, 1950

PART 4b — AIRPLANE AIRWORTHINESS—TRANSPORT CATEGORIES

- This revision of Part 4b is basically an editorial revision of the part
in line with current Federal Register requirements and the new regulation
format recently established~for the Civil Air Regulations., There has been
some rearrangement of material, some clarification of language, and a few
substantive modifications with which we believe there is little disagreement,
It is the Board's opinion that this revision will be useful in considering
any changes to be proposed during this year's annual review of this part of
the airworthiness regulations.

It will be noted that the procedural provisions for changes in type
design have been modified to describe current practice more adequately.
Thus, specific authority is provided for mandatory changes in type design
(e.g. Cik airworthiness dirsctives) only in those instances whore service
experience indicates that a definite hazard exists. In other situations
changes may be recommended but there is no authority given to exact compli-
ance,

The following are the more important substantive changes contained in
this revision. There is included a new provision (§ 4b,103) which will re-
quire a manufacturer to consider the effect of spanwise weight distribution
on the controllability of the aircraft. This change is considered appro—
priate because experience indicates that spanwise weight distribution is
more critical in lapger transport category airplanes.

l

In Subpart C there has been included a provision permitting proof of
strength by means of dynamic tests in addition to the currcntly provided
static test (8 4b.201). A new requirement designed to assure the propsr
meting of propeller and powerplant has been added to Subpart E (8 4b.402),
and the fuel tank strainer requirements have been revised to require a some—
what finer mesh screen in accordance with the current practice under this
provision. The de-icer requirement of Subpart F has becn changed to require
two independent sources of power and a positive means for deflation when
pneumatic boot-type de-icers are used. In Subpart G additional provisions
have been inserted requiring entry in the Airplanc Flight Manual of two new
speed limitations, the landing gear operating speed and the landing gear
extended speed. "

Interested persons have been afforded an opportunity to participate in
the making of this revision, and duc consideration has been given to all
rclevant matter presented.

A

In consideration of the forecgoing the Civil Aeronautics Board hereby
adopts revised Part 4b (14 CFR, Purt 4b) to read as follows, effective
July 20, 19508
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SUEFART A — GEITRA

APPLICADILITY AND DEFINITIONS

Ab o A)pllcabll ty of t’ns x,art. ‘This vart establishes standards

w1tn wnlch comallance Shall be demonstrated for the issuance of a type
cert1f1Cate for transoort category alrplanes. Thls part, until superseded
or res01nded, shall ap ;ly to all transport category airplanes for which ap—

plications for tyoe certlflc“tlon in the transror+ caterory are made after

&

the effectlve dute of thls part.

&b, 1 Deflnltlons. Uoless otherw1se noted, terms used in this part

of the rerulatlons are deflned as folLows. :

Wt

(a) Admlnlstratlon.

.(l) dmlnlstrator."ThéfﬁdﬁiniStfétor is the Administrator
of the ClVll Aeronautlcs. : o
o (2) ‘EEllcqnt AR dbplicanf is a person or-persons a;ply—
1ng for anproval of an alrplgne or any part bthereof,
(3) Aggroved. ADVPOVed when used alone or us sodifying
vterms such és means, dGV1ces, SUL01flcat*onq, etc., shull mean anproved

oy the Admlnlstrauor. o S S . .



(b) General design.b

(1) Standard atmosphere. The standard atmosphere is an
atmosphere defined as follows: -
(1) the air is a dry;perfect gas,
(ii)‘ the temperauure at sea level is 59° F,
(iii) ,the pressure at sea level is 29 92 inches Hg,
| (iv) the temperature gradlent from sea level to the
-.altitude at vhich the temperature equals ~67° F is -o 003566° F/ft and
zero.thereabOVe,"_ . _ ; - P
. . | (v) the densigyloa at sea leVel under the above con—
ditions is O. 002378 1bs sec?/i’tl*

(2) Max1mum antlclpated air temperature. The maximum‘”‘

w o

antlclpated air temperature is a temperature speclfled for the purpose of

compliance with the powerplant coollng standards. (See 8 Ab 451 (b) )

(3) Airplane configurat;en.“ Alrplane conflguratlon is a
term referring to the position of the various elements affecting the aer-
-odynamic characteristics of»theAairplane‘ (e.g{ wing flaps, landing

gear ).‘

(4)  Acrodynamic coefficients, The acrodynamic coeffi~

cients as used herein are nondimensional coefficients for forces and mo-
ments. They correspond with those adopted by the U.S. National Advisory
Committe. for Aeronautics.

(5) Critical engine(s). The critical engine is that en—

gines(s) the failure of which gives the most adverse effect on the air-

plane flight characteristics relative to the case under consideration,
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(6) Critical—eﬁgine~failure speed. The critical—en—

gine-failure speed is the airpldnc speéd used in the determination of

“the take—off at whlch the critical enginc is assumed to fail, (See‘

§1,b114)
(c) " Weights. o

(1) Heximum weight, The maximum weight of ‘the airplane

is that maximum at which complisnce with the requirements’ of this part

of the Civil Air Regulatlons is demonstrated. (See & 4b,101 (a).)

2

TRy Minimu’ welght. The minimam weight of the airplane
is thah'minimdﬁ at which cdmpliance with the reqﬁirements of this part
of the Civil Air Regulations is demonstrated. (See § 4b.101 (c).)

(3) Empty weight, The cmth welbht of the airplane is

a readllj rnprodu01ble welﬂht which is used in thc determlnatlon of the

"operatlng welghts. (Séé § 4b.104. )

(4) D951gn maximum weight. The design maximum weight
is the maximum weight of the airpianc’used in structural design for

fllght load condltlons. (See § Ab 210.)

(5) D051gn minimum wclght. The'design minimum weight is.

the minimua welght of the alrpl&ne at fhlch compllanca is sho”n w1th the

structural loadlng condltlons. (Soe § Lb 210 )

(6) De31gn take—off weight. ‘mhe deglgn take~off welght

/

's the maximum airplane welght used in strdctural design'fér'taxying con—
dltlons, and for landlng condltlons at a reduced'velocity of descent,

(See g Z&b 21.00/
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(7 Desigg_landingAweight. The design landing weight ' is
the maximim airplane weight used in structﬁral desigﬁ for landing condi-
tions at the maximum velocity of descent, (See 8 Ab.230'(b).)

(8) Design unit weight. The design unit weight is a

representative weight used to show compliance wi@hfthe struéﬁufal design
‘réqdifemehts. ‘ B |
(i) Gasoline 6 1lbs per ﬁ;S; gallén.
(ii) . Lubricating oil 7,5 lbs per U.S. gallon,
' (ii%) Crew and passengers 170 1lbs per person.

_,"_<a) Spesds. ‘. | o

- .+ (1) IAS = indicated air speed is equal to the pitoﬁ stat—
ic air-speed indicator reading as insta;léd in the airplane without cor—
" rection for air-speed indicator system errors bﬁt inbluding the sea level
standard adiabatic compressible flow correction, ‘(This lattéf correction
" is included in the calibration of the~air~speed iﬁstrumeht dialé.) (See
88 4b.612 (a) and 4b.710.) |

(2) CAS — calibrated air speed is cqual to the air—speed

indicator reaéing’correctcd fpf éosition and instrument érror. (hs a
result of the sea level adiabatic'compreséible flbw}correction to the air-

speed instrument dial, CAS is equal to the true eir speed T.S in stand-

© - ard atmosphere at sca level.)

(3) Eas - cquivalent air speed is equal to the air—speed
indicator reading corrected for position error, instrument error, and for
adiabatic compressible flow for the particular altitude. (EiS is equal‘

to CAS at sea level in standard atmosphere.)

-
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(4) TAS —~ true air speed of the airplane relative to un-—
disturbed air. (ThS = BAS (g /v %)

(5) V, — the design maneuvering speed. (See § 4b,210
(b) (2).)

(6) Vp ~ the design speed for meximum gust intensity.
(See § 4b,210 (b) (3).)

(7) Vg — the design cruising speeds (Sec § 4b,210 (b)(4).)

(8) V, = the design diving speed. (See § 4b.210 (b)(5).)

"(9) Vpp — the demonstrated flight diving speed.. (See
§ 4be190.)

(10) Vp — the design flap speed for flight loading‘qondi—
tions with wing flaps in the landing position. (See 8 4b,210 (b) (1).)

(11) Vpg — the flap extended speed is a maxirun speed
with wing flaps in a prescribced cxtended position, (See & 4b,Tlhs)

(lé) Vig — the landing,gear extended speed is the maximum
speed at which the airplane can be flowmn safely with the Lunding geur ex—
tended, (See 8 4b.716.)

(13) Vg — the landing gear operating speed is a maximun.
speed at which the landing gear can be raised or lowered safely. (See
§ 4b.715.)

(14}' Vi — the minimum control speed with the criticel
cnzine inoperative. (See § 4bl133.)

(15) Vyp — the never—cxceed speed. (Sce 8 4b.71L1.)

(16) Vyo — the normal operating limit speed. (See . ...

§ 4b.712.)
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(17) Vg, ~ the stalling speed or the minimam steady flight @
speed with wing flaps in the landing~position. (See S§ 4b,112 (a) and
4b,166,) - -

(18) Vg, — the stalling speod or the minimun steady flight

51
speed obtained in a specified configuration. (Sec & 4b.112 (b).)
(19) vy - the critical—engine—failﬁye)spegd.v (See
NS 140 ' |
SR R (20) 5V2~—'the toke—off safety speed. (See $ 4b,114 (b).)
' (e) ‘structural, |

(1) Limit load, & limit load is the maximum load antic-

'nipated'ih normal conditions of opcration. (See § 4b+200.)

' (2) Ultimste load. &n.ultimatc load is a limit load mul~

tiplied by the appropriate factor of safety. .(See § 4b.200.) \ﬁi

LI |

(3) Factor of safety. The factor of safety is a design

factor used to provide for the possibility of loads greater than those
anticipated in normal conditions of operation and for uncertaintics in
design. (See § 4b.200 (a).) -
~ (4) Load factor. . The load factor is the ratio éf é séec~
ified load to the total weight of the airplane; the gpecificdvlpad may be
expressed in terms ofvany of the following:»aerodynamic-forqe§,minefﬁia
fbféeé,ipr ground or watcr reactions. - S

(5) Limit load factor.,K The limit load factor is the load

factér 66§fcsponding~with limit loads.

(6)" Ultimate load factor. The ultimate load factor is

the load factor corresponding with ultimate loads.
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(7) Checked pitching maneuver. A chocked pltchlng Mmaes

neuver is one in which the pitching control is sudaenly dlsplaCed in one

direction .and then  suddenly moved in the opposmte dlrectlon, the defleo~

tions and timing belng such as to avoid exceeding the llmlt maneuverlng

load factor,

- (8)  Design wing area., The design wing arcs is the area

enclosed by the wing outline (including wing flaps in the retracted pos
sition and ailerons, but excluding fillets or fairings) on a surface con-
taining the wing chords, The outline is assumed to be exiendedvthrough

the nacelles ond fuselage to the plane of symmetry in any reasonable man-

(9) Balancing tail‘load. 4 balancing tail load is that
Joad necesséry to ﬁlacé thg.airplane in equilibrium with zero pitch ac-
celeration, | - |

(10) Fittigg A fittinv is a part or terminal used to
join one sﬁructural member to dnothcr. (see § 4b.307 (c);)

(f) Power 1nstullatlon. E/

(1) Brske horsepower. Brakc horsepower is the power de—
livered at the propeller shaft of the engine,

(2) Toke—off power. Take—off power is the brake horse—

power developcd under stand%rd sea level condltlons, under the maximum
condltlons of crankshdft rotatlonui specd and engine manifold pressure
approvcd for use in the normal take~oii, and limited in use to . a maxi-— .

mum continuous perlod as 1nd1Cateﬂ in the ‘approved onglne SpGlelcatlon.
i -
;/ For engine airworthiness requirements see Part 13, for pro—
peller airworthiness reduirements see Part li.
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(3)  Mexihum‘continuous power. :Meximum eortinuous power iﬁi
is the brake horsepower cdeveloped in standard atmosphere at a specified
altitude under the max;mum connltlons of crankshaft rotational speed and
engine manlfold pressure approved for use.during periods of unrestr;cted
duration. .

(4) Manifdld pressure. Manifold pressure is the abso- .

lute'pressure measured at the appropriate p01nt in the induction system,
usuellylln 1nches of mercury. R

(5) crltlcml altitude, The critical altitude is the max-
imem.alfitede at which in standard atmosphere it is possible to maintain;
at a specified .rotational speed, n.specified power or a specified manifold
pressure., Unless otherwise stated,:the critical dlﬁitude'is the maximuml
altitude at which it is possible to maintain, at the maximum continuous . “'
rotational speed, one of the followings ' .. ..

. (i) the maximum continuous power, in the case of en-
gines for which this power rating is the same at ez level or at the rat—
ed altitude,

(ii) the maximum continuous rated manifold préssure, -
in the.case of engines,the,maximum.COntineousvpqwer of ‘which is governed
by a constent manifold pressure..

(6) -Pitch -setting. Pitch setting is :the propeller:blade

setting determined by the blade angle measured in a manner, and at a ra— .
- diusy specified in the instruction manual for*the”prOpeller.
(7) Feathere Eitch. Feethered pltch is thc pltch set~

ting, chosen by the applicant, whlck in fllght, w1th the engines stonped, ;‘i
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gives approximately the minimum drag and corresponds with a windmilling
torque of approximately zero. .. - , - A R

(8) Reverse pitch. Reverse pitch is the propeller pitch

setting for any blade angle.used beyond zero pitch (e.g. the negative an-
gle used for reverse thrust).

(g) Fire protection.

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

(2) Fire-resistant. When applied to sheet or structural

members, fire-resistant material means a material which will withstand
heat at least as well as alumihum:alloy in dimensions appropriate for the
purpose.for which it is to be used. When applied to fluid-carrying lines,
other flammable fluid system components, wiring, air ducts, fittings, and
powerplant controls, this term refers to a line and fitting assembly, com-
ponent; wiring ‘or- duet, or controls which .will perform the intended func—
tions under the heat and other conditions likely to occur at the particu—

lar location. -

(3) | Fleme—resistant, Flamo-resistant material means ma-—

terial which will not support combustion to the point. of propagating, be—

yond safe limits, a flamec after the removal of thg ignition source.
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 (4) Flash-resistant.  Flash-resistant material means ma~—

\terdal which w1l not burn violently when.ignited.
) (5) Flammablei -Flammdble pertains to those fluids or
gases which will ignite?reédilyﬂbwiéiplpdég;wgﬁ;

(h) Miscellaneous.,

(1) Suppleméntal breathing equipment,  Supplemental

breathing equipment is eqﬁipment“designeQQtoisupply the supplementary ox-
ygen required to protect against anoxia- at. altitudes where the partial
pressure of oxygen in aimbient' air is reduced, (See § 4b.651.)

+ (2) Protective breathing equipment. Protective breathing

© équipment is equipment deésigned to prevent the breathing of noxious gases
which might be present as contaminants in the.air within'the airplane in

‘emergency situations. (See §.4bl.65L.) .
CERTIFICATION

4b,10 Eligibility for type and airworthiness eertificates. An air-

plane'shall-be'eligible for type and airworthiness' certification .under
the provisions of this part if it complies with the airworthiness.provi-
sions*hereinafter‘established;‘or if thé Administrator finds that the
provision. or provisions not complied with are compensated fof by other
design features which provide an equivalent level of safety; provided
that the Administrator finds no feature or characteristic of the airplane

which' renders it unsafe for the transport category,

4b,11 ' Amendment. Unless otherwise specified, an amendment of this

part shall be effective with respeot to airplanes for which applications

>



A - 11
for type certlflcates are flled dftez the efiectlve date of the

amendment.

gb.lz Type certificate, &a~a§piicant ghall be issued a type cer—

tificate when he demonstrates the eligibility of the alrplane by comply—
ing w1th the remulrements of §§ £b.13 through Ab 15 in addltlon to those

contalned in Part 2 of the ClVll Alr Regulatlons.

4b.13 Data requlred. The aopllcant for a standard type certificate

shall submlt to the Administrator such descriptive data, test reports,

H'and computations as are necessary to demonstrate that the airplane com-

plies w1th the airworthlness requirements. The descriptive.data shall be
known as the type de31gn and shall con31st of drawings and speclflcatlons

dlsc1031ng the conflguratlon of the alrplane and all design. features cov—

ered 1n the alrworthlness requlrements as well as sufflclent 1nformatlon

'on dlmen51ons, materlels, and processes to deflne the strength of the

structure. The type de51gn shall descrlbe the elrplane in °uff1016nt de—
tail to permlt the alrworthlness of subsequent alrplanes of the same type
to be determined by comparison with the type design.

4b, 14 Inspectlons and tests, Inspections and tests shall include

all those found necessary by the Administrator to insure that the air-
plane complies with the applicable alrworthlness requlrements'and con—
forms to the following: | |
(a) ali ﬁaterials and products'ere in accordance with‘tﬁe spec—
ifioesions'ih the type design, “ o '
| (b) all parts of the alrplane are constructcd in ccosdance

with the drawings in the type dsslgn,
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" (¢) all manufacturing processes, construction; and assembly
are such that the desxgn etreng‘bh and safety contemplated by the type
" design will be realized in service. - 7

4b,15 Flight tests. After proof of compliance with the struchural

requiremehts contained in this'parﬁ,and upon completion“of ell.neceSSary
inspections and testing on the ground, ahd proof of the conformity of
the ulrplane with the type d951gn, and upon recelpt from ‘the appllcant
of a report of fllght tests performed by hlm, the follow1ng shall be con—
ducteds” ' ” - - | h
(a)l"sﬁeh'official‘fiight'iests as the Administfator finds nec—
' essary to determine compllanoe Wlth the requlrements of thls part,
(b) after the conclusion of fllght tests spec1f1ed 1n para-—
"graph (a) of thls sectlon, such addltlonal fllght tests asg the Admlnls—
trator flnds necessary to ascertaln whcther there is reasonable assur—
ance that the airplane, 1ts components, and equipment are reliable and
function properly. The exbent of such additional flight tests shall de—
pend upon the complex1ty of the alrplane, the number and nature of new
design features, and the record of prev1ous tests and experlence for the
peftlcular alrplane type, 1te componento, and equipment, If practlcable,
these fllght tests shall be conducted on the same alrplane used in the

flight tests specified in paragrcph (a) of this sectlon.

éb.l fdrworthiness certificates. &n alrplane manufactured in ac—

cordance with a typg§ certificate (see § 4b,12) and conforming to the type
design shall become eligible for an airworthiness certificate when, upon

inspection of the airpl-ne, the idministrator finds that it so conforms
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and that it is in a condition for safe operation. For each newly manufac—
tured airplane this finding shall include a flight check by the applicant,

4b,17 Experimental certificate. An airplane shall become eligikle

for an experlmental type and awrwortnmness certmf:cate when the applicant
presents ev1dence that the alrplane is lntended only for experimental pur-
poses, and the Admlnlstrator finds tnat with appropriate restrictions it
can be éo operate§ without endangering»the gencral public. The applicant
shqll submit data to identify the airplane and, upon inspection of the’air~
plane, any other pertinent information found necessary by tﬁe‘Administrator

to safeguard the general public.

4b,18 Production certificate. (For recuirements with regerd to pro-

duction certificctes see Fart 2.)

4b.19  Approval of materials, barté, DTbCGSSes)-and appliénces.

(a) Matcrialsa.pérts, processes, and appliznces shall be ap-—
proved upon a basis aﬁd in a manner found necessary by the Adminisﬁrator to
implement the pertinent'provisioné of the Civil ;if ﬁegulutions. The Ad—
ministrator may adopt and publishAsuch‘specifipations as he finds necessary
to admlnlster this regulatlvn, and shall 1ncorpor rte therein such portions

of the aviation industry, chergl, and militzary sp001f1cat10ns respcctlng

such matcrluls, parts, processes, and aoollances as he finds aoproprlate.

(b) Any matGW1al, pert, process, or appliance shall be deemed
to have met the recu*rements fo" af>rova; when it meets the pertinent spec—
ifications adopted by the Administrator, and the nonufacturer so certifies

in a manner prescribed by the idministrator.
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40,20 General, When the type a051gn is chunged, the applicant or

holder of the type certificate shall demonstrate that the alrplane com-— -

plies with the appllcable ulrworthlaess rcqulrements.

4be.21 - Classification of changes. Changes shall be cla531f1ea as

minor and major. A minor change snmll be one which has no appreciable ef-

fect on the weight, balancé; structﬁrélustrength, powerplant ooeration,
flight characterlstlcs, or other ch¢r¢cterlst1c affectlng the alrworthlness
6f the ulrplanc. A mujor change shull be onc not cla351;1ed as a minor.

change.

4b.22 Approval 6f miﬁoflthéngcs. Mingr changes to t&pe designs may.
be approved by an authorized representative of the Administrator_prior to

the submittal to the Adnu.nlstrator of u"l"' rev1sod drawlngs.

Ab 23 npprovql of magpr Cﬂan A lajor cha anges ‘to type designs snol;
be approved only ufter rece¢Dt by tne Administrator of substantiating data
and necessary descrlptlve data for 1nclu51on 1n the type design.

Lb 24 Service exoerlcnce chunpes.

(a) ’ Jhcre the Admlnlstrator flnds hs'a result of service experi-
encey that an ansafo condltlon é&lsts Wlth respect to‘a design feature,
part, or éhaf;ctéristic of any airplane ceitificatedvundor this part, he
shall furnish notice ;/thcreof to ail opefatofs.of-airolanos of that type,
and the alralenes shall not the;eafter be operatod until tne unsafe con-

dition has bccn co#rccted, unleqs othorw1se authorized by the Administrator

under specified conditions and llmltatlons.

;/ Operators of airplanes are notified of any unsafe condition, of
the required corrective action, and of compliance dates through the medium
of Airworthiness Directives issued by the Administrator.
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(1) ‘Vhen the isdministrator finds that design changes are
nccessary to correct the unsafe condition of the airplane, the holder of
the type certificate, upon request of the aAdministrator, shall submit ap—
propriate design modifications for the approvel of the Administrator.

(2) Upon approval, such changes shall be made a part of
the typc design of the type certificate, and descriptive data covering the
changes shall be made available by the holder of the type certificate to
all operators of airplanes previously certificated under such type cer-
£ificate.

(3) 4ll airplenes of the same type shall be modified in

accordance with such amended typc certificates

(b) Vhere no current unsafc condition exists but the Adminis—
trator or the holder of the type certificcte finds through service experi-—
ence that changes in type design will coatribute to the safcty of the air-
plene, the holder of the type certificate may submit appropriate design
modificationé for the approval of the administrator. Upon approval of such
modifications, the type design of the type certificate shall be amended ac—
cordingly, and 2ll airplancs manufactured thereafter shnll be modified in
accordance with such amended type certificate.. The manufacturer sholl make

available to all onerators of the sazme type of airplane information on the

design modifications.
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" SUBFART B — FLIGHT

- GENERAL

Ap lOO Proof of compllunce.'

(a) Complaance Jlth the reculrements prescrlbea in thls sub—

part shall be establlshed by f11 ht or cther tests conducte& upon an air-

plane of the type for whlch a certlflcate of alrwo”thlness is sought or

%

by culculatlons blsed on such tests, provided that the results obtained by

calculatlons are equlvalent in aocuraay to the results of direct testlng.

(b) Compllance Wlth each requlrement shall be establlshed at

all approprlate combinatlons of alrplane weight and center of gruv1tj po—

s1t10n ulthln the range of loa 1ng condltlons for which certiflcatlon is
sought'by systematlc 1nvest1gation of all tnese comblnations, except where
compllange can be inferred rgasonably from thosg pcmolnatlons whlph are
inﬁestigaﬁéd. - | o |

| (¢) The oonﬁrollabiiiﬁy, stebility, trim, and&étﬁlliﬁg cﬁafac—
teristics of the airplane shall be est&blishe@ at all a}tituéés-up ﬁo the
maximum anticipated onerating altitude. | | -

(a) _The appliqant sh=1l provide a éerson;héiﬁing an appropri-
ate pilet certificate to mcke the flight tests,’but a designated.repre—'
sentative of the Acministrator sholl pilot the ai;;lage vwhen it is found
necessary for ?he determination of compliance with the airworthiness re—
cuirenents,

(e) Officicl type tcsts shall be discontinued until corrective

measures have been talken by the anplicant when cither:
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(1) the applicant!s test pilot is wable or unwilling to *ii
conduct any of the required flight tests, or
(2) it is found that requirements which have not been met
are so substantial as to render additional test data meaningless or are
of siuch a nature as to make furthep testing undul& hazardoﬁs.
(f) Adequate prov:sxon shall be made for emergency eércss and
for the use of parachutes by members of the erew duning the fllght teats.
"(g) "The applicant shall submit to the idministrator's repre—
sentitive a report covering all computations and tests required in con—
nection with calibration of instruments used for test purpoées and cor-—
rection of test results:to‘standard.étmospheric conditions, The Admlnu
' 1strator's representatlve shall conduct any fllght tests which he finds
‘neceSSary to -check the callbratlon and correctlon report. i.a

4b 101 Weight llmitat;ons. The maximum and minimum weights at

which the airplane will be suitable for operation shall be established

as followss
| (a) Mascimum welghts shall not exceed any of the follow1ng
(1) the weight selected by the applicant,
(2) the design.weight for which the structure has been
proven, | |
(3) the maximum weight at which compliance with all of
" the applicable flight requirements has been demonstrated.
(b) It shall be acceptable to establish maximum weights for
each altitude and for each practicably separable operating condition

(e.gs toke-off, envroute,‘landing.)ﬁ ‘ o —
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(e) Minimum weights shall not be less than any of the follow-

(1) the min%mwn'weight selagted by the applicéﬁt,v
: (Z)g.the design m;nimum'weight for which the>structure heas
been proven,
(3) the mipimﬁm weight at which compliance with all of
‘the epplicable. flight reouirements has been demonstrated.

4b.102 Center of gravity limitations. Center of gravity limits

shall be established ws the most forward position permissible fgr.each
weight in aceordanee with 8 4b,101 and the most aft position permissible
for each such weight, Limits of the center of gravity range shall
not exceed -any of the followings: -
(a) the extremes selected by .the applicant,
(b) the extremes for which the structure has been proven,
- (c) - the extremes at which compliance with all_éf the appli=-
cahle flight requirements has been demonstrg?ed. . 4 | |
5103 jaditionsl ingtations on veight distribution, If a woignt
and center éf gravity combiﬁation is bermissible only within ecertain load
distribution limits (e.g. spanwise) which could be exceeded inadvertently,
such limits shall be established together with the corresponding weight
and center of gravity combinations; and sholl not exceed any of the fol-
lowing:
(a).~the limits selected by the applicant,

(b) the limits for which the structure has been proven,
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(c) - the limits for which compliance with all of “the applic—
able flight requirements has been demonstrated,

4be104  Bupty weighte -

(a) -The empty Weight'andjthé“corfaspOnding~center of gravity
position shall be determined by weighing the airplane. This weight shall
exclude the weight of the crew and payload, but shall include the weight
of all fixed ballast, unusable fuel supply (see & 4b,4l6), undrainable
oil, total quantity of engine.coolant,.and total quantity of hydraulic
fluid, |

(b) The condition of the airplane at the time of weighing -
éhall be one which can be easily repeated and easily defined, particulare
ly as regards the contents of the fuel; oil, and coolhnt'tanks; and the
items of equipment installed. | |

4b,105 Use of ballast, It shall be acceptable to use removable bual-—

last to enable the airplane to comply with the flight requircments. (See
28 4b.738 and 4b.T4L (c).)
PERFORMANCE

4be110 General, - The performance.prescribed in this subpart shall

‘be determined, and compliance shall be-showﬁ, for standard etmospheric
~ conditions and still air,

4be11l Wing flap positions.

(a) The wing flap positions denoted respectively as the take-
off, en route, approach, and landing positions shall be selgcted by the

applicant, (Sce also § 4b4323.)
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(b) It shall be acceptable to:make the flap positions variable

with weight and altitude,

. 4bJ112 Stalling speeds, |
(a) The speed VSO shall denote the calibroted stalling -

_ speed, or the minimum steady flight speed at which the. airplane is con—

trollable, in miles per hour, withs

(1) engines idling, throttles closed (cr not more than

sufficient power for zero thrust at a speed.qot greater than 110 percent

of the stalling speed); L
(2) propellef pitch controls in the position normally

used for take—qff,‘
| (3) landing gear extended,

(4) wing flaps in the landing position,

(5) cowl flaps closed,

(6) center of gravity in the most unfavorable position
within the allowable landing pange;

(7) the weight of the airplane equal to. the weight in
connection with which Vs, 1s being used as a factor to détermiﬁe a re-—
quired performance.

_(b)._The,speed Vs:-L shall dencte the .calibrated stalling
spced; or the minimum steady flight speed at which the airplane is con—
trollable, in miles per hour, with:

(1) engines idling, throttles closed (or not more than

sufficient power for zero thrust at a speed mot greater than 110 percent

of the stalling speed),
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(2) propeller pitch controls in the position normally
used for take-off, the airplane in all other respects (flaps, landing
gear, etc.) in the particular condition existing in the partieular test

in connection with which Vs, is being used, .

(3) the weight of the dirplane equal to the weight in con-

nection with which Vsl 1s being used as a.factor to determine a required
performance,

(¢) Stalling speeds shall be determined by flight tests using
the procedures outlined in § 4b,160,

4b.113 Take—off —~ generals

‘(a) The take-off data in 98 4b,114 to 4b,116, inclusive, shall
be determined under the following conditions:
(1) "at all weights and altitudes selected by the appli-

cant,

(2) with a constant take-off flap position for the par—
ticular weight and altitude,

(3) with the operating engines not exceeding their ap-
proved limitations at the particular altitude..

(b) All take—off data, when corrected, shall assume a level
take—off surface, and shall be determined on a smooth, dry, hard-surfac—
ed runway, in such a mannsr_that‘reproduction.of the performancg does not
require exceptional skill or alertness.on the part of the pilots (For
temperature aocountabiliﬁy datavsee § 4b.1l7. - For wind and runway gra—
diept corrections see appropriatg operating rules of the Givil Air Regu~—

lationsy)

s

ii?
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Ab llA Take—off speeds.

(a) The crltlcal-englne—fallure speed Vl, in terms of cal~
1brated 11r speed, phull be selected by ‘the appllcant, but 1t shall not
be less than the mlnlmum speed at Whlch the controllablllty is denon=
strated durlng the take~off run to be adequate to permlt Uroceedlng safe—
1y w1th the take—off, u81ng normal pllotlng skill, Wwhen the critical en-
glne is suddenly made 1noperat1ve.

- | (b) The minimun take—off séfsﬁy speed Vo, in terms of cal~-
| ibraisa aiégspééa;XsHSflfbe'seléctéd“by the appiicant'so as to permit the
rabe of clinb required in § 4b.120 () and (b); but it shall not be less
thans

:(l) 1,20 %;iifor two—cngine &irplanes;»

(2). i.i5 Vélﬁforvaifplanes ﬁdving.mofé'than two engines,

"'(3)"1;1o'£im§é the minimun contrcl speed vmcfestablished

undor 8 kb.133. - |

(c) If englne fallure is assumed to oceur at or after the at—
tulsmsnt of V2, Lhe aenonstratlon in whlch the taksnoff run is continued
to 1nclude the takeaoff C¢1mb, as prov1ded in paragruph (a) of this sec—
tlon, shall not be requlred. o -

Ab.llj ,Accelerate-stop dlstancs.

(a) The accelerate—stop dlstunce shall be the sum of the fol-
lowiné: o
| '(i) the distance feéuired to accelerate the airplane from

a standing start to the speed Vs
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(2) assuming the critical -engine.to fail at-the speed Vy,

the &istance required‘to bring the airplane to a full stop from the point
corresponding with the 'speec V. |

(b) In addition to,; or in lieu of, wheel brakes, the use of
other braking means shall be acceptable in determining the decelerate—
stop distance, provided that such braking means shall have been proven
to be safe and reliable; that the manner of their employment is such that
consisient results can be éxpééted under normal conditions of operation,
and that exceptional skill is not required to control’the airplane,

(¢) The landing gear shall remain extended throughout the
accelerate~stop distance.

Ab.llé Take~of £ path, The take—off path shall be considered to

consist of the folquing'fivé consecutive elements,
(2) The distance required to accelerate the airplane to the
speed V,s assuming the critical engine to fail at the speed Vl. |
. (b) The horizontal distance traversed and the height attained
by the airplane in the time required to retract the landing gear when
‘operating at the specd V, withs
(1) the critiecal engine inoperative, its propeller:

(i) windmilling with the propeller eontrol in a po—
sition normally used during take—off until (if applicable) its rotation
has been stopped (sece subparagraph (e¢) (1) of this section), :

- (i1) if applicable, stopped for the remainder of the
gear retraction time, '

(2) the landing gear extended,
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(¢) 1If applieable, the horizontal’distanceitraverSed and the
height attained by the airplane in the time élapsed from the end of ele—
ment (b) until the rotation of the inpperative propeller hes been stopped
when:
| (1) the operation of stopping the propeller is initiated
not earlier than the instant the airplane has attéined a total height of
| 50 feot above bhe take—off surface,
o | (2) the aifpléné'speed is oqual to V,,
(3) the landing gear is retracted, "
‘(4) the inoperative propeller is windmilling with the pro—
peller controlwinva,position normally used during toke—off,
| (d) The hérizonta;-distanco traversed and thevheighﬁ attained
by the airplane in the time elapsed from the end of element (c) until the
time -1imit on the use of take-off power is reached; whilé operating at the
‘speed Vo, withs | -
(1) the inoperative propel%ér stopped,
(2) the landing gear retracted. h
(e) The slope of the flight path followed by the airplane in
the configuration of element (d),-bub‘drgwing not more than maximum con-
tihﬁouéApower on the operating engine(s).

4be117 Temperature accountability. Operating correction factors

for take—off weight and take-off distance shall be determined to account
for temperatures above and Eélow standafd, and when approved by the admin-

istrator they shall be included in the Airplane Flight Manual., These fac—

tors shall be obtained as follows:
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(a) For any specific airplane type the average full temper-
ature accountability shall be computed for the range of weights of the
airplane, altitudes abhove sea’ level,: And smbient temperatures required -
by the expected operating conditions. Account shall be taken of the. tem=-
perature effect on both the aerodwnamic characteristics of the aifplane
and on the engine power.: ~The full temperature accountability shall be
expressed per degree of temperature in terms of & weight correction, a
take-off distence ccrrection, and a change, if any, in the critical-en—
gine—feilure speed Vl'-

(v) The operating correction factors for the airplane weight
and take-off distance shall be at least one-hcl* of thc full accounb abil-
1ty values. The value of Vq uhall be lurther corrected ty the average
amount “ececserv to assure thet the dlrolane can atop mnthln the runway
length at the amglent temnerdture, except tna+ the corrected value of V1
shall ﬂot be less than a minimum at vhich the alrclane can be controlled
with the critical engine inomnerative.

Lb,118 Climb - general, Compliance shall be shown with the climb

requirements of S8 4b.119 through 4b.121, ;

Lb.119 Climb - all engines operating.,

(a) Cruising configuration, In the cruising configuration the

steady rate of climb in feet pexr minute at 5,000 feet shall not be less
than 8 Véo' 'In addition the steady rate of climb shall be determined 2t
any altitude at which the airplane is expected to operate and at any

weight within the range of weights to be specified in the airworthiness
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certificate. The cruising configuration shall be with:
(1) 1landing gear fully retracted,
(2) wing flaps in the most.favorable position,

(3) cowl flaps (or other means of controlling the engine

‘cooling) in the position which provides adequate cooling in the hot-day

condition,
(4) cénter of gravity in the most unfavorablc position,
(5) all engines:operating within the maximum continuous
power limitations,
(6) maximum take—off weight.

(b) Landing configuration. In the landing configuration the

steady rate of cl#ﬁb in feet per minute shall not be less than 0.07 VSO2
at any altitude within the range for which landing weight is to be speci-
fied in the certificate, with:

(1) landing gear extended,

‘ (2) Wiﬁg flaps in the landing position (see 88 4b.111

and 4b,323),

(3) cowl flaps in the position normzlly used in an ap-
proach to a landing,

(4) center of gravity in the most unfavorable position
permitted for landing, “

.(5) .all -engines opeféﬂiﬁg ath£ﬁe take—off power avail-

able at such altitude,

(6) the weight equal to meximum landing weight for that

altitude,
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4b,120 One—engine-inoperative climb

(a2) Flaps in take-off‘oosition'- landinp gear extended, The

steady rate of climb w1thout ground effect shall not be less than 50 ft/min
“at any altitude within the range for whlch take-off welght 15 to be spe01f-
iedin the certificate, with: |

(1) wing flaps in the take-off position (see §§'L£.111 and
4b.323), | "

(2) cowl flaps in the position nérmally used during take-
off, | IR

(3) center of gravitv in the most unfavorable position per-
mitted for taeke-off, - FEE

’ (4) the critical engine-inoperative, its propeller wind-

millingZWiih the. propeller control in a position normally used during ‘take-
off;

(5) all other engines onerating at the take-~off power avail-
able at such altitude, | L ‘ }
B (6) the speed equal to the minimum take-off safety speed Vj
(see 5 4,114 (b)),

(7) The welght eqaal to maximum take-off welght for that al-
titude, . S
SR téj‘vlahding géér exﬁended

(b) Flaps in take—off pOSItlon - landlng gear retracted With

the" 1and1ng gear retracted the steadv rate of cllmb 1n feet per mlnute shall

not be less than O, 035 A 12 with all other condltlons as descrlbed in para-

graph (a) of this sectlon.

(¢) Flaps in en route position. The steady rate of climb in



Jess, 0.04 Vse

B-13

feet per minute at any altitude at which the airplane is expected to op—
erété; at “any weight within the:range of weights to be specified in the

airworthiness certificate, shall be determined and’ shall, at a standard

‘#ltitude of 5,000 feet and at the maximum take-off weight, be at least

0.02 vso2 for airplanes with a maximum take-off weight ef 40,000 lbs or

2 for airplanes with a maximum take=eff weight of 60,000

1lbs or more, with a linear variation of the coefficient of,Vs 2 between
40,000 1bs and 60,000 los with: ’

(1) the landing gear retracted,

(25 wing flaps in the most favorable position,

(3) cowl flaps or other means of contrelling the engine
cooling air supply in the position whiéh provides adequate cooling in the
hot~day condition,

::,,(h) ‘center of gravity in the most unfavorable position,

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

(6) all remaining engines operating at the maximﬁm‘contin—
uous power available at the altitude.

(d) Flaps in approach position. The steady rate of climb in feet

per minute shall not be less than 0.04 V_ % at any altitude within the
. -

range for which landing weight is to be specified in the certifiéate, with:
¢ (1) the landing gear retracted,
v(%) wing flaps set in positien sueh that Vsi does not ex-
ceed 1,10 Véo’
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(3) cowl flaps in the position normally used during an ap—

proach to a landing,

(4) center of gravity in the most unfavorable position per-—

mitted for landing,

(5) the crltlcal engine inoperative, its propeller stopped,

(6) all remalning engines operating at the take~off power

available at such altitude, | | ' o

< (7 the weight equal to the max1mum landing weight for that

altitude,

4be121 TWo~engine~inoperati§e ¢limb. For airplanes with'four or more

engines the steadJ rate of climb at any altltude at Wthh the airplane is

expected to operate, and at any welght w1th1n the range of we1ghts to be

apec1f1ed in the alrplane Flight Manual, shall be determined w1th'

(33' the landing gear rctracted,'
(b) wing flaps in the most favorable position,

(¢) cowl flaps or other means of controlling the engine cooling

air supply in the position which will provide adequate cooling in the hot—

day condiﬁion;

(d) ‘centor of“graviiynin thé most unfavorable position,

'(é)"ﬁhe two oritical engines on one side of the airplane in—
operative and their propellers sfopped,A - V

(f) 'all‘remaining';nginns operaﬁing atbthé maximumfnnnninuous
nrower available at that altitude. T o

4b,122 Determination of the landing distance — general, The hori-

zontal distance required to land and to come to a complete stop (to a
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speed of approximately 3 mph for seaplanes or float planes) from a point
at a height of 50 feet above the landing surface shall be determined for
a range quweiggts and altitudes selected by the applicant. In making
this determination the following conditions shall apply:
| (g)_ A steady gliding apprqach shall have been miintained down
to‘the 50-foot altitude with a calibrated air speed of not less than
1.3V, &
*? U5y
(b) The nose of the airplane shall not be depressed nor the
forward thrust increased by application of power after reaching the 50-foot
altitude,
(¢) At all times during and immediately prior to the landing the
flaps shgll be in the landing position, except that after_phe girplane is
on the landing surface and the calibrated air speed has been reduced

to not more than 0.9 Vg the flap position may be changed.
o

(d) The landing shall be made in such manner that there is no
excessive vertical acceleration, nO»teqdency_to bounce, nose over, ground
loop, porpoise, or water loop, and in such manner that its reproducticn
shall not regjuire any exceptional degree of skill on the part of the pilot
or exceptionally favorable conditions.

. 4b.123 Landplanes. The landing distance reférred to in § 4b,122

shall be determined on a dry, hard-surfaced runway in accordance with the .

folloWing:~
(a) the operating pressures on the braking system shall not be

in excess of -those approved by the menufacturer of the brakes,



| kbj thé brakes shaiivnoy be ﬁsed.in such mannef as to produce

excessivé wearméf brakés or tire;;_k |
(¢) means other thap‘ﬁﬁeelbbrakesxmay be used iﬁ'detennining
the landing ‘dist_ancev, provicied'ﬁhaﬁf: .
| (1) exceptiénél ékilliié not reqﬁired to control the aiyf
plane, , | »
(2) the mamner of their employment is such that consist—

ent results could ée'exﬁéctéd under.normal sefvice, and

(3) they are regarded as reliable,

4bal24 Seaglanes or float planes. The landing distance referred to

in 8 4b.122 shall be determined on émooth water,

4b,125 Skiplanes. The landing distance referred to in 8 4b,122 shall
be determined on ‘smooth, dry snow. | ' |

CONTROLLABILITY

4b,130 Controllability — general.

| (a) The airplane shall be safely cohirollable and maneuverable
during take-off, climb, level flight, descent, and landing,

* (b) It shall be possible to make a smooth transition from one
flight condition to another, including turns and’élips, without requiring
an exceptional degree of skill, alertness, or strength on the parétof the
piloﬁ éﬁd without danger 6f‘exce§ding‘fhe limit load factor under all con-
ditions of operation probable for the type, including those conditions nor—

mally encountered in the event of sudden failure of any engine,.
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! 4b,131  LongitiidinaT controls

(2) It shall be possible at all speeds between l.4 Vsl and Vsl
to pitch the nose dovmward so: that a prompt recovery to a speed equal to
1.4 Vsl can be made with the following combinations of configuration:

(1) the airplane trimmed at Lok Vg, s

-+ (2). . the landing gear extended, - o
(3)" ‘the wing flaps in a retracted, and in an extended po-
sition, -
(4) - power off, and maximum continuous power on all engines.

(b) During each of the following controllability demonstrations
a change in- the trim control, or the exertion of more control force than
can be readily applied with one hand for a short period, shall hot be re—

quired., Fach maneuver shall be performed with the landing gear extonded.

(l) With power off, flaps retracted, and the airplane .

trimmed at l.A‘Vsl,~the flaps shall be extended as rapidly as possible

while maintaining the air specd approximately 40 percent obove the stal—
ling speed prevailing at any instant throughout the maneuver,

| - (2) The maneuver of subparagraph (L) of this paragraph
shall be repeated, except that it shall be started with flaps extended
and the airplane trimmed at 1.4 Vsl, after: which the flaps shall be re—
tracted as rapidly as possible.

(3) The meneuver of subparagraph (2) of this paragraph

shall be repeated, except that maximum continuous power shall be used.

(4) With power off, flaps retracted, and the airplane
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“tpimmed at Lih Vs, 5 tako-off povor shall be applied quickly while main- Q
taining the same air speed, 7 oo L

(5) The mdmeuvé&adf~sdbparggraph (4) of this paragraph |,
shall be repeated, excgpt‘that'%hé’ﬁiépﬁgﬁéal;ybe‘sxtended.
(6) With power &ff, flops éxxended,rand the airplene trim-
med at 1.4 Vs s air spoeds withiff thé range of L.l Vs o 1.7 Vg or to 3
VFE’ whichever of the two is the lesser, shall be obtained and maintained.
"(¢) It shdll be possible without the use of exceptional pilot-
ing skill to prevent loss of altitude when flap retraction from any posi-
tion is initiated during steady horizomtal flight at 1.1 V%l with simul~’
taneous application of not more than maximum continuous power. (See also

§ 4b.323,)
4b,132 Directional and lateral control, J

(a) Directional control — general, It shall be possible, while

Yholding the wings approximately level, to execute reasonably sudden changes
in heading in’either direction without encountering dangeréus characteris—
tics. Heading changes up to 15° shall be demonstrated, except that the
heading change at which the rudder pedal force is 180 pounds need not be
exceeded, The control shall be demonstrated at a speed equal to l.A?Vsi
under the following conditions: }

(1) the critical engine inoperative and its propeller in «
the minimum dreg position,

(2) power required for level flight at l.4 Vsl, but not
greater than maximum continuous power,

(3) most unfavorable center of gravity position,
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(4)  lending-gear retracted,
(5) wing fleps in the approach position,
(6) maximum landing»weightqw., R

(b) Directional control — four or more engines. nirplanes with

four or more cngines shall comply with paragraph (a) of this section, ex—
cept that: |

(1) the two critical engines shail be inoperative, their
propellers in the minimum drag position,-

(2) the center of gravity shall be in the most forward po—
sition,

(3) the wing flaps shall be in the -most favorable climb
position.

(¢) Lateral control — general, It shall be possible to execute

20° banked turns with and against the inoperative engine from steady flight
at a speed ecual to l;A Vsl withs

(1) the critical engine inoperative and its propeller in
the miﬂimum‘drég wositicn,

(2) faximim continuous power on the operating engines,

(3) most unfavorable center of gravity position,

(4) landing gear retracted and extended,

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

(6) maximum take—-off weight,

(d) Lateral control — four or more engines.s It shall be possi-

ble to exccute 20° banked turns with and against the inoperative engines

from steady flight 2t 2 speed etual to 1.4 Vsl with maximum continuous
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power and with the sirplane in the configuration prescribed by paragraph
Ij cFevre 8 . PR

(b) of this section., L

4b,133 Minimum cortrol speed Vi SRR I R

(2) & minimum speed“%ﬂ&il bs{détéfminhd’dﬁder5£he conditions spe—

t’<‘:i:’£‘:i.¢:€;~':'L'n--t}"‘;:'t"s édr 2Pl 80--tho & hon hoordtiedl’ cnvlno is su’'cenly ndeine-
operutlve 'at ‘that speed it shall be passlble to recover control of the air-
plane, with the engine still inoperative, and maintain it in stfaiéht'flight
at thet speéd;“éiﬁﬁef with zero yaw or;.ét tﬂe option oé'ﬁhe applicant, with
an angle of bank not in excess of'5°;4 Sﬁch SPeed'Shaii not éxccéd'i.é'Vél
wth: R
(1) take—off or maximum available power on all enginds,
' (2);'rearmost‘ceﬁter of gra#ity; k v
(3) flaps in toke-off position,
" (4) landing.éearﬁretfacied. |
l (b) In dembnstratiﬁg thé minimum>speed ofbpdragréﬁh (a) of this
section, the rudcer force recuired to maintain contfél shall not eXceedflSO
podnds;7andﬁit‘éhall not be‘necessartho throttle the reﬁéining engines,

(¢) During recovery of the maneuver of paragraph-:(a). ofcthds.
sectibh:the airplane sholl not assume any dangerous attityde, nor shall it
require eiccpiional skill, strength, or aerthess on the part of the pilot
to prevent’a change of heading in excess of 20° . before recovery is complete,

: TRiM'

Loy 140 Genera l.f'”He mea ns used for tr¢mm1ng tze alrplane shall be

—onmt

such ‘that aftexr be;ng trlmmed ﬂna wlthout ”urt“cr preosure upon, | or move—

ment of , -either the primary control or 1ts correspondlng trlm control bj



the pilot or the awntomatic pilot the airplane shall comply with the trim
requirements of 88 4b,141 through. 4b.144 .

4b,141 Labteral and directional trim.. The airplane shall maintain

Latoral and directional trin under the Bost adverse lateral isplacencnt
of the center of gravity within the relevant operating limitations, under
all normally expected conditions of operation, including operation at.any
speed from l.4 Vsl to 90 perecnt of the maximum smeed in level flight ob-
tained with maximum continuous powers - |

4b.142 Longitudinal trim. The airplane shall maintain longitudinal

trim under thevfollowing conditions:

(a) during a climb with maximum continuous power at a speed
not. in excess of l.4 Vsl with the landing gear retracted and the‘wing’
flaps both retracted and in the take-off position,

(5) during a glide with‘powér off at a speed not in'excesé of
1.4 Vsy with the landing gear extended and the wing flaps both retracted
and extended, with the forward' center of gravity positicn approved for
landing with the méximum landing weight, and with the most forward cen—
ter of gravity position spproved for landing regarcless of wecight,

(c) during lével flight at any speed from l.Z Vs1 tox90 percéﬁt
of the maximum speed in level flight cbtained with moximum bontiﬁuous povi—
er with the landing gear and wing flaps retracﬁéd, and from 1.4 Vsl to VLE
with the landing gear extended.

40,143 Longitudinal and directional trim, The airplone shell main-

tain longitudinal and directional trim at a speed.equal to 1.4 VSl during

climbing flight with the critical cngine inoperative, with:
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~(a)  the othér engine(s) at maximum continuous power,
(b) the landing geor retracted, -
(¢) wing flaps wetracted, . - . = .

Lb.144  Trim for airplanes with:four or more cngines. The airplune

shall maintain trim in rectilinear flight at the climb spced, configura—
‘tion, and power used in establishing.the rates of .climb in E Qblel,vwith
'the most unfavorable center of gravity position, -and at thq‘ﬁeigbtxat
which the two-cngine-inoperative climb is equal to at least .Ql Vso? qt{

an altitude of 5,000 feet.
STABIzITY"'

4b,150 General, The airplane shell be longltudlnally, clrectlonully,

and laterally stable in accordance with 88 4b.15l.through 4b.157. Su‘tn
able stability and control "feelM (statiq stability) shali”bé required.in
other conditions normally encountered inzse;vice if_fiight.tééts shpw such
stabil:ty to be neccessary for safe cpcration. i

4b, l5l Statlc longitudinal stability. In the condltzons outllned in

88 4b.152 through 4b.155, the churacterlstlcs of the elevator contrel
forces .and friction shall comply with the follow1ng. _ '
(a) & pull shell be recuired to obtaln and‘ﬁ%intAih speeds bo—

 low the specified trlm speed, and a wush shall be refulrea to obtaln and
maintain speeds above the specified trim specd. This criterion shzll ap—
“nly at ﬁny speec. which can be obtalneu wiithout ex30531ve control force,
except that such speeds neced not be grcut;r than +he aphroyrlute operutlng
limit spued or need noi be less than the mlnlmun.speed in steadJ unstulled

flight.
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(b) The air speed shall return to within 10 percent of the orig-
inal trim speed when the control force is slowly released from any speed
within the limits defined in paragraph (a) of this scction.
(c) .The stable slope of stick force curve versus speed shall be
such that any substantial change in speed is clearly perceptible to the pi-
lot through a resulting change in stick force, -

4b.152 Stability during landing, The stick force curve shall have a

stable slope, and the stick force shall not excced 80 pounds at any speed
betwecn 1.l Vsl and 1.8 Vsl withs

(a) wing flaps in the landing position,

(b) the landing gear extended,

(¢) maximum landing weight,

() throttles closed on all engines,

(e) the airplane trimmed at le4 Vsl.with throttles closed,

4b.153 Stability during anproach, The stick.force curve shall have
‘a stable slopes at all spceds between 1.1 VSl and 1.8 Vsl withs
(2) wing fleps in sea level approach position,
&ib) landing gear retracted,
(e) meximum lending yeight,
(@) the airpl&ne trimmed at 1.4 VSl and with power sufficient

to maintain;level -flight at this speed,

b,154  Stability during climb. The stick force curve shall have a
stable slope at all speeds between 85 and 115 percent of the spcod‘at
which the cirplone is trimmed withs

(a) wing flaps retracted,



(e)
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lendlng gear retracted,
maximun take—off welght,

75 percent of maximum contlruous power,

the alrplane trlmmed at the best rate—of—cllmb speed, eX—

cept that the speed nced ng¥ be less than 1.4 Vsl

Ab 154, Stablllty durlng cruising.

(a) Lmndlnﬂ gear retracted. Between 1.3 V 5 ﬁnd V

the stlck

force curve shall have a stable slope at all speeds obtclnable Hlth a stick

force not in excess of 50 pounds w1th'

v

(1) wing flaps retrected,
(2) maximun tako-off welght,

(3) 175 percent of maximumn contlnuous power,

of the maximun contlnuous ;ower.

(b) Landlnn gear_ eytended

¥

(4) the alrplane trlmmed for levcl fllght dltd 75 percent

The stick force curve sh.ll have a

stable slope at 2ll spreds betWeen 1 3 Vsl.and the speed at which the air-

plane is trlAneJ, except tnut the ran e uf speecs need not excced that ob-

tainable with a stick force of 50 eounds w1th:

(1) wing flaps retrected,

(2) maxdimum take—uif wel nt,

(3) 75 percent naxlmum contlnuous power, or the power for

level flight at the landlng gear exbended speﬂd VLH’ nhlchever is the

lesser,

(4) the cirplane trimmed for level flight with the power

specified in subparagraph (3) of this poragraph.
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4b,156 Dynamic longitucinal stebility. 4ny short period oscilla—
tion occurring between stalling speed and maximum permissible speed ap—
propriate to the configuration of the airplane shall be heavily damped

with the primary controls frce and in a fixed position.

4b.157 Static directional and lateral stability.

(2) The static directional stability, as shown by the tendency
to recover from a skid with rudder free, shall be positive with all land-
ing gear and flap positions and gymmetrical power conditions, at all spceds
from 1.2.Vsl up to the operating limit spced,

(b) The static lateral stability, as shown by the tendency to
raise the low wing in a sideslip with all lunding gear and flap positions

-and symmetrical power conditions shull:
(1) Ybe positive at the operating limit speed,
'“"ggz‘)”'”hét“‘:;tc“‘hagaﬁive at’a speed equal to 1.2 vsl

(c) £ﬁ Siraight steady sideslips (unacceleratéd‘forwara‘slips)

. the aileron and rudder control movements and forces shall bevsubstantially
proportional to the angle of sideslip, and the factor of proporticnality
shall lie betiicen limits found necessary for safe operation throughout

the range of sideslip angles avpreopriate to the operation of the airplane.
it greater angles up tc that at which the full rudder control is employed
or a rudder pedal force of 180 pounds is obtained, the rudder pedal forces
shall not reverse, and increased rudder deflection shall procuce increased
angles of sidoslip. Sufficient bank shall accompany sideslipping tc in-
dicate clearly -any departurc fron steady unyawed flight, unless a yaw in-

dicator is-provided, . -
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46.l58' DynamiC-direcp}pgq;fggd late;al}sﬁability; AnyLSbort period ii’
oscilldtion occurring between stalling specd and maximum permissible speed
_appropriate to the.configuration of the airplanc shall be heavily damped

with the primary controls frec and jn a fixed position.

- 4b,360 - Btalling ~ symmetrical power. ..
:- . (a) " Stalls shall be demonstrated with the airplane. in straight -
flight and in banked turps up. to 30°, both with power off and with power
- on, ; In the power-on conditions the power. shall be that nécessary to main—
_tain level flight at a speed of 1.6 Vsi,.where V51_correspgnds-with~the
stalling speed with flaps in the approach position, the landing .gear re— @
tracted, and maximum landing weight. o iﬁi
(b) The stall demonstration shall be in the following config— |
:qrat;oﬁ§:.
. (}) ying flapsvand,land;ng geap&in any likely‘cgmbiggtion
.';lepos;tions,, '
G e (2) all weights Witp;n»the rang?'fpr whiqh certifiggtion
is. sought,
(3) the center4qf,graviﬁy:injthe mosﬁ advense,QQ§iti9n
. for .recovery. )
(¢) The stall demonstration shall be gonQQGtedv§s?foll9ws: with .

trim controls adjusted for st;aight,fl;ght.ap¥§“8p§e§:9£ }.41Vsl, the speed
shall be reduced by means of the elevator control unpili%t is. steady at

slightly above stalling speed; after which the elevat9r ¢9nt?ol”§hg1l be

3
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pulled back at a rate such that the airplane speed reduction does not ex—
ceed one mile per hour per second until .a stall is produced, as evidenced
by an uncontrollable dovnward pitching fsotion of the airplane, or until
the control reaches the stop. Nbrmal~&3é*of’the elevator control for re—
covery shall be permissible after the pitching motion is unmistakably de—
veloped. 4 T e e

(d) During stall demonistration it shall be possible to produce
and to correct roll and yaw by unrévgrsed use of the aileron and rudder
controls‘up to the moment the pitching motion occurs,

(e) In straight flight stalls, the average roll occurring be—
tween the initiation of the nitching motion and the completion of the re—
covery shall not exceed 20°,

(£) In turning flight stalls, the roll following the stell
shall not be so violent or extréme as to malre it difficult with normal
piloting skill to make a prompt recovery and to regain control of the .
airplane.

4h,161 Stalling — asymmetrical nower,

(a) The airrlane shall be safely recoverable without applying
poiwver to the inoperative ehgine when stalled with:
(1) the critical engine inoperative,
(2) flaps and landing gear retracted,
(3) the remaining enginés operating up to 75 percent of
maximum continuous power, except that the power neced not be greater than
that at which the wings can be held level laterally with the use of maxi-

mum control travel,
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(b) It shall be acceptable to throttle back the operating en—

gines during the recovery from the stall.

40,162 Stall warning. Clear and distinetive stall warning sh.ll be
apparenpbto the pilqb at a speed at lgaﬁt 5 pegpent above.une stul_lng
speed, rlth flaps and landlnv gear in all p0351ble w051t10ns, ooth in
st¢a1ght.§nd 1pAturn;ng flight. It shall be acceptable for the warnlng
to be. furnished aither through the inherent aerodynamic qualities of the
airplane, by a suitable instrument, or by other means vhich vill give,
clearly distinguishable indicgtiqns‘under‘allve;pected,copditions of

flight.

GROUMD EANDLING CHARACTERISTICS

4b.170 Longitudinal stability and control.

(a) There shall be no uncontrollable tendency for”land?langs‘
to nose over in any reasonably expected operating condltlon or when re- °
bound occurs during landing or take—qffm

(b) .heel brakes shall operate smoothly and shall exhibit no‘
unduc tendency to inducc nosing over. 4

(¢) when a tail»whccl landing geer is used 1t shall be possible
durlng the take~off ground run on concrete to maﬂntaln anJ attltude up to

thrust line level at 80 percent of Vsl.

4b.171 Directional stability and control.
(a) There shall be no uncontrollable_ground—looping tendency in
90° cross winds of velocity up to 0.2 Vso at any ground speed at -hich the

airplanc is expected to operate.



B~ 29
(b> ‘411 landplanes shzll be demonstrated to be satisfactorily
‘controllable with no exceptional degree of skill or alertness on the part
of the pilot in power—off landings at normel landing speed during which
brakes or engine power are not qsed to maintain a straight pathe
(c) iieans shall bé pfovided for directional control of the air—

plane during taxying.
4b,172 Shock absorption, The shock absorbing mechanism shall not

produce damage to the structure when the airplane is taxied on the rough—

est ground which it is reasonable to expect the airplane to encounter in

normal operation.

40,173 Demonstrated Cross Wind. There shall be established a cross

component of wind velocity at which it has been demonstrated to be szfe to

take- off or land.'

WATER HANDLIIG CHARACTERISTICS

40,180 Stability and control. ' ‘ )

(a) Seaplanes shall exhibit no uncontrollable porpoising at
any speed at which the airplane is normally operated on water.
~(b) There shall be no uncontrollable looping tendency in 90°
cross winds of velocity up to 0,2 Vso at any speed at which the airplane
is expected to operate on water.
(¢c) Means shall be provided for directional control of the
airplane during taxying on water.

4b,181 Sproy characteristics. Spray during taxying, take—off, or

landing shall at no time dangcrbusly'obscure the vision of the pilots nor

produce demage to the propeller or other parts of the airplane,
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4bs182 Demonstratéd cross wind, There shall be established a cross

component of wind velocity at which it has been demonstrated o be safe

to take off and land.
- MISCELLAMEOUS FLIGHT REQUTRFMEITS

4b-190 Flutter and vibration. , L e

LN

.(a) ALl parts of the airplane shall be'demonstrated in flight

to be.free from flutter and excessive vibration under 11 speed and nower: -

conditions appropriate to the operation of the sirglane up to at least the

minimun value permitted for V, in § 4b.210 (b) (5). The meximun speeds so

demonstrated shall” be uéediin’establishiﬁgwtheabﬁefaﬁing:1imitat36hsiéf the

airplane in accordance with § Ab 711,

(b) There shall be no buffeting condition in normalffligﬁtfséﬁQ:'u

vere enough to interfere”witb"thb,control of the¢ airnlane, to cause exccs—
sive fatiguc to the crew, or to cause structural damage. (Sce also

88 4b,308 and 4b.309.)

i/ Tt is not the intent of this recuiremcnt to dlscouraoc such stall
verning buffeting ‘as does not’ contraalct ‘these ‘provisions,
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SUEPART G — STRUCTURE

. GENERAL -

4,200 Loads. Streng sth re@ulremunts of this subpart are specified

in terms of limit and ultimate loads. Unless otherwise stated, the spec—

‘1f1ed lozds uh&ll be consldered as limit loads. In determining compli~

‘anee with these reoulruments the follow1ng shall be applicable.

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

ified,

(b) Unless otherwise prcvidéd, the specified air, ground, and
water loads shall be placed in equiIibrium with inertia forces, consider—
ing all items of mass in the airplane.

() A¢l loads sh 11 be distributed in a manner closely approxi-
mating or conservatlvely representing actual conditions.

() If defléctions under load sighificantly chaonge the distribu-
tion of ex@ernal or iﬁternal ioédéQ thé”rédistributionkshall be token into

account.

4b.20L Strongth and defermbion,
(a) The étructure»ghall be‘cabible of sup, orting limit loads
without suffering detrimental pofm&nent deformations.
(b) At all loads up to llmlt loads the deformation sh“ll be
such as nct to interfere with safe operﬂtlon of the alrolune.
(¢) . The structure shall be capable of supporting ultimate loads

without failure. It Sh&*l support the loaa for at least 3 seconds, unless

proof of strength is demonstrated by djnamic tests simmlating actual condi-

tions of load application,
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4b.202 Proof of structure.

(a) Proof of compliance of the structure with the strength and
deformation recuirements of § Ab;ééi'éhall be made for all critical load—
ing conditions. |

| (b) Proof of compliance by means of stractural uﬂ&ljSlS shﬂll
be mcceptable only when the structure conforms to types:for which experd-—
ence has shovm such methods to be reliable. In all other cascs substan—
Vtiatiag tésts shall be required.
| (c) In all ceses certein portions of the structure shall be

tested as specified in § 4b.300.
FLIGHT 104aDS

Lb.ZlO General, Flight load requirements shall be complied with at

critical altitudes Within the range for which certification is desired,

at 211 weights from tne des1fn minimum weight to the design meximum welght,

the latter not being less than the, design tuke—off weight, with amy prac—
ticable diétribution of disposable load within prescribed operating limi-—
tations stated in the Airplane Flight Manual (sece § 4be740)¢ At 2lI
speeds in excess of those corresponding with a liach number of 0.65, com—
pressibilityleffocts shall be teken into account.

(a) Flight load factor. Tie flight load factors specified in

this subpart shallvrep:esent the component of acceleraticn in terms of the
gravitational cénstant; 'TQG flight lcad factor shall be assuied to act
normal to the longitudinel axis of the airplane, -shall be ecual in mag—
nituue; und shall be opp051te in directicn to the airplane inertia load

factor at the center of gravity. .

?

9
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(b) Des1gn *r speeds. The design air spceds shall be equiva—

lent alr spceds (LAS) and Shull be chosen bJ the a'pllcanu, cxcept that
theJ shall not be less than tke soecds deflncd ln subparu r@ohs (l) through
(5) bf hls paragraph. WHere estlmated values of the soceds V and Vsl

are use&, such estlmates shull be conscrv*tlve.

‘ (l) D631rn flug speed VF’ The anmnuhwvhluetof thehd031?n
1lap spoec shqll bc ecu l to 1.4 Vs l or 1, 8 VSO,‘Jhlchever is the greater,
”where Vsl is the st;.lllnb speed w1th flups rctrghtea at the 0931gn lundlng
welcht, and Vso 1s thc stall+n§ speed Wluh flups in the lunalng p051t;on
‘ t +he a931gn lanc;ng helzht. (See § Ab 212 (d) rcgarqlng autowatlc flup
'hperatlon:)' | o I " |

(2) Deszvn naneuverlng speed V . The désign maneuvering'

speed VA shall be eoual to V \/_ Nhere nis tle llm1t maneuverlng load
'factor used (see S 4b.211 (a)) o.nd Vsl is the stulllng speed with flaps |
retractcd at the des1gn take—off Nel”ht. \Sce Flgure 4b—2 ) o

(3) Des1un spced for waxlrua gust 1nten51ty VB' VB shall

be Lhe specd at whlch the AO f“s gust llnc 1ntersects the p051t1ve CVnax

curVe on the gust V~n enVClooe. (oce § 4b 211 (b) ﬂnﬁ'Floure Ab—B )

(4) D931gn crulslng spced VC' T c nlnlnun des;rn cru1s1ng

spée; VC shall be sufflclently greatcr thun VB to provade for 1nadvertent
specd 1ncreases llxelj to occur as a result of severe atmospheric tufhu~
lcnce. In the absence of _ ranwcnal 1nvest1gutlvn substantlatlnv‘the use
of other values, Vo shall not be less than VB + 50 (Moh,, oxcept +hat 1t

need not. excced the mxxuuuxspeeu 1n level fllght gtlunurmr contlnuous

power for the corresponding altituce, AL altitudes where Vp is limited
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by ifach number, Vg nced not excced 0.8'Vb, as showﬁ'in'Figﬁre Lb-1, ex—
cept that it shall not be less than 1,3 vsl with the flaps retracted at

the maxinun altitude for which certification is desired.

| (5). besignAdive>spe¢d Vb. The mininus design dive speed
Vp shall be sufficiently‘gfédtéf than Vg to provide for safe récovory from
1nadvcrtent upsets occurring at VG‘ 'In‘the’absoﬁce of a rational inves—
tlga 1on, the minimum value of Vb shall not be less than 125 Vg or
Vo + 70 (mph), dthheVbr is the ~reater, in the altituﬁc ranre’ hetVeen sea
level and an altitude Sclucteu by the 4ppl¢cxnt. At hl"her altitudes it
| shall be acceptable to limit VD to o Lach number selected by the acpllcant

(Sbc Figure Ab—l )

4b. 211 Fllght chelopes. Thc strenvth rqulraJuﬂts shall be nmet at

all combinations of alr speed anc load fvctor on and within the boundaries
of the an Qld TS of Flvurcq 4b—2 and Ab—B 40;0 rebrusent the na neuver~
ing and gust cnvelopes. Thesc cnvelopes shull also be ubed in detcrmlnlng
the alrplane structurhl ouerutlng llnltuthﬂS as op601f1ed in 8 4b.710,

(a) M&neuverlng load factors. (See Flgure 4b-2, ) The airplene

shaliibe assuied to be éubjeéted to smmnétridalhmanéuvers reSulting"ih the
lindt léad factors ppescriﬁeﬁ in Subpariérﬁphs‘(l) and (2) of this para—
| grapﬁ,'eicépt whefeulimited by maﬁiﬁum'(static) 1ift coefficients. Lower
;aluesﬁéf naneuvering load factor shall be acceptable only if it is shown
| that the airélane'ambodies features of désign which mcke it impossible to
exceed such valués in flight.

| 1 ”he p051txve maneuvering load factor n for any flight
speed‘up‘toAVb shall be'selected by the épplicant, except that-it shall

nct be less than 2.5

P
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(2) The negatlve naneuver:.nb load fuctor shall have a
ninimun vnlue of ~1,0 at 2ll speeds up to VC, anu it sha*l vary. linearly
with speed from the value at Vb to zero at Vb.

(b) Gust load factors. The alrplane shall be assuned to be

-subjected to synnetrlcal VGrtlcal gusts whllc in level fllght The re-—
sulting limit load factors shall correspond Wlth the follow1ng conditions.

(l) Fositive (up) and negatlve (oo 1) gusts of 40 fps nom—
inal intehéity at a speed Vg shall be appllcable where the positive 40 fps
gust line intersects the positive GNﬁax curve, If this gust intensity
produces load factors greatcer than those obtained in conditio; (2) of this
paragraph, it shall be acceptable to ncdlfy it at altltudes ‘above 20 000 ft
in such a manner as tc produce a load factor not less than that obtéined in
condition (2) of this paragraph.

(2) Fositive and negative gusts of 30 fps shall be céﬁeid~ ‘
ered at Vg,

(3) Positive and negative gusts of 15 fps sﬁall be consid—
ered at Vpe .

(4) Gust load factors shall be assuned to Qary linearly be—
tween the specified conditions as shewn ¢m the gust envelope of Figure 45—3.‘

(5). In the absence of a nore rational'anélyéis'the gust load
factors shall be computed by the following formula: :

KUVa .

nel + 575 Gi/8) whergf

- A .
=L (W}z W ) )
K=z ('5} (for W/S < 16 psf), or

= 1,33 ~ -(-7.7_372; (for W/S » 16 psf),
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U= nomlnal gust velocmty (fps), (Note that the neffective sharp- g}i
edged" gust equals KU.)
V = airplane speed (mph), |
W/s = wing loadlng (psf), l':; »' . | | | | .
) a = slope of the alrplénewﬂgruml f&rce coefficient curve CNA per |
radian if the gust loads are applled to the w:ngs and horlzontal tail sur—
faces 31multaneously by a ratlonal mathod. It sball be acceptable to use

the wing llft curve slone GL per radian when the vnst load is applied to

the w1ngs only and the horlzontal tall gust loads are trested as a Sepam

4

rate condition,

. 4b,212 Effect of high 1ift devices. %hen flaps or si@ilaf hiéh llft

devices intended for:use at the relatively low air speeds of approach, land-
ing, and take-off are installed, the airplane shall be assumed to be sub- {‘ﬁ
Jected to'symmetrical maneuvers and gusts with the'flaps in.lénding posi—
tion at the design flap speed Vp resulting in limit load factors within the
range determined by the following conditions:

(a) maneuvering to a positive limit load factor of.2;0,

(b) positive’and negative 15 {ps nominal intensity éusts acting
normal to the flight path in level fiight,

(¢) in desigﬁing the flaps and supporting structures, slipstream
effects shall be taken into account as specified in 8 4b;221,

(d) when automatic flap operatlon is provided, the airplane shall
be designed for the speeds and the correspondlng flap ‘positions which the

mechanism permits. (See § 4b.323.)
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trv 4be213 - Symmetrical: flight conditionse .. .

o e

... {a). -Procedure of analysise -In the analysis of symmetrical

flight conditions’at leéast those specified in paragraphs (b), (c), and (d)
of thi's section shall’ be tonsidersd. v The: following procedure of analysis
shall be applicables ...« (.0 o b bl o gl e
v (1) . A sufficient number of. points on the maneuvering and

gust envelopes shall be investigated to.insure;that the maximum load for
each part of -the airplane structure is obtained:: It shall be acceptable
. to use a conservative combined envelope for' this purposes

(2) All significant forces acting on the airplane shall. .
be placed in equilibrium in a rational or a conservative manner.,. The lin—
ear inertia forces shall be considered in.ecuilibrium with wing and hori--
‘zontal tail surface ldads, while the angular (pitching) inertia forces
shall be d¢onsidered in equilibrium with wing and fuselage aerodynamic mo-.
ments and horizontal tail surface loads. -

(3) shere sudden displacement of a.-control is.specified, -
the'agsumed rate of displacement need not exceed that which actually could

v

be applied by fhe.pilot.

' (45‘ In determining elevator angles and chordwise load dis—
tribution in the maneuvering conditions of paragraphs (b) and (c) of this
seétisn in turns éﬁd buiLQups, account shell be-taken of the effect of core
resppﬁdihg pitching veio;iéies.

(b) lianeuvering balanced conditicns. The maneuvering conditions

A through I on the maneuvering envclope (Figure AB~2) shall be investigated,

assuming the airplane to be in equilibrium with zero pitching accelerations
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(c) Maneuvering pitchigg;éﬁnditidns.',The,fcllowingfconditions

on Figure 4b-2 involving pitching! acedleration shall be investigated,

(1) Ay Unchecked puilsuyp at speed V4. The Airplane-shall

be assumed ‘to be-flying'in-stéady*Ieveluflight-(point Ay on Figure 4b-2)
and the pitching control suddenly moved to obtain extpeme positive pitch—~ .
ing (nose up), except as limited by pilot effort, § 4b.220 (a).

(2) -4, Checked maneuver: st speed Vye

(1) The airplane shall be assumed to be mancuvered to
the positive mantuvering load factor by a checked maneuver from an initial
condition of steady level flight (point 43 ‘on Figure 4b-2)s The initial
pbsitive pitching portion of this manewver may be considered to be covered
by subéaragraph (1) of this paragraph.

(ii) A negative pitching acceleration (nose down). of at
least the followiné value'shali be assumed to be attained concurrently. with
the airplane meneuvering load factor (point Ay on Figure 4b-2), unless it

is shown that a lesser vaiue could not be exceeded:
—-%9 n(n - l.5)(radians/secz); where n is equal to
A -

the value of the positive maneuvering load -factor as defined by point Ar

on Figure 4b=2,

' o (3) Dy and Dy Checked maneuver at V. Théygirpiage Shall
be assumed to be subjected to a checked ma#qgvgrlfrpm steady levei flighp .
(point D] on Figure 4b-2) to the positive ﬁaﬂeﬁve?iﬁg load factor (boint Do
on Figure Ab-2) as follows: o -
(1) A»posit;vévgi#Ehing’agceleratiohﬁ(nose up) equal -

to at least the following valuc shcll be assumed to be attained concurrently
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_.with the airplene load factor of unity,.unless;it‘is shown. that lesser val-

.. ues could not be exceeded:
+ 52— (n - l.5)(rad1ans/secz); where n is ecual to the val-

ue of thg positiye maneuvering load factor as defined by point Dy on Fig-
,re 4b-2,

(ii): A hegative pitching acceleration (nose down) equal
to at least ‘the following value shall be assumed to be attained: concurrent—
ly with the airplane,positive~mnneuvering:load factor (point Dy on Figure

- 4b-2); unless it is shown that lesser values could not be' excecded:
—V%Q'n (h - l.5){radians/secz)j where n is eéual to the val—
D P

ue of the positive maneuvering load fsctor as defined by point D, on Figure

1‘,'b‘.-'~.2",~:

| | (@) Gust_conditions.. The gust conditions B' through J' on Fig-
ure.Ab—3‘shall be investigated. The fqllowipg provisions shall qpply.
- '. (1) The air load increment due toa spec1f1ad gust shall
'be added to the 1n1t1al balan01ng tull load correspondlng w1tn steady lsVOL
flight. S o : o
(2) It shall be acceptable'to include tﬂe.alleViating ef—
fgp@qu_w;ng;downgwash gnd Qf thefqi:planefs\motioniin response to the gust
in computing the tail gust load increment.J
(3) In lieu of a raticnal investigat;on gf,the airplane re—
spopse: it shall be acceptable to .apply the gust factor X (sce § 4b,211 (b))’

%o ‘the: specified: gust intensity. for the horizontal tail,
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4b. 214 Rolling conditiops. - The airplane shall be designed for rolling

loads resulting from the conditions specified.in paragraphs. (a) and (b) of
this section, Unbalanced aerodynamic mqments about the center of gravity
shall be reacted»inna:faﬁignai éf’ﬁléonseanﬁive génﬁér.considering the

. principal masses furnishing the reacting inertia forces.

(a) Haneuvering., The following conditions, aileron <deflection,
and speeds, except as the deflections may be limited by pilot effort (see
'§,4b}220 (g)), shall be considered in combination with an airplane load fac—
tor of at least 2/3 of the positive maneuvering factor used in the design of
the a;rﬁlane. In determining the required aileron deflections the torsional
flexibility of the wing shall be taken into gccount in accordance with
§ 4b.200 (d). | R | o

(1) Conditions-corresponding with steady rolling velocity
shall be investigated. In addition, conditions corresponding with maximum
angular acceleration shall be ‘investigated for airplanes havﬁﬁg engines or
other weight concentrations ‘outbosard of.the fuseiage. Fof the angular’acn
celeration conditions, it shall be ddééﬁtablé'ﬁb assume zero rolling veloc—
ity in the absence of a rational time history inveStigation of the‘maneuVer.

(2) At specd VA a sudden deflection of the ailcron®to the

stop shell be assumed.

(3) At speéd Vé the aileron deflection shall be that re—
quired to produce a rate of roll riot-less than that obtdined in condition
(2) of this paragraph.

(4) At speed V, the aileron deflection shall be that re—
cuired to produce'p”rate‘of.roll not less thdn 1/3 of that in condition (2)

of this paragraph.

-

—

‘i’
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(b) Unsymmetrical gusts. The condition of unsymmetrical gusts

shall be CQnsidered by modifying the éymﬁetrical flight'céﬂdiﬁidﬁé B' or
C! of Figure, 4b—3, whlchever produces the greater load factor. 'ftiéhélfj
be assumed that 100 percent of the wing air load acts on one side of the
airplane, and 82 percent acts on tae other side. = |

4b.215 Yawing conditions, The alrolane shall be de51gned for yawing
loads resulting from the conditions specified in paragraphs (a) and (b) of
‘thlé éectlon.- Unbalanced aerodynam1Cfmbment§‘about<the-qenter of gravity
shall be reacted in a rctional or a conservaiive manner considerinz the
{priﬁeipél‘mésées’furniShing“the reacting inertia forces.. ) |

(a) Meneuvering. At @ll speeds from Vi, to V, the vertical iail

loads resulting from the,fdllQWing‘maneuvgrs;sha;l be qoqgidered. In com-
' puting the tail loads. it: shall be,acpeptable'to_agsumentge yawing velocity
to be zero.

(1) Jith the;airplane in unacceleraged flig ht‘at zéro yaw,
it shall be assumed that: the rudder control ;s_sqdden;y alsplaced to the
meximun deflection as limited by the control stops or by:a 300 1b rudder
pedal forcb,.Whichevar,is.critipglﬂ ’L;‘”i “ b '>“  ainz
(2) -ilith the«rudder A§fiéétéd éé sﬁécified‘iﬁ subparagraph
(1) of.this paragraphy it shgli be assumed that the alrplane yaws to the re—
©sulting -sideslip angle.. - - ' o |
.r(3)v‘ﬂiph_;he,airplane_&awedrto the’static éideélibiangle .
' cborresponding‘w;phlphe rudder defleption spécifiéé in Eubgarééfdpﬁ (1) of

- this paragraph, it,shal;:be qssumed»ﬁbat the fudder is fe£&£héd to”nedtral.
. (k) “ngg;g;%gg;§§,,.Thg'girpiqgé shdlltbe assumed to encountor

gusts of 30 fps nominal intensity_normal_to the planec of symméﬁfy‘while in
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unaccelerated flight at speed Vge In the absence of a ratiomal investiga-
tion of‘the’airplane's response to a true gust, it shall be aCCeptable to
compute the gust loadlng on the vertlcal tail surfaces by the following .

formula- 5
| —_ KUVga
575

-3 Where:s.

=]
i

aVerage limit unit pressure (psf),

KT 1.33 - 7;{%7§~—; except that K shall not be less than

 A;;;J,
1,0, A value of K obtalned by ratlonel determlnatlon shall be acceptable,
U= nemlnal gust 1nten31ty (fps),
ivb des1gn crulslng speed (mph),
.a = slope of llft curve of the vertlcal surface Cp per ra-
dien;eefrected for aspect ratlo,
W= d651gn take~off welght (lbs), S
ﬂsv = vertlcal surface area (sq ft)

Ab 216 Supnlementary fllght eondltions.

(a) Ennlne toraue effects. Lngine mounts and their supporting

structures saall ve de310ned for cnglne torque eff ects combined with basic
fllght coxdltlons as descrlbed 1n subparagraphs (1) and (2) of this para—
graph. Tne llmlt torcue shall be obtained by multiplying the mean torque:
by a factor of 1, 33 1n the case of engines having 5 or more cylinders. For
Ly 3, and 2—cyllnder engines tﬂe factors - Slnll be- 2, 3, and 4, respectively,
- ,(l) r‘he llmlt ‘torcue corresponding with ‘talze-off power and -

-

propeller saeed snall act simultaneously Wlth 75 percent of the limit loads

from fllght conditicn A (see Figure 4b-2),.. -
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(2) The limit torque corresponding with maximum continuaus
- power .and. propeller specd shall act simulieneously with the limit loads-
from flight condition A (see Figure 4b-2),
N (b) §;g§nggg_pﬁ engine mounta. The limit load factor in a.lat—
éral direction for this condition shall, be equal to the maximum obtained in
the yawing conditions, but shall not be less than either 1.33 or 1/3 the:
limit load factor for fllght condltlon A (see Flgure 4b-2). Engine mounts
and their supporting structure shail be de51gned for this condition which
may ‘be assumed.independentAoffother‘flight,cbnditibns;,{.*1

LY

(). ‘Pressurized cabin loads. “wWhen pressurized compartments are

provided for: the occupants of the-airplane, the following' recuirements shall

be met. (Sec § 4b.373.) V "
(1) The airplane structure shall have sufficient strength to

withstand the flight loads combined with preéssure differential loads from
zero up to -the-maximum rclief valve settingt Account shell be taken of the
external pressure distribution in flight,

(2) " If landings are to be permitted with the cabin pressur—
ized, landing loads shall be combined with pressure differentiai loads from
zero Up to the maximum to be permitted quring landing.

(3) :The airplane structure shall have sufficient strength to
withstand the pressure differential loads cofresponding'with the maximum re—
lief valve setting multiplied by a factor of 1.33 to provide for such cffects
2s fatigue and stress concontration. It shall be acceptable to omit all obh—

er loads in this case.
(4) ihere a pressurized cabin-is -separated into two or more
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compartments by bulkheads or floor, the primary structure shall be designed
for the effects of sudden release of pressure in any compaftméntfhaving eXem
ternal déors or windows.. This condition. shall be investigated for the ef—
fecps resulting from the failure of the largest opening in a compartment.,

Where intercompartment venting is provided, it shall be aéceptable'to take

into account the effects of such venting.
" CONTROL SURFACE AND SYSTEM LOADS

4b.220 Control surface .loads — general. The control surfaces shall

bgvdesigneq_fqr the limit loads resulting from the flight conditions pre-
scribed in §§ 4b.213 through 4b.215, toking into atcount the following

provisions,

(a) Effect of pilot efforti- - - ‘ 5 ‘iﬂ
(1) .In the control surface flight loading conditions the
air loads on the movable surfaces and the .corresponding : deflections necd
not exceed those which could be obtained in flight by employing the max—
imum pilot sontrol forces specified in Figure 4b-5, except that 2/3 of the
ma%;mum values speqifieq for the aileron and elevator shall be acceptable
When“control surface h%ngg‘moments_are based on reliable data, In apply— -
ing this criteriop, proper consideration shall be-given to ithe effects of ‘
sefvo mechanisms, tabs, and automatic pilot.systems<ih.assisting’the pilot.,
(b) Effect of trim tabs. The effects of trim tabs on the con-
trol surface design conditions need be taken into account only in cases
where the surface loads arc limited on the basis of maximam- pilot effort

in accordance with the provision of paragraph (a) of this section. In I
A el Py & / .
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such cases the tabs shall be conuldered to be dofloctcd in the direction
which would assist the p11ot and the deflectlcns shall be those specified
in 8 4b.222. . L

>(c) Unsymmetrical loads. The maxlmum ‘horizontel tall surface

loadlnb (load nor unit area) as deuermlnod by ohO nrov1s1qns of this sec—
tion shall be applied to the horlvontal surf ce of one side of the planec
of SJmnetry,‘ond 80 percent of that loading shall be applied to the oppo='
site side,

(d) Outboard flns.

(1) Then outboard fine are cdrrled on the horizontal tail
surface, the t%ll surfacns shall Be de81gned for the _mazcimunm horlzontal
surface load in comblnatlén ﬁlth the corresponding loeds induced on the ° @
verticcl surfaces by cnd plwte effecus. Such.induced‘qffects.need not be

comblned w1th othor vey ulCul surfhce loads,

"(2) To provnde for uasymmeuric 2l loading wthen outboard
fins extend above and below tne ﬁoflzoatal‘surfaco, the critical vertical - -
surfbce loadlng (load pcr unlt aroa) as determined by the provisions of
this sectlon shal¢ also be aJ;llud as. follows:

. (1) 100 percent to :the area of the vertical surfaces
above (or bélon) thc ﬁorlzontal ~surface, cnd ¢
~ (};)_.SQ'pqrcent to the area bélbﬁ'(ofiaBBQé) thé Bori;4
zontal surface. | o

Lb, 221 Wing flaps,

(a) Jing flaps, their operating mechanism, and supporting struc-—

ture shall be ﬁesignedwforicri@ical‘loads,préscribcﬂfby5§5£b;212”withﬁﬁheﬂﬂ
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flaps extended to any position from fqlly retracted to the landing position,
(b) The effects of propeller slipstream corresponding with take—
off powér Shull be taken 1nto account. at an airplane 'speed of' not less than
1.4 Vsl, where Vsi is thc stalllng speed with flaps as follows. (For auto-
matic flups sce § 4b.2l2 (d) ) | ‘
(l) lanQ1ng and approach settings at the design landing
weight, .
(2) take—cff and en route settings at the design take—off
weight. |
(¢) It shall ve acceptable to assume the airplane load factor to
be ecual to l O for lnvestlgatlng the slipstream condition.

4b, 222 Tgbs.

(a) At all spoeds up to V, elevator trim tabs shdll be desigred
for the deflecticns required to trim the airplane at any point within the
positi#e portion of the mancuvering V-n dicgram (Figurc 4b-2), cxcept as

limited by the stops.

(b) Aileron and‘rgddér trim tabs shall be designed for deflees= """
tions requifédjtb trim the airélane in appropriate unsymmetrical lateral
loading and riggiﬁg, ahd symmetrical and unsymmetrical’power conditions,

(¢) Balancing and servo tabs éhall be designed for deflections
consistent with the primér& conﬁrol.surf&ce ioading conditions.

4be223 Special devices. The loading for special devices amploying

acrodynamic surfaces, such as slots anc spoilers, shall bc based on test

data,

4b.224 Primary flight control systems. E&cvator, aileron, and rucder

control systems ancd their suppofting structures shcll be designed for loads
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_correspondlng with 125 Dercent of the computed hinge moments of the movable
control surfuce in the COﬂQltiFnS prescribed in 8 4b, 220, subject to the

following provis1ons.

’ (2) Thé system limit loads, oxcept the loads resulting from.
:lground gusts (§ Ab 226), need not exceed those which can be produced by the

Ipllot or pllots and bv automatlc devices operating the controls. . Acceptable
.mgxmmun dnd minirum pilot loads for elevator, aileron, and rudder controls
are shcwn in Figure 4b—5.; These.pilot loads 'shall be assumed to act at the
appropriate control rlps or pads in 2 manner simulating flight conditions
iand to be reacted at tne authcament of the ‘centrol system to the control sur-
face horn. j |

(b) Tne loaos shall in any case be sufficient to provide a rug-

ged system for service uSu, Jhcludlng con51deratlons of jamming, ground
,.‘gusts, taxylng t«ll to w1nd, control 1nert1a, and fricticn,.

- 4b, 225 Dual prlmary fllght control systems.

(a) #hen dual controls are prov1aod, the syste sh:ll{be designed
for the pilots operating in opp051tlon, u51ng 1nd1V1 dual pilct “loads equal
~to 75 percent of those obtalnea in accordance Jlth 8 Ab 22q, except that

© the individual pilot loads shall nkt be leqs thln the minimum loads speci~

. fied in Figure 4b-5.

(b) The control sycnen shall be de31gnec fur the rllots acting
in conjunction, using individual pllot log&s equal tu 75 percent of those
obtained in accordonce with § 4b.224.

4b,226 Ground gust conditions. The following conditions intended to

simuléte the loadings on control surfaces due to ground gusts and when taxye

ing downwind shall be investigated,
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(2) The loads in the systems betweenvthe stops nearest the sur—~
faces and the cockpit controls need nct exceed those corresponding with the
maxima of Figure 4b—5 for each pilot alonc, or with 75 percent of these max—

dma for cach pilot when the pllots act in congunctlon.

(b) The control system stops necrest the surfaces, ‘the control
system locks, and the portlons of the systems, if any, between such stops
and locks and the control surface horﬁs shall be designed for limit hinge
moments H obtained from the foilbﬁing f§fmuia:> -

H= KcSq, whore' |

H = limit hinge roment (£t Albs), |

¢ = mean chord of thé>cohtrol surface aft of the_hinge
line (ft), | o |

S'= area of the control surface aft 5f ﬂhe hinge line
(sq ft), |

_ g = dynamic pressure (psf), nased on a dbSl sn speed not

less than 101[W7§—l+310 (mph) ; ‘except that the ue315 speed need not exceed
¢0 mph, S |

K= factor,as‘specified'in’figure Abhﬁ;”

4b,227 Secondary control systems. Secondary controls, such as wheel
brcke, spoiler, and tab controls, skall belesigned for the loads based on
the maximum which a pilot is likely to asply to the control in questicn.

The values of Figure 4b—6 are considered acceptable,
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SURFACE . K 4 POSITION OF CONTROLS - g

—— =sb S s —
(a)  Adleron { 0475 =" ‘Comtrol column lccked or
“f“““L?Pf@”ﬁ?%“ﬁ?@kyﬂnfgé@?ﬁﬁﬁ%ﬁQsitiﬁﬁﬁfr;jrﬂu

i

(b) AiléPOﬁ'r.'>i.0.50 * fxwilefégéﬂat full throw -
T 4 :

[ eaaalatid ..‘1b

-1

(e) Flevator + 0475 #* l(cg' Elevator full down. - .

(d) A (&) Elevator full up !

i
|
r
!
5
-
'
!
%
1
]
|
!
|
¥

Rudder . I . 0.75 e) ' Rudc’.ei‘ iﬁ"'ﬁélltf‘&l e
: : f) Rudder.at full, ,Aﬁhrpw S

(e)
L(f)

Figure 4b—4 . o
LILIT HINGE MOMENT FACTOR FOR GROUND GUSTS

* A positive value of X indicates a moment tending to depress
the surface, while a negative volue of X indicates a roment tending

to raise the surface,
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! LIMIT FILOT LOADS | U
z w2 {ONE PILOT) e e i e A
R, e st R w ~;- .3

CONTROL . - | MAXTMUM LOAD |  MINTMUM LOAD :

e

Aileron:‘
Stick . ‘.: P I ,. l-m lBS . \) . ... . . - .::aijoo 4Ibs\ e e e -
Wheel ¥ | 80 Din. 1bs ¥ ! " 40 D in. 1bs"

ElovdEOr : - .. e ‘ . -. ‘r R 1S ‘”' ‘. PPN . A ,‘A,-' .. p'-r.- v s 4‘ a >-.l
Stick ol 250 1bs " 100 1bs
Wheel. ... .. ..0..3001bs - - ! - 100 1bs . -~ - sefes

Rudder
i
. i

— e

300 1bs . . - | {2? 1bs

Fipure 4b-5
PILOT CONTROL FORCE LIAITS
- (PRIMARY CONTROLS)
* The critical portions of the aileron'cbﬁt;bl syééem sﬁéli
be designed for a single tangential force having a limit value
ecual to 1l.25 times the couple force determined from these criteris.

*¥% D = vheel dianmeter.
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!~ CONTROL ~ . 4 ., LIMIT PILOT LOADS ;
' Miscellaneous: * 4211* B x50 1b, Yﬁgvﬁmt‘leés than 50 1b f 
3 or lever ‘ radius) . |
' | NPT S o |
; ; Applicable to any angle within 20° !
P o TR . of plane of control .. iy
CTwist B 133 in. 1lbs o
L ' - - L
 Push—pull To be chosen by applicant f
N T : o L !

Figure 4b-6
PILOT CONTROL FORCE LIMITS =
(SECUMDARY CONTROLS)
% Limited to flap, tab, stabilizer, spoiler, and landing.

N

gear operating controls,
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GROUND LOADS
4b,230 Gchéral. The llmlt loads obtained in the condltloqs specified

e AN o A "‘“MW“N’ Quuqt e pﬁ "’W"N‘NM v ﬂv'ﬂ--m--'- “

in 8§ Lb 231 through 4b,236 shall ‘be con31dered as. external forces applied

to the alrdlane structure and Shall be placed in a«ullibrlun by linear and
angular 1nert1a forces 1n a ratlonal or conservative manner, In applying
the specified condltlons the provisions of parag raph (a) of this section
shall be complied with. In addition,,for the landing ‘conditions of §§ 4b.231
through 4b.234 the alrplane shall be assumed to be subgected to forces and
descent ve1001tics prescrlbed in paragraph (b) of this secticn., (The basic

landing gear dimensional data are given in Figure 4b-7.)

(a) Center ofvgravity pasitions,‘ Thg critiqal center of gravity
pesitions within the certificetion linits shall be selected so that the maxi-
mun design-loads in each of the landing gear elements are obtained in the
landing and the ground handling conditions.

(b) Lcad factors, descent velocities, and design weights for

landing conditions,

(1) 1In the londing conditions the linit vertical inertia
load factors at the center of‘gravity of the airplane sh2ll be chosen by the
applicant, except thot they shall not be less than the values whieh would be
obtained when landing the cirplcone with the following lirmit descent veln&i—
ties and weights:

(i) 10 fps =t th; design landing weight, and

(ii) 6 fps at the design toke—off weight.
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i; 1e61/






C - 23

(2) It shull be ﬂcceptable to assume a w1nb 1ift not exceed—
1ng 2/3 of>the alrplane welght to eAlSt throughout the landlng impact and te
act through the center of grLQity of the alrplune.Aj N

(3) The prov1;10ns of subparagr phs (l) und (2) of this para-

ph shmll be predlc“tea on coqveﬁ£ionai arfangemepts of, ﬂaln and nose gears,

or moin and tall gears, und on norr"l operatlng technlques.; It shall be ac-
ceptaole to ”Odliy the prescﬁlbea desccnt vclucltles if 1t is shown that the
alrplane embocies fe“tures of d031én whlcb 1mko 1t imp0351b*e to develope
these ve1001tles. (See § Ab 332 (a) for recuirenents on energy absorption .
tests vhlch determine the mlnlmnm llmlt inertia loud f“ctors CDrTbSDUannF

with the required limit descent vclcc1tﬂes.)

Ab 231 Levcl landing condltlons.

(a) General. In thc level attitude the ulrplgne shcll be assumed

to. contact the ground at a forward VOlOCltJ cenponent Uarallel to the ground
coual tc 1.2 VSO end shall be assuned to-be subjectedjﬁo the Iééd fabtérs.”
prescribed in 8 4b.230 (b) (1), The following two combinations of vertical
and.drag components shall be considered acting at the axle center lines

(1) Condition of nadrun wheel spin-up load. Drag corponents

simulating the forces recuired to accelerate the whcei'rollinglassémbly'up“tb
the specified ground speed sh:ll be cembined with the vertical ground re—
actions existing at the instant of peak dreg loads.- A cocfficiont of fric—
tion between the.tires and ground need not be assumed to o greater thon 0,8s
It shall be ncceptoble to apply this condition only tc the landing'gear and
the directly affccted-attgching~structure.

Gondition of maximu: yhool verticsl lead, An aftiacting

(2)

’

drag component not less than. 25 pecrcent of the maximun verticol ground’ reaction

ST
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" shall be combined with the maximum ground resction of § 40,230 (b),

(b) Level landing ~ tail wheel type. The cirplane horizontal ref-
eronce line shall be assuicd to'be horizontal, The conditions specified in
subpafﬁgréphé (a) (1) and (a) (2) of this section shall bo investigated,

(Sce Figure 4b-8,)

(e). Level lending — nosc wheel type. “The following airplane at—

“titudes shall be considercd, - (Sec Figure 4b-8.)

(1) uain wheels éhall be assumed tc contact the ground with
the nose wheel just clear of the ground. Thc tuo condibions specificd in
subbaragraphs (aj”(l) and (a) (2) of this sectién shall be investigated.

(2) Nose and nain wheels shail be assuned teo contact the
ground simultaneously. Cenditions in this attitude necd not be investigated
>if this attifude c;nnot reasoﬁably be atta%ned at thé sppeeified de;cent and
forward velocities. The twe conditions spécified in sﬁbparagraphs (a) (1)
an. {a) (2) of this section shall be investigzated, except that in condition
(a) (l) it shall be acceptable to investigate the nose and nodin gear sepa—

. rately neglgctigg the pitching mgments due to wheel spin-up loads, while in
condition (a)’(z) the pitching noment shall be assunied to be resisted by the
nosé‘gear. | |

. 40,232 Tail-down landing conditions, The'following cqnditions shall

, be investigated for the load factors cbtained in 8§ 4b.230 (b) (1) with the

vertical ground reacticns cpplied to the landing gear axles.

(2) Tail-wheel tyve. The main and tail whcels shall be assuned

to contact the ground simultonecusly, (se¢ Figure 4b-9,) Two concditions of
ground reacticn on the tail wheel shall be assunied to act in the following

directicons:
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(1) wvertical,, ‘ ‘
- (2) up and aft through the axle . at 45° to the ground line.

(b) Nose-wheel types The airplane shall be assumed to be at an

attitude corresponding with either the stalling angle or the maxinum angle

perritting clearance with the ground by all parts of the airplane other than

{“the main wheels, whichever is the lesser.. (Sce Figure 4b-9,) ... . . .:

. 4b.233 Ono-wheel landing condition. The main landing gear on cne side

iof the airplane center.line shall be assumed to contact the ground in the

level attitude. (Scc Figure 4b~10.) The ground reactions on this side shall
be the sane as those obtained in & 4b,231 (a) (2). The unbalanéed-exterpal

loads shall be reacted by inertia of the airplane in a rational or conserva—

2tive manners

- 4b.234 Loteral drift landing condition,

(a) The airplanc shall bo assumcd o.be'in the level attitude with
only the nain wheels contecting. the ground,  (See Figure Lb-11,)

{b) 8side ioadswof.o;s of the vertical reaction (on cne side) act—
ing inward and 0.6 of the vertical recction (on the other side) acting out—

ward shall be combined with 1/2 of the maxirum vertical ground reactions ob-

tained in the level landing conditicns. These loads shall be assumed to be

applicd at the ground contact peint and to be resisted by the inertia of the

airplane. It shall be acceptable to assume the drag loads to be zero.. .

4b,235 Ground handling conditions.- The landing gear and airplane struc-
ture shall be investigated for the: conditions,of this scction with the, air-

planc at the design take—off welght, unlgss;othepwise prescriqu,,fmo;wing
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lift shall be considered, It shall be acceptable to assume the shock ab—

sorbers and tires to be deflected to their static p051t10n.

NV (a) Take~of£ run, ~The landing gear and‘the airplane structure
shall be assumed to be subjected to loads not less than those encountered
under conditions described in 8§ 4b.172,

(b) Braked rolla
e Tall—wheel type. The airplane shall be assumed to be

_An the level attltudc w1th all load on the main wheels. The limit vertical

i

load factor shall be l 2 for tne alrnlane at the deslbn landlng welght, and

- .1.0 for the alrplane at the de51gn take~-off welght.' A drag reaction equal
-to the vertlcal reactlon mul 1p11ed by a coefflclent of friction of 0.8

~wshall be combined w1th the vertlcal oround reactlon and arplied at the

ground contact point, (See Flgure Lb-12, )

(2) Noseswhecl tzpe. The llmlt vertical load factor shall

i+, be 1.2 for the airplanc at the d051gn landlﬂg wclght, and 1,0 for the air—

plane at the aesxgn take—off welght. A drag reactlon equal to the vertieal

.

+. -reaction multlplled by a coefflclent of frlctlon of O .8 shall be combined
4. with the vertical ;eaptlon and aywlled at the ground contact point of each

5. wheel having brakes. The following two alrplane attltudes shall be con-

sidered. (Sec Figure 4b-12.)

(i) The airﬁlane shall be assumed to be in the level
attitude with all wheels‘contacting the ground and the loadé distfibuted
between the main end ﬁosc gear, Zcro ritching acccleration sﬁéll be assumecd,

(11) The ulrplane shall be gssumed to be in‘the level ab—

titude with only the. main geﬁr contactin“ thc ground and the pitching moment

resi.sted by angular acceleratlon.
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(c¢). Turning, The airplene in the static posi&ign shall be as-

s

.‘sumed to execute a stegdy turn by nose gear steermb or by a.pllcatlon of

J L

,dlfferentlal power such that the llmib load factors applled at ‘the center

(R

-of gravity are 1.0 vertically and Q?B,;atepe;ly}(eee Eigure_Ab:;B), {The

side ground reacticnﬂof,eech‘wheel she;;.be 9%5 ef_the Yertical reection..

(d) Plvotlng.‘ The a;rplene shell be assumed to plvot ebout one

51de of the main gear, the brakes on that s1de be:.nb locked. 1he llmlt ver—

tlcal load fector shall be 1. O und thc coefficient of frlctlon O 8. The alr—

plane shall be assumed to ‘be in statlc cqulllbrlum, the loads belng apelled

, at tne ground contact 01nts. (Sce Figure Ab—lA.) '

(e) Noseawhcel yawlng.

(l) A vertlcal load factor of 1.0 at the alrplenc center of
gravity and a side component at the nose whecl ground contact equal to 0.8

of the vcrtlcal groune reactlon at tnwt p01nt shall be assumee.

t (2) The alrplane sh“ll be assumcd to be in static equ111b—
rium w1th the loads resultlng from the ahnllcatlon of the br% tes on onc side
of the maln gear.i The vert1c1l ;oad factor at theucenter of Ornv1ty snall
be l,O,_ The forward actlng lo ad at the airplane center of grav1ty Shull be
0.8 times the vertical load on one main gear, The side and verulcal 1cads
at the ground contact noint on tle nose gear shall be those reoulred for

» _l

static equilibrium. Thc 51de load factor at thc alrplane center of grev1ty

e

shall be assumed to be ZCT04

e
=

(£) Tall—whccl yawing.,
(1) A vertical ground reactlon cOual to the statlc load on
the tall whcel 1n com01nat10n w;th 31de component of cCual magnltudc shall

be assumed
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(2) When a swivel .is provided, the*tail whecl shall be as—
sumed to be swiveled 90° to. the airplafe longitudinal axis with the result—
ant load passing through.the:axlo§.”Wh§n & Yock, stéering device, or éﬁimmy
damper is provided, the tail wheel shall alss Yo assumed ‘to be in the trail-
ing position with the side load acting at the grotnd contact point.

- 4by236  Unsymmetrical loads on dual-whecl units. In‘duai—wheel units

- 60 perocﬂt of the total ground reaction for fhé unit shall be appiied to

one wheel:and 40 percent to.the'other. To provide for ﬁhéhéése ;f onc flat

tire, 60 peréent of the-load which would be assigned to:the unit iﬁithe épc~
cified conditions shall be applied to cither whecl, except thot the vertical

grouﬁd reaction shzll not be less than thé full'statié"vaiuo.x

'NATER,LOADS, o IR i‘)

4b.250 General, The water load fécuiremchﬁsféhaii dpply to the en—

tire airplane.

4b.251 Design Weighi.' Théﬁdesign Wéightvusod in the water lending

conditions shzll not be less thah*ﬁhe'dGSign'landing weighﬁg except.that
local bottom pressure conditions sholl be'investigated at the design'tdKGQ

off weight. : c

.4be252 Boat seaplane bottom pressurcs. = o o .

(a) Maximum local pressure; The maximum vilue of the limit local

pressure shall be determined from the following équation:

1. ,
pmax,z,0.0A Vg 5; where: o

p _ ,
Vg =~stailiﬁg speed with flaps fully retracted at the design ‘.i

*

pressure (psi),

b

take—off weight (mph).
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(b) Variation in local pressure. The local pressures applied to

* the hull botton shall vnry in accordance with Figure Lb%lS. No wvariation
from keel to chine (beamiise) shall be aSsumed, except when the chine flare

“indicetos the advzsablllty of higher pressufes at the chlne.

(e) Application of local pressure.- The local oressures detcr—x
rined in Jaregraphs (a) and (b) of this sectlcn snall be &pbllbd over’a
local drea in such a marner as to ‘cause the naximum local loads in the hull
~béttom’ structuro, | o

(d) Distributed botton symmotrical prossurcs."Fdrtthevpﬁrpcee

of designing fromes, keels, and chine structure, a’ hasdnin llmlt pressure
shall be Cmeutec accorelng to paragrarh (a) of thls sectlon, except that
the stalling‘speed uscd in the computaulon snall be based upon the ce31gn'
landing weight dnd5the'reéultinéapfeésﬁreyvelﬁe sheilfbc reduced tc.one~
half, "he pressurc shall be appliec simultaneously over thefeﬁtife hull
“Tbétton aceording to the’ dlstrlbutlon of F1 sure” 4b—l5 Tne resultlnﬁ loads
shall be cerried ints the siuo—wcll structurc of the hul1 proper, but need

o1

not be transmitted in a fcre—and~a£t dlrectlon as shear and tending.

(e) Dzstrlbutcd botton unsynnctrlcﬂl prossures. Each floor mem—

ber and frame shall be desl*ned for a load on one 51de of the hull center
llne eOual to the most crltlcal synmctrlcel loac1ng as obtalned in para~
graph (a) of this sectlon, can01ned w1th a lOud on thc other s1de cf the

hull center llne eou 1 to cne—half thc most crltlcal aﬁnnetrlcel loaflnb

B 40.253 Boat seapluno lODdan conclt;ons.

L3

(a) Step loudlnﬂ concltlon.

(l) Appllcctlon of lo d. The resultant :eter loac shall be

‘ applled Vertlcallj in the plane of synmetry to pass through the center of

gravity of the airplone,
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*(2)  Magnitude of load. The limit acceleration shall be 4.0,

unless a lower value is .shown by tests to be more applicable.

-(3) 'Hull shear.and bending loads. The hull shear and bend-

ing loads shall be computed froh;the‘inértiakloads produced by the vertical
water ‘load, .To avoid excessive local shear loads and bending moments near
the point ‘of water load application, it shall be acceptable to distribute
the water load over the hull bottom using pressures not less than those spe—

cified in § 4b,252 (d). ... .
(b) Bow loading condition.

(1) Application of load.  The resultont water load shall Pe

applied in the plane of symmetry at a point 1/10 of the distance from the

bow to the step and shall be directed upward and rearward 2t zn angle of 30°

“i

from the verticol,

(2) lagnitude of load. The magnitude of the limit resultant

water load:shall be determined from the following equation: =~

Py, = 1/2 ng Wg; whore:

Py = limit load (1bs),

ng = the step landing load factor,

We = an effective weight (1bs), assumed to be equal to
one-half the 'design landing weight of the airplane.

(3) Hull shear.and bending loads., The hull shear and.bend—

ing loads shall bc determined by considering the incrtia loads which resist
the linear and angular acceleraticns involved, To -avoid exccésive local
shear loads, it shall be acceptable to distribute the water reaction over

.

the hull bottom using pressures not. less than those specified in § 4b.252 (d). Qii
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(¢) Stern loading condition.

(1) Application of load, The resultant water load.shall be

...applied vertically in the plane of symmetry and shall be distributed over
the‘hg;l,bqptqm,frpm the second step forward with an intensity.equal to the
.. pressurecs.specifiec in § 4b.252 (d).

‘:_(2); Magnitude of load. The limit resultant load shall cqual

-?;3/4:9£'t?¢~99§ig3 landing weight of the airplane,

.+ ... (3) Hull shear and bending loads. The hull shear and: bernding

. loads shall be determined by assuming the hull structure to be supported at

the wing attachment fittings and by neglecting internal inertia loads, - This
mcqn4§tion need not be applied 't the fittings or to the portion of the hull
~ahead of the wing-reor ‘attachment fittings. .

(d) Side loading condition..

(1) .Application of load.. The-resultant water load shall be

applied in a vertical plane through the center of gravity. The. vertical
.component shall be assumed 'to-act in the plane of symmetry ané the horizon—
‘.talvqomponcnt‘gt:aﬂpoint.ha}feway between the bottom of the keel and the

load water line at design landing weight (at rest).

(2) Magniﬁude of‘}oad..‘The limit verticq} qomponent of ac-—
celeration shall b§ 3.25,:and“;ﬁ;‘§id§ comboneﬁt’shéil,gé-lB,percgntkofgthe
verticel component.. L S o

(3) Hull sheer and bending loads, The hull shegr-:nd bend~—

the
1ng loaus shall be determlneg bJ con31der1ng/&nert1a loads or by introducing

couplos at the Jln" attachment p01nts. To uv01a excess1ve local shear loads,
1t shall be acceptable to letrlbute the water reactlon over the hull bottom

using pressurcs not less than those Speleled bv s Ab 253 (ﬂ).

v
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4b.254 TFloat seaplane bottom;pressures. ,Thé‘follqwing provisions

shall be applicable to the main float bottoms,

(a) Maximum local pressure. The maximum value of the limit lo-
cal pressure shall be as determined by the equation in § 4b.252 (a).

(v). Variation in lceal pressure. The local pressures to be ap-

plied‘to the float bottpm.shall vary in aqcordanceAwith the following,

(1) A pressure of . the value prescribed in paragraph (a) of
~this scction shall be app;ied over the pqr?ionloﬁ_ﬁhc bottom lying between
the‘main step and a section at 25 percent of the distance from the step to
the bow, .
' (2) 4 preqsure equul to l/2 the volue prescribed in para—-
.graph (a) of this section shall be applied over the portion of the bottom
lying betwecn the section at 25 percept QirtheAdistqncg from the main step
»to the bow and a sectlon at 15 percent of the clst&nce from: the nain step
to the bow.

(3) A pressure equal to 0,3 times the volue prescribed in
paragraph (a) of this section shall be applied over the portion of the bot—
tom aft of the main step. |

(c) Application of local pressure. The local pressures deter—

minecd in accorcance with paragraphs (a) and. (b) of .this section shall be
applied over a loccl area in a manner to cause maximum local loads in the

float bottom structure.

(4) Distributed bottom pressures, For the purpose of design—
p

.ing frames, keels, and chine structure, distributed pressures equal to one—

half the volues specified inparagraphs (a) and (b) of this section shall -~

be applied simaltaneously over the ontire affécted float bottom,
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4b.255 Float secplone landing conditions.

(a) Landing with inclined reactions. The vertical component of

the 1imit load factor shall be 40, unless a lower velue is shown by tests
tc be moré applicable, The propeller axis (Qr equivalent refefeﬁce line)
shéll‘bc assumed. horizontal. The resultant watef féaé£i;n éhalivbe as—
sunied to act in the planc of symmetry and to pass through the'centor of
grovity of the dirplane inclined so that its horizontal component is equal
to 1/4 of its vortical component, Incrtia forces shall be éssumed to act
in 2 direction parallgl.to the watcer reaction,

(b) Landing with vertical reactions. The limit load factor

éhall(be 4.0 acting vertically, unless a lower value islshown by tests to
be morcvapplicablc. The propeller axis (or equivalcnt-refcrencevline)
shall be assumed horizontel, The resultant watck reacticn shall be as—
sumed‘to act vértically and to pass through the center of gravity of the

airplance o

(¢) Landing with side load, The vertiéal,compqnent‘of the
limit loaé factor éhall be 4.0. The propeller axis (or equivalent refer—
ence line) shall‘be'aésumcd horiéontal.' The resultant water reaction
shall be aésuméd toiﬁét in a vertical planc which passes through the cen—
ter of gravity of the airplane>and whiéh is.pefpéndiéuiar'to the propel-
ler axis., The vertical loacd §hall be;ﬁpplied‘through the keel or keels
of the float or floats anéygvcnly divided between thé floats if twdin
floats arc useds, A side load equal to 1/4 of the vertical load sh-ll be
applied 2long a line approximately hqlfway between the bottorn ¢f the keel

and the level of the water line at rest., When twin floats arc used the
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entire side load specified shall be dpplied to the float on the side from
which the water reaction originates.

4b.256 Float seaplane loads, Bach moin fleat. of a floot scaplane

-shall be eapable of carrying the following loads when supported at the
attachment fittings as installed on the airplane:

| ‘(a) a limit load acting upward at the bow of thc float equal to
that portltn of the alrplane's Welght shich is normally suoporteﬂ by thc
float, | |
’ | (b) llmlt loaq actlng uoward at the stcrnvof the‘float equal
“té 0O, é flnes that portlon of the elrplane's weight whlch 1s normally sup~
ported by the float, | ”

(c) llmlt 1oad actlnu upw;rd at the step of the flOut equal

to 1.5 flmos that oortlon of the alrplane's welght dhlch 1s normallJ sup-
ported oy the float. - | - | “ o R

Ab 257 Wing tlp float loads.

. (aj }1n9 t1p flo ts ﬂn tﬁelr attgcﬁment, 1ﬁcludin%.tne w1ng
sﬁrucghfé;:sﬁall be phble vf carryln( tho follouln' loads- l o
Q) = vertlcal limit up load actlna through tne COﬂplevOly
submeféoé conter of buoywncy of tHe ‘Tloat” ecual to- throc tines ‘the comm -
piétéi& subnerged diSplaCCméhﬁ;
| © 7 (2) a'limit up oad inclined to the rear at 45° to thé ver—
tibdl“aétihg threfes the completely submersod centor of buoyancy of the
fldat»équai to three times the completely submerscd displacericitby
(3) - a linit lateral load acting perallcl to the water sur—
facé applied at the center of aréa of the side view erual to .5 times the

coripletely subnerged displacencnt,
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(b) The strength of the wing structure shall be sufficient to
insure that failure of wing tip float attachment marbers occurs bofore the

wing structure is demaged,

" 4b.258  Seawing loads. Seawing design loads shall be based on appli-

cable test data,

EMERGENCY LANDING COMDITIONS

45:260'4G6nor¢’. Tho.féiloﬁiﬁg feqﬁirements'dedl*ﬁithveméfgéﬁcyiégn—
ditions of ldhdiﬂg‘on lend or viater in'WHiﬁﬁ thé safety of‘the-oééuﬁants
shall be cohsideréd, although it is’accepted’ﬁhéf‘parts of the’éirpléﬁe
may be damaged. N .
~-‘(a) The structure shall be designed to giﬁe'GVGry feasonable ‘

probability that 'all of the occupants, if they make proper use of the -
seats, belts, and other provisions made in the design (see § 4b.358),-will
escape serious injury in the event of a mincr crash landing (with wheels
up if the airplanc is equipped with retractablc lending gear) in vhieh the
occupants experience the. following ultinate inertia- forces relative to the
surrounding structurc, -

(1)  upward 2.0g . (Dounsierd 4e5g)

(2)- Forward  6.0g -

- (3): 8idewerd  l.5g -

(b) The uso of a lesser value of the dovmwiard inertia force spee—
ified 4in paragroph (a) of .this scetion- shall be acceptable if it 1s shovm
that the airplane structurc cun absorb the landing loads corresponding wiith
the design 1andiqg‘weight and an ultimate descent.velocity cf 5 fps without

wxeceding the valuc chosen,
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. (c)  The inertia forces specified in paragraph (a) of this sec—
tion shall be-applied to all iteus of mass which would be apt to injure
the passengers or crew if such itens became loosc in the event.of a.minor
erash ‘landing, and the supporting structure shall, be designed to-restrain
these itens,

4b.26]1 Ditching provisions. Complicnce with this section is option—

zl. The requirements of ﬁhis‘seCtioh arc intendced to safcguard the oceu—
pants in the ecvent of -an emergency landing during overwater flightf' Vhen
compliance is shown with the following provisions and with the provisions
cf 8§ 4b,361, tho typewéertificéte~shall inelude certification to thot ef-
fect. ihen an airplanc is certificated te include ditching provisions,
the fééommendcd’ditchihg procedures established on the basis of these re—
quirements shall be set forth in the Airplane Flight Manual (see
S 4baT42 (@))e

o (é) :Evidence shall be submitted that all practicable measures
compétiﬁie with ihe génerai cﬁaréétéfisties cf thcktype airplané have been
takén to minimiZe the chaﬁcéAof any béhaViof of the airplanc in an emer— '

geney landing on water which would Le likely to cousc irmediate injury to

the occupants or tc make it impossiblé for then to‘escapc fron the airplane.
(b) In demonstrating compliance"with the provisiOns of this sec—

tion, the probable behavior of the airplane in a weter landing shall be in-

vestigated by rodel tests or by comparison with airplanes of similar con-

figuration for which the ditching characteristics arc knowm, The follow—

ing provisions shall apply.

(1) Account shall be taken of scoops, flaps, projections,

2
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and all other factors likely to affect thc hydrodynamic charactcristics of
the actual airplane,
(2) Extcrnal doors and windows shall be designed to with~
stand the probeble maxirmum loeal pressures, unless the effects of the col~

lapsc of such parts are taken into account in the model tests or airplane

conmparisons
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SUBPART D ~ DESIG AND CONSTRUCTION

GEIERAL

4b,300 Scope. The airplene shall not incorporate desizn foatures or

details which cxperience has showm to be hazardous or unrcliable. The
suitability of all questionable design details or parts shall be estab-
lished by tests. |

" 4b.30L - Materials, ' The suitcbility and durability of all materials

used in the airplane structure shall be ostablished on the basis of cx-
pericnce or tests. All materials used in the airplane structure shall con-
form to approved specifications which will insure ‘their having the strength

and other propertles ussun@d in-the- u051gn datu.-

“4b.302 Fabrication methods. The methods of fabrlcatlon enbloyed in

constructing the airplane structure shall be such as to'producc a consist-—
ently sound structurc. when a fabricatién prbceés éuch as gluing, spot
welalng, or heat treatln rcﬂuxres close cuntrol to attain this objective,
the proceés shall bc:pérformcd'in 3ccbrdahco viith an apprOVGd process spec—
ification. -

4b,303 ‘gpgggggg_§g§yggigg§. All Eolté; 1ns, sércws, and rivets usod
in the structurce shall be c¢f en “rproveu the. ‘The use of en upprcvba lock—
ing'dévice'dr method is réquired for all such bolts, pins, and ‘screvs.
Self-locking nuts shall hot.be used cn bolts which are éubject to rotztion
in operation. | |

Lb, 304 Protoctlon. .

(a) All nerbers of tie structarc shall be suitably prutected
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ageinst detcrioration or loss of - strength in service duc to weathering,
corrosicn, abrasion, or othcr causecs.

(b) Provisicn for ventilation and drainage of all parts of the
structurc shall be made’ hefe néééssmﬁy“fof-prctection.

(c) In-sedplaﬂeé; special'précautionS‘shall be tcken against .
corrosion from salt wﬁﬁef,‘Qﬁrﬁicuiarly‘where parts made from different
mgtals are in closce proximity.

4b;3d§ 'InSPGCtiohﬂprovisiéhs. “licans shell be provided te permit the

close cxamination of those parts of the cirplane vhich recuirc periodic
insoection, adjustment for proper clignment and functioning, and lubri-

cation of moving parts.

'Ab.30§ Materlal strength properties and design values.

{é) aaterlal strengtn properties shall be based on 2 sufficient
number of testé of maferial conforming to specifications to establish de-
sign values on a statistical basis.

(b) The deéign values shall be so.chosen that the prebability
of any structure being understrength because of material variations is

extremely remote.

(é) AllC=5a and ANC—13 values shall be used unless shown to be

1/

(4) The structure shall be designed in so far as practicable to

inapplicable in a particular case.

avoid peints of stress concentration vhere variable stresses above the fa~

tipue limit are likely to occur in normal service.

1/ ANC-5a, "Strength of Aircraft ulcnents," 1nd AFC-18, "Design of
Wood Aireraft Structures," arc published by the Army-Navy-Civil Cormittee
on Aireraft Design Criteria and ney be ubuqlned fron the Superintendent of
Documents, Government Frinting Office, - Jashington 25, De Ce

;;i
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4b,307 Special factors. ihere there.is uﬁccrtainty concerning the

actual strength of a particular part of the structure, or wherc the
strength is likely to deteriorate in service prior to normal replacement
of the rart, or where the strength is subjcet to oppreciable variability

due to’ uncertulntles in manufacturing proccSées and inspéction nethods,

the factor of safcty proseribed in § 4b,200 (a) shall be multiplied By a

special factor of a value such as to make the probability of the part
being understrength from these causes extrémely rerote, The following
spceial factors shall be useds

(a) casting factors.

(l) Where only visual inspection of a casting is to be
employed, the casting factor shall be 2;0;"éxcépt that it need not cxcced
1.25 with respect to bearing stresses

(2) It shall be acceptable tolfeducéithc‘factgr of 2.0 spee—

ified * in subparegraph (1) of this paragraph to @ value of 1.25 if such a

-ireduction is substantiated by tosting at le st threc sgwple castlnbs gnd

if the s.nplc castlngs as’ well as all paoductlon cobulngs are visually and
radidgraﬁhiciilyiihspecteﬁ'in‘accordance with ‘an approved'inspoctlon spce—
ification, During these tosts the samples shall withstand the ultimoto
load mulﬁipiiéd bj the faciof of 1.25Aand inbadéition Shallfcomply with
the cofreébonding lirdit load multiplied by o factor of 1;15.: - o

‘ (3) Ceosting factors other then tﬁéée”cdhtéined in éubpara-
graphs (1) and (2) of this paragroph shall be acceptaoble 1f they ure , found
to be ipproﬁfidﬁely related to tests and to 1nspectlon proceaures.

(4) A casting factor neced not be cmployed with respect to

' the bearing surface of a part if the bearing factor used (sce paragraph (b)
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of this section) is of greater magnitudé tﬁan'ﬁhe'Casting'factof.

(b)  Bearing factors.

(1) Bearln& factors shall be used of sufflclcnt uagnltuae

to prov1de for the effects of normal relatlve motion betiween parts and in

joints with clearance (free'fit) which are subject to poundina'of vibra-
tion. (Bearing factor values for control surface and system 301nts are
specified in 88 4b,.313 (a) and Lb, 329 (b).) ;

(2) A bearing factor nced not be employed.on'é part if
anocther special factor prescribed in this'section is of greéief magﬁiﬁﬁde
than the bearing factor.

(e) Fitting fuctors.

(1) A fitting factor of at leust 1.15 shull be used on all
flttlngs the strength of whlch 1s not proven by llﬂlt and ultlmate load.
tests in ‘hlcb uhe actual stress cond 1tlons are 31mulated in the fitting
and tne surrounulnu structure.i Thls fﬁctor shall acply.to all portioﬁs of
the flttlng, thc means of attuchmcnt and the bearing on the members joined.

“ (2) In the case of 1ntegral fittings the part shall be
treated as a fitti;r uo'to the point where the séctioﬁ properties becone
typlcal of the member.

| (J) The flttlno factor need not be employed. here a type
of joint maae in accofdance with approved préctices is based on'comprehen~
sive test date, e.g.gucontinuoﬁs joints in metel piating, welded joints,
and sc&rf JOlnts in uood.

(4) A fitting factor need not be erploycd with respect to
the bcerln; surface of part if the bearins factor useﬂ (sce ;urmvraph (%)

of thls sectlon) is of ﬂreatcr naﬂnltuae than the f:.tt:mu fuctor.
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. 4b,308 Flutter and vibration prevention measures. In all conditions

of cperatioil within the 1imit V-n envelope, the.wiﬁgs, conﬁrol surfaces,

. control -systeris, and 2ll other structural parts shall be frce from flutter

and dangerous vibration, including that reeu;tlng from ”ust zmpwxses. In
showing compliance with thlsurequlrement the following shall apply..

(a) satisfactory analytical and/or experlnentul ovidence shall
be submitted to show thﬂt dangerous flut or condltlons w1ll not devclop at
any speced up to' 1,2 Vs'selected in accbrdancg with § 4b.210 (b) (5), exe
cept that the speed need not exceed the tefndhai ﬁeiocity in a,BCO dive,

'(b)‘ The aifplane:shéll cdmply with ﬁhe flight demon;tration re—
quirements specified in § 4b.190. -

(e) The:naturél ffefuoncies of éll main struétural comnonentq,
control surfuces, and control systcmu shﬂll be determined by vibration
tests or by other rellhble methods, and shzll be _shown to be within the
ranse of values uoproprlate for the Dreventlon of fluttpr.

(d) The mass balunce of mov;ble control surfaces snhll be shovm
to preclude flutter. The strength and stlffncss 5f muss b“lance supports
shail Eé sﬁfficientvfor the accelerationg likely to cccur on ness balances,

(ej Cbntrol.SQrface tﬁbs not equipped with an irreversible ac-
tuatiﬁg meéhanism, as specified in 8 4b.322, shall bho »roperly mass bal—
anced and shown by a rational flutter anal;sis or equivalent testing that

they are free from flutter tencencies.,

AL 309 Stlffness. Wings and tail surfaces shall be shown to be free.

from uero—elastlc divergence, and control surfaces to be free from reversal

of effect, at all specds up to 1.2 Vp sclected in accordance with
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§ 4b,210 (b) (5),. except. that ‘the speed need hot exceed the term&hel ve-
locity in a 30O divei"In showing compliance wiﬁh this requirement, the
torsicnal rigidity of wings and. tail surfaces shall be determined byvéests

or other rcliable methodse

CONTROL SURFACES

4b.310 General, The recuirements of 88 4b.31l through 4b.3L3 shall

apply to the design of fixed and moveble control surfaces.

 4b,311 Proof of strengthy
(2) ngntrol surface linit load tests shall be conducted to prove
compliénce rith 1limit load recuirementss » ‘
(b) Control. surface tests sha 111 include the horn or fitting to

which the control system is attacheds

(e) Analyses cor individual load tests shall be conducted to dem—
onstrate corpliance with the special fac¢tor requirements for control sur-

face hinges. (Sec 88 41,307 and 4b,313 (a)e)

Lby312 Installation,.
(a ) MovaLle tail surfaces shall be so instelled that there is

no intcrferencc bctwce, any two surf“cus when one is held in' its extreme
position and all the othcrs are ouergtet through their full angular 1ove—

nent,
(b) ihen an adjustable stabilizer is used, stops shall be pro— -
v1ded which Jlll limit its travel, in the event of faoilure of the adjust—

ing mechanism, to a range ecual to the maxinumn rccujrcd to trln the air-

plane in accordance with § 40,140,
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“Lby3L3 - Hinges.

(a) Control surfacc hinges, except boll and, roller bearings,

“shall incorporate a specicl factor of not loss than 6,67 with respeet to

ﬁhe ultimate bCarilq‘sﬁrdﬂgth of the softest material used as o bcariﬁg.i
(b) For hinges incorporzting ball or reller beéarings, the ap—
pfoﬁéd faﬁinﬁ‘of the bearing shall not be oxceeded,
(c) Hinges shall provide sufficicnt strehgth and rigidity for

loads parallel to the hinge linc.

COI'TROL SYSTIS
: N dontrol
4b.320 General, All contrels and fsystems shall operate iith .easc,

_smoothness, and positivencss appropriate to their function. (Sec 2lso
’ ) s = . : e .

§8 41350 cnd 4b.353,) L S

o 4b,321 Two-control airplancs. = Two—control airplancs shall be capavle

ofdcbntinuing,safely in flight ond londing in the event of foilure of any
one’conneeting element in the dirccticral-latercl flight control system,

Lr,322 Trim controls and systens.

~© (a) “Trim ccntrols.shall be Tesigned to safesuard cgninst & .
inadvertent or akrupt cperation., .

(b) Each,t?im_qonﬁrpl,shall operate in the plane and with the

scnsc of motion of the cirplonc.. (Sce Figure 4b-16.)

. (c). Means shall be provided adjacent to the trin cgntrol to in-

- ddeate the directisn of the control movement relative to the airplanc

ncticn.

-

(d) .- licans shall be provided to indicate the position of the trim
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device with respect to the range of adjustment. The iﬁdidétiﬁg ricans shall
bo’ciedrly visiblece.

(&) Tris devices shall be capable of continued normel epcration
in the cvent of failure of any one ‘connecting or transmitting clement of
the primory flight control system,

(£f) Trim tab controls shall be irreversible, unless the tab is
aﬁpropfiaﬁel& balanced‘énd shoﬁnAto be ffee'frém flutter. .

(g) Therc an irreversible tab'COnﬁrOl system is cmployed, the
portion. from the tob to the attecament of the irreversible unit to the
airpla ane structure shall consist of a rigid conncction,

4b.323 Winﬁ flap controls.

(a) The wing flup controis shall opcrate in 2 manner to éormit
the fll“ht crow to place the flaps in all of the tuLo—off, en route, ap—
D?O&Ch, uﬂh lundlng positions estapllsﬂed un4er § Lbe lll and to malntuln
tneso pos1tlons therea;tcr ulthout furthpr attentlon on uhG part of the
crew, cxcept for flap HOVQﬁent produccﬂ bv an uutomublc flur positioning

0

or loac llnltvng QOVlCOo

(b) Tnc ~J:Lnu flap control sha li.bc ldcatod ahd designed to ren—
cer improbatlc its inadvertent operation. . ”

(6) The ratc of motion of the winé flap iﬁ fésponsc to the op—
craticn of the cpntrol'ahd‘thc cha actéfisfiés 5f the autoratic flap po—
sitionihg Qr loéd limitingvdcvicé shall'be such as to obtain satisfactory
flight and p crformande characﬁéristics Qnder stcady‘or.chénging cdnditions
of air spccd, én‘lnp power, ond airplane attitucde,.

(d) The wing flep control shall be dus1~nca to retract the flaps



fron the fully extendcd 0031tlon du?inb steadv fllght ut maxinun contlnu—
ous engine power at all speeds bclcﬁ Vg + 10 (mph),
(e) Means shall be 0rov1dea to 1nd1cate the takc~off; cn route,
approach, and lundlng flop posltlonso |
(f) It any exten31on of the flups beyond tae landlng position
is possible, the flap control shall be clearly marked to identify such
range of exten51on. - |

Ab 324 w1ng flap 1ntcrconnectlon.

(a) r"he notlon rf w1ng flups on onp081te sldcs of tho plane of.
éymmetry shall be anchronlzcd LJ a ﬂCChuﬂlCul 1nterconnectlon unless the
”élrplane is demonstratec to have safe fllvht cﬁuractcrlstlcs dhlle the
f}apsﬂare retracted on one side and extended on the gthcr.

- "(b) Whére &}wiﬁé flqp intergonnection is used, it shall bg dof
signed‘to account fo: the applicablc unsymmetrical_ipa@s, including those

resulting from flight with the engines on one side of thevplanp‘qf sxm@gpry

inoperative and the remaining engines at take—aff powers

Ab.325 Contrql system stpgg.ﬁ,.

+.. (a) All control systems shall be provided with stops which pos—

itively linit the range of notlon of thu control surfaccs.

(b) Control systen stopp shall. be §0 Jlocated 1n the s;stcn that

wear, slackness,, or toke-up adjustments wjll_not affect‘advergely thg con—
trol charucterlstics of the “1rplane becﬂuse of a chan e 1n tho range of

surface travel,

(¢) Control systen stops shall be capable of ¢1thstgpalnb the

loads corresponding with the design conditicns for the control system.
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- 4bJ/326  Control system locks, If a device is provided for locking a

control surface while the airplane is on ‘the ground or water, ‘the follow—
ing provisions shall apply.

(a) A means shall be provided to give unmistakable warning to
the pilot when the locking device is engaged.

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

(c) iocks shall be designed for the ground gust conditions pre—

scribed in 8§ 4b,226,

4b.327 Static tests, Tests shall be conducted on control systems to

show compliance with limit load requirements in accordance with the follow—
ing provisions.

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

(b) The tests shall include all fittings, pulleys, and brackets
used in attaching the control system to the main structure,

(¢) Analyses or individual load tests shall be conducted to dem-
onstrate compliance with the special factor reuirements for control system
joints subjected to angular motion. (See S8 4b.307 and 4be329 (b).) . ..

+4b.328 COperation tests. An operation test shall be conducted for

each control system by operating the controls from. the pilot compartment
with the entire §ystem loaded to correspond with 80 percent of the limit
load specified for the control systeme In this test there shall be no. . .
jamming, excessive friction, or excessive deflection,

Abe329 Control system details — general. All details of control.sysf

tems shall be designed and installed to prevent jamming, chafing, and



flange.

D ~- 11

1nterference from‘car~o, passengers, and loose objects, Precautionary

- means slall be pr ov1ded in the cochpl* to p*event the entry of foreign ob—

jects into places where they would Jan the control systeins. Provisions-

shallibe made to prevent tle slapplng of cables cr tubes against other
parts of the airplane, The follow1ng detci* reoulrements shall be appli-

cable with respect to cable rstems and j01nts.

(a) Cable systems.

(l) Cables, ceble flttlﬂ?s, turnbuckles, splices, and pul—

: leys shall be of an aoproved type.

(2) Cables smaller than 1/8 inch diameter shall not be

used in the alleron, elevetor, or rudder systems. -

(3) The d631gn of cable svstems shall be such that there
will be no hazardous change in cable tension throughout the range of traw—
el under operatlng conditions and temperature variations, . e

(4) PuLley types and “sizes shall correspond with the cables
used.

(5) A1l pulleys shall be provided with closely fitted
guards to prevent the cables being displaced or fouled. :

(6) Pulleys shall lié'in the plane passing through the

cable within such limits that the cable-does not rub against the pulley

(7) Firleads shall be so installed that they do not cause

a change in cable direction of more than 3°.

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

sy stema
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| - (9) Turnbuckles attached to parts having angular motion
shall be installed to prevent positively any binding throughout the range
of travel, |
(10) Provision for wvisual inspection shall be made at all
fairleads, pulleys, terminals, and turnbuckles.
(b) Joints.

(1) Control system joints subjected to angular motion in
push—pull systems% excepting ball and roller bearing systems, shall incor—
porate a special factor of not less than 3,33 with respect to the ultimate
bearing strength of the softest material used as a bearing.

(é) It shall be acceptable to reduce the factor specified
in. subparagraph (1) of this paragraph to a value of 2,0 for joints in cable
control systems, |

(3) The appfoved rating of ball and roller bearings shell

not be excéeded;
LANDINC GEAR

4h,330 General. The féquifements of 8§ 4b,331 through 4b.338 shall
aprly to the compléie landiﬁg gear.

'4b.331 Shock absorbers.

(a) The shock absorbing clements for the main, nose, and £ail
sheel units shall be substonbiabed by the bests specified in § 4b.332.
(b) The shock absorbing:abilit& of the landing‘gear iﬁ toxying
shall be demonstroted by ﬁhe.tests'prGSQribed in 8 4b.172. o
A&hggﬁg,l@gg;gg“ggg;_ggﬁﬁﬁ; The landiné gear shail.wifhstand the

o

following tests.

o~
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(a) shock absorption tests.

(1) 1t shall be¢ demonstrated by energy cbsorption tests
that the limit load fdctors selected for design in accordance with § 4b.230
- (b) for takc—qff and landing weights, respectively, will not be excoeded,

(2) In addition to the provisions of subparagraph (1) of
this paragrgph, a reserve of energy»absorption shall be demonstrated by a
test simulating aﬁ airplang descent veloecity of 12 fpsﬂat’degign landing
weight, qssuming wing iift not greater than the airplane welght acting
‘ during the lending imnadf | In thls test the landlnb gear shall not fail.

(Sce paragraph (c) of thls seCulon.)

(L) Limit dron tcsts.v

(1) 1f qompliancevﬁith the limit landing conditidnévspee—
- dfied in,subpa;agfaéh (a) (1) of thiémsection is demonstrated by free
drop tests; these‘shdli Ee éonducted bndfhb‘COmplete;airplane,vor on units
. consisting bewhee;, tire, and shock abserber in their.properlpe;ation.
 The free drop heights sholl not be loss than the followings
| ‘ti) 18;7 inches for the design laqding we;ght con—
" ditions, -
(i1) 6.7 inches for the design take-off meight con-

ditions. . . . |

‘(éj.‘iwaing’lift’is similated in free @rop tests the land—
ing gear shall be dropped wlta an effectlve mass ecgual to:

e = &V(Lt_ﬁl'.:_]‘i).g‘) ; ﬂﬂhere:

h+d

Wg = the effcctive weight to be used in the drop test (1bs),
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h = specified frec drop height (inches),

d = deflection under impact of the tire (at the approved in-
flation préssure) plus the vertical component of the axle travel relative
6 the drop m$ss (inches),

‘ VW'= i, for main geer units (1bs), equal to the static weight
on the particular ﬁnit with the airplone in the level attitude (with the
nose wheel clear in the case of nose wheel type airplanes),

W= W,I;"fbr taii géar units (1bs), equal to the static seight
on the tail unit with the airpiane in the teil-down attitude,

N

component of the static reaction which would exist at. the nose wheel, as—

W =W, for nose whecel units (1bs), equal to the vertical

suming the mass of the airplage acting at the cgnter of -gravity cnd ex—
erting a force of 1,0g déwnw;rd ;na‘Q.zﬁg_forward,

L = the ratio of the assﬁmed_ wing 1ift to the airplane
weight, not in excess éf 0.667.

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

(4) The valué cf d used in the computation of g in sub-
bparagraph (2) of this paragraph shall not exqeed thg value actually obtain—

ed in the drop test.

(¢) Reserve energy absorption drop tesbs.
(1) 1f éompiiance with the reserve energy absorption con-
dition specified in § 4b.332 (a) (2) is deménétrated by ﬁ;ce‘drop tests,
the landing gear units shall be dropped from a free drop'height of not less

than 27 inches,
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- (2) If wing lift equal to the airplane weight is simulated,

the units shall be drepped with an effective mass erual to:

We = W ( h ) 3
h+ d

whe;e the symbols and other details are th¢ same as in paragraph (b) of

this section,

4b,333 Limit load factor determination.

(a) 1In determining the airplane inertia limit load factor n

from the free drop tests specified in § 4b.332, the following formula shall

be used:
bamad We -
n = ng eﬁ— + L,‘where.
n: = the load factor during impact developed on the mass

J
used in the drop test, (i.e, -the acceleration dv/dt in g's recorded in the

drop test plus 1,0). (See § 4b,332 (b) (2) for explanation of Wg, W,

and L) .

(») The value of n determined in parcgraph (a) of this section
shall not be greater than the limit load factor used for the landing con-
ditions. (See 8§ 4b,230 (b).)

4b.334 Retracting mechonism.

(a) General,

(1) The landing gear retracting mechanism, wheel well
doors, and supporting structure shall be designed for the loads occurring
in the flight conditicns when the genr is in the retracted position, and
for the combination of friction, inertia, brake torque,'and air loads oec—

curring during retraction and extension at any air speed up to l.é‘Vsl
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(flaps in the .approach position at design landing weight), and any load
factor up te those specified in 8 4b,212 for the flaps extehded condition,

(2) The landing gear, the retracting mechanism,'and the
airplene structure including wheeliﬁéil‘doors‘shall be designed to vith-
stand the flight loads oceurring'with the landing gear in the extended po—
sition at any speed up to 0,67 VG’ unless other means are provided to de-
celerate the airplane in flight at this spced.

© - «(b) Landing gear lock.. A positive means shall be provided for

“the purpose of maintaining the landing gear in the extended position.

(c) Emergency operation, Emergency means of extending the land-

ing gear shall be provided, so that the landing gear can be extended in the
event of any reasonably probable failure in the normal retraction system,
In any case the emergency system shall provide for the failure of any sin—

gle source of hydraulic, electric, or equivalent_anergy supply.

(d) Operation test., iroper functioning of the landing éear re—

- %racting mechanism shall be demonstrated by operation tests.

(e) Position indicater and warning device.

(1) hen a retractable landing gear is uscd, mcans shall be
provided for indiceting tc the pilct when the gear is secured in the ox-
tended and in the retracted pcsitions.

- (2) 1In addition to the reQui:emenﬁ of subparagraph (1) of

~this paragraph landplanes shall be provided with an aural warning device

which will fupction‘continuously when all thrott;es‘are closed if'the gear
is not fully extended 29d locked.

(3) If a manual shutoff for the warning device prescribed
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in subparagraph (2) of.this paragraph is provided,. it shall be installed
so that réopening the.throttle§ wil;'?eset“the warning mechanism.; -
(f) Control., The location and operation of the landing gear ro-
traction contrcl shgll be according to the provisions‘gf;§A4b¢3535.

4b,335 Whecels,

. . (a) Main landing gecr wheels (i.es those necarest the airplane
center-of gravity) shall be of a type approved in accordance with Part 15,
“ (b} The rated static load of each main wheel shall not be less
thon the: design take—-off weight of . the -airplane divided by the number of
-main wheels,
-~ .. {ec) Nose wheels Shall be tested in accordance with Part 15 for
an ultimate radial load not less than the maximum nose wheol ultimabe loads

obtained 'in.the ground loads requirements and for the corresponding side

loads.

- 40,336 Tires. - .

.. ... (a) Leonding gear tires shall be. of a proper fit on the rim of.
the wheel, and their approved rating shall be suckh that it is not excceded
under. ths follouing contitions:

o (L) ‘airplane WeightAequgl tgfﬁhewdesign tqk§~0f£‘w§ight,
| u(2)q,lqu on main wheel tires,gqual to the qipplgne weight
divided by the number of main wheels,
(3) load on nose wheel tires (to be compared uithithé dj—
namic rating established for such tires) equal to.thé réééﬁioh obtained at
the nose wheel, assuming the mass of the.airplane:conccptrated at the cen—

ter of gravity and exerting a force of 1.0g downward end 0.31g forword, the
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reoctlons belng dlstrlbuted to the nose and moln wheels by the pr1nc1ples
of Stutlcs dlth the drag reactlon at the ground applled only at those'

wheels whlch have brukes.

4b.337 Brokes.

(a) General,
(1) All airplanes shall be eoulnped w1th approved brakes.

(2)» The brake system ‘shall be so des1bned ond constructed
that in the event of a single'failure in any connccticn or transmitting
elomont io the brake s&étem (éﬁciuding tho operating'pedoi or ﬁangle), or
the loss of any single source of hydraulic or other brake operating energy
suppiy, it shall'bolpoosible to bringvthe airplane £5 rest under conditions
specified in §v4b.122‘with abmoan déceleration during the landing roll of
at‘least 50.peroent'of oﬁdt obﬁaiood‘in.detofmining the landing distaocé
as presoribed in that section,

(3) In applying the reOulremcnt of subparagraoh (2) of
this paragroph to hydraullc brakes the bra&e drum, shoes, and actuators
(or their cquivalents) shall be oonsidcred'as oonneotingvof transmitting
elements, unless it is shown that the leakage of hydraulio fluid résulting
from failuro of tho sealing eloments in'tﬁese onits would not reduce the
braking effecﬁiveness bclow that specified in subparagraph (2) of this
parggraph. 7 | o

(b) Breke controls. Erake controls shell not require excessive

control forces in thelr ooerotlﬂn.

(c) Parklrg brace controls. A parking brake control shall be

¢

prov1ded and installed so that it can be set by the pilot and, without fur—

ther attention, will maintain sufficient braking to prevent the airplane

~

v
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from rolling on a paved, level rumway while take—off power on the critiqal

c¢ngine is being applied,

LE1338 Skis, Skis shall'berf an &pproved types The approved rating
of the skis shall not be less than the maximum toke—off weight of the air—
plane,

(2) Installation. In addition to any shock cords.instdlled,

front and rear check cables shall be provided on skis which are not equipped
with special stabilizing devices,

(b) Tests. It shall bc demonstrated that the airplane has safe

landing and taxying chiractoristics, and that the airplane's flight charac—

teristics are not’impaired by the installation of the skise ® -
HULLS AND FLOATS

"4bsi340 General, The requirements of 88 4b,341°and Abe342 shall apply

to the desizn of hulls and floats.

4bs 341~ Buoyancy (mein seaplane floats)e

- (a) - Main seaplane floats shall havc the following excess buay—
ancy beyond that required to support the maximum weizht of the airplane . in
fresh waters

,(;) 80 percent ifs the case of single floatsj
(2) 90 percent in the case of double floats.
(b) Bach main scaplane float é}dll contain at leagt 5 water—
tight compartments of approximatcely ecual voluines

Lb.342 Buoyancy (boat scaplaones).

(2) The hulls of boat seaplanes and amphibiens shall be divided

into watertight compartments so thot, with any 2 adjacent compertments
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flooded, the hull and aux1l;ary floats (and wheel tires, if uscd) will re—
tain sufficient buoyancy to support the maximum weight of the aircraft in
~ fresh water without capsizing,
(b) For the purpose of communicatioﬁ between compaftments, bulk—

heads with watertight doors shall be alloweds
PERSONIEL AND CARGO ACCOMUODATIONS

4b.350 Pilot compartment — general,

(a) The arrangement of theé pilot compartnent and its appurte—
nances shall prcv1de ‘safety ‘and assurance that the pilot will e a%lc to
perforn 21l of his dutieé‘aﬁd”opérate the controls in the correct manner

without unreascnable cqncsgpratiqn and fatigue,

(b) The primary flightvcontrols listed on Figure 4b-16, cx-
cludlng ce bles and ;ontrul rods, shall be so located Wlth,rcspcct to the
propellers that no portion of the pilst or the contrcls lies in the region
between the plane of fdfaﬁiﬁﬁ“of ﬁny'inbéard propeller and the surface gen-—
erated by a line passiﬁg through the center of the propeller hub and making
an angle of 5° forwﬁrd or afﬁyof thevplane of rotatisn of the propeller,

(¢) ihen provision is mode for a second pilot, the airplene shall
be controllable with equal safety from both seats,

(d) The pilot compartment shall Le Qénstructod to prevent leak—
cge likely to bo distracting to the crew or harsful to. the structure when
flying in rain or snow.

(e) A door shall be provided between the pilot compartment and

the passenger compayrtiaent,
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o an axis parallel to the axls of
* the contrcl. : o

| © CONTROLS © MOVEMENT AND ACTUATION ;
« ]
; ‘Frinary
i =
Aileron R erht (clockw1se) for right w1ng
oo down ‘
I |
| Hlevator S Rearward for nose up |
. Rudder b thht pedal forw”“d for nose !
| L o
A Secondary ’ ‘?
i : N - — H == 1 R .
! Flaps (or -, - Down to extend A !
Siccauxdliary llft f - S |
t  devices) : f :
I .
e
{ Trim tebs (or = '~ Rotate to produce similar
";*~~equiva;ant) o rotaticn of the airplane about .
| _
|
|
|

Fiéure 4b-16

AERODYNAMIC CCIHTROLS

(f) The door prescribed in paragraph (e) of tuls sectlon shall

be eculpped w1th a locnlng means to prevent passengers from opening the
- door w1thout the pllot's Dern1s51on.
(g) Vlbratlun apd hoise chéracteristics of cockplt a‘purtenances

~.shall not 1nterfere w1th tne safe operatlon of the airplanes
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4be351 Pilof comparbment vision. J

(a) Nonprecipitation conditions.

(1) The pilot compartment shall be arranged to afford the
pilots a sdfficiently extensive, clear, and undistorted vieﬁ to perforn
safely all maﬁeuvcrs within‘thé'éperating limitéiiéns of'the‘airplane, in-—
cluding taxying, take—off, approach, Qnd landlng. | .

(2) It sh?ll be demonstrated by day and nlvht fllght tests
that the pilot compertment is free of glure "nd roflectlons whlch would
tend to-interfere with the pilots! vis;pn. -

(L) Pr601p1tatlon condltlcns.

(1) Means snull be provndcd fﬂr malntalnln; a sufficicnt
portion of the windshield clear so that both pilots are afforded a suffi-—
of the alrplane. uuch meanS'shall be,de31gned to functicn under the fol-
flowing conditicns without continuous attentien on the“art of the crew:

(i) 4in heavy’raén at speeds up to 1.6 Vsl, flaps re—
tracted,

(ii) in the most severe icing conditicns for which ap—
proval of the airplane is desired,

~(2) In addition to-the means prescribed in subpar groph (1)
of this paragraph at least the flrst pilot sh%ll be prov1ded Jlth a w1ndow *
which, whon the cabin is not pressurized, is opcnable uncer the condltlons
prescribed in subparagraph (1) of thisvparagraph,’and which prov1des the
view specified in that subparagroph. The design”shall be such ﬁhat when
the window is opened sufficient protection ffom thg elements will be pro-

vided against thc impairment of the pilot's vision, ‘ iﬁi
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41,352 Pilot windshield and windows.

(a) All internal glass panes shall be of a nonsplintering safety
trpes |
© ~(b) The windshield, its supporting structure, and other structure
in front of the pilots shall have sufficient strength to withstand without
penetratign the impaqt of a foueround bird when the velocity of the air—
plane rclative to the bird along the airplqne's fligh@ path iguequal to the
value of Vd at sea level sclected in accordonce with 8 4b,210 (b) (4).

Abe 353 Qontrols.

. (a) All cockpit controls shall be located to provide convenience
in operaticn and in a menner tending to p?event confusicn and inadvertent
operation. (Sce also $ 45,737.) |

(b) The diregtion of movement of controls shall be according to
Figures 4b-16 and 4b-17. Therever practicgble the sense of motion involved
in the operaticn of other contfols shall'corfespond with the sense of the
effect of the.operaticn upon the airplane or upon the part operafed.

(¢} The controls shall be so located and arranged with respect
to the pilotst! seats that there exists full and uﬂresﬁ?icted mofement of
each control without interfcrence frém either thé'coékpit'strﬁctufe'or the
pilots! clobhing when seated. This shall be demonstrated for individuals
ranging from 5'2" to 610" in height. | -

(d) TIdentical powerplant controls for éﬁch:éhginelégﬁll be,io—
cated to prevent any misleading impression as tq tbe engi%e to whiéh.they

relate.
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CONTROLS MOVEMENT ..ND ACTUATION
S ' ]
- Powerplant _;
i
Throttles. - o Forward to increase power. -
’ 3 |
 Propellers - . : .. - | . Forward to increase rpm '
CMixtupe 0 oo | Forward for rich -
i
Carburetor air heat Forward for cold
_ Awdliery
Landing gear Down.po,exiend

Figure Ab-17

- POWERPLANT AND AUXILIARY CONTROLS, .

.- (e) The wing flap- (ér auxiliary 1ift device) control and the
landing gear control shall We scparated sufficiently to prévent confusion
and inadvertent operaticn. -

4be354 Instrument arrangement. (Sce-§ 4b.611,)

. 4b.355 Instrument marking. (The operational markings, instructions,

and placards required for the instruments, controlsy etc.; are specified in

S8 4130730 throuGh 4b0738')

4b,356 Doors..
(2) Airplane cabins shall be provided with at least one easily

accessible external door,
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‘hr _ (b) It shall be possible Yo open external doors from either in—
or outside
side by the operation of only one handle inside or one handle outside even
t#éugh pefsons may be crowding against the door from the inside, The means
6£'§§;££ﬁg ghall be simple and obvious and #hall be so arranged and marked
vthgtvit can:bg readily located and operated even in darkness.
- o _ A_(q) Reasonable prpyisions shall be made to prevert the jamming
of any external dpo:lgs-airgsu;t_of fuselage deformation in-a minor crash.
(d) External doors shall be so located that persomns wsing them
“ willznotﬁbeﬂendangered‘by_thevpropellers when appropriaié:operating pro—
’éedu:es‘are.employed.g

4b,357 Door louvres. where internal doors are equipped“With louvres

_-or other ventilating means, provision convenient to the érew shall be made
for stopping the flow of air through the door when such action is found
necessary.

.. 4Lb.358 Seats, berths, and safety’belts..

(a) General. At all stations deéignétedias'éccﬁpiable duriﬁg
take-off and landing, the seats, berths, belts, harnesses, and adjacent |
parts 'of the airplane shall be such that a person'maklng proper use of these
facilities will not suffer serious 1n3ury in the emergency landing condl—.
tions as a result of iner tla forces spe01f1ed in § 4b.260.

) o (E) rrangement.
(1) Passengers and crew shall be afforded p;oteétlbn frém
hééd iﬁju?ieéiby one of the follow1ng means: '

. (i) - safety belt and shoulder harness which will prevent

the head from contacting any injurious object,
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(ii) safety belt and’ the elimination of all injurious

‘objects within striking radius of the head in the fore-n—aft directién;
(iii) safety belt and a cushioned rest which will.sup~
port the arms, shoulders, head, and - spine,

(2)  For arrangements which do not provide a firm hand hold
on seat backs, hand grips or rails shall be provided along aisles to enable
. bassengers or crew members to steady themselves while using the aisles in
moderately rough air.

(3) .All projecting objects which would. cause injury to per—

sons seated or moving about the airplane in normal flight shall be padded.
(¢) Strength, e |

(1) All scats, berths, and supporting structure shall be de-
signed fo;:an occupant,weighing at»least‘l70 1bs and for critical loads re-
sulting from all specified flight load conditions.

(2) an seats and berths designated as occuplable during
landlng and take—off, and thelr surportlng structure, shall be designed for
the loads result:.nb from all sp001f1ed ground load condltlons 1nclud1nc the
emergency landlng condltlons of 8 Lb, 260. Qeactlons from sufcty belts and
harnesses snall be taken 1pto account. |

| (3) Pilots"séaﬁs éhall be designed for the reactibns re—
sulting from application of thevpilot forces to the flight controls pre-

-

scribed in 8 4b.224,
b.359 ‘Cargo and baggage compartments. - (See slso §8 4b,382-4b.384.)

(a) Each cargo and: baggage compartment shall be designed for the
‘placarded maximum weight of contents and the crlticﬂl loaa distributions at

the appropriate maximum load factors correspondlnv w1th all SpOleleQ Pllght
and ground load conaltlons, cxcluolnv thc emergency lmndlns condltlons of

8 40.260‘

ii?
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| (b). Provisions shall be made to vrevent the contents in the. com—
partments from becominé a hazard by shifting under the loads specified in
paranraph (&) of thls sectlon.
(c) Prov131ons snall bo made to protect the passcngers and crew

from anury bJ the contents of any compartmcnt when the ultimate inertia

pforce acting forward is 6g.

EMERGENCY PROVISIONS

 Ab, 360 General. The reouiremonts of 68 4b,361 and 4b.362 shall.apply
to the emergency prov131ons. . B

Lb 361 Flotatlon.

(a)‘ For certification of ditching provisions proescribed by
§ Ab 261, bvidencc shall bo required to show reasonable ‘probability that
the alrdlane after landlng in the water will remain afloat to the following
vextent. (Soe also § 4b.362 () (2).)

(1) In the ‘casc of airplanes ecuipped with life refts having

capééitj fbf;éll persons aboard the airplanc, the flotation time and trim
;éh;li“pérﬁiﬁ all dccupahts to leave their ditching stations: and to occupy
thc rafts,

- ' (2) 'In the case of airplanes not equipped with life rafts
having capacity for all persons, the airplane shall float indefinitely with
sufficiént,cémpérﬁﬁents remaihing épgve th; wd?or line to accommodate all
persons aboard the alrplane.v o

(b) It shall be ucceptable to demonstrate compllance with the
reduirements of paragraph (a) of this section by buoyancy and trim compu-—

tations in which suitable allowances are made for probable structural damage
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and leakage. For airplanes ecuipped with fucl dump valves; it shall be
acoeptable to consider as buoyancy volume that volume of fuel which could
be dumped.

4b.362 Bmergency cxits. Passenger and crew compartments designated

as occupiable during take—off and landing shall be provided with ‘emergency
exits as prescribed in the following paragraphs:.‘Individual'COmpartments'
shall be considered as those closed spaces to which there is a normal ace
cess by a door, passageway, or stair, any of which might restrict rapid
evacuation of the airplan¢;'

(a) Bvacuation, In case of question éohcerning thé‘adequacy of
emergency exits, it shall be demenstrated thot the airplane can-be “com—
pletely evacuated in BO‘éecdnds;.or ih a time'eqﬁal to one second per oc—
cupant, vihichever is the greater, under conditions simﬁlafing'a forced
lahdiné.v The following.shaliibe bbéérved during theAdeménS£rationé -
| (1) The maximum number of peréong'fbr whom seats aré’prd~
vided shall participato in the demonstration, o

| (é)4 Tﬁe persons demdhstratinéfﬁhe evacdation.pfbcedufe'

shail'not‘be‘briéfed'more than once prior to thé official demonstrations

(b) Number of exits.
1) Thc minimum number of exits per compartment shall be
as follows:

Number of perscns for whom - Minimum number of
seats are provided. exits required,

5 or less

More than 5, but not more than 15
More than 15, but not more than 22
More than 22, but not more than 29
More than 29, but not more than 36
iiore than 36, but not more than 50

SwvibWw D

ia
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(2) ‘The external door or doors specified in § 4b,356 shall
be consldered as emergencr ex1ts 1f mhey meet the recuirements of paragraph
(¢) of this section. | |

(3) Tne number of ex:ts in any one combartment need not ex—
ceed 4 if an adgacent compartment can be reached through a passageway with—
out a door and if the total number of ex1ts in the 2 compartments ecuals 1
exit per.8 aassengers. Dev1atloﬁ from these numbers ghall be allowed if it

is demonstrated that the alrplane can be evacuated within the time spee—

s

(c) Ex1t arrangement.

(l) Emergency exlts shall be located to give the maximum
likelihood that they w1ll be usable-ln an emergency landing with wheels up.

(2) For certification of ditching provisions prescribed by
§ 4b.261, it éhéii'be shown that at least one emergency exit for every 16
passengers is located above the water linc.

(3) In airplanes for which 2 or more emergency exits are

wfeQuired; the ratio of the number. of exits on either side of thé‘airplane

to thc total number re”ulred shall be not less than l 3. Atwiéast one exit

on the op0051te 51de from the external main door shall be operable from the

out31de and shall bc marked according gly for the guidance of rescuc personnel.,

(A) Tne emergoncy exits shall be reaallv a000531blc, shall

not requlre exceptlonal agility of a person using them, and shall be dis-—

- trlbuted to fa01lltate evacuatﬂon without crowding.
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(5)" Bach emergency exit shall provide a clear and unob-
“'structed opening to the outside, the minimum dimensions of which shall be
such that a 19 by 26 inch ellipse can be inscribed therein.
“(6) Reasonable provisions;shali be made against the jamming
~ of emergency exits as a result of fuselage deformation.
(7) -The method of opening of emergency exits shall be sim-
ple and obvious., (See § 4b.738 (c)o)
(8) The proper functioning of emergency exits shall be dem—
onstrated by test,
(9) For all landplanec emergency exits—whicp are nore than
10 feet from the ground with the airplane on the ground and wheels retract—
ed, suitable means shall bc provided by which the occupants can safely de—

" scend to the ground.

VENTILATION, HEATIVG, 4D PRESSURIZATION

4b.370 General, The recuircments of 88 4b.37L through 4b.376 sholl

apply to the ventilation, heating, and pressurization of the aircraft,

4bea371 Ventilation, All passenger and crew compartments shcll be

ventilated, The following shall be specifically applicables
(a) Provision shall be made to exclude fuel fumes and to prevent
carbon monoxide concentraticn ih exdess of one part in 20,000 parts of air.

(b) Uhere partitions botween compartments are equipped with

louvres or other means allowing air to flow betwecn such compartments, pro—

vision convenient to the crew shall be made for stopping the flow of air
through the louvres or other means when such action is found necessary,

(Sec also § 4b.357,)

¢
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4b,372 Combustion heaters. Gasoline combustion heater installations
shall comply with all applicable provisions of the powerplant installation
recuirements pertaining to. fire prevention including those concerning fuel

tanks, lines, and exhaust systems,

404373 Pressurized cabins ~ general. The design of pressurized cabins
shall cdmply with the requirements of 88 4b,374 through 4b.376. (See

8§ 4b.216 (c) for strength recuirements.)

Lb.B?A Pressure supply. For cabin pressurization the pressure sunply
shall be sufficient to maintain a cabin pressure corresponding with an al-

titude of not mere than 10,000 feet in standard atmosphere when the air-

'plénéfé“fiight-altitude is the maximum selected for certification.

‘Ab.375"Préésure control, Pressurized cablns shall be brov1ded with

at least the following valves, .controls, and 1nd1cators for controlllng

cabln presSure.

‘(a) Two pressure relief valves, at least one of which is the

ndrmailregulating valve, shall be installed to limit automatically the pos—

itive pressure differential to a predetermined value at tbe max:mam rate of
flow delivered by the pressure source. The comblned capac1ty of the relief
valves ‘shall be siich that the failure of any one. valve would not cause an

apﬁre01able rise in the rressure differential, The pressure dlfferentlal

shall be consideréd>positivefwhen the internal pressure is greater than the
external; :
(b) Two reverse pressure differential relief vélve§r§9r equiva—

lent)'shall be installed ‘to prevent automatically .a negative pressure dif—

ferential which would ‘damage the structure, except that one such valve shall
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be considered sufficient if it is of a design which reasonably precludes its
malfunctioning;
| (¢) Means shall be provided by which the pressure differential
can be rapidly ecualized,

(d) An aﬁfomatic or manual regulator for contfolling the intake
and/or'eXhauét air flow shall be installed sc that the recuired internal
pressures and air flow rates can be maintained,

(e) Instruments shall be pro#ided at the pilot or flight engincer
station showing the nressure differential, the absolute prossure in the
cabin, and the rate of change of the absolute pressure.

(£) Warning indication shall be provided at the pilot or flight
engincer station to indicate when the safe or preset limits on pressure dif-
ferential and on abéoiute’cabin,pressure are exceeded, |

(g) 1If the structure is not designed for pressure differentials
up to the maximum rélief #alve setting in combination with landing loads
(see § 4b,216 (c¢)), a warning placard shall be placed at the pilot or flight
'engineefIStation.

4b.376 Tests.

(a) Strength test, The complete pressurized cabin, including

' d§ors, windows, and all valves, shall be tested as a pressure vessel for the
pressure differential specified in § 4b.216 (c) (3).

(b) Functional tests. The following functional tests shall be

performed,
(1) To simulate the condition of regulator valves closed,
the functioning and the capacity shall be tested of ﬁhe positive and nega—

tive pressure differential valves and of the emergency release valve.

‘ii

ad
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(2) A1l parts of the pressurization system shall be tested
to show proper functioning under all posgible conditions of pressure, tem—
perature, and moisture up to the maximum altitude selected for certifi— |
cation,

(3) Flight tests shall be conducted to demonstrate the per—
forménce ofvtﬁe pressdrevsupply, pressure and flow regulators, indicators,
and warﬁingléiénéls’in'sheadyland stepped climbs and descents at rates cor—

’ respondingmﬁith ﬁhe maximum attainable without exceeding the operating iim—
iﬁétions of ﬁhe airplane up to the maximum altitude selected for certifi—
- cation,

) (4) All‘doofs and emergency exits shall.be tested to ascor—
taiﬁ that tﬁey opef;te properiybafter being subjected to the flight'ﬁests

prescribed in subparagraph (3) of this paragraph,

FIRE PREVENTION

4b.380 General. Compliance shall be shown with the fire prevention
requirements of 85 4b.38L through Ab,384.

4b.381 (Cabin interiors. all compartments occupied or used by the

crew or passengers sﬁall cbmply with the following provisions.

(a) The materials in no case shall be less than flgsh—resistant.b

(b) The wall and ceiling linings, the covering of all upholster—
ing, ﬁloors;‘aha furnishings shall be flame-resistants

(¢) Compartments where smoking is to be permitted,sha;l be
equipped with aSh trays of the self-contained type which are completely re—

movable, All other compartments shall be placarded against smoking,
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(d) All receptacles for used towels, papers, and waste shall be
ofifir9~resistant material, and shall incorporate covers or other provisions
fof containing possiblc fires.

4b,382 Cargo and baggage compartaents,

(2) Cargo and:baggagc compartments shall include no controls,
wifiné, lines, Qquipment, or accessories the damage or failure of which
w?ulq affect the sgfé Qperation of the airplane, unless sSueh items are
shielded,‘isolated,_or otherwise protected so that they cannot be damaged
by movgment of cargo in the compartment, and so that any breakage or fail-
ure of such item will not create a fire hazard.

(b) Provision shall be made to prevent cargo or baggage from in—
terfering with the functicning of_the fire-protective features of the com—

partment.

«

(¢) All materials used in the construction of cargo or baggage

compartments, including tie--down equipmenﬁ, shall be flame-resistant,

4b.383 Cargo compartmentrclassification. All cargo and baggage com—

partﬁents shall include provisions for safeguarding against fires according
to the following classificationf

(2) ﬁA" category. Cargo and baggage compartments shall be clas-—
sified in the "A" category if the presence of a possible fire therein would
bé easily discernible to a member of the crew while at his station, and if
all parts of'ﬁhe compartment are easily accessible in flight. A hand fire
extinguisher shall be available for each compartment,

(b) "B" category. Cargo and baggage compartments shall be clas—

sified in the "B" category if sufficient access is provided while in flight
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to enable a member of the crew to move by hand all contents and to reach
effectiveiy all parts of the compartment with a hand fire extinguisher,
Compllance shall be shown with the follow1ng.

(l)‘ The deslﬂn of the compartment shall be such that, when
the access pfov1sxons are b01nb used, no hazgrdous quantity of smoke, flames,
or extinguishing agent will enter any compartment occupied by the crew or
paséengéfs.

(2) Each compartment shall be e{uipped with a scparate sys—
tem of an arproved type smoke detector or fifc detector other than a héat
detector to give warning at the pilot or flight enginecr ététion:f

(35 Hand fire extinguishers shall be readily available for
use in cach compartnont. | |

(4) The compartment shgll be completcly llned with fire-
resisﬁant material, except that addltlonal service lining of flame-resistant
naterial shall be acceptabié; |

(c) K"CH caiegori. Cargo and Eaggage comp&rtmeqts-sﬁal; be clas~
sified in the ﬁC" category if they do not conform to the pfcrequisités fo
the "AM or i"B" cafegorios. Compliance shall Be shown with thé fﬁllowiné;

(l)‘ Each comp@rtment shall be equipped with'

(1) a scparate system of an approved type smoke de—
tector or fire detector other than heat detector to give Warnlng at the
pilot or flight engineer station, and

(ii) an approved built—in fire—extinguishing system ccme
trolled from the pilot or flight enginecr station.,

(2) ieans shall be provided to cxclude hazardous quantities
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"of smoke, flames, or'extinghishing agent from entering into any compartment
occupied by the crew or passengers.

(3) Ventilation and drafts shall be controlled within cach
compartrment so that the -extinguisiing agent provided can. control any fire
which may start within the compartmant.

(4) The compartiont shall be complotely lined with flre—
res1stant material, except that additional service lining of flame-resistant
material shall be accaptable.

Ab 384 Proof of compliance,

(a) Compllapce with those provisions of 8 4b,383 which refer to
‘_compartment accessibility, to the entry of hazardous quantities of smoke
or cxtlngulshlng agent into cdnﬁaftneﬁﬁs occupied by the crew or passengers, "a
| und to tlc d1331pﬂt10n of the cxtlngulshlng agent.in catcgory "C" compart—
ments shwll ve demonstrated by tests in:flight. -

(b) It shall ulso be demonstretéed during the tests prescribed in
?afagraph (2) of this sectlon thet no inadvertent operation of smoke or
fire detectors in édjaceﬁt'ér other compartmetits within the airplane would
oceur a;.aAfesult of fire conﬁained in any one‘compartment,‘eithcr during
. or after exbinguishm@nt, uhiéss thevéxiingﬁiShing systenn floods such con

partnents simultaneouély.
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MISCELLANECUS

4b.390 Reinforcement near wronellaers. Portions of the airplanc near

propeller tips shall have sufficient strength and stiffness to withstand the
effects of the induced vibration and of ice throwm from the propeller. Win—
dows shall not be located in such regions unless shown c.:pable of withstand-
ing the‘most severe ice impact likely to occur.

4b.391 Leveling morks., Reference marks shall be provided for use in

leveling the airplane to facilitate weight and balance determinations on

the ground.
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SUEEART E — FOJERPLANT INSTALLATION (RECIPRCCATING INGINES)

GEVERAL

4b.400  Sconé,

(2) The nowerplant installation shall be considered to 1nclude
all components of the airplane which are nncessarj for 1ts propu151on. It

shall also be considered to include all components which affect the control

“of the major propulsiVC"units’or which affect their safety of operation be—

tween normal 1nspcctlons or overhaul nerlods. (Suc 88 41,604 andVAb.élB
for 1nstrument 1astullut10n and narklng.)'

b) All components of the wowerhlunt 1nstvllat1un Shull bc con-

structed, arrunvca, na 14st¢Lled ina ranner Jhlch w1ll assurc th61r con-—

tlnued safe opor“tlon betreeﬂ norn,l 1nspect1uns or overhaul periods, o
(c) ACCGSSlJll~ty shall be prov1ded to pernit such 1nsyectlon
and ﬁalntonunce as is necessury to assure contlnued alrworthlness.
| (d) Electrlcal 1ntcrconnections shall be provided to prevent the
existence of differences of Dotential between major co&ponénts oi the power—
’ - A

plant 1nstullatlon and other ortluns of t1e alrplﬁne.

4b 401 Envlnes.

(u) Type CcftlflCQtlon. All cngincs shall be tyuc certlflcated

in accordance Wlth the provisions of Fart 13 of the Civil air Regul“tloﬂs,

(b) Enﬁlne 1solutlon. lhc englnes suall be 50 1solated each

frun the other, that the fallurc or mzlfunctlonl 2 of any one en5¢nc, or

'uny Dart of the oowcrplant 1nstullatlon serv1ng any one enclne, will not

prevont the safe operutlon of the remplnnng englne or englnes.
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(c) Control of engine rotabion, leans stall be provided for
storping and restarting the rotation of any cngine individually in flight,
All components provided for this purpose which cre located on the engine
side of thc fire wall and which might be exposed to fiée éhall bé”bf fire-
gesistant’construcﬁion. (See also 8 Ab;449.) |

Lbe 402 Propellers. }ropellers shall be tyﬂe cert flcatoc in uccord—

ance Nlth the prov131ons cf }art 14 of tne ClVll hir Regulatlonu. rnhe naX—
1mun ﬁrOPGller shgft rotgtlonhl Spvcd uncl the englne powor oermlsszble for
use in the alrplune shall not excecd the correspondlng llmlts For nh¢cn the

nropeller has been certificated. 4

Lbe 403 Fropeller vibrétion.‘ The magnltude of the ropeller blade vi—

bratlon strcsses under all normal conditicns of «ﬁeratlon shull be deter—
nined b& actual measurenent or bv comharlsun with slmllar 1nstallatlons for
whlch such measurements ‘have bcen nace. The vibraticn stressos thus ceter—
mined shall not excecd values which have beon dpmonst rated to be safe for
contin;oﬁs opcration; |

Lb.i0L Tropeller nitch and speed limitations.

(2) The Dronellcr “itch'and socéd shall be limitced to values
which will assure safe operation under all normal condltlons and which will
assure compliance with the performance requiremcnts specified in 88 4b,110
through 4b.125, |

(b) & propeller speed limiting means shall be provided at the
governor. Such means'shall be set‘to limit the Aaximumvpéssible governed
engine speec. to a value not exceceding the maximum permissible rpm.

(c) The low pitch blade stop in the propeller, of other means

used to limit the low pitch position, shall be set so that the propeller
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spced does not exceed 103 percent of the maximum permissible engine rpm
under the following conditions:
(1) propeller blades at the low pitch limit and goverior
.inoperative, and
(2) engine operating at take—off manifold pressure with the

airplanc stationary under standard atmospheric conditionse.

4be405 Proncller clearance. With the airplanc loaded - to the maximum
weight and at the most adverse center of gravity position and the propellers
in the most adverse pitch position, the propeller clearances shall not be
less than the following, unless smaller clearances arc substantiated for
the particular design involveds
“(2) Ground. Seven inches of ground clearance for airplenes
equirped with nose—wheel type landing geors, or nine inches of ground clear-
ance for airplanes equipped‘wiﬁh tail-whecl type landing gears shall be jro-—
vided with the landing gear statically deflected and.the.airplane in the
level take—cff or in the taxying attitude, whichever is most eritical, In
addition, there shall be positive clearance between the propcller and the
ground when, with the airplane in-the level take-off attituce, the critical
tire is completely deflated and the corresponding londing gecr strut is
completely bottomed.
(b) Water. & water clearance of 1€ inches shall ke provided un—
less compliance with § 4by181 is demonstratec with less clearances.
(¢) Structure.
(1) Cne inch radial c¢learance shall be provided‘between the
blade tips and the airplane structure, or vhatever additional radial clear—

_ance is necessary to preclude harmful vibretion of the propeller or airplanc.
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(2) Onc-half inch longltuch.nal clearance shall be provided ‘)
between the propeller blades cr cuffs and all stdtlrnary nhortions of the
airnlanc, o
(3) FPositive clearance shgll be prov1ﬂcd bcticen other ro—
tutlnu portigns of the. propeller oF s“lnncr lnd all st tlonury Qurtlons of
the airplane, “

4b 406 Prooeller de—lcirg-rrdv131ons.

(a) Alrplanes intended for ooeratlon uﬁder atﬁosaherlc conditions
conducive tglthe«formationédf*ice'Shall be provided with means for the pre-
vention ond removal of propeller ice abéumﬁlations.

(b) If corbustible fluid is used for propeller de—101 the

provisicnsAofb§§v4b 30 through 4b. ABB, 1ncluslvc, shall bo compllod witihe
-~ FUmL s&.'sm; OPERATICH AID ARRAIGEENT J

Lb, 410 Generale .

(a) The -fuel system shall be constructed “nd arranged 1n such an
manner as to assure o flow of fuel to each englne at a rate end jressure .
which have been established for proner engine functiching undcf all normal .. oo
conditions, including all maneuvers’ for which'the dirplane is intenccds . - -
(For fuel systen instrumcnts see § 4b.604.)

(b) The fuel system shall be so arranfed that no one fuel pump .
can draw fucl fron morc than one tank at a tlme.unless means are provided
to prevent introdueing air inte the systen,

Lb.411l Fuel systenm independence. The fuel systan shall be arranged

to pernit operation in such a manner that the failurc of any onc conponent

will not result in the irrccoverable loss of power of more than onc engine. ﬁﬁi
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‘ii Ab,412 Preeegre cross—feed erraﬁgements.

(a) Pfessure cross~feed lines shall not nass through portione
of the airplane intended to carry persomnel or cargo, unless means are
hrov1ded to Dermlt the flight personnel to shut off the supply of fuel to
these lines, or unless the lines are enclosed in a fuelproof and fumeproof
shroud which is ventilated and dreined £o the exterior oflﬁhe ai?plane.

(b) The shrouds specified in paravraph (a) of thls sectlon need
not be used if the lines are routed or protected to safeguerd agalnst acci—

dental denage and if they do not 1ncorporate any flttlngs w1th1n the per-

sonnel Or cargo area.S.

(c) Llnes which can be isolated from the renalnder of the fuel

system by means of valves at each end shall incorporate provisions for the

‘h; relief of excessive.preesures which might resdlf ffem exposure of the iso—~
lated line to high ambient temperatures, | |

Ab 413 Fuel flow rate.

(a) The ablllty of the fuel systen.to prov1de the recuired fucl
flow ruﬁe shall be demonstratea vhen tae “*leunc is in the &ttitude which
represcnts the most adverse condition ffbm the Standpoiﬁt‘of'fuel feed which
the airplane’is designed to attain. - The folloﬁingfshall be considered in
this rcspeét: : | |

; . | | (i) nofmal greuﬁdgaﬁfitude,
(é) clibb with taKe—off flaps, landing geer up, using take-
off nower, at speed V, as detcrmlned in § 4b.114 (b), at landing weight,

(3) levcl fllbht at maxirum continuous power or at the power

recuired for level fllbht at VC, whlchever is the lesser,
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(4) glide at 2 speed. of 1. 3 Vs s at lg.nd:u.nb delbht.
(b) During the denonstra tlon wrcscrlbod in parﬂ hkn (a/ of

this section, fucl slall be delivered to the eng ine at 2 oressurc not less
than the minimum pressure estubllshed for proper englne operation. In ad— ¢
dition the following shall be met. N | ; o

(1) The quantity of fuel 1n the tank belnb con81dered shall
not exceed the amount establlshed as the unusable fuel SqulV for that tank,
. as determined by‘demonstratlng‘gpmp;13n09 Wlth the prov131ons of 8§ 4b.416
(sec also 88 4b.420 hnd 4b.613 (b)), to ether with whatever minirum quan—
tity of fuel it nay be necessary to add for the puruoso of conductlnb the
-flow test. |

(2) If a fuel flovmeter is provided, the metor shall be
blocked during the flow test and the fue; shall flow through the meteft “i
by-passe e -
(3) It shall be accoptable to conduct the demoné%fation
’ pfescribed'in paragra i (a) of this section by aé?o;;d'test on the airplan
"or on a répfeséntativé rock-up of the fuel systeri,

Lb.A14  Pump systens.

(a) The fuel flow rate for pump systass (main and reserve éuLle)
shall be 0,9 »ounds per hour for each talte—off horseyOWQr or 125 Dercent of
the actual take—off fucl consumption of the engine, whichever is the )
greater,

(b) The fucl flow rate specificd in paragraph (a) of this sce—
tion shall be applicable to both the prirary enzine—driven purp and Lo cncr-
gency purips. The fuel flow rate shall ke available when the punp is running ~

at the speed at which it would normelly be operating curing teke—off, In
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4 the case of hand ooerateg pumps, the speed recuired .shall. not:be ‘more than
60 complete cycles (120 51ngle strokes) per minute.

[PRS

Ab 415 Transfer svstems. ‘The yrov*szons of 8 4b. 414 shall apply to

transfer SJstems, except that the required fuel flow rate. ‘for the engine
or englpes involved shall be ‘established uron tile basis of maximun con—

tlnuous power and its oorrespoxdlng speed instead of take—off power and

its corresponding speed. -

' 4bu416 Determination of unusable fuel supply and fuel system oper—

ation on low fuel.

S (a) ' The quantity of fuel with which compliance with the prb—
IEQiéiEn'of fhiS'paragraphfis~demonstrated shall be selected by the appli-
cant who, in addition,shall indicate wiich of the conditions specified in
'parabraph \b) of ths sectlon are most likely to be. crlthal frqm tue
standp01nt of establlshln” ‘the “unusal ble fuel supply, ananlsgdégd}gaﬁe the
order in which the othéfléénditionsfﬁay'be'c"itical.;mwg . |

o “(u) T;e -unGsable- fuel “sapply” for each. banik usea for take~off
}éﬁd 1anuin shall be' stablished as nobflesshthan~Phe_Quanﬁityuat;WhiCh

first: -
the/ev1uence of malfunctlonlng ocecurs. under. the fellowing congltlons' (See

§ 4pa20)
o x‘(iin l5§éIAflfgh£ at maximun-continuous power or at,the
power reduifééafoglle&éiffligﬁﬁgﬁﬁ1V ;‘whicﬁevérfiSfthe:lesser,
(2) climb with‘féké;offxflaps.ahdAlanding_gear:upﬁ&gt
"tahe—off vower, et landln w%ighﬁ,'and at speed .V, determined in accord-
"ance Wlth 8 4b 114 (b): B T ST

(3) raﬁld arplication of:maxdmum. continuous power and

ot
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‘subsequent transition to a climb at speed Vz'determined in accordance with i;a
g 4b.114 (b), with retraction of flaps aind landing gear, from a power-off
glide at 1.3 Vso,\With flans and landing gear dovm, at landing weight.

(¢) If an engine can be supplied with fuel from more than one .
tank, it shall be possible to regzain the full fuel pressure of that en—

ine in not more than 20 seconds after switciaing to any fuel tank after

engine malfunctioning becomes apparent due to the *depletion of the fuel
supolj ihiény tanl from whiéﬁ‘fhékengiﬁé“cén;bemfed."Gompliance with this
provision shall be demonstrated in level flight.

(d) The unusable fuel supply for all tanks other than those
used for take~off and landln7 ‘shall be establlshcc as not less than uhe
quantlty at Wthh the first evidence of malfanc» oning occurs under the -
con&ltlons sp601f1ed in subparagraph (b) (1) of this section, It shall be ‘ii
acceptable to demonstrate compliance with this recuirement by a grounc test.

4b.417 Fuel sysﬁem’hoifweather operation.

‘(a) To prove satisfactory hot weather operation the airplane
shéi;'be climbed fromkthc altitude of the airport chosen by the applicant
to'tﬁé altitude corresporCing with that at which the one—cngine-inopcrative
best rate of climb is not greater than the en route climb with the config-
uration and at the weight specified in § 4b.120 (c)s There shall be no
evicence of vapor lock or other malfunctioning. The climb test shall be
conducted uncer thc following conditions;

(1) All cngines shall operatc at maximua continuous ower,
except that take—off power shall be used for the altitude range exbending
from 1,000 fcet below the eritical altituce through the critical altitude. -

The time intervel during which take~off power is uscG shall not cxcect the Wﬁa

take—off time limitatione
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(2) The welmnt shall be w1tb full fuel tdnks, minimum crew,
ap@nsuch ballast as 1s reﬂulred to ma¢ntain the ccntcr of grav1ty within

"llowable llmlts.
(3) The Shced of climb shall not oxceed that :hlch will

permit compliance with the mlnlmum cllmb requlrement specified in
§ 46,119 (a). "
| (4) The fdel temperature shall be not less than 110° F.

(b) The test prescribed in paragraph (a)‘of this éection shall
be performed either in flight or on the grouhd closely éimulaéing flight
conditions. If a flight test is ﬂerformed in weather sufficiently cold to
1nterfere wlth the nroper conduct cf the test the fuel tank surfaces, fuel
llnes, and other fuel system parts subaected to coollnb aculdn from cold
air shall be insulated to 51mulatc, in so fa£ as practicgble, flighﬁ in hot
weather; |

4be418 vFlow between interconnceted tanks, In fuel systems where the

tank: outlets arc interconnected, it shall not be possible for fuel to flow
between tanks in cuantities sufficient to cause an overflow of fuel from
the tank vent when the airplanc is operated as specified in 8 4b,416 (b)

and the tanks are full,

FUEL SYSTEM CONSTRUCTION AD INSTALLATICN

4be420 General,

(2) Fuel tanks shall be capable of withstanding without failure
all vibratiocn, inertié, fluid, and structural loads to which they may be

subjected in operatiocn.
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(L) Flexlble fuel tank llners shall be ﬁf an apnroved type or \i)
'sh;li 5e snown to be sultablo for the partlcular avnllcut¢on. |
(c) The qul tanks, as 1nstallod, shall be designed to dlth~
stand a mlnlmum internal pressure of 3.5 p51.
(d) Intebral type fuel tanu shall be DrOVlQuﬂ 11th 1a0111t1es
for inspectlon and repair of the tank intericr. e v
(e) The total usaole caouc1ty of the fuel tanks sn#i; not be
le;s‘than 0.15 gallons for eagh maxlmgm_cont;pqus horsepovier for which the
rﬁlane is certlflcgtea;' o |
| (f) The unus"ble f el caJacity 0hall‘ue the. mlnimum tuantl— .

ty of fuol whlch Nlll ucrnlt compllanoe ulth tno ﬁrov1slons of § Ab.&lé.

Ab.th Fuel tan: tests.

'1 A

(a) Fuel tanks shall te caﬁable of n1tnstana1ng tﬁevfolloﬁlng- ‘
SR ¥ ~ “)
prcssure tests w1thout failure or lcakage. It shull be acceptable to
apply the pressures in a manner simulating the actual~pressure distrlbﬁtion
in servico. S |
| (l)”Convéntionel retélﬁtaﬁké.and‘nonméﬁéllic tanksvthe
,walls of‘vn1d1 are nct supported br the 11ralane structure shuli be sub-
nlttog toma pressurc of 3.5 psi, cor tne nressure ﬁevclopcc durlrg the maXr

imum ultimate acceleration of the airplane with a full tank, vhichever is
the greater.
(2) Integrol tanks shall be submittec to a pressurg of 3.5
'psi unless the pressure doveloped cCuring the maxinum limit acgeleration of
the airplane with a full {fonk execcels this“vq;ue,gin,which‘cg§e'auhydro—.
static head, or eguivaleat test, shall be arplied to duplicate the acceler—

ation loads in so far as possible, except that the yrcssure neeC not exceed ‘ii'
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3.5 p51 on surfaces not exposed to the accelefatlon loadlné.

(3) Nonmetalllc tanks the walls of which are sunported by
the airplane structure shall be submitted to a pressure of 3.5 pel when
mounted in the airpléne'étructure.’ |

"kb) Tanks with 1arge’uneubpoffed or ﬁﬁetiffenea f}aﬁ areas shall

be capable of wathstandino'thé following tesi, or ether eqﬁivalent test,
w1thout leakagelof fallﬁre. |

(1) ”he oomplete tank assemb1J together with its supports
sﬂall beleubjected to a v1brat10nAteet when mounted in a manner simulating

the actual 1nstallatlon.~
~(2) The tank assembly shall be v1brated for 25 hours at an

amplltude of not 1ess than 1/32 of an inch whlle filled two~th1rds full of

water.

'(3} The frequency of vibration shall be 90 percent of the
maiimﬁﬁ contiﬁuous faeedﬂepeed>of the engine unless some other frecuency
within the normai‘oeeraulng ‘range. of speeds of the engine is more critical,
in Wthﬂ case the latter seeed shall be employed and-the time.of test shall

i

be>ad3us£ed to accomellsh the same number of vibration cycles. -
| _ (4) In conJunculon with the vibration test the tank assem-—
bly shall be rocked through an angle of 15° on elther s1de of the horizon— -
tal (30° total) aoout an axis parallel to the axis of the fuselage. |
‘ (5) The acsembly shall be rocked at the rate of 16 to 20
compieﬁe c&cles per minﬁte.
(¢) In the case of nonmetallic tanks a specimen tank of the same

basic comstruction as that to be used in the airplane, when installed in-a -
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representative test tank, shall withstand thé test as specified in parg-—
R oo : o
graph (b) of this section with fuel at a temperature of 110 F.

 4b.j22 Fuel tank installatiom,

(a) The method of support for fuel tanks shall not permit con—
‘centration of loads, resulting from the weight of the fuel in' the tank, on
hnsupported tank surfaces.” The follewing shall be applicable.

- (1) Pads shall be pxov1ded to, prevent chafing between the

R

tank and 1ts supports. -
“ (2). Materials: employed for padding shall be nonabsorbent
or shall be treated to prevent the absorption of -fluids. - . .
o '(5)H“ifgf1éxiﬁié”ﬁank?1inérs'éré'employe& they shall be so
' supported that the liner is not recuircd £o.iithstand fluid loads.
(4) Interior surfaces of tanl compartments shall be smooth
" and free of projections which:could .cause wear:of the liner, unless pro—
visions.arexmade~korxprotection;of.phe'liner at: such pqints;or_uglcss‘the
eonstruction of the liner itself provides. such urpteculon. ,
(b). Spaces adjacent to the surfaces of the tank sball bc ven-—-
tilated consistent with thegsize«qfhthe;compartmgnt_tpﬁavo;d‘fume aqcuqm~

“Yution in the case of minor leakege. . If :the tank is in a sealed compart—

" bt it shall be acceptable to limit the ventilation to that provided by

drain holes of -sufficient size to..prevent excessive pressure resulting,

from altitude changes.

(c) Location of fuel tanks shall comply wibﬁﬁthq provisions of
§ 4b.48L (a). | | B

(d) No portion of engine nacclle skin which;liegjimmpdiagcly
behind a major air egress opening from the engine compartment shall act as

the wall of an integral tank,
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‘if . (e) Fuel tanks shell be'isolated from,personncl compartments by
means of fumeproof and fuelproof enclosures.

4b.423 Fuel tank expansion épeee.

(a) TFuel tanks shall be pfovided with an expansion space of not
less than 2 percent of the tank capa01ty, |

(b) It shall not be hosulblc to £ill the fuel tank e expansion
space 1nadvertcntly vhen the airplane is in the normul ground attitude,

4b.42) Tuel tank sums.

(a) Each fuel tank shall be provided with a sump having a ca-
pacity of not less than either 0.25 percent of the tank capacity or 1/16
of a gallon, whichever is the greater, ‘

(b) The fuel tank sump capacity specified in paragraph (a) of
uhls section shall be effectlve with the awrrldne in the norx mal ground at—

. |
‘ titude, The fuel tank shall be constructed to permit drainage uf any hog—

ardous cuantity of water from all sortions of the tank to the sump when
the airplane is in the ground attitude.

{c) Fuel tank sumrs shall be provided .iih @1 cccessible drain

’

to rermit completc drainage of tihe sump on the ground. The drain shall
discharge clear of all portions of the airpl.ne wnd shall be provided with

means for nositive locliing of the drain in the closed position,. either

N menually or automatically,

Lb.A25 Tuel tank filler connection,

(a) The cdesign of fuel tunk filler connections shall be such as
Lo prevent the entrance of fuel into the fuel tanlkt compartzent or cay other

portion of the airplone other thon the toni: itself.
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~(b) Recessed fucl tank filler connections which retain any ap—

.preciable quantity of fuel shell. incorporate a'drain, and the drain shall

discharge clear of all portions of the. airplane.”
(¢) The fuel tank filler cap shall provide a fucl-tight seal.
(d) The fuel tank filler connections shall ‘bhe¢ mdrkcd"a%ipre—

scribed in 8§ 4b.738 (b), ‘

4b.426 Fuel tank vents and.carburetorvvapor vents.

(a) Fuel tanks shall be vented from the top portivn of the' cx—

pansion space in such 2 manner that venting of the tank is effective under

all gormql flight conditions. Tie following shall bé'afplicébie.

(1) Vent outlets shalk“bé'lobatcd'and'cOhtfucicd td'pra; “
vent the possibility of being obstructed by ice br other foreign matter,

(2) The vent shall be bohétructed”fo preclude the possiﬁil—
ity of siphoning fucl during normal operation. o o

(3) The ven£ shall be of sufficient sizc to pefﬁit the
rapid rolief of cxcessive differences Df'ﬁféésuré betireen tho ihteribf and
exterior of the tank.

(4) Air, spaces of tanks with inbterconnocted sutlets éhéll
also be inﬁerconnected.

(5) 'There shall be no roints in the vent line where mois-
ture coﬁld accumulate with the airplune in either the ground or the level
flight attitudes unless drainage is provided,

(6) Vents and drazinage shall not terminate at pointé where
the discharge of fucl from the vent outlet would constitute a fire hézérd

or from which fumes could enter personncl compartments.

e

“a

.
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(b) . Carburetors which are provided with vapor elimination con-
negtipqsvshall be provided#wiyh'a,vant‘line to lead vaporslbaqk,to qne,of
the fuel tanks. The vgn@glshgll comp}y with the.ﬁbllowing. |
- (l)l’Prqvi§;on§i§h§ll.bgﬂ;ncorporated in the vent system to
avold stoppage by dee... . o
(2)_ If more tban one fuel tank is provided and it is nec—
essary to use the.tap§s in a definite secuence, the vapor vent return line
shall lead back to thc fuel tank used for take—off and lundlng.

4b 427 Fuel tank outlet., A fucl stralner of 8 to 16 meshes per inch

shall be prov1ded elther for the fuol tark outlet or for the booster pump.
Stralners Shull conplv w1th thc follow1ng.

(a) The cleur area of the fucl tunk outlet stralner snall not

.be less tnan 5 tlmLS +he area of the fuel tank outlet llne.

(b) The dlametcr of tne stralner shbll not Lc less than the

diameter of the fucl tank outlet,

(¢) Finger streiners shall be accessible for inspection and

cleaning.
FUEL SYSTE: COMPOWENTS -

4b,430 Fuel pumbs‘

(a) If the engine fuel supplv is mulntalnea by means of pumps,
one fuel pump for each engine shall be engine driven. |

(b) Fuel pumps shall moet thé peftinbhb”fldw‘requiréméﬁts of
S 4buAl3. o |

(c) A1l pOSlthv dlsylcCement fubl system.pumps shall incorpo—

rate an integral by-pass unless equivalcnt prov131ons are ﬂvallable for the
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continuous supply of fuel to sll engines-ih case of the failure Qf any one
pump. Engine fuel injection pumps which are certificated as an integral
part of the engine need not iricorporate a by-pass.

(d). Emergency fuel pumps shall be provided to permit supplying
all cngines with fuel in casc of the failurc of any one fucl system pump,
unleSs‘the engine-driven pump has been approved with theiengine and pre—
‘cautions are taken to avoid vapor lock and pump cavitation. If the ‘only
pump used <4n the system is an enginc fuel—injection pump which has been
cortificated as an integral part of the ongine, an cmergency pump need not
‘be provided,

(e) Brercency pumps shall comply with the same flow requirements
as are prescribed for the main pumpse . ;

(f) ‘Hand emergency pumps shall not require excessive effort for ‘ii
their continued operatioﬁ at the rate of 60 ccmplete éyclés (120 single
strokes) per minute, .-

‘(g) Emergency pumps shall be available for immedicte use in
case of failure of any other pump.

(B) 1If engine-driven pumps are capable of maintaining flight up
to a 10,000-foot altitude and with ilO0 F fuel without the aid of auxdil-
jary pumps, it shall be acceptable to consider the auxiliary pumps‘as
emergency pumpss

Ab.L3L Fuel pump instollotion.

(2) Provision shall be made to mainﬁain~the fuel pressure at
the inlet to the carburctor within the range of limits established for

proper engine operation, ‘ii
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(b) When necessary for the maintenance of the proper fuel de-
livery pressure, a connection shall be piovided to transmit the carburet—
or air intake static pressure to the proper fuel pump relief valve con-
nection, In such cases, to avoid erroneous fuel pressure reading, the
. gauge balance lines sh:ll be independently connected to the carburector
inlet pressures

Lb,432 Fuelwsystem lines and fittings.

(a) Fuel lines shall be ihstalled and supported to prevent ex—
cessive vibration and to withstand loads due to fuel pressure and duc to
accelerated flight conditions.

(b) Fuel lines which are connected to components of’the air—
_plane between which rglative motion could exist shall indqf?qféié_provi—
sicns for flexibility. - N

E (c)_ Flexible connecticns in fue; liées wh;éh may quunder ﬁrés-
sure and subjected to axial loading shall employ flexible hose assemblies
rather then hosc clamp connections.

(d) Flexible hose shell be of an approved type or shall be shown
to be suitable fer the particular application,

4b.433 Fucl lines and fittings in designated fire zoncs. Fuel lines

and fittings in all designatcd fire zonesv(see,§ 4b, 480} shall comply with

the provisions of 8 40e483.

4be43L Fuel velves. In additicn to the requirements of»% 4b.482

for.shut—cff means, all fuel vilves sh:ll bc provided with positive stops
or suitable index previsions in the "on!" cnd "off" positions and shall be
supported so that loads resulting from their operaticn cr from accelerated

flight conditicns are nct transmitted tec the lines attached to the valve.
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4b,435 Fueli strainer,. A fuel strainer shall be provided between the

“fuel tank outlet and the carburetor inlet and shall comply v th the fol-
lowing,
.~ (a) If an. engine~driven fuel pump is providcd, the strainer
shall be located between the tonk outlet and the engine-driven pump inlet.
(b) The fuel strainer shall be accessible for drainage and clean—

ing, and the strainer scrcon shall be easily removable, .

. (e) The strainer shall be mounted in a manner not to cause its
“vieight to bé suprorted by the comnecting lines or by thc inlet or .outlet
connections of the strainer itself,

LbiA36 TFuel system drains.: Drainage cf the system shall be accom-

‘plished by fael strainer drains and other drains as provided in § 4b.4R4. B
The following shall apply. GBI e ﬁii
(a) Drains shall discharge clear of all pertions cf the airplane
'and'shall'inéorpératé means for positive locking of the .drain in the:closed
position, cither manually or automaticallys -
(b)) ALl fuel system drains shall bé'accessibleﬁ

(¢) If drainage of the. fuel: strainer permits compliance with

paragrophs (2).add. (b)-of . this scction,: ne additional drains need be pro—

vided unless it is possible for a hazerdous cuantity of water or sediment

to be trarped therein. (Sec also § 4b.483 (c).).

" Jb.437 Fuel jettisoning system. If the .maximum tale—off weight for

which the airﬁiane"ié'éértificated exceeds 105 percent of the certificated
maximum landing weight, provision shall be made ‘for the jettisoning of fuel

" fror the maximum take—off to the maximum landing weight. - i
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- (4) - The averdge tate of fucl jettisoning sholl-be 1 percent of
‘e meximum toke—off weight per minute, except thet the time recuired to .
Jettison the fuel nced not be less than 10 minutes. Compliance with these
provisions shall Be“shown at moximur tol:o—cff weight; with flops and land-
ing godr up, an&*iniﬁho'following flight ‘conditionss® - -

(1) power-off glice at a speed of 1-4'Vsi:'
©(2) climb at the one—engino-ihoperative speed with the

~eritical engine inoperative, the other engines ‘at maxdimun continuous, power,

Coo0 i (3) level flight at a speod of l,AuVélg if the results. of
tésts in conditions specified in subparagraphs (1) and (2).of.thi§”pa:ge
graph indicate that this condition could be eritical, . -

(b) During the flight tests prescribed in paragraph (a) of this
section it shall be demonstrated.tﬁ;t tﬁé;fuel jettisoning system ccmplies
with the follcwing provisiocns. ot

(1) . The fuel Jettisoning system and its operation shall be
free of fire hazard.

7 (2) The fucl shzll discharge clear of .all; perticns of the

(3) Fuel or fumes shall act enter any rortion of the air-
planes: .
(&) - The Jettisoning operatiosn shell not affcct adversely
the controllability of the airglanc, |

(c) The dosign cf the jettisoning system shall Le such that it

would not be possible to. jettison fuel in the tanks used fsr toko—-off and

londing below the level providing 45 minutes flight at 75 percent maximum
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- continuous power, except that it shall be permissiblc to jettison all fucl

where an.auxiliary control is provided independent of the main jettisoning
control, . ‘ N  “-5“-l' |
(@) The fucl jettisoning valve shall pcrmi£ fhe fligﬁf peréon~
nel to close the valve during any pqrtion of the jettisoning dﬁeration.
(Sce 8 Lb.475 for fuel jottisoning system controls.) | | |
(e) Unless 1t is demonstrated that lowerlng of the flaps does
not adversely affect fuel jettisoning, a plgcard shall‘be prqv1de¢ adjacent

to the jettisoning eontrol to warn flight personnel ageinst jettisoning

fuel vhile the flaps are lowered. A notation to this effect shall also be

included in the Airplane Flight lianual. (Sce § 4b,740.)
OIL cvSTEM

Lbe 440 CGeneral.

(a) EBech engine sh2ll be provided with on independent oil sys—

tem capable of supplying the engine with an appropriate cquantity of oil at

2 temperature not exceceding the maximum which has been established as safe

for continucus operation. (For oil system instruments sce 8§ 4b,604 and
4047354) K

(b) The oil capacity of the system shall not be less than one
gailbn for every 30 gallons. cf fuel czpacity,_unless‘provisions are mﬁde
for transferring oil betwecen tanks in flight or pnless there is provicded a
reserve 2il supply which can be fed to any tank during flight.

(e) If either an oil transfer system or a reserve oil system is

provided, the total oil capacity nced not exceed one gallon for each 40

gallons of fuel capacity,
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(d) 0il-fucl ratlos lower than those prcscribed in parcgraphs
‘(b) and (c) of thls sectlon sh ll ‘be ;ccoptuble if substantlatoa by data
on the étual 011 consunmtlon of the englne.
(e) The ub:.l:.’cv of the oil cooling prov131ohs to maintain the
011 1nlet temlerature to the enblne at or below the max;nun estaollshed
value sanl be demons ratea in accordance w1th pertlnenu nrov1slons of ..

88 Lb.450 through 4b.454.

*”Ab.ALlf”OilLtank'bdhgtrQCtion{ The follom.nb requlrenents shall
-apply to the construction of the 011 tank. o

(a2) 0il tank exmansion space,

(l) 011 tanks shall have un eXT&nSlOH spuce of not less
‘than cither 10 perccnt of the tank CuPaCltJ or 0. 5 gullon, nhlchever is .

.the greater,

(2) Reserve oil tanks which havelno“direct;cohné;tion.to
anyaéhgihe shall have an expansion_space whicﬁ:is not }CSS-?haQ 2 nereent
cf £hé'£ahk capacity. o - E

(3) It shall nct be possillc to flll thc 0il Lanr expan—

~ .

sion space 1nadvcrtently when the alr}laqe is in the nvrm:l ground at—
titude,

v (b) 0il tank filler connection,

| (1) Recessed oil tank filler connections vhich retain any
aonfeéidble.ouéntiﬁy 5f‘oil siicll iacorporate & d?ain, and the drain shall:
u1scharve clear of all portions of the 1rylane.
(2) The oil t&nx filler cap shall orov1de an oil-tight sezl.
(3) 0il tank filler connections shall be marked as pre—

seribed in § 4b.738 (b).
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(c) Oll tanh VQnt.

(l) Oll tanks shsll be vented fron the top portlon of ‘the
expan31on space in such a manner that ventlng of the tanx is effective
under all normal fllght condltions." | o

o (2) 0il tank vcnts shall be arranged so that condensation

of water vapor whlch might freeze and obstruct tac llne cannot accunulate

at any point. (See also 8 4b 483 (c).)

(d) 0il tank outlct. The 011 tan& outlet shall not uG enclosed

V.

or covered by any screen or Lther guard whlch could 1mpcde the flow of oil.

(Sce also 8 4be4d9.) | -
(e) Flexible oil tank liners. Flexible oilyfank liners shall be

of an approved type or shall be shown to be suitable for the parﬁicular ap—

2

pllcatlon.

4b. 442 011 tanh tosts.

(a) o0il tunks shall be cayablc of withstanding without failure
all vibraticn, inertia, and fluid loads to which they wculd be subjectod
in operation. ‘.

(b) The provisions of § 45.421 shall be applicable to oil tanks,
except as follows,

(1) The test pressurc spcéified'in g 4b;42l'(a) shall be
5 psi. | ‘ _ |

(2) The test fluid specified in § 4ba42l (¢) shall be oil
ut a temneraturc of 250° F, |

4b 443 0il thny instzllation. The provisions of § 4b.422 shall be

-

applicable tc the cil tank 1nstallatlon, except that it shall be acceptable “i

to locatc oil tanks on the enzine sice of the firc wall,
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Ab 444 0il lines 1nd flttlngs.

(a) General. The provisions of 8§ 4b.432 shall be anplicable to
oil lines. |

(b) Llnes and fittings in desxgnated fire zones, 0il lines ond

flttlngs in all d951gnated fire zcnes (see 8§ Lb.ASO) shall comply with the
provisions of 8§ 4b.483,

(¢) Engine breather lines,

(l) Englne brouther lines sh°ll be arranged so that con-

dcnsutlon of watcr vapor Vthh m1ght freeze und obstruct the line cannct

accumulcte at any p01nt.

(2) Breatmers shall lech.rge in 5>1oca£ion which will not
constiﬁute a flre hazard in case foaming occurs and in a manner so that the
cmitted oil wililnot impingé upon the pilot windsh;eld.

(3) The breatﬁer shall not discharge into the engine air
induction system. (Sce 2lso § 4b.483 (c).)

40.&45 Oll valves.

(a) The requirements cf 8 4b.482 for shut-off means shall be
complied with. 01051ng of 011 shut—off neans shall nst »revent fcathering
the propéller.

(b) All cil valfes shall be proviaed with rositive stops or
Suitable iﬁdex prévisions iﬁ the "bn" and "off" nositiocns, and they shall
be supported so that loads resulting from their operation or fppm acqél~_ -
erated flight conditions are not transmitted tc the lines éttached to the

valve.

Lbe4l6 0il radictors.

(a) 0il radiators shall be capable of withstanding vithout
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failure all vibration, inertia, and cil pressure loads to’ which they would
be'shbjected'invbperdtion; | |
(b) 0il radiotor air ducts shall be located so that in case of
ire flames i'ssuing from noraal openlngs of the engine nacalle cannot ime-
plnge directlj upon the' radlator. o o

4bobh7 01l filters, If the airplane is eqiippéd with an oil filter,

the filter shall be constructed or ‘installed in such a anner that complete

“blocking of the flow through the filter element will not prevent the safe

operation of the engine oil supply syster.

4b.448 0il systom drains. hecessible drains shall be provided to

permit safe drainage of the entire oil system and shall incorporate means

‘for the poéitiVe loéking of the drain in’tﬁe'cldSed'positibn, either man—

uvally or automaticélly.‘ (Sce also § 4b.483 (c).)

4b 449 - Propeller  feathering system,

(2) If the propeller feathering system is: dependent ipon the
use of the engine oil supply, provisicn shall be-made.te frap a quantity
of oil in the tank in case the surply becomes depleted due to failure of
any portion of the lubricating system other than the tark itself.

(b) The quantity of trapped oil shall be sufficiénﬁ:to accom-
pllsh the feathcr&ng onerutlon and shall be availablc only to the feather—
ing pusip. " o - | '

(¢) The ability 6f"the?évst¢m to accomplish Teathering with the
trapped suple of o0il shnll be genonstr tec. It shell be accep tablc to

make this demonstraticn cn the ground.

2
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CCOLING SYSTE

. - 4be450 . Genarzl, The powerplant ccoling provisions shall be capable
of maintaining the terperatures of major powerplant componcnts, cngine
flu;ds,,qnd,the‘carburetor intake air within the establishedbsafe velues
under a;liponQitions ofvground apd flight operation. (For cooling sysﬁem
instrunents sco $6 4,604 and 4bu73he) | |

Ab.4§l Cooling tests.

(2) General. Compliance with the ?rofisions of § 4b.450 shall
be demonstrated under critical ground, %qter, anc flight operating con—
diticns. If the tests are conﬁucted under con&itions which deviate ffom
the maxinmunm anticipated air teqperature4(see roragraph (b) of this section),
the recorded powerplant tcmperqtures"shall Se cprrectéd in accbrdgnce with
the provisions of paragraphs (c)vagd;(d) of this section., The corrccted
teﬁperaturcs Ceternined in this manner shall not. exceed the naoxinun estab-—
lished safe valuess The fuel used during the cooling tests shall be of
~the minimun octone nurber approved for the engines involved, anc the ix—~
ture settings .shall be those used in normnl ope:ation. The test progodures

sholl be as outlined in 88 4b.452 through 4be45k.

(b) Maxium anticipated air temperature. The maxinua antici-
. P o]
pated air temperature (hot day condition) shall be 100” F at sea levcl, de-—
i om this x : ne ; of 3.6° F ner thousand fect of alti-
creasing from this value at the rate of 3, F ner thousand feet o b3
‘tude above sea level until a temperature of —67° F is reached nbove shich
s s o}
altitude the- terperature shall be constant at —67 F.

(e¢) Ccrrection foctor for cylinder head, oil iniect, corburetor

eir, and engine coolant cutlet terperctures. The cylinder nead, oil inlet,
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carburetor air, and cngine coclant cutlet temperaturcs shall be corrected
by adding the differgnce between thc raxiiowa anticipated air tenperature
anc..the temperature cf the anbient air at the time of the first occurrence
of maximua head,. air, oil, or coolant témpérat@re'recordcd Qiring the cool—
ing test, ‘unless & more rational c§rrcction'is éﬁoﬁn?té-bc applicable.-

(d) - Correction factor for cylinder barrel temperaturcs: -Oylinder

barrel terperatures shall be corrocted by adding 0.7 of the differchce bew
tween the naxdinun cnticipated air temperature and.the beriperature.of ‘the

ambient air ot the time of -the first occurrence of the maximun cylkinder

barrel temperature recorded during the cooling test, unless a more rational

correction is showm to be asplicable,

L4b,452 Climb cooling test procedure.

+(a) The:climb-cooling test shall be conducted with the critical

engine inoverative and its propeller feathered.
"+ .. (b) All remaining engines shall be operated at their maximum
continuous power or at’ full throttle when above the critical altituds,

(&) After stabilizing temperatures in flight, the climb shall be

startec at: or below the, lower of the two following altituces ond shall be.

continued until at least 5 minutes after. the ocgurrcnce of the highest tem—.

perature recorded, or until the riaxirunm sltitude. is reached for which cor—

tification is desired:

(1) 1,000 feet below the engine critical altitude,.

(2) 'l;OOO feet below the maximun altituce at which the rate

of clirb is ccual to thet established in accordence with § 4b 120 (e). -+
©. (). The climb shall be conducted at an air speed which docs not

oxccod the speed used in establishing the rate of .clinb required in

2

-

2
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§ 4b.120 (c)+ It shall be acceptable £6 conduct the climb cooling test
in conjunction with the toko—off cooling test of § 4be453a

4be 453 Take—off cooling test procedure. if the time feor which toke—

off power is used in establishingkthe take-off path bf the airplanc cxcceds

two minutes, o take-off cooling test shall be conducted to daonstrate cool—
ing during take-off and during subaeﬁuent cliabk with one engine inopcrative,
The following proccdure shall be applicable, |

(a) The take—off cooling test shall be cormonced by stébilizing
temperatures during level flight with all cngines operating at 75 percont
of maxirun ccntinuous power with the appropriate cbwlbflap and shutter
settings.

(b) After all temperatures have stabilized, the clirb shall be
started at the lowest practicable altitude and shill be conducted with one
ensine inoperetive and its iropeller feathered.

- (¢) The recalning engines shall be operated ét take—off rpm and
power (or at full throttle when above the take~off critical altitude) for
the sane tinme interval as take—off péwer is ﬁsed>during doterminapion of
 the take—off flight path (sce § 4be116).

() At the end of the tire interval'pfescribed in paragraph (c)
of this section the power shall be recuced to the maximw: continucus power
and the climb continued until at least 5 minutes aftér the occurrence of .
the highest teﬁperature recorded.

(e) The speed used during toke-off puwer operation (paragraph
(c) cf this section) shall rot excced the.speed uéed dgfing deterrination

of the talie-off flight poth (see § 4k.116).
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Lb.45L Gooling test procedure for flying boat operationa In the

case of flying hoats, cooling shall be demcnstrated during taxying dowm

wind for 10 minutes at 5 mph above the step speed.

4b.455 Liquid cooling systems. Bach liouid—cooled engine shcll be
previded with an_independent‘cqoiant.sjgtep.’ The coolant syster shall be
so arranged.that no air or vapor can be trapped in any portion of the sys—
~ tem other than the expansion tank, either during filling or curing opera-
tion. llo flarmable coolant shall be used.

Lb.456 Coolant tank.

(a) General. The tank shall have a usable cooiant,capacity of
not less than one gallon and shall be capable of withstanding withcut fail-
ure all vibration, inertiz, and fluid loads to which it would be subjected
in operation. Coolant tanlis shall be provided with an expansion.space -of
not less than 10 percent of the tctal coclant system capacity., It shall
not be possible inadvertently to fill the expansicn space with the airplane

in the normal ground attitude.

(b) Coolant tank tests. The provisions of 8 4b.421 sholl be ap~—
plicable to eoolant tanks, cxcept as follows,

(1) The test pressure specified in 8§ 4b.421 (a) shall be
elther the sum of the pressure deye;oued during the naxirmun ultinate ac—
gcleration with a full tank plus the naximum working pressure'qf the systen,
or l.25_times the naximun working pressure of the system, whichever is the
greater,

(2) The test fluid specified in 8§ 4b.421 (c) shall be

coolant at operating temperature,
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(c) Coolant banls 1nstal'at+on.

(l) G“olant tanks Sﬂa;l Oe suoported S0 that the tank loads
Wl*l be dlqtrlouted over a larre ;orulon of tae tank surface.

(2) Pads shall be prov1ded to areVent chaf*ng between the
tanf and ¢ts sunports.

(?) liaterials employed for‘padding shall be nonabscrbent or

shall be treated to prevent the absorptvon of flulds.

(d) Coolant tank filler COlﬁeOtlon.

(l)‘vRecessed coolant tank filler connectiéns which getaip
any &qIEQRIQe Quantitj of coolant shall incorporate a drain, and the drain
shall QlSChir”e clear of all rortions of tie éirpiaég.

» (2) Gco;ant tank filler‘connectiohs éﬁali be marked as
prescribed in § 46,738 (b). |

T

Lb.457 Coolant system installation. The followins requirements shall

apply to the installation of the coolant systen com:onents.

(a) Coolant lines. Tre provisions of 3 4b.432 shall be a plica—
ble to coclant lines,

(r) L‘:LJ:'e—-I‘esa.s’cant cooldnt llne and f¢tt1n If the cooldnb

used will 1?11te and Hnrp under the cﬁndﬂnlons of mowerplant flres, all
lines and fittings located within designated ilre zones shall commly with
he provisions of 8 4b.483,

(c) Cuolant rau;ato‘§.

(L) COOluPt rad‘ators shall be canaile of wltnstandlng with—
out failure all vibration, inertia, and coolant pressure loads to which they

would be subjected in overation.
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(2) Coolant radiators shall be supported in a manner which
will permit expansion due to,o;eréting‘temperaturesVand which will prevent
the transﬁittal of harmful vibration to the radiator.
(3) The air intake duct to the coolant radiator shall be
locaﬁéd sé that in case of fire flames issuing from hormal openings of the
engine nacelle cannob impinge directly upon the radiators |

(d) Coolant system drains.

(i) One or more accessible drains'shall be provided to
permit‘drainage‘of the coolant srstem, including the coclant tanlk, radiator,
andrthe engine, whén the airnlane is in the nofmal grognd atti%ude.

(2) Drains sha'l discharge clear of all pértions of the air-

- plane and shall incorporate means for positive locking of the drain in the

closed position.
INDUCTION AlD EXHAUST SVSTHES

ll.b ) 460 General.

.

(a) The engine air‘indgctipn systgm_sﬁall pérmit supprlying the

,prober quantity of air tc the engine under ali.éénditibns of overation.
| (b) The induction system shall provide air fbr proper fuel

metering and mixture distribution with the‘indgction system valves in any
position, o

(c) TFach engine shall be provided_Wifhaaﬁ‘aLternate air source.

(d) Air intakes shall not open within the cowling, unless that
portion of the cowling is isolaﬁed from the cngine accgssory section by

mecans of a fireproof diaphrdgm, or unless provision is made to prevent the

emergence of backfire flames,
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(e) Alternate air intakes shall be so located as to preclude

the entrance of rain, ice, or any other foreign matter,

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

(a) General., The engine air induction system shall incorporate
means for the prevention and elimination of ice accumulations.

(b) Heat rise. Unless it is demonstrated that other means will

compliance with

accompllsh the intent of paraﬂrawh (a) of this section,/thc following heat—
rise provisions shall be demonstrated in air freec of visible moisture at a
témperatureuof 3d° F.

(l) Airolanes eGuipped with altitude engines employinv con-—
ventional venturi carburetors shali have a preheater capablc of prov1d1n
heat rise of 120o F vhen thc engine is opcratlnv at 60 porcent of its maxi-
raum contlnuous powers |

| ' (2) Alrmlanes OOulbpcd with altitude engines employlng car—
bﬁretdfs'which embody features tending tokreduce the possibility of ice
formation sﬁall have a nreheater capable of providing a hcat rise of lQOo F

when the cngine is operating at 60 percent of its maximum continuous power,

4b. 462 Carburetor air prehecater design. Carburetor air preheaters

shall incorporate the following,provisions.

(a) licens shall Le provided to'agsure ventilation of the preheater
when the engine is being operated with cold air.

(b) The prcheater shell be constructed to permit ins;ection of
exhaust manifqld narts which it surrounds and slso to permit inspection of

critical portions of the preheatcer itself. , .

.

\ s

4b,463 Induction system ducts. Induction system ducts shull incorpo—

ratc the following provisions,
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(a) Induction system ducts ahead of the flrst .stage of the su-~
percharger shall be prov1ded w1th dralns to prevent hazardous accumutations
of fuel and moisture in the'ground attltude. Tbe d;alos;shall not dis—
chargelin:locationS'Which miéﬁt'cauee a firehbaoard,: |

(b). - Sufficient ‘stre”ngtﬁ shall“oo incorporated in the ducts to
prevent 1ndu0olon systom fallures rosulting from normal backfire condltions.

(e) Ducts whlch are connected to components of the alrolane be—'
tween whieh’ relativo motlon could oxlst shall incorporate provisions’ for
flexibility.

ok bedbl Induction'eysteh screens. If,induction,syStem sercens are

emzloyed, they shull comolj thh tne followlxg psrovisions,

(a) ‘Screcns’ shall be located upstream from the: carburetors

(B) Sercens shall not be located in portions of the induction
system whlch constltute the only passage through which air can reach the
engine, unless the sercen is so located that 1t_can be de~iced by hoated
air, -

(¢)  De-ieing of induction system sereons by means of alcohal -

alone shall not be acceptable.

(d) It shall not be possiblo for fuel to impinge upon the sercens,

44b'465; Carburetor air‘cooling. Installations employing two-stage su—

perchargers shall be provided with means to maintein the air.tampersture at
the inlet tc the carburctor at or below the maximum csteblished value. The
demonstration of this provision shall be sccomplished in accordence with

8§ Ab.451,

Lb,466 Intcer—coolers and ofter—coolers. Inter—coolers.anq after;

coolers shall be cepable of withstanding without foilurce all vibration,

9
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inertig, and ai? pressure loads to which they would be subjected in opera—

“tion,

Lb.467 Exhaust system and installation componcnts.-

(a) Genercl.

(1) The exhaust system shall be constructed and arrenged
to assure the safe disposal of exhuast gases without the existence of a

fire hazard or carbon menoxide contamination of air in personnel compart—

~ ments.

(2) Unless approprizte precautions ore taken, exhaust sys—

tem parts shall not be locatcd in hazardous rroxlnlty to portlons of any

’system carrylng flammable fluids or wapors nor shall they be located under

portnons of such systems where the latter could be subject to leakage.

| (3) All ulrclane components upon which hot exhaust gases
might i@piﬁge, or which could be subjected to high temperatures due to
proximity tb exhaust system parts, shull be constructed of flreproof mate—
rial., All oxhaust systcm components shall Le separated by means of fire—

proof shields from adgacent portlons of the airplane uh¢ch arec outslde the

engine com>artmont.
)

(L) Exhuust gases shall nct Gischarge w1th1n dungerous
proxlmlty of uny fuel or oil system drainsi.
(5) Exhaust gases shall .not discharge. mt a location hich

will cause j glare serlously affécting pilot VlSlQlllty‘ut nlght.
(6) ALl exhaust system components shall e ventllutud to
wrevent the ex1steaee of p01nts qf - excessively: high temperature,

() Exhaust pipigg,

(1) Exhoust piping shall be constructed of moterial



EEEN

B -3
resistant to heat and corrosion, and shall incorporatevprovisions to pre- . ;iﬁ
vent failure due to.expansion when heated to operatlng temperatures.

(2) Exhaust pipes shall be supported to withstand 2ll vi-

bration and inertid loads to whlch they would be. subJected in operation.

(3) "Portions of the exhaust plplng which are connccted to

.“pomgonents between which ‘relative motion could exist shall incorporcte pro-— .

visions for flexibility.

(c).ﬂExh“ust“hedf eknhangers.

(1) Tixhaust heat exch:ngers shgll be constructed and in-—

.stalled to assure their ability to w1thstand ulthout failure.all vibration,

inertia, and other loads td'Whieh thoy would be subjssteq in operation.
(2 Heat exbhangersvshqll be sonstruptsd of materials.which
are suitatle for'bontiﬁuéd'dperatids at high temperatures and which ore re— .
sistant to corrosion due to elements csntaised in exhéust goses. . ‘ia
(3) Provision shall be mgde for the inspection of all crit-
ical portions of ‘exhaust heat exchangers.
(4) Heat exchangers shall incorporate cooling provisions
wherever they are5shbject;tblcsntact With‘exhsust gases.

(d) Exhaust heating of vuntllstlnb "1r. If an cxhsust heat ex—

changer is used for heating ventllatlng ~1r, a secwndsry heat exchanger. . .

shall be proyided betwieen the “rlmsrr exhaust gas heat exchunger and the

-
ventilating air system, unless it is demonstrated that other meqns used
preclude harmful- contaminat ion of the vontllatlnﬂ alr; 2
(o) Exhoust driven tuxbo—superchargersg!v
(1) Exhaust driven tﬁrbinss sﬁsll'bé >f an approved type or
-
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shall be‘shown to be suitable for the particular appliecation. They shall
be installed and supported to assure their safe operation bebtween normal
inspection and overhautl periddé. | |
(2) Proviéion for expansion and flexibility shall be made
between exﬁaust conduits and the turbtine.
(3) Frovision shall be made for lubrication of the turbine
and for cooling of those turbine parts where the temperatures are critical.,
(4) Automatic means shall be pfovidgd for limiting the tur—

bine speed to its maximum allowai:le overspeed value,
POUERPLAIIT CCHTROLS AND ACCESSCRIES

40,470 Powerplant controls — general. The provisions of 8§ 4b.353

shall be applicable to all powerplant controls with respect to location,
grouping, and direction of motion, anc the provisions of 8 4b,737 shall be
applicable to all powerplant controls with respect to marking., In addition
all powerplant controls shall comply with the following.
| (a) Controls shall be so located that they cannot be inadvert—

ently operated by perscnnel entering, leaving, or makinglncrmal movements
in the. cockpit. o

(L) Controls shall'mainfain any set position without constant
attention by flighérpérédnﬁel. They shall not tend to ereep due to control
loads or vibraﬁidn; | . ‘

(c) .Flékibié cénﬂroi; shall Lé of an approved type or shall be
shewn ﬁo be suitable for Pho particuiar application.

" (4) Controls shall have strength and rigidity to withistend
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operating loads without failure and without excessive deflection. |

»[45.471 Throttle controls.

(a) A separate throttle control shall"bé~provided for each en—
béioe.' Throttle coﬁtrols‘shall'belgrooped'aod5arraoéed to permit separate
control of each engine and’ also’ simultaneous control of all engifies.

| (b) Throttle controls shall afford a poSltlve and immediately
responsire neans of controlllng Lhe englnes. | |

Ab 472 Iwnltlon sw1tches..

(a) Ignltlon sw1tches shall prov1de control for each 1gn1t10n
circuit on each'eogihe.'

‘ (b)_ lieans shall be orov1ded for qulckly Shuhtllg off all igni-

r

h,tlon by the grouplng of sw1tches or by providlng a master 1gn1tlon control.

(c) If 2 master 1gn1t10n control 1s 0rov1ded a guard snall be

'.o.

1ncorporated to orevent 1nadvertent operatlon of the control. o

JAR 473_ Mixture controls. If mlxture controls are prov1ded, ‘a sepa~—

‘__rate control shall be prov1ded for each eng 1ne. lhe mlxture controls shall
wbe grouoed and arranged to permit separate control of eacs engine and also

31multaneous control of all englnes.

Lb 474 Proeeller oontrols.

(a) Iropeller speed and pltch controls.

(l) n separate propeller speed and pltch dontrol shall be
crov1ded for each propeller., The propeller speed and ‘pitch controls shall
be grouped and arranged to permlt separate oontrol of - sach propeller and

also 51multaneous control of all’ propellers.

(2) The propeller ‘speed and pitch contrdls shall provide

for synchronization of all propellers. (See also § 4b,404.)
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(b) Prooeller featherlng controls.

(l) A seoarate propeller featherlng control shall be pro-

v1ded for each propeller.

(2) Propeller feathering controls shall be prov1ded w1th

.,l.(,..

. means. to prevcnt 1nadvertent operation.

(3) If featherlng is accompllshed by moVement of the pro—

,vpeller pltch or speed control 1evcr) rrov1s1on shall be mace to Drevent

»r‘- eyl

the movement of this control to the featherln p051t10n durlng normal

. operation,.

(c) }ropeller revers1ng controls. if the oropeller blades can

A

<;_Hbe placed 1n a hltch p031tlon whlch roduces nogatlve thrust, prooeller

reversing controls shall be ary anged to prcvent lnadvertent operatlon.

Lb 475 Fuel system controls. (See also § Ab 434')

(a) Fuel Jettlsonlng systom controls shall ‘be hrov1ded with

. 4guards to prevent cnclr 1nadvertent operation. .

(b) Fuel Jottlsonlng svstem controls shall not Ye located in

‘ close proxlmlty to flre extlngulsher controls nor to anv ‘other controls

ﬁ__buretor alr for each englne.

ir_lntended to combat flre.

Ab 476 quburetor 2ir preheat controls. " Separate carburetor air

preheat controls shall be prov1ded to rebulate the temaerature of the car-

3

Ab.A7Z, Powerplant sccessories.

(a) bnglne mouhted accessories shall & of type “pproved for
1nstallatlon on the englne 1nvolvea, and sndll utlllze the'orov151ons made

on the engine for mounting.
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(b) 1Items of electfiéalnéquipment<subjeétutdfércing or sparking
"shall-bé~instélléd“ﬁo minimize thHe possibility of tHeir contact with any
flammable fluids or vapors which might be present in a free state,

" 4b.478 Engine ignition: systems, -

(a) Lattery ignition systems shall e sipplemented with a gen—
erator which-is dutomatically made available ‘as an alternate source of
electrical eneigy to permit continued enginc operation in the event’ of the
depletion of any batteéry,

(b) The capacity of batteries and generators shall be sufficient
to meet the simultaneous demands of the engine igdition ‘system and the
greatest demands'of ady-cirplane electrical system components which would
draw electrical chéréy'from tic same source.

(1) " The design'of the eﬂginé*igﬁitién‘system shall take in—
to cthiderdtion the condition of an inbperéﬁifé'gehcrator‘aﬁd\the condi—
tion of a complctely depleted batﬁery when £ﬂé"genéfator'is rdnniﬁg at its
norméi'dberéting SPeéd. |

R (2) If only one battery is provided the design of the e
gine ignition system shall take into consideration ﬁhe’cbhdition in which’
the4b§t£5r&.ié 6§mplete1y depleted and the genorator is operating at idling
'épééd,”(" S . o L

(¢) lLicans shall be provided to warn flight personncl if malfunc—
tioning of any part of the electrical system is causing the continubus dis
6hdrging”bf"a battery which is necessary for engine ignition. (Sce

§ 4b.472 for ignition switches.)
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} OWERPLANT FIRE PROTECTION

- 4b.48C Designated fire zones,

-(a) . Designated fire zones shall comprisg the following.regions:
(1 engine;power1section,;‘
. (2) . 'engine-accessory :section, .
(3) “complete powerplant compartments in which no isolation

~is provided between the engine power section and the engine accessory

section,
S (4) duxiliary power ‘wilt compartments,
(5)  fuel=burning heaters and other. combustion equipment
installations.

(b)) - Designated fire zones shall be protected from fire by com—
pliance with 88 4b.481 through 4b.489. .

© U Y4bl48L ;'iFlamabl»eafluigs.t :

-+ (a) o tanks or reservoirs which are a part of a system con-
taining flammable fluids or gasses shall be located. in desigpqtedvﬁire
zones, except where the fluid contained,_the‘dgs;gn Qfxthgv§ystem, the
' miterials used in the tank, the shut—off means, all connettions, lines, and
" controls dre such das to provide an ecually high degrec of safety..

Y (bY ifot less than 1/2-inch of clear air space shall be: provided
"”Beﬁwéehiéhy%taﬁkiébfreéervoir'and o fire wall or shroud isolating a des—
igﬁated fire zones .

4b.482 Shut-off méans.

(a) Means for each individual engine and for each individual
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fire zone specified in § 4b.480 (a) (4) and (5) shall be provided for shut—

ting off or otherwisc Dreventing hazardous quantities of fuel, oil, de—icer,

and other flammaole flulds from flow1ng 1nto, wlthln, or through any des—

1gnated flre zone, except that means nced not be provmded to shut off flow

in lines forming an integral part of an‘englnef | : -
(b) In order to faciliﬂate raﬁid and effective control of fires,

the shot—off means shall pormlt an emergency operatlng secduence which is

compatlble w1th the emergency operation of othor eOulpment, such as feath—

ering the propellor,

(c) The sﬁut—off'means shall be located outside of designated
fire zones, unless an equally high degree of safetj is otherw1se prov1ded
(see § Ab 481).‘ It shall be shown that no hazardous quantlty of flammable ‘-a
fluid could drain into any d651gnated flre zone after shuttlngyoff has been .
accomplished.,

.f»(q) Frovigions shall be made to goerd_ageiost.inadverieot opera—

tion oi/the_shubfoff means and to make it possible for the crew to reopen
the shut~off means after it has once becen closed.

Lb 483 Llnes und flttlngs.

*

(a) All llnes and fittings located in designated fife»zonee
Wthh carrj flammable flulds or gases and which are under pressore, of -
Wthh attach dlrectly to the enblne, or are subject to relative motion be—
tween components, exclusive of those lines and fittings formlng an 1nte0ral
part of the engine, shall be flexible, fire-resistant lines w1th flre~re—

31stant end flttlngs of the permanently attached, detachable, or other ap—

proved type Sa | J
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~(b)"- Lines and fittings which are not subject to ﬁréssgré 6rhﬁql
relative motion between components shall bLe of fife—fesistan£ héssfiais;L”
"».(c)T”Veﬂt-and5drsih'11hes dnd;fiftllgs locateq in Qes1gnated
fire zones and which carry flammable fluids or gases Sha+l be subJect to'
the-provisions of" paragraph (a) of thls sectlon 1f 1t is fouad that ruptﬁfs

or breakags of a partlculsr dbain or vent llne mlvht result in a flre

hazar&.-sz..»‘",F:Ta'ﬁbn- TR

. 4bulBh Fire extinguisher systems.
codelodoi(a) " General. |
(1) Unless it is demonstrated that eoulsalcnt protectlon
aﬂalnst desttuction of the airolgne in case of flre is ‘rov1ded by the use‘

T

of fireproof matéridls in “the nacelle hnd ot ler componcnts wnlch would be
subjected to flame, fire extlngulshlng svstems shall be Drov;dod to serve
all’ d651gnated flre zones, except iR the case of an englne oower sectlon

which' is completely 1solat d fron the englne accessory sectlon by a flre— .
proof dlaphragm complylng w1th tne provisions of g 4b.486
(2) The flre extlngulshlng system, the quantlty of extin—

guishing avent, “nd the rate of dlschar ye shall be such as to prov1de two -
adeouate dlscharnes. I¥ shull be 00351ble to dlroct both dlscnarges to any
main engine installatlon. Individual "one—shot" systems shall be accepta«
ble in the case of aux111arv power'unlts, fucl—-burnlnb heaters, und other
cOmoustlon eaulpment. “ | ” ”. 

! (3) Matcrlals in the flrc extlngu¢sh1ng SJsten SﬂuLl not

react chenlcslly w1th the extln ulsh¢u¢ agent 50 28 uo ccnstltute a nazard.

“(b) Fireléxtinguishlng aggnts.

(1) Extinguishing agents employed shall be methyl bfomide,
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carbbﬁ'dioxide,'or any other agent Whidh has been shown to provide. equiv—
alent extinguishing action,

(2) If methyl bromide, carbor dioxide, or any other toxic
extinéhiéhing‘agent'iS'eﬁﬁloyed3 érOViéion'éﬁﬁli'be made to prevent the
entrance 6f harmful concentration of fluid or fluid vepors into any per-
sonnel compartments either due to- leakage during normal operation of the
airplane or as a result of dischargiag the fire extinguisher on the grpgndf_
or in flight even though a defect may exist’ in the extinguishing system,
Compliance with this requirement shall be cemonstrated by appropriate tests.

(é) 'if'é'methyi'bfoﬁide'system i's provided, the containers
shall be charged with a dry agent and shall be scaleéd by the Tire extih—
guiéher manufacturer or by any:'other party chmploying appropriate re= -
gharging equiprent,

" (¢) - Extinguishing agent ‘containcr pressure relief. Extinguisher

agent‘6ontainérs'shalliﬁé'providediwith»akpressure.rélief to prevent burst-—
ing of the container duc to excessive internal pressures. The lelowing .
provisions shall apply. .- |
(1) - The discharge line from the reliefxconngction shall

terminate outside the dirplane in a location convenient for inspection on
the ground.

- (2) ~ An indicator. shall be provided at the discharge end of
the line to provide a visual indication when the container has discharged.

(d) Ektinguishing agent container: compartment temperature, Pre—

cautions shall be taken to assure thatuthejexﬁinguishing agent containers
are installed in a2 location where‘reaéonable temperatures can be maintained

for effective use of the extinguisher system.,

9
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(e) Fire extinguishing system materials.‘ All components of
fire extinguishing.systems located in desiénated fire zones shall be con—
structed of fireproof materials, ekcept’for connecticns which. are subject
to relative motion betwéen components of the'airplane, in which case they
shall be of flexible fire-resistant construction and-so loucated as to min-
imize the possibilitg of féilure. \

4b.485 Fire detector sjstems.' tuick actihg fire detectors shall be

-provided in all designated fire zones and shall be sufficient in number

~and location to assure the detection of fire in such zones. Fire detectors

shall comply with the following provisiohs,

(2) Fire detectors shall be constructed znd installed to assure

.their ability to resist without failure all vibration, inertia, and other

loads to which they would be subjected in operation,
(b) Fire detectors shall be unaffected by exposure to oil, water,
or other fluids or fumes which might be present.

4b.486 Fire wells. All engines, auxiliary power units, fuel-burning

heaters, and other combustiéhlequipment which are intended for operation in
flight shall be isolated fror the remainder of the airplane by means of
fire walls, shrouds, or other equivalent means, The following shall apply.
(a) Fire walls and shrouds shall be constfucted in such a man-
ner that no hazaraous‘quantity of air, fluids, or flame can pass frpm the
engine compartiment to otger boftions of the airplane,
() All openings in the fire wail or shroud shall be sealed with

close~fitting fireproof grormmets, bushings, or fire-wall fittings.
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(¢) Fire walls and shrouds shall be constructed of fireproof.

material and shall be protectsdnagainst corrosion,

"'r-

4‘.487 Gowllng.

(a) Cowlln spall bs consﬁrucied.and suélortssxso as to mhke it
“capaole of res:.st:mb all v1bratlon, incrtla, and air 1oaas to hlch 1t |
would be subJected in oneratlon.

| (b) Provision shall be made tslpurmltvrapld né”coﬁplete drain—

age of all oortlons of thc cowling in all normal r'r-ound and fllght uttm~
'tudes. Drulns shall not dlscharge in locatlons which mlght cause a flre
hezerd, R - -

(c) Cowllng, unless stherw1se spe01fled by these regulstlnns,
shall be constructed of flre—r651stant matcrlal. N - | V‘

(d) lhose DOrtl‘nS of the cowllné whlcn would be subJected to
hlgh temporaturcs due to thelr prox1m1ty to exhaust system parts or BXhuuSt
gas 1m01ngeﬁent snall ﬂe ccsstructed of flreproof materlul.. | )

40.488 hnglnc accessory sectlon dlaphrsbm. Unless eculvulent pro~

tectlon can e shoun by other ncans, diaphragm shall be hrov1ded. on air-
cooled englncs to 1solatu the englne wower sectlon ana all DOTthnS of
the exhaust system from the englne accessory compartment. This dlaphrza

shall comply.wlth the prov151ons of 8 4b.486.

3
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4b,489 Protection of other airplane components against fire, All

airplane surfaces aft of the nacelles, im the region of one nacelle diam—
eter on both sides cf the nacells center linme, shall be constructed of
fire-resistant material., This provision need not bebapplied to tail sur—
faces lying behind nacelies, unless the dimongional configuraticn of the
aircraft is such that the tail surfaces could be affected readily by heat,

flames, or sparks emanating from a designated fire zone or engine compart—

- ment of any nacelle,
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SUBPART F — E(UIPLENT |

GENERAL

Lb 600 Scope. The requlrea ba31c equlpnent as prescrlbed in thls sub-—
part is the minimum whlch shall be 1nstnlled in the alrplgne for certlflcw—
tion, Such additional equipnent as-is necessary for a specific type of

operation is prescribed in the operating rules of the Civil Air Regulations.

404601  Functional and instaollaticnal reouirements. Each item of

equiprient shall be:

(2) of a type and design apprepriate to perform its intonded
function,

(b) labeled as to its identification, functiof, or operaticnal
limitations, or any combination of these, whichever is applicable,

(¢) installed in accordance with specifiecd limitations of the
equipment,

(d) demonstrated to functicn properly in the airplane,

4b.602 Recuired basic equipment. The equiprient listed in 8§ 4b.603

through 40,605 shall be the recuired basic ecuipment. (Sce § 4b.600,)

4b,603 Flight and navigational instruments. (Sce 8§ 4L.612 for instal—

lation requirements,) -
(a) Air-specd indicating systen,
(b) Altimcter (sensitive),
(e) Clock (swecp—-second),
() Frce air tempercture indicator,
(e) Gyroscopic bank and pitch indicator,

(f) Gyroscopic rate-cf—turn indicator (with bank indicator),
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(h) liagnetic direction indicator,

(1) Rate-of—cllmb 1ndlcator (vertlcal soced).

4b.604 Powerplwnt 1nstrune-§. (See § Ab 613 for 1n5uollgtlon re—
oulrenents.) e B
vn(a) Garburetor air tenperatureulnclcutor fcr euch enuine,
| (b) 'Goolant temper “ture inﬂlc“tor for each ll lQ~COOlOQ unblne,
(é) Gyllnder head tennerature 1ndlcator fer each "1r~cooieg
engine, |
b(d) Fuel bféssu;eJiﬁdicdtor fbr‘each ﬁump-féd cﬁginé;:
(e) Fuel flowmcter indieator or fuel mixture indicator for-orich”
engihé:not 6qaippédlwi£h éniauéémbtichlfituaé mixture contfol;/:
(£) Fuel quantify indicator for edch fuel tank,
(é)‘jmdnifolﬁ bréssurc iﬁdicator‘fof each cngine,
(h) 0il pressure indicator for each engine,
(ij"cil quﬁﬁtity'iﬁdicator for each oil tank when a transfer or
o0il reseﬂve sup»ly systom is used,
(J) Oll tcmleraturc jndicator for each cngine, =~ . .
(k) chnomcter for each engine, . . o
(1) Fire warning indicctors (see § LLe485)e

Lb.605 liiscellaneous equiphent.

(a) Approvec. seats for all occupants (see § 4ba358),
(b) Approved safety belts for all occupénts. (see B 4be643),
(¢) Master siitch ‘drrangement for electrical circuits other than

ionition (sce 88 45,623 and 4b.624),
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(d) Source(s) of electrical.energy (see g 4b,620), . .
(e) Electrical protective devices (see 88 4b.625 end 4b,626),
(f) Radio cormunication system (two-way),
(&) Radio nav1gut13n system,
(h) Windshield s wiper or ecuivélent for each pllot,
(1) Ignition switch for sach and all engines (sec § 4b.472),

(3) Approved portable fire extinguisher (sec § 4b,641).

INSTRULENTS — INSTALLATION

Lb,61Q General. The provisions of $8 4b.6ll through 41,613 shall

apply tc the installation of instruments.

Ab.éll',Arrangement and visibility of instrument installations.
(a) Flight, navigation, and powerplant instruments for use by
each 1llot shall be plainly visible to hin from his st“tlvn with the mini-

'

murm pructlcablc QCVlutlJn fron his normal pc31tlon ung llne of V131on whsn‘
he is lcoking out and forward alon;'the flight path. ‘

.(b)~ All of the recuired fligh@ instruments shali be convenicﬁtly
Crcuéea %nc as nca rlJ as practlca)le centcreﬂ about thc vert*cal rlane of
the pilotts forwarcd vision. _ ‘

(F) All the required‘pqworplant inét#ﬁméﬁté éhal; he closél&
grouped oﬁzthe'insﬁrument panel, | | . |

(4) Identicél powerplant instruments for the several engines
shall be located to prevent any misleading impression as to the engin;s.to
which they relate. | o | |

(e) Powerplant instruments v1tal to the safe operation of the

airplane shall be plainly visible to the wppropriate crew members,
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(f): Ihggvibratign.characterigtics of the imstrument panel shall iﬁ?
be such as not:to impair seriously the accuracy of the instruments or to

damage them.,

4b,612 Flight and navigational fnstrumepts, ' -

(2) - Air—speed. indicating systems.
(ot (1) Airespeed indiceting instruments .shall be calibrated .

to indicate true airvSPaedVamrseavlevel"in'the'standard*atmoséﬁere with a
minimum practicable instrument calibration error when the corresponding

SRR

pitot and static pressures‘éré.;bpiied to the ihstrument.
Cih 0 (R) - The air-speed indieating system shall be calibrated in
flight to determine the system error, i.ei the relation between IAS and-CAS.
« i .(3) iTae airsspeed error of:the installation, excluding the
air-speed-indicator instrument-calibration error;y shall not exceed 3 percent “‘i
of -5 mph, whichever is thie' areater, throughot the-speed range from V. to
13V, with flaps retractdd, and £ 1.3 Vs, %o Vo with flaps in the

1T

landing position. I R S i
. (4) - The air-spéed indicatiny system shall be arranged in
so: far as. practicsble to preclude malfunetioning or serious crror due to
the entry of moisture, dirt, or other substances,
(5) The air-speed indicating Sysﬁcm‘shéll’bo p%ﬁ%idcd with

a heated pitot tube or ccuivalent means of preventing malfunctioning due to .

icing. -

-+ (b) Static air vent system,
(1) 4ll instrumonts provided with static air oasc con~"
ncetions shall Lie vonted to the outside atmosphere through an appropriate

¢

riping systom, - - -
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(2) . The vent(s) shall be so located on the dirplane that -
its crifices will be least affected by air flow variation, moisture, or
other forecign matter.
(3) The installation shall be such that the system will
be air-tight, except for the vent into the .atmosphere.

... (c) Magnetic direction indicator.

(1) The magnetic direction indieator shall be installed so
that its accuracy will not be excessively affectcd by the airplane's vi-
bration or magnetic ficlds of a permanent or transient nature.

(2) Aftor the magnotic direction indicator has been com—
pensated, the calibration shall-be such-that the deviation in level flight
does not exceed ¥ 10° on any heading, | |

(3) A calibration placard shall be provided as specified in
§ 4b.733.

(d) Automatic pilot system. If an automatic pilet system is"

instclled, the following shall be applicable.

(1) The actuating (servo) devices shall be of such design
that they can, when necessary, either be disengaged positively or be over—
powecred by the pilot to enable him to maintain control of the airplane.

(2) A means shall bec provided to indicate readily to the
wilot the alignmént of thé actuating device in relation to the control sys— -
tem which it operates, except when aﬁtomatic synchronization is preovided.

(3) The manually operated-control(s) for the system's:opcr—
ation shall be feadily accessible tb the pilot.

(4) The automatic pilot system shall be af such design and
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so adjusted that, within the renge 6f adjustment available to the human »
pilot, it cannot produce loads in the control ‘syster dnd ‘surfaces greater
than those for which the system and surfaces were dosigned.

e), All air—driven

(e) CGCyroscopic indicators,

fﬂi&»drivnnjt

gyro;copig instrqments shall derive their ecnergy from a sucfion air pump
driven either by an engine or by an‘auxiliary'powcr*uhiﬁ; 'The“fdlléﬁing
shi&ll be applicable, |

| B (1) Two suction: air pumps actuated by separéte power means
shall be provided, either onc of which. shall be of sufficient capacity to
operate all of“the air-driven.gyroscopic instruments at the service cciling
of the gi;p;gnclin normal cruising condition. A

‘ “(2) A means shall be provided in the suction air pump in-

stallation, where the lines from the individual pumps“cohnécﬁ into a common iﬂ'
line, to select oither pump in case of failure of one Hump source.

(3) When an automatic means to permit simultancous air fidw
is provided in the system, a,methodtfar.indiCating.any'intéfruptédnéir flow
in the suction air pump lines shall be incorporated in the‘syétem.z In order
to indicate which surce hes failed, a visual means ‘shall be.provided to
indicate this condition.to the flight crew.

.. (4) A suction gouge shall e installed to ihdiéate.réadily
to the flight crew Whi;e.in flight the sucticn in inches of mercury -hich =

is being applied to the air-driven types of gyroscopic instruments. | .

Ab.613 Powerplant instruments.

(a) Instrument lines..

(1) Powerplant instrumcnt lines carrying flammable fluids

b
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or gases under pressure shall be provided :rith restricted orifices or
epilvalent safety devices-at the source of the pressurc to prevent ‘the es—
cape of excessive fluid or gas in case of line failure,
(2) The provisions of 88 4b.432 and 4b.433 shall be made -
applicable to powerplant instrument lines,

(b) Fuel cuantity iadicator, Means sh2ll be provided to in-

.dicate to the flight crew the quantity in gnllons or equivalent units of
usable fuel in each tank during flight. The following shall apply.

(1) Tanks the outlets and air spaces of Whicﬁ are inter-
connected shall be considered as oné tank for thé purpose of providing
separate indiéato¥s.

| (2) Exposed sight gauges shall be protected against camage.

(3) Fuel quantity indicators shall be calibrated to read
;ero during level flight when the cuantity of fuel remaiﬁing in the tank =
is equal to the unusable fuel supply as defined by 8 Ab.Alé (sce 8 L4b.T736).

(e) Fucl flowmeter system. ‘When a flowmeter system is installed,

the metering component shall include a means for by—passing the fuel surply
in the event that malfunctioning of the metering component results in 2
severe restriction to fucl flow,

‘ (d) 0il cuantity indicator.

(1) A stick geuge or other equivalent meons shall be pro-

vided to indicatc the quantity of oil in cach tank. (Sce 8 4b.735.)
(2) If an oil transfer system or o reserve oil sujpply sys—
tern is inst-lled, menons shall be provided to indicate to the crew during

flizght the cuantity of oil in cach tonk,



F-~8

(e) Cylinder head tcmperature indicating system for air—cooled ;;i

t

cngines. A cylinder head -temperature indicator: shall be provided for .each
air—cooled engine on-airplanes equipped with cowl flaps. -In the casc of .
airplanes without cowl flaps, an lnd¢cytor shall be provided if complicnce
with the provisions of § 4b.450 is demonstrated at a speed in excess of

the speed of best rate of climb,. =~ - . -~ . .
ELECTRICAL SYSTEMS AND EQUIPHENT

4b 620 Installatlon.

(a) Electrlcal systems and. equlpment shall be frce freom hazards
in thensclves, in thelr metho of opor“tlon, und in thcmr effects on otHer
parts of the airplane. They shgll be protected from fuel, oil, water, other

detrlwcntQI substances, anC from.mechanical domage. . 5

i 3
¢ By
. . .

(b) For substantiation of the e;cctrlcal syst 1 the datg rqulred
_under § 4b.13 shg;} include: ‘
(1) wiring diagrans, inqlqding & schematic power supply
— | Sl R
(2) installatLon data, 1nclu11n5 tne Aunufacturer'; none
type of all electrical 1tens, wnc referencc to aert;nent spe01f1cat1Jns,
(3) an clectrical load anglysis._

4b 621 Battories.

(a) The battery capacmtv shﬂll be that determlnea necessary fron

an electrlcal load analy51s.
(b) tieans shall be provided to prevent cerrosive battery sub-

st‘ncc fror: coning in centact with other hurts of the cirplane curing serv—

Y
.

icing &r in flight.

2
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(c) Patteries shall be completely cnelosed in a ‘container or
compartnent and shall be accessible for servicing and inspection on the
ground.

(d) The battery container or compartment shall be vented sc that
gases feleased by the battery are carried outside the airplane, |

(e) Battery cooling shall be provided, if found necessary o
keep the battery temperaturc within the limits specified by thc battery
manufacturer,

Lbe622 Generator systen.

(a) Generator. The generator capacity necessory shall be deter—
nmined initially from an electrical load analysis, and its adequacy shall be
demonstrated during flight test. A switch shall be srovided for each gen~
erator to.permit its output to be interrupted:. Individual generators shall
be capable of cdelivering their continuous rated nower.

(b) Generator controls. Generator voltage control equipment

shall be copable of regulating the generator output within roted limits,

(¢) Reverse current cutout. A gencrator reverse currcnt cutout

shall disconnect the gencrator from the battery and from cther generntors
when the generator is developing a voltege of such volue that current suf-
ficient to couse malfunctioning can flow into the generator,

4b.623 Moster switch. A master switch arrangzement shall be provided

which will disconnect all scurces of elecirical power from the main dis—
tribution system ot o point adjacent tec the power sources,

Lb,62/, liaster switch installation, The master switch or its contrels

shall be so instolled that it is easily discernible cind accessible to a

nerber of the crew in flicht,
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4b,625 Protective devices. Protective devices (fuseslor circuit

“breakers) shall be installed in the circuits to all electrical equipment,
except that such items nced not be installéd in the main circuits of start—
er motors or in»othep c;rcuits whera'nDThaﬁard?is_presénted by'theif omis—
sion, If fuses are used, one spére of each raﬁingior}50 percent spare
fuses of each rating, whichever is tﬁe gfeatef,mshallﬁbe provided;

4b.626 Frotecctive devices installation, Protective devices in cir-

“.cults used in flight shall be conveniently located and properly 1dent1f1ed
" to- facllltate replacement of fuses or resebtlng of clrcult breaxe s in

" flight,.: 7

4be.627 Electric c‘ﬂb]."a The electrlc cables used shgll bc in accord—

ance with arproved standards for alrcraft cWectrlc cable of a slow-burning
type. They shall have current—carrying capacity suffic1ent to deliver the
necessary .power to 'the items of eguipment to which tﬁey are connected,

4b,628 Switches. Switches shall be ca gable of carrying their rated

“current, They shall be accessible.to the crew and shall be labclcd as to

operation and the circuit controlled.
LIGITS

Lb.630 Instrumecnt lights.

(2) | Instrument lights shall provide sufficicnﬁiilluminaticn to
make all instruments, switphes,.etc,g easily readable. |
~ (b) Instrument lights shall be sé inslf;e.‘ll’ed thet their direct
rays are shielded from the pilot's eyes 5nd so that no Bbjoctionable ro—

flections are visible to him.
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(c) A means of controlling the intensity of illumination shall
be provided,ﬂunless it.is shown that non-dimmed instrument lights are sat—
hisfactory,unden‘ell expeqted conditions of flight.

4b.631 Landing lights.

(a) Landing lights shall be of an approved type.
(b) Landing 1ight$ shall be inst&lled so that,there is no objec—
tionable glare v1s;ble to the pllot and so that the pllot 1s not adversely

affected by hulatlont
(¢ Landing lights shall bo installed in a location where they

provide the necessary illumination for nlght land:.nb

(d) & sw1tch for each light shall be prov1ded, exceot thct where
multiple llghts are installed at one location a single switch for the mul-—
tiple lights shall be acceptable,

4b,632 Position lights,

(2) General., Forward ond rear position lights shall be of a
type certlflcated in accordance with Iart 15.

(b) For«ard nosition llght 1nstallatlon.>

(1) Forward p031t10n llbhts shall be 1nsteLled s0 thut,
with the alrplane in normal flyln 051t10n, tbe red llght is dlsplayed on
the left side and the grcen llﬁht is dlsplayed on the rlght 31de, each
showing unbrecken light between two vertlcal planes the dlhedrel engle of
which is 110° when measured respectlvely to the left and to the rlght of the
airplane from dead zhead. ' o ' ; . |

(2) The lights shall be 's.;.)‘a.ce‘d ‘bieterally as for apart as
practicable, | S | -

(e) Rear position light installation.
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(l) The red and whlte p031t10n lights shall be mounted as
far aft as practlcable and 1nstalled so that unbroken llght is dirécted
symmetrically aft from ecach light with the ax1s.of the max1mum coné of il-
lumlnatlon parallel to the flight path. - ‘

(2) lhe 1ntersection of the two plhnés forming the dihe—
“Idral angle A prcscrlbcd 1n Iart 15 shall be vcrtlcal._ o
(3) If scparate red and white llghts are used, ﬁhé}»éhall

.. be located as closely toﬂether as practlcable. o

(a) Lop and bottom fuselage llghts.

(1) The top Qnd bottom fuselage llghts sball euch furnlsh
- ildumination of an 1nten§ltyvggp;yalentrto a 32~capdlep9wer lamp installed
in a reflector of high reflective prqpertieguand shall hav§ka cleaf-éover
glass, ) , : ‘ - _

2(2), The top and bottom fuselawe llghts snall shov through
approximately a hcmlsphqpe;ﬁm:,v;gg;_.x,.'yuA,‘w'i' R _

(3), The top fusalage light shall bo installed approximately

in line with the forward position Iights. ' | ,

~(4) . The bottom fuselage light on landplenes sholl be in-
'gstal;ed,apprqximgtely.in,}inc ui§h;@hg’Iorﬁard position‘lights.: In the
case of -seaplanes thellocationmoi.theuboptqmvlight'wi;x pg.gubject t¢ spe—
cific approval on each model.airplane. |

(e) Iosition light flasher.

P

(1) - The position light flasher shall incorporate two flosh-
ing eircuits which are energizcd alternately to provide flashing of the
position and fuselagq,lighﬁs in the manner indicated in po_agraph (£) of

this section,
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(2) The flasher shall be of an approved types .. .

(£f) Flashing light sequence. -

(1) ' The forward positicn lights and the rcar white position
light shall be on onc of the flasher cireuits, and the top and bottom fusc—
lage lights ond the rear red position light shall be on the other circuit:

(2) The flashing secuence shall bc repeated automatically

when the position light switch is in the “flash" position.

- (g) Flashing light cutout gwitch. - A switch shall be provided
to eliminate the flasher from the position light circuit sc that continuous
light may be provided by the forward positien lights and the recar white ro—
sition light, while the top and bottom fuselage lights are not lighted.

4b,633 Riding light.

"~ (a) when-d riding (anchor) light is required for a seaplane,
flying boat, or omphibian, it sholl be capatle of showing a white light for
at least two miles at night under clear atmospheric conditions‘

(b) The riding light shall be installed te show the moximum une

broken light practicable when the airplane is moored or drifting on the

water, Externally hung lights shall be acceptable.
SAFETY EQUIPMELT

4bs640 Ice protecticn. when an ice protection system is installed,

it shall be of an approved type, If pneumatic boots are used, at least two
independent sources of power and a positive means for the deflation of the

boots shall be provided.

4b,64) Hand fire cxtinguishers — number and installation.

(a) The appreved portable fire extinguisher required by
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.ment and installed tovminimize the dnnger of accidental discharge.
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§ 4b,605 (J) shall be installed primarily for the use of the pilot and ii’
copilot, T ;

cr(b),,ﬁhen the operating rules of the Civil Air Regulations ro-

eqyipmegt sh;llvdepend upqn»thetsizé ahd eomparhﬁentatipn of the airplanc
and on the number and dist:ibution\of thevcrqw and passengers. Such fire .
éxtinguishers sﬁall bg placed in anproved locatiors.

(c) ‘Hand fire‘extigguishgrs presc;ibe@ by g 4b,383}shall be of

an approved type, and their number, capacity, and installation shall be .

appropriate to the size and location of the .compartments which they are

intended to safeguard.

Lb,642 Flare installation.

. (a) }arachutc flares-shall,befrelgasable_from the pilot compart—

¢

(?) It shall be demonstrated in flight that the flare installa-
tion is such that ejection can be accomplished without hazard to the air-
plane and its occupants.. . -

(c¢) If recoil loads are involved in the ejecticn of the flares,
the structure of the cirplenc snhnll withstand such loads,

Lb,6L3 Safety belts. Airplancs manufactured on or after January 1,

1951, shgll_be equipped with safety belts approyéqjin accorcance with.

8 Lb‘lS’, In no case shall the rated strength of the safety belt be less -
thanvpha@ ¢erespogding with the ultimete load factors specified in

§ 4b,260 (2), taking‘due account of the dimensional characteristics of the’

safety belt installqtiqn for the specific seat or berth arrangement: Safety

N E
. . .o
, Lo . .. . : ) . . . i
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belts shall be attached so that no part of the anchorage will fail at a
load lower than that corresponding with the ultimate load factors specified
in 8 4b.260 (a).

4b.644 Sufeby belt signal, When means are provided to indieite to

“the passengers when seat belts should be fastened, the device sholl be so
installed that it can be operated from the seat of cither pilot or conilot.

4bi645 PFmergency flctation and signaling ecuipment. ihen cmergency

flotation and signaling equipment is required by the opereting rulcs. of .

the Civil Air Regulations, such equipment shall comply with the folldwing
provisions,

(a) Rafts.and life preservers shall be insﬁalled so as to be
readily aveilable to the crew and passengérs.

(b) Rafis released automatically or released by the pilot shall
be attached to the airplane by means of a line to keep them alongside the
airpiane.

* (c) Signaling devices shall be free from hazard in their opera—

tion and shall be installed in an accessible location.
MISCELLANZQUS EQUIFKENT

40,650 Radio installaticn. Radic eguipment installations in the air-

plane shall be free from hazards in themselves, in their method of OpeEri~ ..
tion, and in their effects on other compcnents of the airplanes

40,651 QOxygen ecuipment and sunply. «hen recuired by the ojerating

rules of the Civil Air Regulations, the supplemental and protective breath-

ing equipment and its installation shall meet the following recuirements.
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(a) General, The oxygen system installed shall be free from

hazards in itself, in its method of operation, and in its effect on other

components of the airplane.

feans sh2ll be provided to enable the crew to

determine the quantity of oxygen availablg in each source of supplye

(b) Requirec minimum maes flow of supplemental oxygon o -.The min—

imum mass flow of supplemental oxygen recuired per person at various cabin

pressure altituces shall be at least that indiceted on Figurc 4b-18,

(c) Enulpment stanagrcs for dlstrlbutlon SJstem. ﬁhere oxXygen

shall be de51gncd to proviﬁe clther'

scparate source for the passengers and

the minimunm supply recuired by the flight crew on daty

reserved.

dispensing

_ls to be supplled to both crew and passenocrs, the dlstrlbutlon system

(1) a scurce of supply for the flight crew on: duty anc a

other crew members, or

(2) .a compon scurce of supply with means provided so that

can be separctely.

(&) Ecuipment standards for dispensing units. An individual

unit shall be provided for each crew member and passenger for

whqm,supplemental oxygen}is required to be furnished,

All units shall be

designed to cover the ncse, and at least 25 percent of the units recuired

to be furnished shall, in addition, cover the mouth.

used for protective breathing

.

ating rules.)

(e) licans for determining use of oxygen,

(For crew masks to be

purposes see the pertinent air carricr oper—

lieans slall be pro—

~

vided to enable the crew to determine whether oxygen is being delivered to

each user.

"

-
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Oxygen Mass Flow ( liters per minute at 760mm Hg, 0° C., dry )
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Cabin Pressure Altitude ( thousands of feet.)

NOTE! I. Data bosed on:
a. System 100% efficient.

b. Respiratory minute volume equals I5 liters (9!5 cubic inches ) per minute.
c. 100% oxygen above 30,000 feet. .

2. For dilutor—demand regulators use flow characteristics supplied by manufacturer
1o calculate required supply. Such flows must not be less than those indicated on

this graph at delivery rate of 15 liters per minute .

FIGURE 4b-18 MINIMUM FLOW OF OXYGEN FOR OPERATION
- AT VARIOUS ALTITUDES

?Oxygen Mass Flow ( cubic inches per minute at 760 mm Hg,0°C., dry )
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4be652 Ingine—driven accessories. Engine—driven accessories essen—

tial to safc operation of the airplane shall be so distributed among tio
or mere engines that the failure of any one engine will not impair the
safe operation of the airplane.

4b.653 Hydraulic svstems,

(a) Design. Hydraulic systems and elements shall withstand,
without exceeding the yield point, all structural loads which arc expected
to be imposed in addition to the hydraulic loads.

(b) Tests. Hydraulic systems shall be substantiated by proof
pressure tests. uwhen proof tested, no part of a hydraulic system shall
fail, malfunction, or experience a permanent set, The proof load of any
system shall be 1,5 times the maximum operating pressure of that system.

(¢) Lines and fittings. Hydraulic lines and fittings in 2ll

+designated fire zones (see § 4b.480) shall comply with the provisions of

8 4b.483.

() Reservoirs and accumulators. Location of hydraulic reser—

voirs an¢ accumulators shall comply with the provisions of § 4b.481, except

vwhen they are an integral part of the engine or propeller.
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SUBPART G — OPERATING LIMITATIONS AND INFORKATION

I{_bQYOO Scopec
(a) The operating limitations Yisted in S8 4b.710 through 4b.723

shall be established as prescribed in this part.

+(b) - The operating limitations, together with any other informa—
tion concerning the airplame found necessary for safety durihé'opéfatiéh;
shall be-included. in the Airplane Flight Manual (§ 4b.740), shall be ox-
pressed as markings and plecards (§“4b;730),;and“sh&ii be made éﬁéilable by

such other mecns as will convey the information to the crew ﬁembérs;
OPERATING LIMITATIONS

4b,T710. Air-speed limitaticns — general, then air—épeedvlimitétisns

are a function of weight, weight distribution, altitude, or Mach number,
the values corresponding with all criticzl combinations of these values

shall be established,

4b.T1) Never—excecd speed VNE'

(a) Tb allow for possitle variations in fﬁe aifplﬁné character—
istics and to minimize the possibility of'inadvertentlyveXceeéing sdfe: |
speeds; the never-exceed specd Vyy shall beié'spééd'est55lished sufficiently
below the lesser ofs | B o

(1) the design dive speed Vp chosen in aécof&ance\with
§ 4b,210 (b) (5), or N

. {(2) the moximum speed demonstrated in fliéhf in secordance
with § 4b,190, . - - | o
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(b) In the absence of alratiohél.investigatién,-the value of

VNE shall not excced 0.9 times the lesser of the two speeds referred to in

paragraph (a) of this section.

4b.712 Nbrmal operutlng llmit speed V“O'
(a) The normal oneratlng limit speed Vyo shall be established
not to excee@ the design cruising speed VC chosen in. accordance with = ~
§ 4b.~lO (b) (4) ana sufflclently below the never—exceed speed Vg to make
it uqllkely that VVE yculdzbe.expeeded 1n_a‘moderate upset ccecurring at Vi0e
| (b) In the absence of a ra@ional investigapion,‘the,value ongNO

shall not exceed O. 9 tlmes VNE‘

4b. 713 Maneuvering speced. The maneuvering speed shall not exceed the

design maneuvering speed vy determined in accordance with 8§ 4b,210 (b) (2).

Lb 714 Flap extcndcd speed Vg,

(a) The flap extended speed. Vg shall be established not .to
eyceec the lesser of'

(l) tke de31gq flep specd Vg chosen in accorawnce with

§ 4b.210 (b) (1), or S gt

-

(2) ‘the d951gn speed for Sllpstre 1 effects with flaps in
the iunulng positicn, chosen in, accordance with § 4b.221.

(b) The v~luc of VFE establ;shed in accordance with paragraph (a)
of this sectlon shall not be less than a value which prov1des a safe speed
margin above the stall during approach and landing.

'(c) It shali be acceptable tc establish supplempntary values of
Vpp for other combinations of flap setting, zir speedg anC engine pouer, if
the strﬁcﬁure ahd £he flight characteristics of the airplane have been shown

to be satisfactory for such combinations,
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Qh. 4beT15 Landlng gear overﬂtlng spee& Vioe The«landlng gear operating

speed Vy4 shall be established not to exceed a speed at Wthh 1t is safe

to extend or retract the lanulng gear as limited by design in accordance

- with § 4b.334 or by fllght characterlstlcs.'”"”'

4b1716 Landlng gear extendea speed V} . The landlng gear extended

speed Viy shall be established not to exceed a spced at Which 1t has been
shown that the slrplane can be safely flown with - the lenc::.nb gear secured
in the fully extended r081tlon, and for whlch the structure hus been proven
in accordance with § 45,334 |

4b, 717 ubmnwn control speed Vm- (Sce § 4b.,133.)

Lb, 718 Powerplant 11m1tations. The follow1ng powerplant llmltatlons
shall be establlshed for the airplane. They shall not exceed the corre

QEV spondlng llmits establlshed as a part of the tyre certlflcgtlon of the en—

glne and propeller 1nstﬂlled in the alrplane.

(a) Taka—off oneration,
| (l) Msximum rotational speed (rpm),
(2) Moxdimun permissible manifcld uressure,
(3) rr‘he time 1imit for use of the powier which corresponds
with thv values estlbllshcd in subparagraphs (l) and (2) of this oarugruph,v
(4) Vheré the time limit established in subparagraph (3) of
this parapraoh excecds two mlnutes, the max1mun gllowable cyllnaer head or
coolant outlet, and 01l tenperatures. |

(b) Max1mun contlnuous operg;;gs

(l) Maxlmun rotational speed (rpm),

(2) lMaximum permissible manifold pressure,
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(3) Maximm cllowdble cylinder head or coclant cutlet, and
oil temperatures.

(e) Fuel octane r"txng, The minimum octane ratln of fuel re-

quired for satls;ectorj operatlon of the powerplent at the llmlts spec1fled

in paregrﬁohs (a) and (b) of thls sectlon.' PR et | ]

Ab 719 AlrJlane Jelggt and center of gg ylty llmltatlons. The in— ‘

hlene ”elbbt and center of gr2v1ty slmltatlons shall be those detcrm*neﬂ in

accordance ulth §§ 4b lOl and Lb 102. Jhere thc alrplanc is ccrtlflcgtod
for more than one center of Vrav1ty range, the ahproprlate llnltatlons with
regard to weight and loedlng urocedures sball ‘be set ’orth in the Alrpl*ne

Flight, Manual for cach Seburute ccnter of g av1ty renge.

4b.T720  Ninimum fll ght crew. The minimum fllght crew shall be Cstubh-
lished by the Adnlnlstrator as that number of persons WﬂlCh he flnds nec— ‘ﬁi
essary for safety in the operatlons authorlzed under § 4bo721. Thls flnd—~
ing shall be based upon the work load 1nnosea upon 1ne1v1dudl crew members
with ‘lue consideration glven to the acce351b111ty and the case of operation
of 2ll necessary cohffbls by the dpﬁroprietcrcfew‘members.' |

4b.721 Types df‘bperation. The types of operdtion to which the air—

plaﬁe is limited sholl be established by"the category in whlcn it hes becn
found eligible for certification and by thc eﬂulpmcnt 1nstdl*ee. (Sce the

operating rules of the Civil Air Regulatlons,)

4b,722 Maocdimum operating altitude..‘A maxﬂﬁmxlaltitude shalllbe estab—~
lished up to which operation is uermattee, as llmltee by fllgnt, structural,

poverplant, functlonal, or ocu¢pnent cheracterlstlcs.
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4b,723 Maneuvering flight 1oad factors., Load factor limitotions

shall be established not to exceed the positive limit load factors deter-

mihed from the moneuvering diagram, Figure 4b-2. (See § 4b.211 (a).)

_ MARKINGS AND PLACARDS -

4ba730 Genera:l.

(z) larkings and placards shall be displayed in conspicuous
places and shall be.such that they cannot be easily erd;ed,“disfiguréd,'or
obscured. o .

(b) Additional information, placar&s, and instrumént'markings
having a direct and important bearing on safé'operation of the airplaﬁe
shall be required when unusual design, eperating, or héndiing éhafacter4
istics so warrant, o ' o ‘

4b,731 Instrunent markingg — general, - - -

(a) when markings arce placed on the covervglass of the instru~
nent, provision shall be made to maintain the correct alignment of the
glass ecover with the face of the dial. | ' |

(b) All arcs and lines shall be of sufficient width and so lo—

cated that they are clearly visible to the pilot.

4b.732 Air—specd indicator. The following morkings shall be placed
on the air-spced indicatore If spoeds vary with altitude, neans shall be
provided to indicate the appropriate limitation to the pilot throughout

the operating altitude‘range. . .

(2) A radial red line shall indicate the never—exceed speed

'VNE (see 8§ Lb.?ll).
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(b) A yellow arc ekﬁéﬁhiné‘fr@h*éhe‘red line Specified'in para-—
graph (a) of this séction td'%ﬁéjﬁpﬁéfjlimit cf'£he gréen arc specified in
paragfaph (c¢) of this sectiédiéhéiibgédféégé'thé ééufion range.

(c) A green are with the lower limit at Vs, as determined in
accordance with § 4b,112 (b) with meximm take-off weight, landlng gear
and wlng flaps retracted, and the upper limit at the normal op erutlng limit
speed ﬁ. established in accordaéca with § 4b,712 shall indicate the normal

NO
operating range,

(a) A white arc with the lower limit at Vs as determiged in
accordance with § 4b,112 (a) dt tﬁé maxinum landing weight, and the upper
limit at the flaps~ex¢§nded speed Vg as established in accérdanqe with
§ 4b.714 shall indicate the flap operating range. “ |

L4b.733 HMagnetic direction 1nd1cator. A placard shall be 1nstalled on

or 1n close prox1n1ty tc the nagnetlc dlrectzon 1nulcator which shall comply

with the follow1ng.

(2) The placard shall contaln tke calibration of the instrument
in a level flight attitude with cngine(s) operating.

(b) The placard shall state whether the calibration was made
with radio recc1Ver(s) on or off..

(c) The calibration readings shall be in terms of nagnetlc

headings in not greater than 45° increments.

4b, 734 Powerplant instrunents — general, All recuired powerplant
instruments shall be marked as fcllows,
(2) The naxirum and the minimun (if applieable) safe operational

limits shall be marked with red radial lines.

L£]

q‘%



(b) The ﬁormal operatlng ranges ‘shall be marked. with a green arc

.‘-‘ ¥ u :
lu

not extendlng beyonﬂ the.max1mum an& nlnimnn safe operational limits,

e

(c) The take~off and precauﬁibnary'ranpes shall be marked with
' Vvl ey STODNENN, e s e ‘
Jellow arc. S R

4b.735 0il quénbity indicatérs., 0L quaitity indicators shall be.

markeg 1n suff1c1ent 1ncrements to indisate readily and accurately the

quantlty of 011.

4b 736 Fuel quuntlty indicator. ‘hen the'undéable fuel supply for

‘unJ tank exceeds l gallon or 5 percent of the tank capacity, whlchever is

the creater, a red arc shall bc marked on the indicator extcndlng from the

calibrated zero reading to the_;owest reading obtainable in the level

flight attitude. 4 notation in thé Airpiéne Fiignt#Manual shall be made
to indicate that the fuel remalnlng in the tank when the quantity indicator

reaches zero is not usable in flight, (See § 4b. 613 (b) )

4b.737 Control markings - general. All cockvlt controcls, with the

-exception of the prlnarv fl:ght controls anc other controls the function

: tof which is obvlous, shall be plalnly murced 1nd/or 1dent1f1ed as to their

function and’ methoq of ooe etlon. ?he markings shall include the following.

(a) Aerodvnanlc COHUPOIS. The secondury aerodynan;c coatrols

shall be marked to comply wltn §§ Ab 322 and Ab 323,

(b) Powerolant fuel controls.

- (1): Controls for fuel tank selector valves shall be marked

to indicate the position corresyondlnb with each tank and with all possible

'cross—feed positions,

(2) Nhen more than one fucl tank is pfov1deﬂ, and if safe

Y
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~operation depends upon the use of tanks inbaxspecific sequence, the fuel
tank selector contrcls shall be marked adjacent to or on the control itself
to indicate the order in which. the tanks should be used.

(3) Controls for engine selector valves shall be marked to

indicate the position corresponding with each engine,

(e Accessory and auxiliary controls.

(1) ‘“hen a retractable landing gear is used, the visual in-
dicator recuired in 8 4b.334 (e) shall be marked so that the pilot can as—
certain at ali timss when the wheels are locked in éither extreme pesition,

(2) Emergency contrcls shall bekcolorgd red and shall be
marked to indicate their method of-operation.‘

4b,738 Miscellaneous markings and placards.

(a) Baggage compartments and ballast locaticn. Each baggage and
cargo compartment as well as the ballast location shall bear a placard
stating the maximum allowable weight of contents and, if applicable, any

other limitation on contents found necessary due to loading recuirements,

(b) Fuel, o0il, and coolant filler orenings. The following in—
formation shall e marked on or adjacent toc the appropriate filler cover:
(1) the word "fuel", the mininum permissible fuel octane

nunber for the cngines instolled, and the usable fuel tonk éapacity (sce
8 4b.416),
(2) the word "oil" and the oil tank canacity,

'(3) the name of the proper coolant fluid and the capacity

of the coolant systenm.

(¢) Emergency exit placards.

(1) Imergency exits sholl be riarked as such writh luminous

4]
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paint in letters not less than 3/4 inch high. The markings shall be located

'ﬂ:elther on or 1mmed1ately adjacent to the ex1t and shall be consplclous to

(2) The locatioh and method of operation of the emergency
exit handles shall be marked with luminous palnt. (See § 4b.362 (c).)

(d) Operatlng llmltatlon placard. A placard shall be provided

Wln front of and in clear view of ‘the pilots statlng "This airplane must

be operated 1nlcompllance with the operating limitations specified in the

Cik approved Airplane Flight Manual,"

‘ (‘i) - Safety equipment, -
  (})_ Safety‘equipment controls which the crew is ‘expected to
 thefate“in.tihe Qfdemergengy,such as flares, automatic life raft releases,
.féie.,‘shall be readily accessible and-plain;y ma;ked as to their method of
tgﬁéfation. |
(2) ﬁﬂeﬁ fire extinguishers and signaling and other life-
';éving ééuipment afe éarried in‘lockers,:compartments, etq.,,these.;oqations

shall be’mgrked accordingly.

AIRPLANE FLIGHT MANUAL

Ab 740 General.
‘ (a) An Alrplane Fllght Manual shall be furnished with each:air-
bléﬁe. ' »
v;ﬁb) 'Thgxppftipns_gf_theimanual listed in 88 4b.741 through 4b.743
as are apprqgr;atekto the airplane shall be verified and approved and: shall
,be_sggregatgd,ﬂidentified, and clearly- distinguished from.portions not so

approved,
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: (¢) Additional items of information having a direct and important
beefing’bn'safe operation shall be required when unusual design, operating,
or handling characteristics so warrant.

4M3741 Operating limitations,

(a) - Air-speed limitations.: The, following air—speed limitations

shall be included together with sufficient information to permit marking
the ‘air-speed indicator in accordance with § 45.732: |
- (1) the never—exceed speed (see 8 4b. 711);‘

(2) the normal operat:.nb llmlt speed (see § 4b. 712), to—
gether with a statement to the effect that normal fllght operatlons should
“be confined to -speeds below thls value, and a further statement ‘to the ef-
fect that the ‘range of speeds between tne normal operetxdg llmlt speed and
the never—exceed -speed. should -be. entered with caution and with due regard‘
to the preveiling flight and atmospheric conditions; " o

'(3)."Wh99“an-%irrsﬂeﬁé ;;mgpetiqp>ie”basedﬂupon compfessi—'
biiihy effects,. a statementgt63this,efﬁeQF{_tqge@herkwith information as to
any symptoms, the probable behavior of the airplane,aand the recommeﬁdedv
recovery procedures; | “. | |

(4) the manedGerihédSEeed'(see"§ 4b.210 (b) (2)), together
with a statement to the effect that full aprlication of rudder and aileron
controls as well as those maneuvers which,invol?e anéiee 5f attéckdﬁear the
stall should be EOnfined to speeds belew this valuegiuw |

(5) the flap extended speed (see § Ab.VlA), togethef with a
description of the nertlnen.t flap p051tlons and englnc powers,

(6) the landdng gear operatlng syeed (eee § Ab 715), together

2]
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with“a statement ‘to the effect that ﬁﬁié is the maximum speed at which it
is safe to extend or retract the landlng gear,

(7) the landing gear extended speed (see 8 Ab.716), if
greater than the landing gear operating speed, together with a statement..
to the effect that this is the maximum speed at whlch ‘the alrplane'can be
.flown safelj with the landing gear in the extended pos1tlon.

(b) Powerplant limitations. Informatlon shall be 1ncluded fo-

“outllne and to explaln all powsrplant llmltatlons (see § Ab 718) and to

permlt marking the instruments as recuired by s§ Ab 734 through Lb.736.

3

(c) 'Wélght and loadlng dlstrlbutlon. The alrylane welg hts andc£n~

3’1’01' mtx Aimits required by 8§ 4b. J.Dl and Lb 102 snall be mcluded, to—
gether Wlth the items of" equipment on whlch the empty welght is based.
Where tﬁe varlety of ‘possible load1n° condltlons warrants, instructions

shall be 1ncluded to' facilitate: observance of the llm¢tatlons.

(d) Flight load acceleration limits. The positive mahéuVering

limit load factors for which the airplang structure has been proven ‘shall
be descrlbed in terms of accclerations, tooether with a sfaféﬁént'to the

1

| effect that these accelerutlcns limit the angle of bank in turns and limit
:Aphe severlty of pull—up'maneuvers.t. _ |
| ‘(e) ﬁFlight-crew,-.The,numbe: and functions of the minimum flight
crew determined in accordance with § 4b¢720 shall bé déécribéd; B

-(f) Tyne of operation, The type(s) of operatlng(e) shall be

llsted for whlch the airplane and its equlpment 1nstallatlons have been

approved. (See § bJ721.)
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(g) Maxlmum operatlng altitude. -The altitude established in

accordance with § 4b, 722 shall be 1ncluded, together with an explanatlon of
the lmmltlng factors.

4b.742 Qperatlng procedures.;

(a) Normal. Information and instructions shall be ‘included re—

gardlng peeullarltles of startlng and warming the engines, : taxylng, opera—
tion of wing flaps, landlng gear, automatlo pilot,. etc.,

(b)" One englne 1noperative. The recommended _procedure shall be-

described to be followed in the event of engine fallure, including minimum °

speeds, trim, operatlon of remalnlng englne(s), operatlon of flaps, etc.

(c) Iropeller featherlng. The recommended procedure shall be'

described to be followed in stoprlng the rotatlon of . propellers in flight.

GV Emergency orocedures. Recommended emergency procedures shall.

be described to bo followed in the event of flre, decompr6351on, ditching,

ete,

Lo, 743 Performanco 1nformetwon.

(a) Performance date. A summary of all nertlnont performance

data shall be given, 1nclud3ng the performance data necessary for the ap--
plication of the operating rules of the Oivil Air Regulations, together with
descriptions of the conditions, air speeds, otc._ under which thesec data

were determlned.

cy

(b) Flap ewntrols. Instruetions shall;be,inoluded describing -

the use and adjustment of the flap oontrols necessary to obtain the perform-

ance referred to in paragraph (a) of this section,

PR |

(¢) Air speeds. The indicated air speeds corresponding with

N S——
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those determined for take—off shall be listed together with the procedures
to be followed in the event the critical engine becomes inoperative during
teke—off (see § 4b.742 (b)),

(d) Miscellaneous. An explanation shall be included of any sig—

nificant or unusual flight or ground handling characteristics.

ATRPLANE IDENTIFICATION DATA

4b,750 Identifjcation plate. A fireproof identification plate shall

be sccurely attached to the structure in on accessible location where it
will not likely be defaced during normal service. The identification plate
shall not be placed in a location where it might be aexpected to be destroy—
ed or lost in the ovent of an accident., The identification plate shall con-—
tain the identification data reguired by § 2,36 of thg Civil Air Rezulations,

4b,751 Identification marks. The nationality and registration marks

shall be permanently affixed in accordance with the operating rules of the

Civil Air Regulations,

(Sec, 205 (a), 52 Stat. 984, 49 U.S.C. 425, Interpret or apply secs. 401,
gosé)sz Stat, 1007, 1009, 49 U.5.C. 551, 553; 62 Stab, 1216, act of July 1,
94 N

By the Civil Aeronautics Board:

[s/ M. Ce Mulligan

s Co Mulliigan-
Secretary

(SEAL)
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