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SUBPART A 4 E N E R A L  

APPLICABILITYAND DEFINITIONS 

g 4b.0 Applicability of this part. This 
part establishes standards with which 
comolianee shall be demonstrated for the ~ - - - ~~~ ~ 

issuance of a type certificate for trans-
p ~ r tcategory airplanes. This part, until 
superseded or rescinded, shall apply tnail 
transwrt categon airplanes for which 
ippl~iationsf o i  type certification Ln the 
transbort category are made after the 
effecuve dale of thls part tNovember 9. 

5 4b.l Definitions. As used in this 
part terms are defined as follows: 

(a) Administratio-(1) Administra-
tor. The Administrator is the Adminis- 

.. - . . 
gear).

(4) Aerodynamic coemdents. Aero-
dynamic coemcients are nondimensional 
coemclents for forces and moments. 
They correspond with those adopted by 
the U. S. National Advisom Committee ~ - - ~~ ~ ~ 

for Aeronautios. 
(5) Critical enginets). The critlcal 

engine is that englnets) the failure of 
which gives the most adverse a e o t  on 

4b.480 
4b.481 
40.482 
4b48S 
4b.484 
4b.435 
4b.468 
4b,487 
4b.488 
411.489 

4b.490 

COOLING SYS-

mslenated are eones. 
maGmable fluids. 
shut-off means. 
Lines and Uttlnra. 
Flri  . s t i i g u ~ G  system. 
Fire detector systems. 

Fire walls. 

Cowling and nacelle ~bin. 

~ n g i n eacoessory section diaphragm. 
Dralnage and ventllatlon of tlro 

eones. 
Protection of other alrplans oom-

ponenta against me. 

MF- EPWY-

tions. 
m i m u m  fflght u e a .  
m of cperstlon. 
Manmum operatlng sltltude. 
~sineurierlng mght load factom

' 
I A - W  m --

~kne ra l .  

lnamment  msklngs; general. 

m-speed mdlcator. 
m e t l c  dlrectfon lndfeatar. 
Powerplant mtrumentai s u e r &  
011 quantltg indioatora 

4b.720 
4b.7al 
4b.722 
4b.ia3 

4b.730 
4b.731 
4b.732 
4b.733 
4b.734 
4b.735 



the airplane Bight characterktics la-
tive to the case under consideration 

U.6. gallon.
(Ui) Crew and passengers 170 Pounds 

per m s o n .  
(d) Speeds--(1) IAS: Indicated air 

speed is equal to the pitot static air- 
speed indicator reading as installed i n  

(5) V,: The design maneuvering 
meed. (See 5 4b.210 (b) (a).)

(6) VB: The design speed for maxi-
mum gust intensity. (See 5 4b.210 (b) 

(19) V,: The crittcal-engine-failure 
speed. 	 (See 5 4b.114.) 

120) V.: The take-off safetv soeed. 
.-~ 
(e) -~tnrehrmb(l) Limit load. A 

lhnit load is the maximum load antici- 
-

(8 )  Design UMng area. The design 
wing area is the area enclosed by the 
wing outline (including wing flaps in the 
retracted position and ailerons. but ex- 
cluding fillets or fniringsl on 8 surface 
contnrninr the winr: citnrds. The outltne 
is assumed to be extended throunh the 
nacelles and fuselage to-the plane of 
symmetry in any reasonable manner. 

(9) Balanting tail load. A balancing 
tail load is that load necessary to place 
the airplane in equilibrium with-zero 
pitch acceleration. 

(10) Fitting. A fitting is a part or 
terminal used to join one structural 
member to another. (See 5 411.307 tc) .) 

( f )  P o w e r  installation'-(1) Brake 
horsepower. Brake horsewwer is the 
powe; delivered a t  the propeller shaft of 
the engine. 

(2) Take-off MWer. Take-off power 
is the brake horsemwer developed under 
standard sen levei conditions. "nder the 
maximum condrtion$ of crankqhaft r o b  
tional Speed and engine manlfold ores-
sure approved for h e  in the normal 
take-off, and limited in use to a maxi- 
mum continuous period as indicated in 
the auumved englne swcif3cation. 

13)M a n m u m  conthuou p o w e r .~ 

Maximum continuous power is the brake 
~ L O T C P I I O R P ~devclol)Pd in standard st-
mospiiere a t  a specmed altitude under 
the rnaxlmum conditions of crankshaft 
rotational speed and engine manifold 
ores-ure aooroved for use durlnc wriods ~~~~ ~~~- ------- ~-
bf unrectricied duration. 

(4) M a n  l f o l d pressure. Manifold 
pressure is the absolute pressure meas- 
wed a t  the sppropriate point in the in- 
duction system. usua l l~  in inches of 
mercury. 

(5) Critical altitude. The critical 
altitude is the maximum altitude a t  
which in standard atmosphere i t  is pas-
sible to maintain. a t  a specmed rota- 
tional speed, a specifled power or a speci- 
fled manifold pressure. UnleSs otherwise 
stated, the critical altitude i s  the maxi- 

nated in normal conditions of owration --..----~ ~ ~ . - - ~ ~ ~ - ~ ~~~ ~ ~ 

(See O 4b.200.) 
(2) Ultimate Imd. An ultimate load 

is a limlt load multiplied by the appro- 
priate factor of safety. (See 14b.200.) 

mum altitude a t  which i t  is possible to 
maintain. a t  the maximum continuous 
rotational speed, one of the following: 

(i) The maximum continuous power. 
In the case of engines for which this 
power rating is the same at sea level 
and a t  the rated altitude. 

(ii) The maximum continuous rated 
manlfold pressure. in the case of engines 
the maximum continuous power oi 
Which is eoverned by aconstant manifold 
pressure. 

( 6 )  Pitch setthg. Pitch settlng is the 
propeller blade setting determined by 
the blade angle measured in s manner. 
and at  a radius. specifled in the in- 
~ t r u c t ~ o nmanual for the propeller. 

(7) Feathered mlch. Feathered pitch 
is tile p!wh settmg which in fllght. wlth 
the engines stopped, gives appmximate- 
ly  the minimum drag and corresponds 
with a windmilling torque of approxi-
mately zwo. 

(8) Reverse pitch. Reverse pitch Is 

the propeller pitch setting for any blade 


ip,enerne ammth!nessrequirementssea 
part IS oi this subchapter: for pmpeuer a-
aorthlnees requirements s- Psrt 14 of m@ 

the Bimlane wlthout correction for air-~ - . ~ ~ .  
speed indicator system errors but includ- 

tion of the air-speed instrument dials.) 
(Bee 50 4b.812 (a)  and 4b.710.) 

(2) CAS: Calibrated air speed is 
equal to the air-speed indicator reading 
corrected for position and i n s t d e n t  
error. (As a resc!t of the sea 15!eI 
adiabatic compressible flow correction to 
the air-speed instrument dial. CAS is 
equal to the true air speed TAS in stand- 
ard atmosphere a t  sea level.) 

(3) EM: Equivalent air speed is 
wai to the *-speed indicator reading 
k e c t e d  for position error, InstNment 
error, and for adiahtic  compressible
flow for the particular altitude. .. 	 (m-~~ -

is ~ u a ito C& a t  sea level in standard 
atm&phere.) 

TAS: True air wwl of the air- 

(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 nonnsl conditions 
of operation and for uncertainties in 
design. (See D 4b.200 (a) .) 

(4) Load factor. The load factor is 
the ratio of a s~ecltied load to the rota1 
R&hr of thearblane: the specltl~~d load 
may be expressed in terms of any of the 
fnllnwlne: aerodmamic forces. Inertia .~~~~ 
forces, or groundor water resctlons. 

(51 Limit load factor. The Iimlt load 
factor is the load factor corresponding 
with limit loads. 

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

(7) Cheeked pitching maneuver. A 
checked pitching maneuver is one in 
which the pitching control is suddenly 
displaced in one direction and then sud- 
denb moved in the OPPosite direction. 

(4) 	 the deflections and t M n g  being such as 
alane 	 relative to undisturbed &. to  avoid exceeding the limit maneuvering 

load factor. 



anglc used beyond zero pitch (e. F., the 
negative angle uscd for rcl'erse tllrustl. 

(6, Fire orotrcfiun-rl) Firertxnol. 
irep proof material means a m&erial 
which will withstand heat a t  least as  
well as steel in dimensions annrouriate 
for the purpose far which i t  1s to &used. 
When applied to material and parts used 
to confine fires in designated Are zones, 
fireproof means that the material or part 
will perform this function under the 
most severe conditions ol fire and dura- 
tion likely to occur in such zones. 

(2) Fire-resistant. When applied to 

sheet or structural members, fire-resist- 

ant  material means a material whlch 

will withstand heat at  least as well as 

aluminum slloy in dimensions appro-

priate far the purpose for which i t  is to 

be used. When applied to fiuid-carrying 

lines, other flammable fluid system com- 

ponents, wiring, air ducts, fittings, and 

nowernlant controls. this term refers to 

iline.and fitting adsembly, component. 

wifing or duct, or controls which will 

perform the intended functions under 

the heat and other conditions likely to 

occur at  the particular location, 


(3 )  Flame-resistant. Fiame-resistant 

material means material which will not 

support combustion to the point of 

propagating, beyond safe limlts. a flame 

after the removal of the ignition source. 


(4) Flash-resistant. Flash-resistant 

material means material which wlll not 

burn violently when ignited. 


(5) Flammable. Flammable pertains 
to those fluids or cases which will ignite 
readily or explode. 

(h)  Miscellaneous-(1) Supplemental 
breathing equipment. Supplemental 
breathing equipment is equipment de- 
Signed to SUDDIY the snnDlementarY om-
pen resutrcdta protect aealnst i u o x ~ a  
at  alllttldes where the partisl pressure 
of axvaen in ambient sir is reduced. 

(2) Protective breathing equipment. 
Protective brmthing cquipmenl ljequhp-
ment designed lo prevent the breathing 
of noxinus rases which mlcht be urescnt 
as contaminants in the air wit& the 
airplane i s  emergency situations. (See 
b 413,651.) 

CERRFICATION 

5 4b.10 Eligibility for twpe certificates. 
An airplane shall be eligible for type 
certification under the provisions of this 
Part if i t  complies with the airworthi- 
ness Provisions established by this part 
Or if the Administratm Bnds that the 
Provision Or ~rovlsions not complied with 
are compensated for by factors which 
Provide an  equivalent level of safety: 
Provided. That the Administrator finds 
no feature or characteristic of the air- 
Plane which renders i t  unsafe for the 
transport category. 

8 4b.11 Designation of applicable 
regulations. (a) The provisions of this 
Part. together with sli amendments 
thereto effective on the date of applica- 
tion for type CertiUcate, shall be con-
sidered as incorporated in the type cer- 
tlficate as though set forth in full. 

(b) Except as otherwise provided by 
the Board. or pursuant to 5 1.24 of this 
Subchapter by the Administrator. any 
change to the type design may be ac- 

compliqhed, at  the option of the holder 
of the tmc  certificate. rtther Ln accord-
ance wrth the provzaions ~ocornorawd 
by reference in ihe ccruficnte ~ k s u a n t  
to parak:r.!ph in) of th~:, sectlun. or tn 
accordnnce witt~ the nrovliions in uflect 
a t  the time the application for change is 
filed. 

( c )  The Administrator. upon approval 
of a change to a tvue design. shall desia- 
nnrr and krvu a G o r d  of the provislok 
uf l t . t . r~~u l . cL .~~~s  In 1h.saubchnprcr wlth 

wt.:ch ComPllnncc was dcmonstrzted. 


5 4b.12 Amendment of part. Unless 
Otherwise established by the Board, a n  
amendment of this part shall be effective 
With respect to airplanes for which ap- 
plicatiom for type certificates are tiled 
after the effective date of the amend- 
ment. 

8 4b.13 Type certiflcote. (a) An ap- 
plicant shall be issued a type certificate 
when he demonstrates the eligibility of 
the airplane by complying with the re- 
quirements of this part in addition to 
the applicable requirements in Part 1of 
this subchapter. 

(b) The type certificate shall be 
deemed to lnclude the t m e  design tsee 
5 4b.14 (b) ), the operating limitations 
for the airplane tsee 5 4b.700). and any 
other condltlons or limitations pre-
scribed by the regulations ln this sub- 
chapter. (See also 5 4b.11 (a).) 

5 4b.14 Data required. (a) The ap- 
plicant for a type certificate shall submit 
to the Administrator such descriptive 
data, test reports, and computations as 
are necessary to demonstrate that the 
airplane complies with the requirements 
of this part. 

(b) The descriptive data required in 
Paramaph (a) of this section shall be 
known as  the type design and shaU eon- 
s1St of such drawings and SpeCificatioM 
as are necessary to disclose the conflgu- 
ration of the airplane and all the design 
features covered in the requu'ements of 
this Part. such information on dimen- 
sions; materials. and Processes as is&;- 
essnry to demc the structural strength 
of the nirplanc, and 5uch otllcr data ns 
are nccess3ry to permit by cumparison 
the dctcrm1n3rion or thcalra~orthinrss of 

formed by him, the following shall be 
conducted: 

(a)  Such omcial f i l ~ h t  tests as the Ad- 
ministrator mds necissary to determine 
compliance with the requirements of this 
Part. 

(b) After the conclusion of fiinht tests 
specified inparagraph (a)  of thissection. 
such addll~onnl fl16ht tests 8s the Ad- 
nnnlstrator finds necessary to ascertain 
whether there Ls reasonable assurance 
that Ihc airplane. ils components, and 
equipment are rcllable and funcLlon 
Properly. The extent of such additional 
flight testa shall depend upon the com- 
Picxity of the drpiane. the number and 
n3ture of new dcslgn features. and the 
record or prcvlous tests and experience 
for the Particular airplane type, ils com- 
ponents, and cquipmcnt. U practicable.
thcse Eight l e s s  shall be eanducted on 
the same airplane uscd in the flight tcsto 
Specifled in parngraph (a) of thirscction. 

P 4b.17 Airworthiness, e-perimental.
and production certillcates. ( m r  re-
quirements with regard to these certifi- 
cates see Part 1 of this subchapter.) 

O 4b.18 Approval of mteria2s. parts, 
processes, and apsBances. (a) Mate-
rials, Parts. processes, and appliances 
shall be approved upon a basis and in a 
manner f o h a  necessary by the Admln- 
istrator to implement the Perllnent pro- 
V ~ S ~ O M  of the reeulations in thls s u b- -- .--
chapter. The ~dministrator  mav a d o ~ t  
a n d  publish such spcciflcations~ as  he  
flnds neccssary Lo administer thls regu- 
lation. and shall incornorate~ ~ - ...~-~ ~.therern 
such portions of the aviation industrv. 
Federal, and military specitlcatiom re- 
spectin,: such materials, Pnrts, processes. 
and applian~cs as he flnds appropriate. 

Nors: The prorrlalons 01 thls paragraph are 
Intended to allow approval of materials. 
Partl. PmCe83es. and BppliBnces Under the 
Bystem of Technlcsl Standard orders, or in 
coniunotlon wlth type oertlilcatlon proce-
d u e s  for an airplane. or by any Other 1-
Of BpprOYsl by the Admlnlhtrator. 

(b) Any material, part, process, or ap- 
pliance shall be deemed to have met the 
requirements for approval when it meets 
the prrtlnent specifications adoptcd by 
tho A d m u i ~ t ~ ~ t o r .  and the manufac-

~ ~... 
subsequent airplanes of the same tvoe. .. 

0 4b.15 Inspections and tests. In-
SPcLtinns and Wsrs  shull lncludc all those 
found necc..sarY by the Adm~nlstratar to 
insure ti13t lllr alrolnne c ~ m ~ l l e s  with 
the applicable airworthiness require- 
ments and conforms to the following: 

(a) All materials and nroducts are in 
accordance with the specifications gthe
type design, 

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

(C)  All manufacturing processes, con- 
struction, and assembly are as specified 
in the type design. 

5 4b.16 Flight tests. After proof of 
Com~iiallce with the structural require- 
ments contained in this Part, and upon 
completion of all neoessary inspections 
and testing on the ground. and proof of 
the conformity of the airplane with the 
type design, and upon receipt from the 
applicant of a report of flight tests per- 

turer so certifies in a manner prescribed 
by the Admin~strator. 

O 4b.lS Changes in type design. (For
requirements with regard to changes in 
type design see Part 1 of this sub-
chanter.) 

SUBPART L F l l G H T  

GENERAL 

5 4b.100 Proof of compliance. (a) 
Compliance with the requirements pre-
scribed in this subpart shall be estab- 
lished by 5ight or other tests conducted 
Upon nn airplane uf the type for which a 
cert1fi~3feof ~IrwOrfhlness is sought or 
by cnlculntlons bzwd on such tests orn-~ ~~ ~~ ~ - .~-... 
vided that the results obtained by d&;-
lations are equivalent in accuracy to the 
results of direct testing. 

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



Investigation of all these combinations, 
excent where com~liance can be inferred 
reasonably f rom those combinations 
which are investigated. 

(c) The controllability, stability, trim. 
and stalling characteristics of the air- 
plane shall be est~blished at  all altitudes 
up to the maximum anticipated operat- 
lng altitude. 

(d) The applicant shall provide a 
person holding an  appropriate pilot 
certmcate to make the flight tests, but 
a designated representative of the Ad- 
ministrator shall pilot the airplane when 
It is found necessary for the determina- 
tion of compliance with the airworthi- 
ness requirements. 

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

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

(2) I t  is found that requirements 
which have not been m?t are s o  substan-
tial as to render nrid!tlonal test data 
meanin~lessor are of such a nature as to 
make firther testing unduly hazardous 

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

(6) The applicant shall submit to the 
Administrator's representative a report 
coverine all comnutations and tests re- 
qulred in connecilan w ~ t b  cahbratlon of 
instruments used far  tcst purposes and 
correction of te.;r re:ultr to 3tand:ird nt- 
mospl~crie cond~tions. The Admlnistra- 
tor's re1,rCsrntntlVr' shall collduct any
flight t ~ ? l s  which he finrls necess3ry to 
cheek the cniibracion and correction 
renort. 

D 4b.101 Weight limitations. The 
maximum and mlnimum weights at 
which the airplane will be suitable for 
operation shall be established as follows: 

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

(1) The weight selected by the appli- 
cant: 

(2) The design weight for which the 

flight requirements has heen- demon- 
stFated. -

(b) I t  shall be acceptable to establish 
maximum weights for each altitude and 
for each practicably separable operating 
condition (e. g., take-off, en route. 
landing).

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

(1) The minimum weight selected by 
.~..~ ~ . . ~~ ~ - - ~ ,  

12) The desian minlmum welxht for 
which the structure has been Proven: 

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

8 4b.102 Center of gravity limita-
tions. Center of gravity limits shall be 
established as  the most forward Position 
permissible and the most af t  position 
permissible for each practicably separa- 
ble operating condition in accordance 
with 3 4b.101 (b). Limits of the center 

of gravity range shall not exceed any of 
the following: 

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

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

(c) The extremes at  which compU- 
ante with all of the annucable flight re- 
suirements has been demonstrated. 

5 4b.103 Additional limitations on 
weight distribution. If a weight and 
center of aravitv combination is Dermis-~ ~ ~~~ . - --
sibie only with;n certain load distribu- 
ti011 l~lnits te. I,.. spsnulrel a hleh could 
be exceeded Inadvertently. such llmits 
shall be estnbli:hrd tocether with the 
corresponding wcight a n d  center of 
gravity combinations, and shall not ex- 
ceed any of the following: 

(a) The limits selected bv the aP~ i i -  -. 
cant: 

lb) The limits for which the structure 
has been Proven: 

(c) The llmits for which compliance 
with all the applicable flight require- 
ments has been demonstrated. 

5 4b.104 Empty weight. (a) The 
empty welght and the corresponding
center of eravitv oosltion shall be de- 
termined b i  weiihihg the airplane. This 
weight shill exclude the weight of the 
crew and payload, but shall include the 
weight of all fixed ballast. unusable fuel 
SUODIY (see P 4b.416). undrainable oil. 
toti1 -quantity of engine coolant, and 
total quantity of hydraulic fluid. 
(h) The rondit,inn of the airnlane a t  .-~...~ .- . .---.-... ~ ~~~ 

the time of weiahina shall he one which 
can be easily iepeated and easily de- 
fined, particularly as regards the con-
tents of the fuel, oil, and coolant tanks. 
and the items of e~uipment - installed.. 

9 4b.105 Use of ballast. I t  shall be ac-
ceptable to use removable ballast to en- 
able the airplane to comply with the 
flight requirements. (See 5 8  413.738 and 
413.741 (c).) 


PERFORMANCE 


5 4b.110 General. (a)  With respect 
to all airplanes type certlflcated on or  
after February 12. 1951, the performance 
prescribed in this subpart shall be deter- 
mined, and compliance shall be shown, 
for standard atmospheric conditions and 
still air, except that the performance as  
affected by engine power, instead of befng 
based on dry air, shall be based on 60 
percent relative humidity. 

tb) ~ a c h  set of performance data re- 
o ~ ~ l r c d  condition- far a narticuiar f l I ~ h t  ~.---~ ~ ~ ~ 

shall be determined with the powerplant 
accessories absorbing the normal amount 
of power appropriate to that  flight con- 
dition. (See also 9 4b.117.) 

9 4b.lil Wing flap oositions. (a) 
The wing flap positions denoted respec- 
tlvely as the take-off, en route, approach. 
and landing positions shall be selected 
by the applicant. (See also 5 4b.323.) 

(b) I t  shall be acceptable to make the 
flap positions variable with weight and 
altitude. 

9 4b.ll.2 Stnll?ng speeds. (a) The 
speed. V.., shall denote the calibrated 
slnlllng Geed. or Ule minunum Steam 
fl1::ht specd at which the nimlane is con-
trollable, In miles per hour, with: 

(1) Engines Idling, throttles closed (or
not more than suf8clent power for zero 
thrust a t  a speed not greater than 110 
percent of the stalling speed) : 

(2) ProPeller Pitch controls In the 
position normally used for take-off; 

(3) Landing gear extended; 
(4) Wing flaps in the ianding posi- 

*in... 
(5) Cowl flaps closed: 
(6) Center of gravity in the most un- 

favorable position within the aliowable 
landing range: 

(7) The weight of the airplane equal 
to the weight in connection with which 
VI. is belng used as a factor to determine 

~ ~~~~~ ~~~~-~-
steady flight speed a t  whichthe a i r~ iane  
Is co~rrollnble; In mlles per hour, with: 

(1) Engines Idllng. throttles closed (or 
not more lhnn sumcient Dower for zero 
thrust at  a speed not greater than 110 
percent of the staliing speed): 

(2) Proneller Ditch controls In the 
position Grmal l i  used for take-off, the 
airplane in all other respects (flaps. 
landing gear. etc.) In the pnrticular con- 
dltion existin. In the Darricular test In 
connection w%h which-v,, 1s being used; 

(3) The welght of the airplane equal 
to the weight in connection with Which 
V,, is being used as a factor to deter- 
mine a requlred performance. 

tc) Stalling speeds shall be deter-
mined by flight tests using the proceduies 
outlined ln 5 4b.160. 

5 4b.113 Take-off; general. (a) The 
take-off data in 5 5  4b.114 to 4b.116, in- 
clusive, shall be determined under the 
following conditions: 

(1) At all weights and altitudes se-
lected bv the awlloant: ~-~~~~.~ .. 

(2) With a constant take-off flap posi- 
tion far the particular weight and alti- 
tude: 

(3) With the operating englnes not 

exceeding their approved 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-surfaced runway. In such a manner 
that reproduction of the performance 
does not require exceptional Wli  or 
alertness on the part of the pilot. (For 
temperature accountablllty data see 
5 4b.117. For wind and runway gradient 
corrections see appropriate operating 
rules of this subchapter.) 

5 4b.114 Take-off sweds. (a) The 
critical-engine-failure speed V,,in t e r m  
of calibrated alr speed, shall be selected 
by the applicant, but it shall not be less 
than the minimum speed a t  which the 
controllability is demonstrated durlne 
+.he-. tske-off-. run.-- to.he adeauate to wrtlllt- .- --
proceedipg safe& with the'take-off, usins 
norms1 nilotina skill. when the critical 
engine 6 suddenly made inoperative. 

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



(1) 1.20 VZ,for two-enelne airplanes, 
(2) 1.15 V.. for aimlanes having more 

than two engines. 
(3) 1.10 times the minimum control 

speed V,, established under 5 4b.133. 
tc) ~ i k n g i n e  failure is assumed t o  

occur a t  or after the attainment of V,. 
the demonstration in which the take-off 
run is continue 
climb, as provided in paragraph (a) of 
this section, shall not be required. 

g 4b.115 Aceelerate-sto~~distance.(a) 
The acceierate-stop distance shall be the 
sum of the following: 

(1) The distance required to acceler- 
ate the almlane from a standing start 
to the s p e k  V,. 

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

(b) I n  addition to. or in lieu of. wheel 
brakes, the use of other braking means 
shall be acceptaB1e in determining the 
accelerate-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 
consistent results can be expected under 
normal conditions of operation. and that  
exce~tional sUll is not required to con- 
trol the  airplane. 

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

S 4b.116 Take-017 polh. The take-off 
path sllail be considered to consist of the 
follou,in~f ive consrcutive eicmcnis: 

(a) he distance regulred to acceler- 
ate the airplane to the speed V, assum-
ing the critical engine to fail a t  the 
Speed v,. 

(b) The horfwntal distance traversed 
and the height attained Dy the airplane 
In the time required to retract the iand- 
Ing gear when operating a t  the speed 
V. with: 

(1) The crltlcal engine inoperative. its 
propeller: 

(1) Windmllllng with the propeller
control in a position normally used dur- 
In€! take-oft until (if a~plicable) its ro- 
tation has been stopped-(see paragraph 
(c) (1)of this section). 

(it) If appiicable, stopped for the re- 
mainder of the gear retraction time. 

(2) The landing gear extznded. 
(c) If applicable, the horiwntal dis- 

tance traversed and the height attained 
by the airplane in the time elapsed from 
the end of element (b) until the rota- 
tion of the inoperative propeller has been 
Stopped when: 

(1) The operation of stopping the pro- 
geller is initiated not earlier than the 
instant the airplane has attained a total 
beignt of 50 feet above the take-on 
Surfsee. 

(2) The alrplane speed is equal to V, 
(3)  The landing gear is retracted, 
(4) The Inoperative Propeller is wind- 

mining with the Propeller control in a 
Position normally used during take-off. 

(d) The horiwntal distance traversed 
and the height attalned by the airplane 
In the time elapsed from the end of ele- 
ment tc) until the time limit on the use 

of take-off power is reached, while op- 
erating a t  the speed V., with: 

(1) The inoperative propeller stoptmi, 
(2) The landing gear retracted. 
te) The slope of the flight Path fol- 

lowed by the airplane in the wnBgura- 
tion of element id). but drawing not 
more than maximum Eontinuous Power 
on the operating engine(s). 

8 4 I Temwralllre ncmunfobllitu. 
Opcraiing correction factors for take-off 
weleht and take-08 distance shall be de-
termined to account for temperatures 
above and below standard. and when ap- 
proved by the Administrator they shall 
be included in the Airplane Flight Man- 
ual. These factors shall be obtained as 
follows: 

(a) For any specific alrplane type, the 
average full temperature accountability 
shall be computed for the range of 
weights of the aimlane. altitudes above 
sea lcvcl, and amblcnt temperatures re- 
qulred by ihe expected operating con-
ditions. Account shall be taken of the ~~ ~~~~-

temperature effecton both the aerody- 
namic characteristics of the airplane and 
on the engine power. The full tempera- 
ture accountability shall be expressed 
per degree of lcmicrature in ten&+ of a 
welglll wrreclloLl, a take.on &stancecar-
rection. and a cbanae. U a m .  In the 

ib) The oneratlna correction factors 
for the alrplane welght and take-off db- 
lance shall be nt least one-bnlf of the 
full accountability values. The value of 
V, shall be further corrected by the 
average amount necessary to m u r e  that  
the alrplane can stop within the runway 
length at  the ambient temperature, ex- 
cept that  the corrected value of V, shall 
not be less than a mVlimum a t  which the 
airplane can be controlled with the 
critical engine inoperative. 

9 413.118 Climb: general CompUance 
shall be shown with the climu reaulre-
ments of PP 4b.119 through 4b.121. 

g4b.119 Climb: aII engines werat- 
ing-(a) Cruising conllguration. In the 
entfsing comlguration the steady rate of 
climb in feet per minute at 5,000 feet 
shall not be less than Eva.. I n  addition 
the steady rate of climb shall be deter-
mined a t  anv altitude a t  which the air- 
plane is expected to operate and a t  a m  
weight within the range of weights to be 
specified in the alnvorthlness certiicate. 
The cruising configuration shall be wlth: 

(1) an ding gear fully retracted, 
(2) Wing fkps in the most favorable 

--". 
t31 COWI flaps (or oihcr mpansof eon. 

tmillnR the engtnc cnolangl in the posi- 
tlon which Provides adeouate cooling in 
the hot-day condition. -

(4) Center of gravity In the most un-
f=vnrahlc msitlnn--.- - --.- --.---.-. 

(5) A11 engines operating wlthin the 

(2) Wing flaps In the landing posi- 
tion tsee $0 4b. 111and 4b. 323), 

(3) Cowl flaDS in the Dositlon nor- 
mally used in an approach-to a landlng. 

(4) Ccntcr of gravity in the most un-
favorable ~osition perm~tted for landing. 

(5) All cnclnes o~rrnt lna at  the t a e -  
ofl power available i t  such%ltitude. 

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

P 4b.123 One - e n  v t n e - fnoDerative 
climL-(a1 Flaps zn lak kc-off Gsllior.: 
landing gear eZt6,ndcd. Thc steady rate 
of climb without Eround cnect shall not 
be less than 50 ftlmin. a t  any altitude 
within the range for whlch take-OR 
weight is to be specified in the certmcate. 
a.,+h.,.."...

(1) Wing flaps in the take-off position 
(see 95 4b.111 and 4b.323). 

(2) Cowl flaps in the msition nor-
Inaily used during tske-ofl; 

(31 Center of gravity in the most Un- 
favorable wiition Dermltted for take-OR. - . ~ ~ ~ - .~ ~ 

(4) hi cnticai engine inoPerati%: 
Its propeller windm1lli"g wlth ibe pro- 
peller control in a position normally used 
during take-off. 

(5)-All other engines operating a t  the 
take-off power available a t  such altitude, 

(6) The speed equal to the minimum 
take-oft safety speed V, tsee 0 4b.114 
lh) l., 

(7) The weight equal to maximum 
take-off weight lor that  altitude. 

18) Lendmg gear extended. 
tb) Plops in tnke-oLl position; landina 

gear retracted With the iandinp. eear 
retracted the steady rate of climb in iee t  
per minute shall not be less than 
0.035 V.; with all other conditions as 
described in Parasrauh (a) of this. . .  
section. 

tc) Flaps fn en route position. The 
Steady rate of climb in feet per minute 
at any amtude a t  which the aimlane is 
expected to operate, a t  any weight within 
the range of weights to be specified in 
the airworthiness certmcate, shall be de- 
termined and shall, a t  a standard alti- 
tude of 5,000 feet and a t  the maximum 
take-off weight, be at. least 

where N is the number of engines in- 
stalled, with: 

(1) The landing gear retrected. 
(2) Winr flaps in the most favorable 

-
cooling in the hot-day condition. 

(4) Center of gravity in the most un-
favorable nosition. 

(5) ~hi i r i t i ca iengineinomrative. its 
propeller stopped, 

(6) All remaining engines operating 
at the maximum continuous power avail- 
able a t  the altitude. maximum continuous power l im t t a t i o~~ ,  (d) Flaps in a m o a c h  wsition. The(6) Maximum take-off weizht. 

~ ~. 
(b) Landing connguration. In the 

landing ConRguration the steady rate of 
climb in feet per minute shall not be less 
than 0.07 Vansa t  any altitude within the 
range for which landing weight is to be 
specifled in the certfficate. with: 

(1) Landing gear extended. 

s team rate of climb in feet wr minute.~ 

shall-not be less than 0.04 V,,' a t  any 
altitude within the range far which land; 
lng weight is to be specifled in the cer- 
tificate. with: 

(1) he landing gear retracted. 
(2) Wing flaw set in Position such 

that  Va, does not exceed 1.10 VI.. 



(3) Cowl flaps in the position nomally 
used during an approach to a landing. 

(4) Center of gravity in the most un-
favorable oosition oermitted for landing.. 

(5) ~he ' c r i t i c a~knglne inoperative, its 

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

g 4b.121 Two-enoine-inoPeratiue climb. 
For.-airolanes with four or more engines.~ ~~ 

the steady rate of climb a t  any altitude 

f i i ghc~anua l ,s&ll be determined with: 
(a)  The landing gear retracted, 
(b) Wing flaps in the most favorable 

Dosition..-~ 
(c) cowl flaps or othrr mrms of con-

troil~ngthe ennine coolinr sir supr~lyin 
-.- nncition which will Druvide aduulratet h ~..- .--
cooling in the hoeday condition, 

(d) Center of gravity in the most 
unfavorable position. 

(e) The two critical engines on one 
side of the airplane inoperative and their 

9 4b.122 Determination of the land-
tng distance: general. The horizontal 
distance required to land and to come 
to a complete stop (toa speed of approxi-
matelv 3 m. D. h. for seaplanes or float 
pienes) froG a point at  a height of 50 
feet above the landing surface shall be 
rreterrnined far a rance of weiehts and-......-~...-~~ 

altitudes selected by the applicant. In 
maklng this determination the following 
conditions shall apply:

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

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

(c) At a11 times during and immedi-
atelv nrior to the landing. the flaas shall-.-..--... .~ ~ ~ ~~~ 

be in the landing pasitl;dn, except that 
after the airplane is on the landing sur-
face and the calibrated air speed has 
been reduced to not more than 0.9 
Vs0the flap position may be changed. 

(d) The landing shall be made in such 
manner that there 1% no excc;5lvr v.'rlical 
acceieratron. no tendency to bouncc. now 
nvrr. crotrnd loo^, oorpol5r. ur wstrr loup.-

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

( 1 )  Exce~tional&Ill is not required to 
control the airplane, 

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

(3) They %reregarded as rehable. 
9 4b.124 Seaplanes or float Planes. 

The landing distance referred to in 
5 413.122 shall be determined on smooth 
water. 

5 4b.125 Skiplanes. The landing dls-
tance referred to in 5 4b.122 shall be de-
termined on smooth, dry snow. 

CONTROLLABILITY 

5 4b.130 Controllability; general. (a) 
The airplane shall be safely controllable 
and maneuversblc during take-off,climb, 
level flight, descent, and landing. 

(b) I t  shall be possible to make. a 
smooth transition from one tlight con-
dition to another, including turns and 
slips. without requiring an  exceptional
degree of skill, alertness, or strength on 
the part of the pilot and without danger
of exceeding the limit Ioad factor under 
a11 conditions of operation probable for 
the type, including those conditions 
normally encountered in the event of 
sudden failure of any engine. 

9 4b.131 Longitudinal control. (a) 
I t  shall he possible at  all speeds between 
1.4 VS,and V., to pitch the nose down-
ward SO that a prompt recovery to a 
speed equal tc 1.4 V., can he made with 
the following combinations of comgllra-
ti""! 

111 The airplane trimmed at 1.4V.,. 
1 2 )  The Inndlm grar extended. 
(31 I h r  wins flaps Inn rctractcd. and 

in an  extended position. 
($1 Tower off.and maximum continu-

ous Dower on all engines.
{dl Durmc r,ach of thc fouoarng con-

tro!!nh~i~tydemonstrutlor~ss chnncr in 
the trrm corltrol or the cxcrllon of more 
control force than can be readily applied 
with one hand for a short period, shall 
not be required. Each maneuver shall 
be.. nerformed. with the landina -~ - - ~  . near~~ ~ 

extended. 
(1) With power off. flaps retracted. 

and the airplane trimmed a t  1.4 Vs,. 
the....-flans shall be extended as raoldlr~~ 

as nossible while maiitainins th; ai i  
speed approximately 40 percent above 
the stalling speed Prevailing at  any in-
stant throuehout the maneuver.- .~  

(2) he maneuver of subparagtaph 
(1) of this paragraph shall be repeated. 

speeds within the range of 1.1 V,, to  
1.7 V., or ta VFz. whichever of the two 
is the lesser, shall be obtained and 
maintained. 

lc) I t  shall be Wssible without the use 
of exceptional piloting skill to prevent 
loss of altitude when wing flap retraction 
from any position is initiated during 
steady straight level flight a t  a speed
equal to 1.1 Vs,with s:multaneous appli-
cation of not more than maximum con-
tinuous power. with the landing gear ex-
tended, and with the airplane weight
equal to the maximum sea level landing
weight. (See also O 4b.323.) 

9 413.132 Directional and lateral con-
f ~ o C ( a )Directional confrol; general. 
I t  shnil be ~ossible.while holding the 
wings approximately level, to execute 
reasonably sudden changes in heading 
in either direction without encountering 
dangerous characteristics. Heading 
changes up to 15' shdI be demonstrated. 
except that  the heading change a t  which 
the rudder pedal force is 180 Wunds 
need not be exceeded. The control shall 
be demonstrated a t  a speed equal to 1.4 
V I ~ .under the following conditions: 

(1) The critical engine inoperative 
and its propeller In the minimum drag
position. 

(2) Power requlred for level flight a t  
1.4 VS,.but not greater than maximum 
contiduous power. 

(3) Mast unfavorable center of grav-
ity position. 

(4) Landing gear retracted. 
(5) Wing flaps in the approach posi-

tion. 
( 6 )  Maximum landing weight. 
(b) Directional control; four or more 

engines. Airplanes with four or more 
engines shall comply with paragraph (a) 
of this section, except that: 

11) The two critical engines shall be 
inoperative, their propeller$ in the mini-
mum drae nosition. 

1.3) T& >enter bf gravity shall he in 
the most forward position,

(3) The wine flaos shall be in the most 
favorable climb poiition.

(c) tatera1 conlrol; general. It  shall 
b~ possible to exccllte 20" b a a e d  tuma 
mlth nnd aeainst the inowrativc encine~v~ 
 ~-
from steady flight a t  a speed mual to 
1.4 V., with: 

(1) The critical engine inoperative 
and its propeller in the minimum drag
nosition.-

(2) Maximum continuous power on 
the operating engines. 

13) Most unfavorable center of grav-
ity position. 

(4) Landlng gear retracted and ex-
tended.and in such mnnnir th2t its reprad~lcuon except that i t  shall he started with flaps 

shall not rcquir? anv rxrrplwnll dei!ree extended and the airplane trimmed a t  
of skdl on the part of the p!lol, or exurp- 1.4 V,,. after which h e  flaps shall be 

(5) Wing flaps in the most favorable 

retracted as rapidly as possible. climb position. -
tionslly favorable conditions. ( 6 )  Msximum take-off weight.(3) The maneuver of subparagraph5 4b.123 Landplanes. The landing ( 2 ) ~ o fthis paragraph shall be repeated. (a) Lateral control; four or more en-
distance referred to in 5 413.122 shall be except that take-of! power shall he used. gines. It shall be possible to execute 20' 
determined an a dry, hard-surfaced run- 141 With Dower off. flans retracted. banked tums with and against the bop-.. ~~ 

way in accordance with the following: and the airplane trimmed at  1.4 v,,; erstlve engines from steady flight at  a 
(a)  The operating, pressures on the take-off power shall be applied quicltly speed equal to 1.4 V., with maximum 

hraklng system shall not be in excess of while maintaining the same air speed. continuous power and with the airplane 
those approved by the manufacturer of (5) The maneuver of subparagraph in the configuration prescribed by Para-
the brakes. (4) of this paragraph shall be repeated, gmph (b) of this section 

(b) The brakes shall not be used in except that  the flaps shall be extonded. 
such manner as to produce excessive ( 6 )  With power Off, flaps extended, 9 4h.133 Minimum control speed. 

wear of brakes or tires, and the airplane trimmed a t  1.4 VI,,air Vxo. (a) A minimum speed shall be 



- -  -- 

d8tmnine.d under the conditions spec- 
itled in this oarama~h,so that when 
the uitlcal engine is suddenly made in-
operative a t  that speed it shall be pos-
aihle tn -over contml of the aimlane. - - - ~~ 

with the englne s t u  inoperativh, and 
maintain it in straight flight a t  that 
speed, either wlth zero yaw or, at the 
option of the applicant, with an angle
of bank not in excess of 5". Such speed 
shall not exceed 1.2 VS,with: 

(1) Take-off or maximum available 
mwer on all enalnes. 

~~ ~~

(2) ~earmosccenter oi gravity. 
(3) Flaps m take-oif Dosition. 

14) Landing gear retracted. 

15) cowl a p s  in the position nor-


mally used during take-of?. 
( 8 )  M a x  i m u m sea level take-off~.~~- ~ 

weight, or such l w e r  weight as may be 
necesssru to demonstrake Vsc, 

(7) Theairplane trimmed for take-of!, 
(8) The propeller of the inoperative 

engine w i n W n g ,  except that s dif-
ferent position of the propeller shall be 
acceptable if the speciflc design of the 
propeller control makes it more logical to 
assume the different wition.  

( 8 )  The slrplane airborne and the 
mound effect negligible. 

(b) In demonstrating the minimum 
speed of paragraph (a) of this section. 
the rudder force rewired to maintain 
control shall not exceed 180 pound% and 
It shall not be necessary to throttle the 
remainina enaines. .~ 

tc) ~Ging-recovery of the maneuver 
of paragrsph (a) of this section the air- 
plane shall not w u m e  any dangerous 
attitude, nor shall it lwluire exeepti0n.ml 
skill, strength. or alertness on the part 
of the pilot to prevent a change of head- 
ing in excess of 20. before recovery f6 
comoiete. 
N-: Interpretation NO. I (17 F.R.211a. 

?dm. la. 1952). adoptad by the a v l l  Aera-
nautie. Board. Mar. 7. 1862. oravldes aa 
follows: 

(1) m e  Bovd interprets and eonstrues 
subparagraph (8) 01 i 4b 133 (a1 BB rqulrlng
the Aaminlatrator to oecept for the purpes  
or 8 r~ 133 a value for tns one-cnglne-In-
oper~tlvernlnlmum oontrol speed which has 
been eatahllshed In accordance wbh the 

demonstrating compttanae with the take-on 
path and ellrnb requirement of 5 5  iD.118 and 
4b.lao (a) and (b). 

mm 
9 4h.140 General. The means used 

for trimming the airplane shali be such 
that after beine trimmed and without . - ~ ~ . ~~ 

further pressure upon, ar movement of. 
erlher the prlmnrY mntmi or ils corn-
sPondinC trlm control by the pllac Or the 
automatic ~liot. the arrolnne shall corn- 
ply wlth - t h e  trim requirements of 
$8 4b.141 through 4b.144. 

$ 4b.141 Lateral and directional trim. 
The airplane shall maintsin lateral and 
d~rcclionol trlm under lllr most adverse 
l a t~ ra l  dtsplacenl~nt 01 the center of 
gravity within tile rclcvnl~t OprratinC 
1lrn~t:~lians.under all nurmnlly expected 
condltluns 01 oprrltion, mcludlnp. oPern- 
tlon at any speed from 1.4 V,, to 80 per- 

cent of the marlmum speed in l8~el Bight 
obtained with maximum continWu8 
power. 

D4b.142 Longitudtnal trim The alr- 
niane shall maintain IonpitudinaJ trlm 
under the following conditions: 

(a) During a clMb wlth maximum 
continuous power at a speed not in ex- 
cess of 1.4 V,, with the landing gear 
retracted and the wing flaps both re-
tracted and in the take-off Position, 

(b) During a glide with Power off st 
a speed not in excess of 1.4 V,,with the 
landing gear extended and the wing flaps 
both retracted and extended. with the 
fomard center of gravity position aP- 
proved for landing with the maximum 
landing weight, and witli the mast for- 
ward center of gravity positlon approved 
for lsnding regardless of weight. 

(c) During level fflght a t  any speed 

from 1.4 V., to 90 percent of the maxi- 

mum speed in level flight obtained with 

maximum oontinuous power with the 

landing gear and wing f l a p  retracted. 

and from 1.4 V., to V, With the land- 

ing gear extended. 


8 413.143 LongitudineL directional. 
and lateral trim. (8) The airplane shall 
maintain longitudinal, directionsl, and 
lateral trim at .a speed equal to 1.4 Vr, 
during climbing flight with the critical 
engine inoperative, with 

(1) The remaining engine(s) opemt- 
ing a t  maximum continuous power, 

(2) Landine aear retracted. 
(3) wins flaps retracted. ' 

(b) rn demonstrating compliance with 
the lateral trim reouirement of Pam-.... . -~~~~ 

graph (a) of this &tictian. the angle of 
bank of the airplane shali not be in ex-
cess of 5 degrees. 

s 4b.144 Trim for airplanes wlth four 
or more engines. The W a n e  shall 
maintain trim in rectilinear flight at the 
climb speed, wnllgUTation, and power 
used in establishing the rates of climb 
in 5 4b.121. with the most unfavorable 
center 02 gravity position, and at the 
weight a t  which the two-engine-inODera- 
tive dimb is equal to at least 0.01 Vs,,' 
a t  an altitude of 5.000 feet. 

S T A B U m  

5 4b 150 Gmernl. The airplane sllall 
be iongirudlnaily, dlrrctionally, and iat- 
emllv vrnble In accordance with $ 8  4b.151-..--" .- ~ -~ ~~~ ~ ~ 

through 4b.157. ~ultable stabuity and 
conlMi "lwl" (static stabiiity) shall be 
requlred In other conditlons nonnailY 
encountered in sewicc if flteht tests show ..~.-~~ ~~ ~ 

such stability to be necesdary for safe 
operation. 

t4b.151 Static longitudinal stabilitu. 
In the conditions outlined in 55  4b.152 
through 4b.155, the characteristics of the 
elevator control forces and friction shall 
EnrnDlv with the followine: .- -~ ~~~~ ~~ ~ --

<a>A owl shall be reauired to Obtah 
and malntsin speeds below the speciffed 
trim speed, and a push shall be required 
to obtain and maintain speeds above the 
specifled trim speed. Thh criterion shali 
apply at any  speed which can be obtained 
without excessire control force. except 
that such speeds need not be Rrester than 
Ule appruprlate operattng lunlt speed or 

need not be less than the rmnimumspeed 
in steady unstaUed Bfpht. 

(b) m e  air speed shall return to vtth-
in l o  percent of the orishal trim speed 
when the control force is slowlalg Meshed 
from any speed witbln the Wtr dedned 
in paragraph (a) of this seation. 

(cl The stable slope of stlck force 
curve versus speed sha.he auchthat W 
substantial ahange in Wezd is cleartV 
perceptible to the pilot through a result-
ins change in stick force. 

0 4b.152 Stability during bndiw. 
The stick force nuve shall have a stnble 
slope, and the stick force shall not 8%-
ceed 80 pounds a t  any speed between 
1.1V., and 1.8 V,, with: 

(a) Wlng flaps in the 1  ~ 8positloll 
(b) The landing gear extended, 
(c) ~axtm*~hllanding weight, 
(d) Throttles closed on all engines. 
(el The airplane trfmmed at 1.4 Va, 

with throttles closed. 
3 4b.153 StabiUtu awing awroach 

The stick force cwve shaU have a stabie 
slope at dl speeds between 1.1 V* and 
18 V,. with:.-1 ..----. 

(a) Wing flaps in sea level approach 
mition. 

(b) &ding gear retracted, 

tc) Mslaimum landing weight, 

(d) The sirnlane trimmed at 1.4 VI 

and with power aufecient to main6 
level Bight at thls speed. 

14b.154 S?aMlitY during climb. The 
stlck force curve shall have a stable slow 
at  all soecds between 85 and 115 wrcent 
of the-speed at which the akrilane is 
trimmed with: 

(a) Wing flaps retracted. 
(b) Landing gear retracted, 

tc) Maxlmum take-off weight. 

(d) 75 percent of maximum continu- 

ous power. 
te) The alrplane trimmed at the best 

rate-of-climb speed, except tbst the 
speed need not be less t b n  1.4 VS,. 

P 4b.155 StabiZitu d d n v  eruMns--
(a) Landing gear retracted. Between 
1.3 V., and V,, the stick force curve 
shall have a stable slope at all speeds ob- 
tainable with a stick force not in m e s s  
of 50 pounds with: 

(1) Wing flaps retracted, 
(2) Maximum take-off weight, 
(31 75 percent of maxlmum contlnu- 

ous power, 
(4) The airplane trimmed for level 

flight wit% 15 percent ol the maximum 
continuous power. 

(b) LaMing gear extended. The 
stick force curve shall have a stable 
slgpe at all speeds between 1.3 V% sod 
t6e speed a t  which the slrplane B 
trimmed, except that the range of speeds 
need not exceed that obtainable with a 
stick force of 50 pounds with: 

(1) Wing flaps retracted. 
12) Maximum take-off weight. 
(3) '75 oercent maximum MMtlnuoUs 

flaw&, or-the power for level fflsht a t  
the landing gear extended speed. V,. 
whichever is the lesser. 

( 4 )  The airplane trlmmed for level 
flight with the power spwU3ed in sub-
paragraph (3) of thls paragraph. 



P 4b.158 Dynamic lonoitudiml &-
bilitu. Any short period oscillation 
occumIng between stalling speed and 
maximum permissible speed appropriate 
to the configuration of the airplane shall 
be heavily damped wlth the prbmry 
controls tree and In a fixed position. 

5 4b.157 Static directional and Zateral 
stabilitu. (a) The static directional sta- 
bllity, i s  shown by the tendency to re- 
cover from a skid with rudder free, shall 
be Do~ltive with all landInp: acar and flap 
poiitions and symmetrical power wndi- 
tions, at all speeds fmm 1.2 V., up to 
the operating llmit speed 

(b) The static lateral stability. as  
shown by the tendency to raise the low 
wing in a sideslip wilh the alleron con- 
tmis frec and wrth all lsndjnc Se31 aCd 
flap positions and symmetrtcal paver 
conditions, shall: 

(1) Be wsitive a t  the operating limit 
speed.

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

(c) h straight steady sideslim tunac- 
celerated forward slim) the aileron and 
rudder eontral~mov~mentsand forces 
shall be substantially proportional to the 
angle of sideslip, and the factor of 
~ronortionalItY shall He between limits 
iound neceskry for safe operation 
throughout the range of sideslip angles 
amrouriate to the operation of the air- 
pGne,- At greater angles up to that a t  
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 deflec- 
tion shall produce Increased angles of 
sideshp. Sllfftcient bmk shall accom- 
pany sideslipping to Indicate clearly any 
dmarture from steadv unvawed fflKht. - -~ ~ 

unless a yaw indicito~ia piovlded. 
5 413.158 Dynamic directional and lat- 

eral stability. Any short period oscilla- 
tion occurring between stalling speed 
and maximum Dermissible speed appro- 
priate to the &figuration of the air-
plane shall be heavily damped with the 
nrimsrr controls free and in  a fixed 

5 4b.160 Stalling; symmetrical power. 
(a) stau &all be demonstrated with 
the airplane in straight flight and in  
banked turns at 30 degrees, both with 
power OR and with power on. I n  the 
power-on conditions the power shall be 
that  necessary to malntain level flight a t  
a speed of 1.6 VS'.,,where V., corresponds 
with the stalling speed with flaw in the 
approach position, the landing gear re- 
tracted, and maximum landing weight. 

(b) The stall demonstration shall be 
in the following co~gura t ions :  

(1) Wing flaps and landing gear in  
any likely combination of Positions. 

(2) Representative weights within the 
range for which certification is sought. 

(3) The center of gravity in the most 
adverse position for recovew. 

to) The stall demonstration shall be 
conducted as follows: 

(1) With trim controls adjusted for 
straight flight at  a speed of 1.4 V.,, the 
speed shall be reduced by means af the 
elcvator control until it is steady a t  
slightly above stalllng speed; after which 

rect roll and vaw bv unreveraed us? of.. h expected to operate.- .~ .  ~ ~ - ~ ~ .  ~ ~ . -

the elevator contml shall be applied a t  a 
rats  such that the airplane slreed reduo- 
Uon does not exceed one m l i  per hour 
D P ~wennd untll the almlane 1s stalled 
or. U the aimlane is not sralled -. untll-
the control reaches the stop. 

(2) The airplane shall be considered 
Stali~dwhen, a t  an awle  of attack meas- 
urably greater than that of maximum 
Iift. t he  inherent fflght characteristics 
give a clear indication to the pllot that 
the airplane is stalled. 
N-: A nose-flown pltch or roll whlch 

cannot be remlly arrested are tgploal indt- 
oationa that the slrplane h stalled. Other 
Indleatlonr. ~ucna.marled loss of control 
euectlveness, abrupt change in control force 
or motlon, onaracterhtlc bmetlng, or B dls-
tlnctlve vibration of the pllot'a controls, may 
be acceptad It found Im in pparttculsr cads 
to be sumciently clear. 

13) Rccovrry from the stall shall be 
enectrd by normal recovery techniques. 
StartlnC as soon as the airulnne is stalled. 

(dl  ~ u r i n g  stall demonstration i t  
shall be possible to produce and to cor- 

ma9 be oecsDtable dcpnalng upon the ae-
grec of clarlt9, duration. .nd dlatlnetlrco-
of the a,ernlnz and u m n  other cheuaccena-
tics of the airplane ivtdenced durtng t i e  
BpptoBCh to the =tall. 

D 4b.170 Longitudinal stability and 
control. (a) There shall be no uncon- 
trollable tendency for landplanes to nose 
over in any reasonably expected operat- 
ing conaltion or when rebaund occurs 
during landing or take-OR. 

(b)-Wheel - brakes shall operate
smoothly and shall exhibit no undue 
tendency to induce noslng over. 

10) When a tail-wheel landing gem is 
used it shall be possible during the take- 
off mound run on concrete to maintain 
any attitude UP to thrust line level a t  
80 Percent of Val.,. 

8 4b.171 Directional stability and con- 
trol. (a) There shall be no uncontrol- 
lable mound-looping tendency in 90' 
cross winds of velocity up to 0.2 V., at 
an!? wound speed a t  whicn the airplane 

the aileron and rudder controls uo to 
the moment the airplane is stallrd: tilere 
shall occur no abnormal nose-up pitch- 
1nc: and the ionritudmai controi force 
shah be positive to and including the 
stall. 

te) In straight flight stalls the roll oc- 
curring between the stall and the com- 
pletion of the recovery shall not exceed 
approximately 20 degrees. 

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

(g) I n  both the straight flight and the 
turning flight stall demonstrations it 
shall be possible promptly to prevent the 
airplane from stalling and to recover 
from the stall condition br  normal use 
of the controls. 

B 4b.161 S t  a 1 l i n g :  asymmetricaz 
power. (a) The airplane shall be safely 
recoverable without applying power to 
the Inoperative engine when stalled with: 

up to 76 percent of maximum continuoui 
power, except that the power need not 
be meater than that a t  which the wings
can be held level laterally with the use 
of maximum controi travel 

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

5 4b.162 Stall warning. Clear and 
distinctive stall warning shall be appar-
ent to the pilot with sumcient margin 
to prevent inadvertent stalling of the 
airplane with flaps and landing gear in 
all normally used positions, both in 
straight and in turning flight. It shall 
be acceptable for the warning to be fur- 
nished either through the inherent aero- 
dynamic quaIttir9 of the DilPlPne Or by 
B devlcr uhleh will glve clearly dlstln- 
culcl~nblc lnrllratlons under all exuccted 
conditions of flight. 

Non: A stall warnlng beglnnlng at a speed 
7 percent above the rtalllng speed b normally
c ~ ~ l d e r e d  Other marglmsumclerit margln. 

(b) All landplanes shall be demon- 
strated to be mtislactorily controllable 
with no exceptional degree of skU or 
alertness on the part of the pilot in  
power-off landings at normal landing 
speed during which brakes or engine 
power are not used to malntain a straight 
path.

tc) Means shall be provided fa di-
rectional control of the airplane during 
taxying. 

o 4b .m ~hockab~orption.Ihenhock 
absorbing meehalllsm shall not produce 
dsmaae to the structure when the air- 
plane-is taxied on the roughest m u n d  
which it ia reasonable to exwct the au- 
Nane to encounrer in normal operation 

5 4b.173 Demonstrated cross mind. 
There shall be established a cross com- 
ponent of wind velocity a t  which it has 
been demonstrated to be safe to take off 
or land 

WATEB I I A N D I J F Q  CHARACTERISTIC8 

9 4b.180 Water conditions. The most 
adverse water condltions in which the 
srnpiane ha6 been demonstrated to be 
safe for take-or. tlxul~&?.and allghtmg 
shall be established 

8 4b.181 Wind conditions. The fol- 
lowing wlnd velocities shall be estab- 
lished: 

(a )  A lateral componrnt of wind ve-
locrty not lvss than 0 2Vi at  and below 
wh~chi t  has been demonstrated that the 
S ~ J U I D I I P  IS safe for Lakln~ rand allght-
in iunder  all water conditions in which 
the seaplane is likely to be operated; 

(b) A wind velocity a t  and below 
which it has been demonstrated that the 
seaplane is safe in taxying in all direc- 
tions. under all water condltions in  
which the seaplane is likely to be 
operated. 

9 4b.182 Control and stability on the 
water. (a) In taMng off, taxying, and 
alighting, the seaplane shall not exhibit 
the following: 

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



(2) Any submerging of auxiliary 
noats or spansons, any immersion of 
wing tips, propeller blades, or other 
Darts of the seaplane which are not de- 
signed to withstand the resulting water 
loads: 

(3) Any spray fonning which would 
impair the pilot's view, cause damage to 
the seaplane, or result in ingress of an 
undue quantity of water. 

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

(1) All water conditions from smooth 
to the most adverse condition established 
in accordance with 5 4b.180: 

( 2 )  All wind and cross-wind velocities, 
water currents, and associated waves and 
swells which the seaplane is likely to 
encounter in operation on water: 

(3) All speeds a t  which the seaplane 
is likely to be operated on the water: 

(4) Sudden failure of the critical en- 
gine. occurrillg at any time while the 
airplane is operated an water: 

(5) All seaplane welghta and center 
of gravity positions withln the range of 
loading conditions for which certifica- 
tion is socsht, relevant to each condi- 
tion of operation. 

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

MSCFLLANEODS FLI(IHT BEQTIRES8NX.S 

5 4b.190 Flutter and vibration. (a)  
All parts of the airplane shalI be demon- 
strated In flight to be free from flutter 
and excessive vibration under all speed 
and Power conditions aPPmpriate to the 
Operntlon of the slrplane up to st least 
the mlnlmum vslue ocrmltfed for V,, in 
I) 4b310 lb) (5). The mnxlmum roped*..-.-.- . 
so demonstrated &&be-used in estab-
lishing the operating Urntations of the 
airplane in accordance with 5 Bb.711. 

(b) There shall be no bmeting con- 
ditlon in normal flight severe enough to 
interiere with the control of the air-
Plane, to cause excessive fatigue to the 
crew, or to cause structural damage.' 
(see aLso B 413.308.) 

SUBPAR? C--STIIUCIURE 

OBNKML 

5 4b.200 Loau.?. Strength requlre-
men* of this subpart are specifled in 
terms of limit and ultimate loads. Un-
less otherwise stated, the specifled loads 
ahall be considered 8s W t  loads. m de-
tenninlng CompUance w~ th  these reaulre- 
menu the following ahall be spplicnblr 

( a )  The fJctor of safety shall be 1 5  
unless otherwise swclfled. 

(b) Unless otherwise provlded, the 
specifleu air, ground, and water loads 
shall be Placed in eauilibrium with 
Inertia forces, considering dl items of 
maas In the airplane. 

(cl All loads shall be distributed in a 
manner closely approximating or con-
servatively representing aetual condl-
t i m .  

.I* ~8 not the intent of thlb requirement 
to dlmurage auch stall warning buUetlng 
.Bd w  not o ~ n t r ~ d i ~ tthese provlslona. 

(d) If deflections under laad signltl- 
cantly change the distribution of exter- 
nal or internal loads, the redistribution 
shall be taken into account. 

5 4b.201 Strength and deformation. 
(a)  The structure shall be capable of 
SUDwrtine limit loads wtthout suffering 
d&;imen&l permanent deformations. -

tb) AC all loads U I I  to 11rnli loads the 
delormi~clan shlll b* auch a$not to inter- 
fcrc wlth safe DOerntlOn of the alnlln,~e. 

tc) The structure shall be capable of 
suDporting ultimate loads wlthout fail- 
ure. I t  shall suPmrt the load for at 
lt,.tit 3 second*, uniess proof 01 strength 
is demnn5tratrd by dynamic testa simu-
lattng actual conNtions of load aoolica- .~ 

tion. 
(d) Where structural flexibility is such 

that any rate of load auplication likely 
to occur in the operating conditions 
might produce transient stresses appre- 
ciably higher than those corresponding 
with static loads, the effects of such rate 
of application shall be considered. 

54b.202 Proof o f s t r u c f u r e .  (a) 
Proof Of ComDlIanCe of the structure wlth 
the strength and deformatlan require- 
ments of # 4b.201 shall be made for all 
critical loading conditions. 

(b) Proof of compliance by means of 
structural analysis shall be acceptable 
only when the structure conforms to 
types for which experience has shown 
such methods to be reliable. I n  a11 other 
cases substsntiatlng tests shall be re-
quired. 

tc) In a11 cases certain portions of the 
Structure shall be tested aa specltled in 
8 4b.300. 

N O S ?  LOAD8 

8 4b.210 General. FUght load resuire- 
ments shall be complied with a t  mitlcal 
altitudes within the range selected by 
the applicant, a t  all weights from the 
design minimum weight to the design 
maximum weight. the latter not being 
leu  than the design take-off weight, with 
any practicable distribution of dispos-
able load within prescribed operating 
limitations stated in the Airplane Flfght 
Manual (see % 4b.740). At all speeds in 
excess of those corresponding with a 
Mach number of 0.65, compremibllity 
effects shall be taken into account. 

(a)  Flight load ftlctm. The flight 
load factors specified in this subpart
shall represent-the component of a d -  
erstion in t e r m  of the gravitational 
constant. The flight load factor shall 
be assumed to actnormal to the lond- 
tudinal axis of the airplane, shall be 
equal in magnitude. and shall be OPW-
site in direotion to the airplane inertla 
load factor at the center of gravity. 

(b) Desion air smeds. The design 8Ir 
meeds shall be eaulvalent air soeeds
CEAS) and shall bechosen by the & p ~ -  
cant, except that  they shall not be less 
than the meed8 d-ed in subpara-
graphs (1) through (5) of this Pam- 
m p h .  Where estimated values of the 
speeds V,, and VI,are used. such esti-
mates shall be conservative. 

(1) Design ~I59weed, V, The mlnl- 
mum value of the design flap speed shall 
be equal to 1.4 VI,us 1.8 Vb. whichever 
is the greater, where V., is the stallink? 
speed with flaps retracted a t  the design 
landing weight, and VI. Is the s k % W  
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h c m  4b%Mnneuvering envelope. 

speed with naps in the landing position a t  
the design landing weight. lsee % 4b.212 
(dl regarding automatic fiap operation.) 

(2) Design mnneuoering speed, V,. 
The design malleuvering speed V, shall 
be equal to V.,V% where n is the limit 
maneuvering load factor used (see
5 4b.211 (a) ) and V., is the stalling speed 
with flaps retracted a t  the design take- 
off weight. (See fig. 4b-2.) 

(3 )  Design speed for m ~ m u m  gust 
Intensitv. VP VRshall be the speed at 
which the 40 t. p. s.wst ljne intersects 
the positive C- curve on the gust V-n 
envelope. (See P 4b211 (b) and fig. 
4IFS.b 

(4) Design cruising speed. V,. The 
minimum design cruising speed V, shali 
he sufficiently greater than V, to provide 
for inadvertent speed increases likely to  
occur as a result of severe atmospheric 
turbulence. In  the absence of a rational 
investigation substantiating the use  of 
other values. V, shall not be less than 
vs+50 tm. P. h.), except that i t  need 
not exceed the maximum weed in level 
flight a t  maximum continuous Power 
for the corresponding altitude. At al-
titudes where V,, is limited by Mach 
nornher-. , V.. need not. exceed 0.8 V,. as.. .---
shorn  kg& 4b1 ,  except t h l i  i t  
shall not be less than 1-3 VI. wlth the 
naps retracted a t  the maximum alti-
tude for which certification is desired. 
(5) Design dine speed V,. The mini-

mum design dive speed V, shall be suf-

cut envelope 

occurring a t  V,. In  the absence of a 
rational investigation, the minimum 
value of V,, shall not be less than 1.25 V, 
or V0+70 (m,p. h ) ,  whichever is the 
greater. in the altitude range between 
sea lcvel and a n  altitude selected by the 
applicant. At higher altitudes it shaU 
be acceptable to limjt V, to a Mach num- 
ber selected by the applicant. (See fig. 
4b l . )  

D 4b.211 Flight  e n v e l o p e s .  The 
strecath requirements shall be met a t  all 
combinationsof afrspepd and load factor 
on and within the boundaries of the V-n 
diagrams of figures 4 b 2  and 4b-3 which 
represent the maneuvering an3 gust 
envelopes. These envelopes shall also be 
Used in determining the airplane struc- 
tural operating limitations as specified in 
P 4b.710. 

( 8 )  Maneuvering load factors. (See 
fig. 4L2.1 The airplane shali be assumed 
to  be subjected to symmetrical maneuvers 
resulting in the limit load factors pre- 
scribed in subparagraphs (1) and (2) of 
this p ~ ~ ~ g r s p h ,  except where limited by 
maximum ts t n t i c) lift eoemdents. 
Ditching velocities appropriate to the 
corresponding pull-up and steady turn 
maneuvers shall be taken ink account. 
Lower values of maneuvering load factor 
shall be acceptable only if i t  is shown 
that  the airplane embodies features of 
desim which make i t  imuossible to ex- 
ceed such values in fiight. 

(1) The wsitive maneuvering load 
factor n for anv Aieht meed uo to -~ . Vn~ ~~~ ~ - - . 

flciently greater than V, to provide fbr shall be selecteu by the applicant, ex-
safe recovery from inadvertent upsets cept that  it shall not be less than 2.5. 

(2) The negative manewerins l m d  
factor shall have s a t m u m  value of 
-1.0 a t  all sweds UP to V,. and it shall 
Vary iinearly with s i d  f;bm the value 
a t  v, to zero a t  v,. 

(b) Gust load factors. The airolane 
shall be assumed to be subjected to;-- 
metrical vertical susts while in ievel 
fflght. The resulting iimlt load factors 
shall correspond with the foliowlng con- 
ditions: 

(1) Posltive CUP) andnegative (down) 
gusts of 40 f. P. s. nominal intensity a t  a 
speed V. shall be annlicable where the 
positiveio f P. 8. wi t l i ne  intewcts  the 
Positive C,,, c w e .  If this gust in-
tensity produces load factors greater 
than those obtained in condltlon (2) of 
this paragraph. It Shall be acceptable to 
modify i t  a t  altitudes above 20,000 ft. in  
such a manner as to  Produce a load 
factor not less than that  obtalned in 
condition (2) of this paragraph. 

( 2 )  Positive and negative gusts of 30 
I. p. 8. shall be considered a t  V, 

conrut&ns as shbwn on the gllrt envelops 
of ngure 4b3.  

(5) In  the absence of e more rational 
analysis the gust loa'd factors shall be 
computed by the following formula: 

KUVa, , = I +  -
6'75(@/S)' 

whem 

K= y, (;)''' (for W I S < I ~  I). * I.). a 
2.67 

K=I.SS----- (w,S).,. ( l ~ W / B > l O P. O . f i ) .  

U=nomlnal gust reloclty (1. P. 8.1. 
(N& that tns -enectlso sharp-
edged" guat equals XU.) 

V=abpiane spced (m. p. h.).

WIS=wlng loadlug lp. s. 1.).


a=slope of the alrplsns normal force 
coemciant curve CNAper radian U 
the gust loads are applkd to tho 
dngs  and horlmntal tall mtfsces 
~imultaneously by a ratlonal 
method. It shall be aoeeptabls M 
use the wing 1Ut curve slope C. 
per radlan when the gud  load la 
spplled to th8 wlngn Only Bnd the 
horlsontal tall gust loads are 
treated as a separate condition. 

5 4b.zla Egect of high lift devices. 
When flaps or similar high lift devices 
intended for use a t  the relatively low air 
speeds of approach, landing, and tslre- 
oe are installed. the airplane shall be 
assumed to be subjected 8 smmetrical 
maneuvers and gusts Wf the flaps in 
landing pmition a t  the design flap speed 
VF resulting in limit load factors within 
the range determined by the fdlowing 
conditions: 

18) Maneuvering to e wsitive limit 
load factor of 2.0. 

(b) Positive and negative 15 ips nomi-
nal intensity gusts acting n0rmal . t~ the  
fiizht Dath in lcvel fright. 

t c )  i n  designing llaw i n d  supporting 
structure on tractnr type airplanes, slip- 
stream effects shall be taken into ac-
count as specified in 5 4h.221. For other 
than tractor type airplanes a head-on 
gust of 25 feet per second with no allevia- 
tions acting along the a g h t  path shall be 
considered. 
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(d) When automWc &p operstion I9 
provided, the airplane shall be designed 
for the speeds and the co1~espontib1.5 
Rnp pnrltlons which the mechnnlsm Per-
mits. (see I4b.323.) 

# 4b.213 Symmetrical flight condi-
tiom-(a) Procedure of analusia. In 
the analysis of sgmmetrical fUght wn- 
ditions at  least those specifled in para-
graphs (b). tc). and (d) of t.hls section 
shall be considered. The iollowing Pro- 
cedure of analysis shall he applicable: 

(1) A sufecient number of points on 
the maneuvering and gust enveloped
ba l l  be investigated to insure that the 
maximum load for each part of the air- 
plane structure is obtained. It shall be 
aeceptsble to use a conservative com- 
bined envelope for this purpose.

(2) AU skni&ant forces act- on the 
airplane shall be placed in equilibrium 
in a rational or a conservative manner, 
The linear inertia f o m  shall be con- 
sidered in equilibrium with w b z  and 
horieontsl tail surface loads,while the 
axlgulk- (pitching) inert:& forces shall 
be considered in equilibrium with wins 
and fuselage aerodynamic moments and 
horhnls l  tail surface loads. 

(3) Where sudden displacement of a 
control is specifled, the assumed rate of 
displacement need not exceed that which 
actually could be ap~lledby the pllot 

(4) In demmlnhg elevator angles and 
chordwise load distribution in the ma- 
neuver- conditions of pnmgraphs (b) 
and tc) of this section in turns and pull- 
ups, account *all be taken of the effect 
at c ~ e a p a n d l n gpitchlng velodtiea 

(b) Maneuoering balanced conditions. 
The maneuvertna conditions A throuah 
I on the maneuvering envelope (fig. 4 k  
2) shall be investigated, assuming the 
abvlane to be In equilibriim with aero 
PltclOw acceleration 

(c) Maneuvering pftchitcg conditions. 
The following conditions on flgure 4b-2 
involvios ~Itchtng acceleration shall be 
investigated: 

(1) A,, unchecked purLuv at speed 
VA. The airplane shall be assumed to be 
flVlng in steady level flight (mtA, on 
dg. 4b2) and the pltchlns control sud- 
dentf moved to obtain extreme positive
pltchiw tnwe up), except s~ limited by 
RUot eftat. P 4b.220 (a). 

(2) A=. Checked maneuver at  meed 
VA. (1) The airplane shall be assumed 
to be maneuvered ta the positive maneu- 
vering load factor by a checged maneuver 
from an inftlsl condition of steady 
h e 1  Wt (point A, M m. 4 ~ 2 ) .  
The Initial pcdtive pitching portion of 
this maneuver may be considered to be 
wvered by subparagraph (1) of this 
~ s r a g r a ~ h .  

(U) A negative pitching acceleration 
(nose down) of at  least the following 
value shall be wumed to be attained 
wncurrentb Wth the alrplane maneu- 
reang bad factor (point A, on fig. 
4b-2). unless i t  la &wn that e lesser 
value could not be exceeded: 

where n la equal lo the value of the pal-
tlve 'eeUverlnE laad factor as dtEned 
by polnt A, on figure 4bZ. 

:3) D, and D, checked maneuuer a t  
V,. The airplane shall be assumed to be 
subjected to a checked maneuver from 
steady level Ulght tlwint D, on Bg. 4b2) 
to the positive maneuvering load factor 
(point D,on flg. 4b-2) as follows: 

(1) A positive pitching acceleration 
(case uo) .eaual to at  least the following 
value. ;hall b e  assumed to be attalned 
eoncurrenlly with the airolane load fac- 
tor of mltv unless it is shown tlml Icaher .--~-~~~-

values coild not be exceeded: 

where n is equal to the value of the Posi-
tive maneuverinn load factor as dmned 
by point D, on dgurc 4b2. 

(if) A negative Pitching acceleration 
(nose down) eoual ta a t  least the follow- -. . . 
imvalue shall-& assumed to be atta*ed 
concurrently with the airplane positive 
maneuvering load factor (point D. on fig. 
4b.2). unless it is shown that lesser 
values could not be exceeded: 

where n is equal to the value of the 
positlve maneuvering load factor ss de-
med by point D. on figure 4b-2. 

(d) Gust conrlitiotu. The gust mn- 
dltions B' through J' on flgure 4k-3 
shallbeinvestigated. ThefoUoWingPm-
visions shall apply: 

(1) The alr~load increment due to a 
specifled gust shall be added to the 
initial halanclng tail load wrreszwndlng 
with steady level Uight. 

(2) It shall be acceptable to include 
the alleviatine eBect of w i m  down-wash 
and of the a6plane's matton in response 
to the gust in compuWng the tail gust 
ioad increment. 

(3) In lieu of a rational investigation 
of the aimlane response it shall be ac-
ceptable to apply the gust factor K (see
P 4b.211 (b))  to the specifled gust in- 
tensity for the horizontal tail. 

O 4b.214 Rolling conditions. The alr- 
plane shall be designed for rolling loads 
resulting from the conditions specified 
in oaranraohs (a) and (b) of this sec-
tion. ~Lbsiancedaerodynamic momenta 
about the center of gravlty shall be re- 
acted in a rational or a ConseNative 
manner considering the Principal masses 
fumishlng the reactlng ~her t i i  forces. 

(6) Mananering. The following con- 
ditions. aileron deflection. and meeds. 
EXePDC as the defleetio)ls ~ YY be lhl!ted 
oy DilOf effort (see 5 4b.220 (a) 1. shall be 
considered in combination wlth an air-
plane load factor of zero and of two-
ltr~rdsof chc posiLIvc mnncuvefing factor 
used in the deslgn of the airplane. In 
d e t e m w  the reaulred aflercn denec- 
tions, the 6rsional hexihillty of the wing 
shall be taken into account in accord- 
ance with P 4b.200 (d). 

(1) Conditions wrrBsvondlng with 
steady rolling velocity shall be investl- 
gated. In sddition, conditions m e -
s~ondintz lpith maximum angular 
accelera~on shall be investigated for air- 
planes having englnes or other Welaht 
wncentratlons outboard of the fuselwe. 
Fur the angular acceleration condltlob. 
i t  shall be acceptable to sfsume aro 
roWag velocity in the absence of a ra-

tlonal time history investigation of the 
maneuver. 

(2) At speed V, a sudden deaectlon of 
the aileron to the stop shall be assumed. 

(3) At Speed Vo the aileron daection 
shall be that required to produze a rate 
of roU not less than that obtained in con-
dition~- ( a )  of this narazranh. 

(4) At speed V, theifldron deflection 
shall be that reqdred to produce a rate 
of roll not less than one-third of that 
fn condition (2) of this oaragraph. 

ibj u ~ ~ u m m t r i c a ~  con-gtrsts. 'Il;e 
dliion of unsymmerricsl gust3 shall be 
considered by nodhlying the sgmmetrical 
Bleht condltlons B' or C' of Bglxe 4b-3. 
m6lchaver produces rhe grealer ioad fac- 
tor. It shall be nssumed fkat 100 per- 
cent of the mlna slr load acts on one side 
of the airplani, and 80 Dercent acts on 
the other side. 

D 4b.215 Yawing conditions. The air-
plane mall be designed for loads result- 
ing from the conditions specifled in 
paragraphs (a) and (b) of this section. 
Wbalanced aerodynamic momenta about 
the center of gravlty shall be reacted in 
a rational or a conservative maMer con- 
sldering the Drinctpal masses furnfshlne 
the reacting inertia forces. 

(a) Manercvering. At all speeds from 
Vnrc to VAthe following maneuvers shall 
be considered. Xu cvmDutim the tail 
loads it shall be acceutable to assume the 
yawing velocity to bk zero. 

(1) With the airplane In unacceler- 
ated fiight at  zero yaw. it shall be 
mumed that the rudder control is 
suddenly displaced to the maxlmum de- 
ilectlon as llmlted by the control stops 
or bv a 300 lb. rudder wdal force. whlch- 
aver- is orltlurl. 

(2) With the mdder deflected as s w &  
fled in subparagraph (1) of this para-
~ r a ~ hshall be assumed that theit 
Birplnne yaws to the resultlug sldesllp 
angle. 

(3) With the slrplane yawed to the 
static sideslip angle corresponding with 
the rudder detlectton specifled in sub- 
paragraph ( 1 )  of this paragraph, it shall 
be assumed that the rudder la returned 
to neutral. 

(b) ZateraZ gusts. The airplane shall 
be assumed to encounter gust8 of SO 
f. v. s. nominal intensit7 normal to the 
pline of symmetry whue in unacceler- 
ated flight at speed V, In the absence 
01 8 rational investination of ~- - -~ -~~ ~- the sir- 
plane's resvonse to a true gust, it sha~be 
acceptable to compute the gust loading
on the vertical tail surfaces by the iol-
lOWIm7 ionnula: 

~ ~~ ~ ~~~ ~ ~ 

-
w.iavaaps llrnlt "dt presws (p. a. L). 

4.6 



P 4b.216 Sumlementarn flight m d i -  
&ma-<€&) Engine torpue effects. En-
Dine mounts and their supporting
structures shall be designed for engine 
torque effects comblned with basic flight 
condltlons as described in subparagraphs 
i l )  and (2) of thtr paragraph. The, 
Umit torque shall be obtalned by multi-' 
Plylng the mean torque by a factor of 1.63 
in the case of engines having 6 or more 
cylinders. InOr 4. 3, and 2-cyunder en-
gines, the fe tors  shallbe 2. 3, and 4. 
respectively. ..-~1 
(1) The limit torque corresponding

with take-off power and propeller Speed 
shall act simultaneously with 75 percent 
Qi the llmit loads from fflght condition A 
(see fla. 4 b l ) .  

(2) The limit torque corresponding 
with maxmum continuous power and 
Pmwller weed shall act simult,aneouslv 
with the G i t  loads from flight cond~tioh 
A (see flg. 4!xz). 

(h) Side load on engine mount. The 
llmit load factor In a lateral direction 
for this condition shall be equal to the 
maximum obtained in the yawing condi- 
tions, but shall not be less than either 
1.33or one-thlrd the Umit load factor for 
fflght condition A (see llg. 4b-2). En-
Kine mounts and their sunDortina struc- 
ture shall be designed foi this condition 
whlch may be assumed independent of 
other tlfaht conditions, 

tc) ~;es&rfzed cabin loadd. When 
prwsmbd compartments are provided 
for the occupants of the airplane, the 
following requirements shall be met. 
(See 5 4b.373.i 

(1) The airplane structure shall have 
smcient strength to withstand the flight 
loads combined with pressure differen- 
tial loads from zero up to the maximum 
H e f  valve setting. Account shall be 
.taken of the external pressure distrlbu- 
tlon in flight. 

(2) If landlnsa are to be wmit ted 
with the cabln pressurized, landing loads 
shall be combined with pressure differen- 
tlal loads from zero up to the maximum 
to be permitted during landing. 

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

(4) Where a nressurlzed cabin is m a -  
rated into t w i  or more compartm6nts 
by bulkheada or floor, the primary struc- 
ture shall be designed for the effects of 
sudden release of Pressure in a m  com-
partment having eiternal doors or win-
dows. Thls condition shall be investl- 
w e d  for the eReets resultlnn from the ~ 

failure of the lamest oneningin a com- 
partment. where intercompartment 
ventingIs pmvided, it shall be acceptable 
to take into account the effects of such 
ventins. 

CONTROL m A R AAD SYSTEM LOADS 

5 4b.azo Control surface loads; gen-
eral. The control surface5 shall be de-
signed for the Umit loads resulting from 
the flight condltlons prewrlbed in 
5 s  4b.213 through 4b.215 and the ground 
gust conditions prescribed in P 4b.226. 

t W  Into account the provisions of 
magraphs (a) through (e) of this sec-
tion 

(a) Effect 03 pilot effort, (1) In the 
control suriace night lading canditiom 
the alr 1- on the movable surfaced 
and the corresponding deflections need 
not exceed thoae which could be obtalned 
in flight by employing tne msximum 
pilot control forces specilled in flg. 4bS. 
except that two-thirds of the maximum 
values specilled for the aileron and cle- 
vator shall be acceptable when control 
surface hinge moments are based on re-
liable data.. In applying this criterion. 
proper consideration shall be given to 
the effects of servo mechanisms. tabs. 
and automatk ~ i l o t  systems in a%lsthS 
the pilot. 

( b )  Effectof trim tabs. The effect of 
trim tabs on the main control surface 
dcsim conditions need be taken into ac-
count only m cases where the surface 
loads are ilmlted by pilot effort inaccord- 
ance with the provisions of paragraph 
(a) of this section. In such cases the 
trim tabs shall be considered to be de-
flected in the direction which would as-
sist the pilot, and the deflection shall be 
as follows: 

(1) For elevator trim tabs the de-
flections shall be those required to trim 
the aimlane a t  allp mint within the 
gasitive portion of- t i e  V-n diagr& 
(flg. 4b-2). except as limited by the 
stops.

(a )  For aileron and rudder trim tabs 
the dcnections shall be those regulred 
to trrm the airplane in the Crltical un- 
s~mmctricai Power and loading condi- 
tions, with appropriate allowance for 
rigging tolerances. 

tc) Unsummetrieal loads. Horizontal 
tail surfaces and the supporting struc- 
ture shall be designed for unsymmetrical 
loads arising from' yawing and slip-
stream effects in combination with the 
prescribed flight conditions. 
N-: In the absence of mom ratlonu 

data. the following sssumptlons mey be 
made for alrolanes whlch are conventlanu 
In regard to' locatlon of propellers, wlngs. 
tail surfafea. and fuelage shape: 1W per-
cent of the mmlmum loadlng from the 
sgmmetrlcal fflght condltiona actlng on the 
sUriaee on one side of the plane of symmetry 
and So percent of thls loading on the other 
a l d ~where the deslgn la not conventlonu 
(e. g .  where the horizontal tall surfaces have 
Bppmlablo dlhedrsl Or are supported by 
the senlcu tall surfaces,. the surfacea and 
aupportlng structures may he deslgned for 
combined vertlcu and hormntal surIBE0 
Loads rElUltlng from the prescribed 
msneurers. 

(d) Outboard flna. (1) When out-
board m s  are carried rm the horizontal 
tall surface, the tall surfaces shall be 
designed for the muXImum horieontal 
surface load in combination with the 
irresponding loads induced on the ver- 
tical sirfaces by end plate effects. Such 
induced effects need not be combfned 
with other vertlcal surface loads. 

(2) TO provide for Unvmmetrlcal 
loading when outboard flns extend above 
and below Uls harlzontai surface. the --- .~-. 
critical vertical surface loading (load per 
unit area) as determined by the ProvI- 
dons of thls section shall rn-o be aiplled 
M foR0W8: 

ti) 100 percent to the area of the vu-
tical surfaces a w e  tor below) the hor-
lzontal surface, and 

til) 80 percent to the area below tor 
almve) the horieontal rurfece. 

te) LoadJ htpnrel to hinge Zine. Con-
trol surfaces and supporting hinge 
brackets shall be designed for inertia 
loads acting parallel to the hhge Une. 

Nora: In U s u  of a mom rstlanal anugsla 
the Inertla loads may be assumed to bs 
W"*L t., KW.. ..he,?:~~-~- -

K =  a4  lor .vertica surfleea. 
K = l a  for horizontal 8urIsees. 
W=welght of the movable surfseea. 

D 4b.221 Wing naps. (a) Wins Sam, 
their operatlug mechanism, and sup-
Darting StNCtUre Sbdl be dtslgnEd for 
Critical loads preacrlhed by P 4b.212 with 
the flaps extended to any m t i o n  from 
fully retracted to the landing pusltion 

tb) The effects of propeller slipstream 
oorresponding with take-oil power shall 
be taken into account at  an airplane 
speed of not less than 1.4 V+ where V+, 
Is the stalling speed with flapsas fonowa: 
( m r  automatic flapssee P 4b.ai2 (d).) 

(1) Landing and approach ettinga a t  
the derign landing welght. 

(1)Take-off and en route aettinga a t  
the design take-o(l weight. 

(c) lt shall be acceptable to Msume 
the alrplane load factor to be equal to 
1.0 for ievesUsatlng the slipstream con-
dition. 

0 4b.222 Tabs. The following shall 
apply to tabs and their installations: 

ta) Trimming tabs. Mmming tabs 
shall be designed to withstand loads 
arishx from all likely comblnationa of 
tab setting, primary control position. 
and airplane speed, obtainable without 
exceeding the flight load conditions pre- 
scribed for the airplane as a whole, when 
the effect of the tab is being opposed by 
pilot effort loads up to those speciaed in 
g 4b.220 ta). 

(b) Balancing tabs. Balancing tabs 
shall be designed for deflections con- 
sistent with the primam control surface 
loading conditions. 

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

8 4b.223 Special devices. The load- 
ing for special devices emplo9lng aerody- 
namic surfaces, such as Blots and SpoflerS. 
shall be based on test data 

g 4b.224 Primam flight control 6uS-
t-. Elevator. rdleron. and rudder 
control systems and thelr supportins3 
structures shall be designed for loads cor- 
responding with 125 percent of the com- 
puted hinge moments of the movable 
control surface in the conditions pre- 
scribed in S 4b.220. subject to the foliow- 
ing provisions: 

(a) The system llmit loads, except the 
loads resulting from ~ m u n d  gusts 
(g 4b.226). need not exceed those which 
canbe produced by the pilot or pllota and 



4 automatic devicea operatine the wn- 
troIs. Acceptable maximum and mid-
mum pilot loadsfor elevator, aileron. and 
rudder controls are shown in Bgure 4 M .  
These pllot loads shall be sssumed to act 
at the appropriate contml grips or Wds 
In a manner dmulatlng fllght condi- 
tions snd ta be reacted at  the attach- 
ment oi the control system to the control 
surface horn. 

(b) The loads 8haU in any case be 
sutficlent to provide a rugged system for 
service use, Including conslderatlons of 
jammlllg. ground gusts, bx~iw' tdlto 
wlod. control inertla. and friction.~~. . 

P 4b.225 a 5 Z pbrimaw llight control 
ayitnnt. (a) m e n  dual controls are 
provided, the system shall be designed 

R=K&q,

rb-: 

H=llmlt hlnp mommt (It I-.). 
.=mean cllmd of t h e  control &aCa aft 

oi the hlngeUna (it.).
S=msa of the mntml &ace Sn 0 tlla 

hlnga Une (sq. it.).
q=dparmc prosnvr~(p. r I.) bsa- on 

s dedgn speed not less than 
l O y ? % % % f O(m. p. h.). except tMt 
the desm gnspaod need not 0 x 4  
@am.p. h.. 

K=factor e.8 meollled In llgum 4 M .  

D 4b.227 Secondary control systems. 
Secondary controls. such ss wheel bree. 
waller. and tab controls. shfd be de- 
s&ned.lar the loads b r d  on the maxi-
mum wbich a pilot is Ilkely to apply to 
the control In question. The values of 

-
MfaasUanmlu:.OnnL ~ R ~ m l b r . .but notlssalhhn

wheelor lever. M Iba. nor mns fh.o
1Mlba.(R-radllu)

(ApullQble m anr@e alib 
lo 'mor plans or aatml.)

Twht.................. 13310.Lba. 

Puab-pull.............. To be a- bg appll-t. 


'Llmlted to nap tab, stabllirer,s~ouar,and llndlnr 
p'opsstlncmo&h. 

F I ~ O B I~h+PUol  mntrol farce llrmt. ( s e m n m
u n t r ~ h ) ,  

9 4b.230 GewaJ. The limlt loads ob- 
tallled In the wndltions speclfled in 
D D  4b.231 thruugb 4b.286 shall be con-
sidered as external forces aPoUed to the 
almlane structure and ahd-be placed In 
epuillbrlum by llnaar and angular IneWs 
forces in a rational or wllsemtlva man-~~ ~-~ ~~~-~~ ---

ner; in  aPPblm the sP@ed wndltlons 
the prov~SiOryl o i  p6mph (a) of W~LI 
section shall be complied wth. Inadd(-
tion, lor the landing conditions oi OD 4b. 
131 Wougb 4b.234 the alrplane ahall be 
wumed to be sublected to forced and 
descent velocltles orescribed in oan-
m p h  (b) oi this iectiou (The-wc
landing gear dimensionaJ data are given 
in m r e  4b-'1.) 

(ai Center of oraoftu aoJINona. Tbe 
critical center of gramty ~siuonsarlthln 
the certlAcation Units shall be selected 
so that the maxlmum d e s h  loads lo 
each of the lan& gear eiementd are 
obtained In the landing snd the ground
handling WnditioIm. 

(b) Lcad factors, descent oebdtist. 
~ n ddMm weights for landing n g i -
tiom. (1) In the landing conditions the 
Umit vertical Inertia load faotors a t  the 
center of gravity of the amlane ahall be 
chosen by the applicant, exceptthat they 
s h d  not be less than the values wh h 
would be obtained when landing the a t -  
plane with t$e following Umit descent 
velocities snd weights: 

for the ollots oDeratiw in o~~osition. ngum 4b4 are considered acceptable. 
hlng indvldual~pllot loads equal to 75 
percent of those obWncd in accordance 
mlth l4b.224. cxccot that the indlvldual ...... 
pllot loads shall not be leas than the 
minimum loads specLtled in m e  4b-5. 

(b) The control system shall be de- 
&ned for the pllots acting in conlunc- 
tion. wing individual pllot loads eaual 
to 75 percent of those obtained in ac-
cordance with S 4b.224 

5 4b.226 Ground gwt conditwns. 
The following wnditlons lntended to 
simulate the loadings on control surf we^ 
due to ground mts nnd when taxying 
downwind shall be investigated: 

(a) The loads in the systems between 
the stom nearest the surfaces and the 
cockpit controls need not exceed those 
corresponding wlth the maxima of flgure 
4- for each pilot alone, or with 75 
percent of thwe maxima for each pUot 
when the pilots act In codunction. 

(b) The contml system stops nearest 
the surface8, the control system lock, 
and the portions of the systems, if any. 
between such stops and locks and the 
control m a c e  horns shall be designed 
ior l M t  hlnge moment6 Hobhlued from 
the following fonnuls. 

$0- r b e ~ i m ahhps moment 1.at0r IOT 
gound mu. 


ILlralt puot kads (0- ~ 0 0 t ) l  


TU1 Wheal m. 



(1) 10 f. p 6. at the design landing 
weight, and 

(11) 6 f. p. 6. a t  the design take-off 
Weight.

(2) I t  shall be acceptable to assume 
a wing lift not exceeding two-thirds of 
the a,-mlnne welght to exlst throughout 
the 1nnd.np: lmpact and to act through 
the Center of UraVltY of thc nlrDlilne. 

(3)  The provisions of subp~ragraphs 
(1) and (2) of this Paragraph shaN be 
oredicated on conventional amanee-~ ~ ~~- ­~ - ~ -
merits of main and nose gears. or main 
and tall ecara, and on normdl operating 
t e ~ h n l q ~ e s .I t  shall be acceptable to 
modlfY Ihr Drcscrlbed drscent velocltlcs 
if it I ishoan that the alrplanc embodies 
features of deslfin which makc it unpos-
~ ib l e-~~-~ta develoo thcse velocltics - - ~~~~.(See~~~~ 

P 4b.332 (a) io; requirements on enerm 
absorption tests which determine the 
m m u m  limit lnrrtla load factors cor- 
rasmndinz with che reouired Urmt dc- 

S4b.231 Level landing conditions-
(a) General. In the level attitude tho 
airplane shall be assumed to contact the 
ground a t  a forward velocity component 
parallel to the ground equal to 1.2 V,. 
and shall be assumed to be subjected ti 
the load factors prescribed in D 413.230 
(b) (1). The followinn three combina- 
tions of vertical and drag components 
shall be oonsidered acting a t  the axle 
center line: 

(1)Condition of maximum wheel win- 
I L ~load. Drag components simulating 
the forces required to accelerate the 
wheel rolline assembIv un to the soec-~-~~~-~~ ~ - -~ ~ 

l5ed arouna sneed shall be combiied 
wlth the verticil ground rcartions exist- 
h g  a t  the instant of peak drag loads. A 
coemclent 01 frlctlon between the tlres 
und oound need not be assumed to be 

TAIL WHEEL TYPE 

TAIL WHEEL TYPE 


5Cater than 0.8. I t  shall be acceptable
to aPPlY thL3 condition only to the land- 
lng gear and the directly affected at-
tachin&! structure. 

(2)  Condition of maximum wheel aer- 
tical load. A n  af t  actina drag comw- 
nent not less than 25 percent of ihe 
maximum vertical ground reaction shall 
be combined with the maximum ground 
reaction of k 4b.230 (b). 

13) Co?,dll,o?~ol nzorimuln spri,,,/-

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

14b.232 Tail-down landing condi-
tions. The following conditions shall be 
investigated for the load factors eb-
tainedin 5 4b.230 (b) (1)with the verti- 
cal ground reactions applied to the 
landing eear axles. bad: load. : l~orr~ont .%l- ~ ~ Fa w j r d - ~ c l ~ t ~  

uf ( 8 )  Tail-wheel type. The main andloads r ~ d u l t i l ~ ~  f r ~ m3 mnid ~ P ~ U C L ~ U ! !  tail wheels shall be assumed to  contact the splrl-lrll all:: Loads sl;.all br con~llll~rrl the around simultaneouslJ). (See fle.w ~ t hIlle vPrt~c..l ('ruund r,itct~ol>b a t  the 
inztdnt of the I W R ~  forward load. I1 
shall be acceptable to~apply this condi- 
tion only to the landing gear and the 
directly affected structure. 

(b) Level landing: tail-wheel tme. 
The airplane horizontal reference i h e  
shall be assumed to be horizontal. The 
conditions snecifled in oaraeraoh~. (a ).~~~~~ 

of this section sha l l  de investigated 
(See flg. 4b-8.) 

(c) Level latrding: nose-wheel type.
The followine aimlane attitudes shall be 
considered: 'tsed fie. 4b8.) 

(1) Main wheels shall be assumed to 
contact the emund with the nose wheal ~~ 

just clear of the ground: The conditions 
specified in paragraph (a) of this sec- 
tion shall be investigated. 

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

, ~ R T 1 1ronct. 

.. 
4b-9< Two conditions of bound reac- 
tion an the tail wheel shall be assumed 
to act in the following directions: 

(1) Vertical. 
(2) UP a n d  aft through the axle a t  

45" to the gmund line. 
(b) Nose-wheel type. The airplane 

shall be assumed to be a t  an  attitude cor- 
responding with either the stalling angle 
or the maximum angle permitting clear- 
ance with the mound by all part6 of the 
airplane other than the main wheels. 
whichever is the lesser. (9ee flg. 4W. )  

I4b.233 One-wheel landing condf-
tfon. The main landing gear on one side 
of the amlane  center line shall be as-
sumed to contrcct the mound In the level 
attitude. (See flg. 4b-10.) The eround 
reactions on this side shall be the same 
as those obtalned in O 4b.231 (a) (2). 
The unbalanced external loads shall be 
reacted 4 inertia of the airplane in a 
rations1 or conservative manner. 

O 4b.234 Lateral drift landing oondi- 
tlon. (a) The amlane  shall be assumed 
to be in the level attitude with only the 
maIn wheel9 contacting the gmund. 
(See flp. 4b-11.) 

NOSE WHEEL TYPE 

mcvm 4ba-Idvel landmg. 

V" 

' m e  nnm u  CEAR AND ?anS R U C I ~ ~ ~6 w w m m  -tto ExGEsr mm m 
UCEtDn1LLAWE. 

NOSE WHEEL TYPE 
mnar 4-Tall down landing. 



(b) Side loads of 0.8 of the vertical 
reaction ton one side) acting inward 
and 0.6 of the vertical reaction ton the 
other side) acting outward shall be com- 
bined with one-half of the maximum 
vertical ground reactions obtained in the 
level landing conditions. These loads 
shall be assumed to be applied a t  the 
ground contsct point and to be resisted 
by the inertia of the airplane. It shall 
be acceptable to assume the drag loads 
to be =ro. 

8 4b.235 G~ouna  handling conditions. 
The landing gear and airplane structure 
shall be investigated for the conditions 
of this section with the airplane a t  the 
design take-off weight, unless otherwise 
prescribed. No wing lift shall be consld- 
ered. It shall be acceptable to Wume  
the shock absorbers and tires to be de- 
flected to their static position. 

(a) Take-off nm. he landing gear 
and the airplane structure shall be as-
sumed to be subjected to loads not less 
than those encountered under conditions 

(b) B a e d  rolt-(1) Tail-wheel type. 
The airplane shall be assumed to be in 
the level attitude with all load on the 
main wheels. The limit vertical load 
factor shall be 1.2 for the aimlane a t  the 
design landing weight, and 1.0 for the 
airplane a t  the design take-OR weight. 
A drag reaction equal to the vertical re- 
action multiplied by a coefficient or fric- 
tion of 0.8 shall be combined with the 
vertical gmund reaction and applied a t  
the ground contact point. (See t18. 
4b-12.) 

(2) Nose-wheel type. The limlt 
vertical load factor shall be 1.2 for the 
airalane at  the desien landine weight. ~.~~~~~~ ~ ~ ~ 

and 1.0 for the aitpiane a t  the design 
take-off weight. A drag reaction equal 
to the vertical reaction multiplied by a 
coemcient of friction of 0.8 shall be com- 
bined with the vertical reaction and 
applled at  the ground contact Point of 
each wheel having brakes. The following 
two airplane attitudes shall be consid- 
ered: (See fig. 4b-12.) 

(i) The airplane shall be assumed to 
be in the level attitude with all wheels 
contactinl: the ground and the loads dis- 
trlbuted betwren the main and nose 
mar. Zero nlwhina acceleration shall be-.~~ 

assumed. 
(if) The alrplane shall be assumed to 

be in the level attitude with only the 
main gear contacting the ground and 
the pi:ching moment resisted by angular
acceleration.~~ ..-- - - - ~~-~ 

tc) Turning. The airplane in the 
Static position shall be assumed to exe- 
cute a steady turn by nose gear steering 
or by application of difrerential Power 
such that  the Umit load factors applied 
a t  the center of gravity are 1.0 vertically 
and 0.5 laterally. (See flg. 4b-13.) The 
side ground reaction of each wheel shall 
be 0.5 of the vertical reaotion 

(d) Pivoting. The airplane shall be 
assumed to pivot about one side of the 
main gear, the brakes on that  side being 
locked. The limlt vertical load factor 
shall be 1.0 and the coefficient of friction 
0.8. The airplane shull be assumed to 
be in static equilibrium, the loads being 

S I W  -EL W A D  
FROM O WEEL LEVEL 
U M O I I I O  W O I n o M .  

NOSE OR TAIL WHEEL TYPE 
4blO-m~ aheel leading. 
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NOSE OR TAIL WHEEL TYPE AIRPLANE IN LEVEL ALTITUDE -4b-ll-Uta1d drKt inn-. 

applied a t  the ground contact points. 
(See flr. 4b-14.) 

(f)~~i(rose-i.heel (1) A veN-uawfng. 
cal load factor of 1 0  at  the airplane cen- 
ter of-- rravitv and a s ~ d e  ~- ComDonent at 
the nose wheel ground contaet equal tO 
0.8 of the vertical ground reaction at 
thatpoint  shall be assumed. 

(2) The airplane shall be assumed to 
be in static equilibrium with the loads 
resulting from the application of the 
brakes on one side of the main gear. The 
vertical load factor at  the center of nav -  
lty shall be 1.0. The forward acting ioad 
a t  the amlane  center of gravlty shall be 
0.8 times the vertical load on one maln 
rear. The slde and vcrtlcai loads a t  the 
ground contact point on the nose gear 
shnii be those reoulred lor statlc eaulllb- 
rium. The side ioad factor a t  the air- 
plane center of gravity shall be assumed 
to be zero. 

(f) Tail-wheel yarm'ng. ( 1 )  A vertl-
cal ground reaction equal to the static 
load on the tail wheel in combination 
with a Side component of equal magnI- 
tude shall be assumed. 

(2) When a swivel is provided, the 

tail wheel shall be assumed to be swiveled 

90" to the airplane longitudinal axis 

with the rrsulur~rt load passlug through 

the axle. When a lock, sreerlnS dePlce. 

or shimmy damper is orovided. the tall 

*heel s h a ~  also b e  assumed to be in the 

trailing position with the side load act-

ing a t  the ground contact mint. 


D 4b.236 Unsymmetrical Zoa& on 

dual-wheel units. In dual-wheel ulllts 

60 percent of the total mound reaction 

for the unit shall be applied to one wheel 

and 40 percent to the other. To pmvlde 

for the case of one m t  tire. 60 pn'cent 

of the load which would be assigned to 

the unlt in the specified conditions shall 

be applied to either wheel, except tha t  

the vertical mound reaction shall not 

be less than the full static value. 


WATBR LOADS 

9 4b.250 General. The structure of 

hull and float type seaplanes shall be 

designed for water loads developed dur- 

ing take-OR and landing with the sea- 

Plane in any attitude likely to occur in 

normal operstion a t  appropriate forward 

and sinking velocities under the most 

severe sea conditions likely ta be encoun- 

tered. Unless a more rational analysis 

of the water loads is performed, the re-

quirements of $ 5  4b.251 through 4b.258 

shall apply. 


D 4b.251 Design weights and center of 

gravity ~Ositwns-(a) Design weights. 

The aJtcr  iond rrqulrements sha i  be 

comnllcll ulth nt ail operating aelghts 

UI> tO tllP dcFlEn IandlnR WCleht CXCeot  


~~ ~ - - ~  
that  for the take-off conditiohiiiscribed 

in 5 4b.255 the design take-off weight

shall be used.
~~~~-~~ 

tb) Center of gravity positions. The 

critical center of gravity positions within 

the limits for which certification is 

sought shall be considered to obtain 

msximum design loads for each part of 

the seaplane structure. 


8 4h.252 Application of loads. (a)  
The seaplane as  a whole shall be as-
sumed to be subjected to the loads corre- 
sponding with the load factors specifled 



In 04b.253. except as otherwise pre-
scribed. In applying the loads resulting 
from the load factors prescribed in 
D 4b.263, i t  shall be permissible to dts-
tribute the loads over the hull bottom 
in order to avoid excessive local shear 
loads and bending moments at  the lo- 
WUon of water load application, using 
pressures not less than those prescribed 
In 8 4b.256 (b). 

(b) For twln float seaplanes, each 
float shall be treated as an equivalent 
hull on a flctitious seaplane having a 
weight equal to one-half the weight of 
t$e twin float seaplane. 

(c) Except in the --off condition 
of D 4b.255, the aerodynamic lift on the 
seaplane during the impact shall be as-
sumed to be 35 of the weight of the 
maplane. 

3 4b.953 Hull and main float load fac- 
tors. Water reaction load factors shall 
be wmputed as follows: 
abr the step lsndlng case: 

n - ","so' . w- tanl/Jgwl/8' 

fithe bow B D ~stern landlng w e n :  

V,o=aeaplans stalllng &peed (mph) wlth 
landhe USD. srtandad'ln the s~~rooriste 
p d t l o i  and wlth no slipstream &;?=ti

8=mgle-of dead rLse lit the longltudkd 
station st whlch the load faotor la belng da- 
termined (see ng. 4b16a): 

P 4b.254 Hull and main float landing 
condrhons-(a1 Symmetrical step lurid: 
tng. The limit water reactlon load fac- 
tor shall be in accordance with 6 4b.253. 
The resultant water load shaU beapplied 

tc) of this section.) The point of ap- 
Dlication and direction of the UDward 
component of the load shall be t h i  same 
as that in the symmetrical condition. 
and the point of application of the 
side component shall be at  the same 
long~tudlnalstatron as rhe upward com- 
ponent but dlrected inward perpendlcu- 
larlr to the Diane of svmmetrr at a wint 
midway between the keel -and chine 
Unes. 

(e) Unsymmetrical landing: twin 
float seaplanes. The L-wmmetdcal 
loading shall consist of an upward load 
a t  the step of each float of 0.75 and a 
side load of 0.25 tan B at one float times 
tho step landing loadbbtalned Ln accord-
ance wlth 5 4b.253. The side load shall 
be directed Inboard oemendicularLY to 
the plane of symmetry midwar between 
the keel and chine lines of the float a t  

NOSE WHEEL TYPE 

c>v,; K, a t  the keel through the center of gravity nw= 
t a n r ~ w l nXm*:wmndicularlv to the keel line. 

whne. (b) Symmetrical bow landing. The 
nw=watcr relotion load factor (water re- limit water reaction load factor shall be 

WUon dhided by the eeaplane weight); in accordance with 8 46.253. The re-
O1=emplrlcail seaplane operations faotor sultant water load shall be applied a t  the squpl to 0.W9, except that thls factor shall keel M of the longitudinal distance from not be less than that necessary to obwn 

the mlnlmurn value of step load faotor of the bow to the step, and shall be directed 
0% perpendicularly to the keel h e .  
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the same longitudinal station ss the up- (a) Local pressures. The folloaring in subparagraph (1)of this paragraph. 
ward load. pressure distributions are applicable for except that the pressure a t  the chine 

the design of the bottom plating and o 4b.255 Hull and muin float taW-0~7 st-ers and their attachments to the 
condition. The ProV1Jions Of this Sec- 
tion shall apply to the design of the wing 
end its attachment to the hull or main 
float. The aerodynamic wing lift shall 
be a m d  to be zero. A downward 
inertia load shall be applied and shall 
correspond e t h  the followingload 
rsctar: 

CTO V,,' . 
n= ylflr/l. 

where: 
n= Inertla load factor: 

c,,= empmcal seap~ans operatlone factor 
equal to 0.00% 

v,,= aeaplane stslllng speed (mph) at the 
aes~gn tairc-on welght w~th the 
mapeextended in the appmprlsite 
tare-- pn ion :

B= angle of dead rise at themsln atep 
(dwees): 

w= seaplane deaign t a k s - a  welght In 
pounds. 

p 4b.256 Hull and main m a t  bottom 
pressures. The provisions of this section 
shall apply to the design of the hull and 
main Boat structure. including frames 
snd bulkheads, stringers, and bottom 
plating. In the absence of more rational 
data, the Pressurea and distributions 
shall be as follows: 

structure. The area over 
which these pressures are applied shall 
be such as to simulate pressures occur- 
ring during high localized impacts on the 
hull or float, and need not extend over 
an  area which would induce critical 
stresses in  the f e s  or in the Overall 
Structure: 

(1) Unffnred bottom. The pressure a t  
the keel (psi) shall be computed as 
follows: 

P*=C,--- K, V,:. 
tanpk . 

where: 
P,= pr~ssun at the Lea; 

C.=O.Wls: 

K2= hull atatlon welghlng factor (eflg. 

4b1sb):
v.l=Beeplane stsllln~speed ( m ~ h )at -8 

des~gn take-OR weight with -pa 
extended In the approprlata -0-

om poemion: 
pi= angle of dead rlss st L e d  (sw Ug.

ib lsa) .  
The pressure at the chine shall be 0.75 
p,, and the ktween me keel 
and chine shall vary linearly. (see dg.
4bi5c.)

(a) Flared bottom. The pressure dis- 
tribution for a flared bottom shall be 
that for an  unnared bottam prescribed 

V. U D V m  M£ 5 T m C  GRWlO REKTlaK.FOR TAN 
W E L  TIPE THE * I R P L W  IS IN THE T H E  R)IM 
ATTITUDE. moms IS AS- m TM P-
ABWT W YIlN LANONO BEY( UNIT. 

shall be computed as follows: 
K V,.

P c h = c , 1 :
tan B 

where: 
Pch=presaure at the  chle: 

c,= 0.oola'. 

K,= hull station wclghlng faetm (Bee flg.

4blSb):
VSL=acaplane etalllng speed (mph) at the 

deslgn t&e-OR welght rlth flepa 
extended in the appropriate take-
0.z posltlon:

p= angle of dead rlee at approprlnts 
ntatfon. 

The pressure a t  the beginnhg of the 
a r e  shall be the same as for an  unflared 
bottom, and the pressure between the 
chine and the beginning of the flare 
shall vary linearly. (See flg. 4b-1W.) 

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

(1) Svmmetrfcal. The symmetrical 
pressures shall be computed as follows: 

P=C.'. K v.; , 
tan. a .

~~ 

whae! 
P=preesure: 

c.=o.o78cI (for C, see t 4bam):
K2=huII statton aelghlng faotar (see flg.

4blSb) : 
Vs0=seaplane stailllng speed (mph) wlth 

landlug Uaps extended in the ap-
~ ro~r l a t eDosltlon and no. . wlth 
BUpdtmam effect: 

b=angls of dead rlse at appraprlsts 
statlon. 

(2) Unsymmetrical. The unsymmet- 
rical pressure distribution shall consist 
of the pressures prescribed in subpara- 
graph (1) of this paragraph on one side 
of the hull or main float center line and 
one-hall of that pressure on the other 
side of the hull or main float center line. 
(See flg. 4b-150.) 

D 4b.257 Auxiliary Aoat loads. Auxil-
Iary floats, their attachments, and sup- 
WIUng structure shall be designed far 
the following conditions. In the cases 
specifled in paragraphs (a) ,  (b). (c). 
and (d) of this section it shall be ao-
ceptable to distribute the prescribed 
water loads over the float bottom to 
avoid excessive local loads, using bottom 
Pressures not less than those prescribed 
in Paragraph ( f )  of this section. 

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



times the weight of the displaced water shall be that specmed in paragraph (a) the bow to the step. The limit load corn- 
when the float is completely submerged: of this section. Donents shall be as  follows: 

tc) UnsymmetricaI stet, loading. The 
resultant water load shall consist of a 
comnonent eoual to 0.75 times the load ~ ~ ~ ~ ~~. ~-~ - ~-~~~ 

L= limit load: 
Cs= 0.W4: 
V,o=seaplane atalling speed (mph) with 

landing flaps extended in the ap- 
propriate position end with no 
siipatream eflecti 

W=aeaplene design lending weight in 
pounds: 

n,= angle of dead rise at s station of 
the dlstsnce from the how to the 
step, hut need not be less than 15 
degrees: 

I..= ratio 01 the lateral distance between 
the center of gravity and the plane 
of symmetry or the float to the 
radlus 01 gyration in roll. 

ib) Bow loading. The resultant limit 
load shall be auulied in the plane of 
aymmetry of the-flour nL a point one-
fourth of the disranre from the bow to 
the ateo and shall bc oer~endiculnr to 
the tangent to the keel fineat that  polnt. 
The magnitude of the resultant load 

v.4 
B^ B. 

Unflared Bottom 

specifled in paragraph (a)  of this section 
and a slde c l lm~~ l i cn t  cqual to 0 25 tar, 
fi tlmt's the luad swclficd in pa:agmDh 
( a )  of this S~CIIOI, .  ' n , ~s ~ d elond shall 
be npplled prrr,rnd~cularly to the plune 
01 PYrnmrtIy of llle noar st a point mid-
uav betwcm tlw ket-1 and thr rhrne ~ -~~~ 

i d )  "nsyrnmetr~cal born loading. The 
resultant water load shall consist of a 
component equal to 0.75 times the load 
specified in paragraph (b) of this section 
and a side component equal to G.25 tan 
p times the load swcified in paragraph 
ib) of thin section. The side load shall 
be applied perpendicularly to the plane 
of ~ymmetry at  a point midway between 
the keel and the chine. 

(el Immersed noat condition. The 
resultant load shall be applied a t  the 
centrold of the crass section of the float 
a t  a point one-third of the distance from 

FImd Bottom 
moon. 4bl6e--Pictorial demition 02 anglea, din nslona, and directbus on s seaplane. 

where: 
,,=mass de2lliit~of water: 
v=oolurne of &at; 

C,=coemolent of drag force, equal to 
0.10. 

c.= emmiient of slde force, equa to 
o ng: 

X z ( 1 8 .  C x ~ e p ttilet h r l F ~ ~  5hBII  oeI . ~ l l i e &  
*cc(.ptihlcII I t  is Ehowrr tha t  the 
11081s wc irl~ntlahlrd sohmerclne 

operations;
V.o=seaplsne stalling speed (mph) witn 

landing flaps extended in the 40-
propriate position and with na 
sllptream effect. 

(f) Float bottom pressures. The noat 
bottom pressures shall be established in 
accordance with 9 4b.266 (a) and (b). 
The angle of dead rise to be used in 
determining the float bottom Pressures 
shall be a8 Befined in DaraeraPh (a) of  
this section. 

O 4b.258 Seaming loads. Sea-g 
design loads shall be based on applicable 
test data. 

EHERGmCY LANDING COOmIlmNS 

8 4b.260 General. The followina re-
auirkmeiits deal with emergency i o n -  
dltlons of landing on land or water in 
whlch the saletp of the occuuanrs shall 
be considered. althounh i t  is acceDted 
that  parts of the a b i a n e  may be dam-
aged.

(a) The structure shall be designed 
to give every reasonable probabflita that 
all of the occupant.8, if they make proper 
use ol the seats. be?ts, and other provi- 
&om made in the dedan (see P 4b.358).- ~ ~~ 

will escape serious 4ub in the  event of 
a mlnor orash landing (with wheels UP 
U the airplane is equipped with retract- 
able landing gear) in which the mcu- 
pants experience the followfng ultimate 
inertia forces relative to the SUrrOUud- 
in6 structure: 
(I)  upward ----.a.og ~~owraara- -b6g)
(a)  mward..--. 8.og 
(8) Bideward---. 1.6g 

(b) The use of a lesser value of the 
downward inertia force svecrded in Par- 
agraph (a1 of thh secUull shall be ac-
centable If i t  is shown that the aimlane.-..~~--~ ~ 

structure can absorb the Is.ndbs ioada 
carrewonding w t h  the design IandintI 
weicht and a n  ultimate descent velelocitr 
of 5f.  p. 8. without exceeding the value 
chosen. 

(c) The lnertia forces sPeciRed in 
paragmph (a) of this section shall he 
applied to all items of mass which would 
be apt to inlure the pa&xewem or crew 
U s"ch items became l w e  in the event 
of a minor crash landing, and the sup-
wrting structure shall be deslgned to 
restrain these items. 

14b.261 Structural ditching PToui-
S ~ S .  (For s h c t u r a l  strength consid- 
erations of ditching provisions see 
g 4b.361 (c) .) 



K, ( Vertical Loads ) K z  ( Bottom Pressures ) 
RG- 4 b l S b E u U  statlon welghing Ieetw. 

UNFLARED SYMMETRICAL 

FLARED 

Local Pressure Distributed Pressure 
Rrrm 4blS-TYsnsverss preas- dl~trlbutlol~~. 

SUBPARl M E S I G N  AND CONSllUCTlON 

G n a u L  

8 4b.300 Scmc. The -lane shaU 
noi incorporate deslgn f e a t k  or de- 
tails which exwrlcnce has shown to be 
hazardous or unreliable. The suitability 
of allquestionable design details or parti 
shall be established by testa 

5 4b.301 Mat&L1. The wltability 
and durability of all materiats used in 
the aimlane structure shall be entsb-
llshed oh the bash ol experience or tests. 
W materials used in the airplane struc-
ture shall conform to approved speclncs- 
Uons which WUlosure their having the 
atrengtb and other propertlea assumed 
in the desipn data 

P 4b.302 Fabrication methods. The 
methods of fabrication employed in con- 
structing the airplane structure shall be 
such ss to produce a consistently sound 
structure. When a fabrication process
such ss 8lU1116. m t  welding, or beet 
trcatlw requlres close control ta attain 
this obfecdve. the ~rocessshall be wr-
formed in accordance with an appr6ved 
process specmcation. 

9 4b.303 Standard fastenings. All 
bolts. Pins. screws. and rivets used in 
the briuclure shall be of an approved 
type. The use of an approved lochlng 
device or method is rcauircd for all such 
bolt.¶, plns. and screws Self-locklw 
nuts shall not be used on bolts which 
are sublect to mtatlon in operation. 

0 4b.304 Protection. (a) AU member8 
of the structure shall be wlably pro-
teeted against deteriontion or 1084 of 
strength in service due to weathem. 
corrosion, abrasion, or other c a w  

(b) ProvMon for VentUation and 
dratnageola l lwol theshucture
shaU be made where uecessw for pro-
teetion 

tc) In aeaplsnea swchl precautlona
shall be taken agstnst wnvslon from 
saltwater.ParUcuIarb where pa& made 
from dlflerent metals are lo close pmx-
M t Y .  

P4b.305 InSpecHOn P r o D i s i o n r  
Means shall be pmsided to pamlt the 
c l m ~ t i o n o f t h m p a r t s o i t h s  
airplane which re- periodic inspec-



tion, adjustment for proper alignment (b) Bearing factors. (1) Bearing fac- 
and functioning, and lubrication of mov- 
ing Parts. 

5 40.306 ~UoCrioi slrenylh VruPnliaa 
anddesign valaes. la)  Material Ytrength 
nroDerties shall be based on a suPBclent 
imiber of testa of material conforming 
to specifications to establish design 
vcdues on a statistical basis. 

(b) The design values shall be so 
chosen that t i e  PmbabiUtY of any
structure being understrength because 
of material variations is extremely re- 
mote. 

tc) ANC-5, ANC-18, and ANC-23. 
Part I1values shsll be used unless shown 
to be inaoulicable in a Dartieular case. 

(d) The strength, detail design, and 
fabrication of the structure shall be such 
as to minimize the probability of Cis-
astrous fatigue failure. 
Non: Polnte or stress coneentratlan ara 

one of the main sources of eatlgue fatlure. 

4 4b.307 Special factors. Where 
there is uncertainty concerning the ac- 
tual St remh of a particular part of the 
s t ~ c t u r e .or where the strength is likely
to decerioraw in wwlce nrior to normal ~. .-.~~. -- -- ~- -~~ - -~~.~~ ~~ ~ 

replacement of the part, or where the 
strength is subject to appreciable varia- 
bility due to uncertainties in manu-
facturine nrmesses and insDection 
methods: th; factor of safety pr&ribed 
In 5 4b.200 la) shnli be multlplled by a 
special fnctor of a value such as to make 
the nrobabilitv of the Dart belm under- 
strength froni these c a w s  extmmely 
remote. The following special factor8 
shall be used: 

(a) CaJtfno faetors. (1) Where 01119 
asuai insmilon of a cartlna is to be 
employed, the casting factor shall be 
2.0. excent chat it need not exceed 1.25 

they a$ found to be aDpmprlstely re-
law to tests and to inspection proce- 
dures. 

(4) A casting factor need not be em-
ployed with r e m t  to the bearing aur-
face of a mrt ll the bearing factor used 
(see p ~ p h is(b) of thk  section) 
of greater magnitude than the casting 
rBOtor. 

tors shall be used of sufacient magni-
tude to provide for We effects of normal 
relative motion between Darts and in 
Joints with clearance (free flt) which are 
iubject to pounding or vibration. (Bear-
ing factor values for control surface 
and system joints are speclffed in 
OD 4b.313 (a) and 4b.329 (b).) 

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

~ c )Ftllrng laciorl. (11 A dtling fac- 
tor of a&least 1.15 rhsli be used on all 
flttings the strength of which is not 
proven by limit and ultimate load testa 
in which the actual stress conditions 
are simulated in the fitting and the 
surrounding structure. This factor shall 
apply to all portions of the fitting, the 
means of attachment, and the bearink! 
on the members joined. 

(2) In  the case of integral flttings the 
part shall be treated as a fitting UP to 
the point where the sectlon properties 
become typical of the member. 

(3) The fitting factor need not be 
employed where a type of joht  made in 
accordance with approved practices is 
based on comprehellpive test data, e. g.. 
continuous joints in metal plating, 
welded joints, and scurl Joints in wwd. 

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

5 4b.308 Flutter. dcformation, and vi-
bratton. Compliance with the following 
provisions shall be shown by such Calcu- 
lations. resonance tests. or other tests 
as arefound necessary by the Admin- 
istrator. 

(a) Flutter prevention. The airplane 
shall be designed to be free from flutter 
of wing and tail units, inrluding all con- 
trol and trlm surfaces, and from dlverg- 
ence li. e. unstable structural distortion 
due to scrodynamlc l o a d m ~ ~ ,  allat 
speeds UP to 1.2 Vir A Smaller marrin 
above V n  shall bc arcpotable if the char- ~ ~ ~ ~. - ~. 
acteristics of the airplane (including the 
efieets of compressibility) render a speed 
of 1.2 V Dunlikely to be achieved, and if 
it is Shown that a proper margin of 
damping exists a t  speed Vo. Tn the ab- 
sence of more accurate data, the terminal 
velocity in a dive of 30 degrees to the 
horizontal shall be acceptable as the 
maximum speed likely to be achieved. 
If concentrated balance weights are used 
on control surfaces, their eEectiveness 
and strength. Including supportbg
structure, shall be substantlated. 

tb) Loss of control due to structural 
deformation. The airnlane shall be de- 
signed to be free from control reversal 
and from undue loss of longitudinal. 
lateral. and directional stability and 
control as a result of structural deforms- 
tion, including that of the control sur-
face covering, a t  all speeds up to the 
meed prescribed in paragraph (a) of this 
section for flutter prevention. 

tc) Vibration arid buffeting. .Ihe a1r- 
plane shall be designed to withstand all 
vibration and bufIetillg which might oc- 
cur in any likely operating conditions 

8 4b.310 General. The requirements 
Of 0%4b.311 through 4b.313 shall apply 
to the denim of Bxed and movable con- 
trol surfaces. 

5 4b.311 Proof of strength. (a1 Con- 
trol surface limit load tests shall be con-
ducted to prove compliance with llmit 
load requirements. 

(b) Control surface tests shall include 
the horn or fitting to which the control 
8ystem is attached. 

(c) Analyses or individual load tests 
shall be conducted to demonstrate wm- 
pliance with the special factor require- 
ments for control surface hinges. (See
BP 4b.307 and 4b.313 (a).)
~ ~ 

4 4b.312 Installation. (a) Movable 
tali surfaces shall be so hut3lled thai 
there is no interference between ans two 
surfaces when one is held in 1s extreme 
Position and all the others me operated
through thelr full angular movement. 

(b) When m adjustable stabiUzer In 
used, stops shall be provided which wU 
limit its travel. in the event of failure 
of the adjusting mechanism. to a range 
equal to the maximum required to trim 
the airplane in accordance with P 4b.140. 

8 4b.313 Hinges. (a) Control surface 
hinges, exrep ball aud ruller bearmb's. 
shall incorporate a specla1 factor of not 
Ipss Lhan 6 67 with respect to the ultl- 
mate bearing strength uf the softest ma-
terial used as a bearing.

(b) For hinees incornoratinn bcdl or 
roller bearins< the apGoved Gntlns of 
the hearillg shall not be exceeded. 

tc) Rimes shall nrovlde sufacient 
strenetb a i d  rigidity i o r  loads p a r m  
to the hinge Une. 

CONTROLSYSTLYS 
4 4b.320 General. All controls and 

contml system shall operate with ease. 
smoothness, and posiWveness appropri- 
ate to their function. (See also $ 5  4b.350 
and 4b.353.) 
;4b.m Two-control airpkancs. Two- 

control airplanes shall be capable of con- 
tinuing safely in mght and landing in 
the event of failure of any one connect- 
ing element in the directional-latend 
ftight control system. 

8 4b.32a Trim controls and wstens. 
(a) Rim controls shall be designed to 
safeguard against inadvertent or abrupt 
operation.

(b) Each trim control shall werate 
in the plane and with the sense of motion 
of the aimlane. (See 8g. 4b-16.)

(c) Mean6 shall be provided adjacent 

to the trim control to Mics te  the dire- 

tion of the control movement relative to
~ ~ . - ~~ 

the airplane motlon. 

(d, Mean6 shall be urovlded to lndl-


=ate the msition of the trim device with 
~ . - ~ ~ -~ 

respect to the range of adjustment. The 

indicating means shall be clearly viaible. 


(e) Trlm devices shaU be capable of 

continued normal omration in the event 

of failure of any oneconnecting or trans- 

mit- element of the DrimarY B(ght 

control system 


(f) Rlm tab controls shall be We-
sersible, unless the tab is a~pro~r!atelY 
balanced and shown to be free fmm 
flutter. 



(8) Where an irreversible tab Control ? 4b.326 Control system locks. Pm- ( 6 )  Pulleys shall lie in the plane gas-
system is employed, the portion from the VislOn shall be made to Prevent damage sing through the cable within such Hmik 
tab to the attachment of the irreversible to the control surfaces (including tabs) that the cable does not rub against the 
unit to the airplane structure shall con- and the control system which might re- pulley flange. 
sist of a rigid connection Sult from gusts striking the airniane (73 Fairleads shall be so installed that.~- ~--.----..---.~~~~~~ ~ ~ ~ ~~~--.-

~~ 

while it is an the ground or~water (see they do change in cable 9 4b.323 Wing nap controls. (a) also 9 4b.226). If a device provided for 
not cause a 

3'.of more than directionThe wing flap controls shall operate in 
a manner to permit the flight crew to this Purpose, when engaged, prevents 
place the flaps in all of the take-off, en normal operation of the control surfaces 
route. approach, and landing positions by the pilot, it shall comply with the 

(8) Clevis pins (excluding those not 
subject to load or motion) retained only 
by cotter pins shall not be used in the 
control system. followine orovisions. established under 9 4b.111 and to main- (a) T& dev~ee shall either automat- (9) Turnbuckles attached to parts 

ically disengage when the pilot operates having angular motion shall be installedtain these positions thereafter without 
further attention the part of theon the Primary flight controls in a normal crew. except for flap movement produced manner. or it shall limit the operation 

to Prevent positively any blnding 
throughout the range of traveL 

(10) Provision for visual 
shall be made a t  all faweads. pulleys. 

by an automatic Uap pasitioning or load of the airplane in such a manner that limiting device. the pilot receives unmistakable warning (b) The wing flap control shall be lo- 
inspection 

a t  the start of take-OR. 
tb) Means shall be provided to pre- 

clude the possibility of the device be-
coming inadvertently engaged in flight. 

4 413.327 Static tests. Tests shall be 
conducted on control systems to show 

terminals, and turnbuckles. 
(b) Joints. (1) Control system 

joints subjected to w l a r  motion in 
Push-pull systems, excepting ball and 
roller bearing systems, shall incorporate 
a special factor of not less than 3.33 with 
respect to the ultimate bearing strength 
of the softest materid uaed asa bearing. 

(2) I t  shall be acceptable to reduce 
the factor specifled in subparagraph (1) 
of this paragraph to a Value of 2.0 for 
Joints in cable control systems. 

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

LA'NDMG GEhP 

0 413.330 General. The requirements 
Of $ 8  413.331 through 4b.338 shall apply
to the complete landlug gear. 

0 413.331 Shock absorbers. (a) The 
Shock absorbinflelements for the main 

~~ 

nose, and tail wheelunits shall be sub: 
stantiated by the tests specifled in 
5 4b.332. 

(b) The shock absorbing ability of the 
landing gear in taxylng shall be demon- 
strated by the tests Prescribed in 
o 4b.iqa. 

5 4b.332 .&anding gear tests. The 
lending gear shall withstand the follow- 
ing testa. 

(a) Shock absorption tests. (1) It 
shall be demonstrated by enerw absorp- 
tion tests that the Hmit load factors se- 
lected for design in accordance with 
9 413.230 (b) far take-oU and landlng 
weights, respectively, will not be ex-
ceeded. 

(2) I n  additlon to the provlslons or 
Subparagraph (1) of this Paragraph, a 
reserve of energy absorption shsll be 
demonstrated by a test simulating an 
alrplane descent velocity of 12 f. p. s. a t  
design landing weight, assuming wing lift 
not greater than the airplane weight act- 
ing during the landing impact. In this 
test the landing gear shall not fail. 
(See paragraph ( 0 ) of thls section.) 
(b) Limit drop tests. (1) If compll-

ance with the Ihnit landing conditions 

cated and designed to render improbable 
Its inadvertent operation. 

to) The rate of motion of the wine 
flap in response to the owration of the 
control and the characteristics of the 
automatic flao ~ s ~ l i o n i m  or load llmit- 
ing devlce siail be such as to obta~n compliance with limit load requirements 
6311SfRCtory flight and 1)crfbrm~n~ein accordance with the following pm- 
Ch3rarlrn~IICs undcr srrsdy or chiinrlnc 
conditronsof air meed. englue Dower. and . . - -
airplane attitude. 

td) The wing flap control shall be 
designed to retract the flaos from the 
fu lb  extended position d & i  steady 
flight at maximum continuous engine 
power a t  all  speeds below V,+10 
tm. P. h.).

te) Means shall be provided to in-
dicate the take-off, en ;oute, approach. 
and l a n d i i  flap positions. 

(f) If anv extension of~ the flaas ~--.- -~ ha... 
sond &-&ding position is possible. 
the flap conlrol shall be clearly marked 
to identify such range of extension. 

5 4b.324 Wing nap interconnectla. 

~~~ ~ - -. 

(a) The motion of wing Uaps on opposita 
sides of the Plane of symmetry shall be 
synchronized by a mechanical inter-
connection unless the alrplane is 
demonstrated to have safe flight char- 
acterlstlcs whlle the flaps are rrtracted 
on one s~de and exwndcd on the other. 

(bJ Where a wlng flap inrerconnec- 
tion n used, it shall be dealrned to 
account for the applicable unsymmetri- 

Par airplanes with flaPs.which a;e not 
subjected to  slipstream conditions, the 
structure shall be designed for the loads 
imposed when the wing flaps on one side 
are cnrrylng Lhe most severe load occur- 
rlnl: In the prL'3Crlbed Fymmrlr~~al con-
dltlom and thore on the olhw side are 
carrying not more than 80 percent of 
that load. 

5 4b.325 Control system stops. (a)
All control systems shall be provided 
With Stops which Positively limit the 
range of motion of the eontbl surfaces. 

(h) Control system stops shall he so 
located in the system that wear, slack- 
ness, or take-up adjustments will not 
affect adversely the control character- 
istics of the airplane because of a ohange 
in the range of surface travel. 

(c) control system stops shau be ca-
pable n¶ dt.hstsnding the loads corre- 
s! b the deskan mnditinm for 

visions. 
(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 flttieaa. 
PUIirYs, and brackets used in attach&j 
rhe control syslen to the mainstructure. 

(CJ AnalYsrs or individual Load t r . ~  
~ ..... 

shall be conducted to demonstrate com- 
Pllance with the special factor require- 
ments for control system joints sub-
jected to angular motion. (see 5 5  4b.-
307 and 4b.329 (b).) 

9 4b.328 Operation tests. An opera- 
tion test shall be conducted for each 
Control system by operating the controh 
from the pilot ium~ar tmrnt  with the 
entire systcm loaded to correswnd WILI 
80 Prrcrnc of the lrmt load soecifled for. -.-~ ~ ~ ~~ 

the control system. In  this t s t  there 
shall be no jamming, excessive iriction, 
or excessive deflection 

9 4b.329 Control sustem details: gen-
wal. All details of control systems shall 
be designed and installed to prevent 
jamming, chaflng, and interference 
from cargo, Passengers, and loose ob- 
jects. Precautionary mesns shall be 
Provided in the cockpit to prevent the 
entry of foreign objects into Places where 
they Dould jam the control systems.
Provisions shall be made to prevent the 
Slapping of cables or tubes against other 
Parts of the airplane. The following de- 
tail requirements shall be applicable with 
respect to cable systems and joints. 

(a) Cable systems. (1) Cables, cable 
flttlngs, turnbuckles, spllces, and pulleys 
shall be of an approved type. 

(2) Cables smaller than Ys-inch dl-
ameter shall not be used in the slleron, 
elevator, or rudder systems. 

(3) The deslgn of cable systems shun sPeclAed in ParamPh (a) (1) of this 
be such that there will be no hazardous section is demonstrated by free drop
change in cable tension throughout the tests, these shall be conducted on the 
range of travel under operating candl- complete airplane, or on units consisting 
Uons and temperature variations. of wheel, tire, and shock absorber Inthelr 

(4) Pulley types and sizes shall cor- Proper relation. The free drop heights 
reswnd with the cables used. shall not be less than the following: 

(5) All pulleys and sprockets shall be (1) 18.7 inches for the design landlng 
provided with closely fltted guards to wefght condftions. 
Prevent the cables and chains being (U) 6.7 inches for the design take-ofl 
displaced or fouled. weight conditions. 



(a) Ii wins Uft Lp 6ImUlak.d in Ires 
dmp tests the landins gear shall be 
dnw,Psd with an efieetlve mass equal to: 

vhan: .--- , 
w.=tbs e l h n v e  WS@t to ba ured in tba 

mop trt lib.).
h=apeale4 me drop helcht (incha). 
o=a&s&lm pder  Impact m tbs tm (St 

the -0Im m t l m  ore=s".e) 
pllu t& nrwa owponeit a tbi 

mus (Inoars). 
w=w rm mJLn B"r mllta (It=..), spusl

& the 8t.tlc wekht oil tho Dsr 
a- lmtt alth-the *bni in 
the lam1 .mNdo (Wlth the n w  
W h e e l  clw in the m Ma0 
W M e l  hpo a)rplanes). 

r W, for tall gearurdts (Ibs.), e q w  to 
the .t.m e t on the tsll unlt 

r a r v e  
&=the ntlo m the .ssumed wins Un 

t o t h e a u p ~ ~ t ,n d l o . 5 -
tea d 0661. 

(9) The attitude in whlch a landins 
sear unit is &OD teated shall stmulate 
the airolane landinp.- mndition critical 
for the-unit. 

(4) Thevalueofdusedinthemm-
gutation of W. in subparagraph (2) of 
+&is namemnh ahnu m t  exceed the value 
.chrhllp obt&ed in the drop teat. 

tc) meroe enerw absorpthm drw 
tedta. (1) If compliance wlth the re-
m e  energs absomtlon condition s~ec-
Itleain-aph (a) (2) ofullssec-mn 
la demonstratad by fme drop tests. the 
laadina aear units shall be drooned from 
a h d m p  height of not lesh'thun 2'7 
lmhed. 

( a )  xf I U ~equal to the atrplsne 
wekht is simulated, tbc units shall be 
dropped with an eUectivema?amassegual to: 

h 

W . = W ( ~ ~ ): 

where the ~gmboLsand othm detalU ere 
the same as in paragraph (b) of thls 
wtim 

P 4b.338 Litnit load factor determino-
tim (a) In determilling the aimlaw 
inertlll lfmit losd factor n from the iree 
drop tests specifled in D 4b.332, the fol- 
kwhsfmmulashallbeused: 

*=*>+L:
w 
mmm: 

n,=ths lmd 1- d m  lmlYd dcvel--

m e  prm rdattvo to the 6 m ~mechanlFm. and the a l rphe  structure 

a u D P 0 ~StNctUIe Bball be deaiwed 
foi the loads occurring in the E&ht inn- 
dlbm when the aear is in the rehacted 
D081tlon and lor the mmblnation of 
h t ~ o n ;  inertia. brake torque, and au 
loads occurring durins retraction and 
ertenslon at  nrul alr meed uo to 1.13 V,. 
(5- in the ap~ra&hhpaslti~n at  d;siG 
landing weight), and any load factor up 
to thm speclffed in P4b212 for the 
flapsextended mnditlon 

(2) The landing gear. the retracting 

including wheel well doors shall be de- 
slnoed to witbstaod the fllnht loads oc-
airing wlth the landlug-gear in the 
extendid pasitlon at any speed UP to 
0.87 Yo,a e s s  other meaw are PmMded 
to decelerate the W a n e  In f l i~htat tbb 

sGucture shall be designed for 6 e  con-
ditions of air speed and bad factor pre- 
scribed in subparagraphs (1) and (2) of 
thlS D8MgrBDh. 8Ud in 8ddltiOn they 
shall-be designed for the yawing ma- 
neuvers prescribed for the airplane. 

(b) landiw wear lock. A m U v e  
mesns shall be pmvlded for the purpose 
of malntailllng the landing gear in the 
extended posltlon 

(c) Eneraemu weration. Emer-
gency men& oiex&dIm the laodiog 
gear ahall be pmvided, so that the land- 
ing gear rAn be extended in the event of 
any reawnably probable iaUure In the 
normal retmtlon system. In any case 
the emergency system shall provide for 
the fallure of any sinale source of hr- 
druUlic. electric. -or e&lvalent merk 
auPPlY. 

(d) Opkmtion &st. Proper function-
Inp of the landins gear retracting
mechaaiw shaU be demonstrated by 
owation tests. 

(e) Posttion indicator and Iwmfng de-
oIce. (1) When a retractable landing 
gear Ls used.m e w  shun be provlded for 
indicating to the pilot when tbe gear is 
secured In the extended and in the re-
trpcted mtians.  

(2) In addition to the requirement of 
subpewraph (1) of thls m r a p 4  
landplaned shw  be provided wlth an 
aural waminp device which will function 
continuously when all throttles are closed 
Ifthe gear b not fully extended and 
lacked. 

(3) Ii a manual shutoff for the warn-
ing devlce weseribed in mbparasraph 
(2) of ulls parseraph is pmvlded. It shall 
be lastalled so that rmrrenlne the Uuot- 
tles will reset the warnine meehantsm. 

(f) Control. The location and o m -
ation of the landing gear retraction m-
tml shall be B C C O ~to the pmvlgions 

llmtt load determined in- -rdanee~~ ~~ 

with the aPDUcable around load requln-
ments of this (see Pt *b.230 t h r o u  
4h.236).
(6The maximum kinetic enem ca- 

pacity rating of each main wheel-brake 
assembly shall not be lesr than the ki-
netic enerw absorption requirement 
determined as faliows: 

o.osPrwv,:.
xE= . 

' 7  

where: 
KE=klnetlc en- per wbael (ft. Ib.):
W=dealgn landlag velght (ID.): 

V,o=power-oU eata1ng apced 02 theDlrplane 
(mpb) at sea level at the deslkm 
-ding weight and in the 1.11dlng
conaguratbn:

N=numba of w wheals. 
N m :  T h e  exp-Ion lm kInctlc energy

BdsumeB UL e w l  dutrlhutlon of brallng
between awheeld. In QM 02 unqual
dlntrlbutlon the -cssIon mequI3ea eppm-
pr1ate modmcatlon. 

td) The mlllimum stalling speed r a t  
ing of each maln wheel-brahe awmbly. 
1. e.. the Inftial smed used In the dsns- 
mometer tests, &all not be neater than 
the V., used in the determhstion of 
kinetic energy in accordance with para-
g l a ~ h  tc) of this section. 

a h  t a k ~ b nWeight.
(a) Load on each main wheel Wre 

arunl to the eotreswndim static mound.--. . -
reaction at the ori~crdcefiter of & v i ~  
position. 

(3) Lad on nase wheel tlrea (to be 
aomwed wlth the -0 rat* ea-
tabushed for auoh tires) ermal to the 
reaction obtained s t  the nose wheel. 
assuming the maas of the elmlane con-
centrated at  the most critical center of 
mvity and exerting a force of 1.0g
4ownward and 0.31g fornard, the resc-
tiow being distributed to the nose and 
main wheels by the prinoiple3 of statics 
with the drag reaction at the gmund 
applied olllp at those wheels which baps 
brakes. 

5 4b.331 Brakes-(a) General. (1)
The airplane shall be wUiPWd with 
brakes of an approved w.The bAke 
rst1ngs s h u  be in 8CCON%nce with 
i 4b.336 lc) and (d). 

(2) The brake s  m  shall be m de-
slgned.and constructed that in the event 
of a single fanure in any oonnectlm or 
traosmltW element in the brake rya-
tem (excluding the operating padal or 
handle), or the loss of mw alngle mmw 
of hydraulic or other brake Opsrating 
energy supply, it shall be possible to 
bring the airplane to rest under mndi- 
tlons swcirlsd in P 4b.122 wlth a mean 
decelerationduNlg  tbe landing roll of at 
l e s t  50 percent of that obt.lned in de- 

M It s. the -1mloo dtrldt in 
s t . ; m r a s a i n W ~ M P I U .  
ID). (800 t+b382 (b) (I)M sl-
p4"mtlDnd w., W . a n d 1 ) .  

(b) Tbe d u e  of n determiMd in 
DnlagmPh (8) or thtg section m m t  
be rrreoter than the Umlt load factru 
used for the landins ~ t l a n a .  (See
f 4b230 (b) ). 

i 4b.334 Retraciina nechnnism-la)
t3eneraL (1) The landiIw gear retract- 
&xnSwheel well doors, and 

of 0 4b.353.~ m t h e m a u r ~ i n t h o d m p  

of each maln wheel and nose whwl shan 
m t  be Less than the correspondrng8taUc 
m u a d  reactton under the desian take-
on weight of the aimlane and the critical 
center of gravity cGsluon 

(b) The maximum Wt loed ratlnK 
of each moin wheel and nose wheel shall 
not be less than me mulmum r d a I  



--- 

mmlning the landlng dlstance as me-
&bed in that section. 

(S) In applying the requirement of 
subparagmph (2) of this paragraph to 
hydraulic brakes, the brake drum, shoes. 
and actuators tor their equivalents) 
shall be considered as connecting or 
tknsrmttibg elements, unless it is shown 
that the le&age of hydraulic fluid re- 
sulting from failure of the sealing ele- 
ments in these units would not reduce 
the braking effectiveness below that 
specwed in subparagraph (2) of this 
paragraph.

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

tc) paking broke controls. A park-
In6 brake control shall be provided and 
installed so that It can be set bv the nilot 
ind. mthout further attention. -will 
maintain sufficient braung to prevent 
the airplane from rolling on a paved.
level runway while take-off power on the 
critical engine is being applied 

5 4b.338 Skis. Skis shall be of an ap- 
proved type. The maximum limit load 
rating of each ski shall not be less 
than the maximumlimit load determined 
in accordance with the applicable ground 
load requirements of this part. (See
0 9  4b.230 through 413.236.) 

HVLLS AUD FLOATS 

i 4b.340 Oeneral. The requirements 01 
5 5  4b.341 and 4b.342 shall apply to the 
deslgn of h u h  and floats. 

8 4b.341 Seaplane main Roats. Sea-

plane main floats shall be of an approved 

type and shall comply with the provi- 

sions of 54b.250. In addition, the fol- 

lowing shall apply. 


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

(b) Comnartmentation. Each sea-
plane mair; float shall contam not less 
Ulan 5 wntcrtleht compartmrnts. l x e  
comparlmrnts shall hare apDrodmately 
equd volumes. 

5 4b.342 Boat hulls. (a) The hulls of 
boat seaplanes and amphibians shall be 
divided into watertigbt compartments 
so that, with any two adjacent compart- 
ments flwded. the buoyancy of the hull 
and iiuxlllllry floals <&id wheel li~k,r;. if 
used) w u  provide a sumcipnt margln of 
ms~tive stabllll~ LO minimize cdDS~inC -
k rough fresh i'ater. 

(bl Por the y-se CI communica-
tion between compartments, buikhends 
with watert~sht doors shall be alloxcd. 

any Inboard propeller and the 6urfe.m 
generated by a line Psssing thmugh the 
cenkr of the propeller hub and m a w  
an  angle of 5 O  forward or aft  of the 
plane of rotation of the propeller. 

(0) When provision is made for a see-
ond pilot. the airplane shall be control- 
lable with equal safety from both seats. 

(d) The pilot compartment shall be 
wllstructed to prevent leakage likely to 
be distracting to the crew or harmful ta 
the structure when Wm in rain or 
snow. 

(e) A door shall be provided betwen 
the pilot compartment and the passen- 
ger compartment. 

PBc4I"I  

Elevator........... Rmrward for none up.

Rudder............ night lxdal forward for n o s  rlgbt.
- I 

anmmbB1 

lift devimsl. for Bapsdow.
Trlrn

squi'sdantl. 
paralld to the ails al me mmtrm. 

(f) The door prescribed in paragraph 
te, 01 his sectiob shall be equipped with 
a locking means to prevent Passenaers 
from ooenlne the door without thc illlot's 
permtsjion. -

(g) Vibration and noise characterls- 
tics of cockpit appurtenances shall not 
Interfere with the safe operation of the 

O 4b.351 Pilot compartment oLpfon--
( 8 )  Nonprrcinttation cond,hons. (1) 
The ~ i lo t  com~arimcnt shall be arranged 
to &ord the pilots a sutsciently exten- 
sive, clear, and undistorted view to Per- 
form safely all maneuvers within the 
operating limitations of the airplane, in- 
cluding taxyinc, kke-off, approach, and 
landing. 

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

(b) PreN~tatfon wnditlona. (1)
Means shall be provided for maintaining 
a sufficient portion of the windshield 
cleer so that both pilots are afforded 
a sw3ciently extensive view along the 
flight path in all nonnai Blght attitudes 
01.. the  aimlane..... Such means shall be 
desmed to function under the followins 
conditions without continuous attention 
on the Part of the crew: 

(i) In  heaw rain a t  meeds UP to 1.6 
V..... flaDs retracted. 

cii) in the most severe Icing condl- 
tions for which approval of the airplane 
Is desired. 

(2) In addttion to the means pre-
scribed in subparagraph (1) of this para- 
graph a t  least the pilot shall be 
provided with a window which. when the 
cabin is not nresswized. is ooenable 
under the eondltions prescribed i n  sub- 
paragraph (1) of this psrsmaph, and 
which provides the view specifled in that 
subparagraph. The design shall be such 
that when the window is opened sufU-
cient protection from the elements will 

be provlded agalnst the impalrmmt of 
the pilot's vision 

P 4b.352 Windshield and windows. 
(a) AII internal glass panes shall be of a 
nonsplintering safety type. 

(b) The windshield, its supporting
s t r u e t m  and other structure in front ...- ~ - - ~ ~~~ ~ ~~ 

of the pilots shall have sufficient s t r e d  
withstand without penemtion the 

impact of a four-pound bird when the 
vclocitY 01 the a h l a n e  relative to the 
bird aiong the airilane's Uight path is 
equal to the value of V, a t  sea level 
selected in accordance with 5 4b.210 (b) 

tude opektion (see also 5 4b.313.) 
Nu-: Factors pceullar fo hlgh dtltude op-


erallon as they may dect  the d* of wlnd-

s61r1daand wlrldowe melude the cneete ol 

~ % t l n u o ~  EycUc pn5SSUrWUOn lo@-
aod 
inga, the lnherent charscterlstles oi the 
materld used, the elreots d temperatlirasad 
temperature dlflereutlab, etc. 

14b.353 Controls. (a) AU cockpit

wntmls shaU be located to pmvlde eon- 

venience in operation and in a manner 

tendlne ta orevent confusion and inad-
~ ~~~ 

vei-tent operation (See also D 4b.737.) 
(b) The direction of movement of 

controls shall be according to 6%m% 
4b16 and 4b-17. Wherever nracticable 
the sense of motion involved i;l the Wer- 
ation of other wntrols shall correspond 
with the sense of the effect oi the oper- 
ation upon the airplane or upon the part 
operated. All controls of a variable nu-
ture employing a rotary motion shall 
move clockwbe from the off ~osition, 
through an  increasing range. to the full 
on W t i o n  

tc) The controls shall be so located 
and arranaed with respect to the illlotats 
seats that there exists full and unre-
stricted movement of each control with- 
out interference from either the cockpit 
structure or the pilots' clothlug when 
seated with the seat belt fastened. This 
shall be demonstrated for individuals 
ranging from 5' 2" to 6' 0" in height. 

(d) Identical powmlant controla for 
each engine shall be located to prevent
any misleading impression as ta the en-
gine to whlch they relate. 

TbrU1LlcP............ Fornard to inncsre bmard 

thnut and rearnard to b"reme 
rrvrnrd tlrud. 

r r ~ v e l l e r ~ ~  Forward toinu-rmn............ 

~ l r t u r e ~ .  .. Forwardor a ~ w a r dlorrich.. ~ ~ . ~  
~arhomtorsf heat^. Parward or ",,ward lor mld. 
8upcrehzram........ Forward ru u~wsrdfor low 


blowm. In tile esse of t"ihG-
mpncha~crhr o r w d .  umr"d,
ore1orkwueU, i- p m 

A U r i l i u Y  

landing gea. ........I Down to ertond 


FIoOR= ~M~-POVERP'~NT~NDAvIILI&SYCONIROLS. 

(el The wing flap (or auxiliary lift 
device) and landing gear controls shall 
comolv with the follow in^: 
(1)-The wiry flap control shall be 

located on tap of the pedestal aft of the 



throttle(s), centrally or to the right of 
the pedestal centerline and shall be not 
less than 10 inches aft of the landing 
gear control. 

(2 )  The landing gear control shall be 
located to the left of the pedestal center- 
line. 

( f )  The control knobs shall be shaped 
in accordance with Figure 4b22, and 
such knobs shall be of the same colar. 
but of a color in contrast with that of 
not only the other control knobs but 
also the surrounding cockpit. 

N-: Figure 4b2a Is not intended to 
indicate the exact size or proportion of the 
control knob*. 

(P) where the work load on the a g h t  
crew ~6 such as to requlrr a fllgllt emr-
nrer tsee 5 4b 720). a lllght engineer stn- 
tmn shall be provided T11c btatlon shall 
be so located and arranged that the fllght 
crew members can pcrform them func- 
tlom emcientlv and without lnterfcrinv 
w ~ t h  each other. 

5 4b 354 Instrument arrangement. 
(See P 4b.611.) 

through 4b.738.) 
P 4b.356 Doors. (a) Amlane cabins 

shall be provided with a t  least one easily 
accessible external door. 

(b) Means shall be provided for lock- 
ine each external door and for safe- - ~~~~ 

guarding against opening in flight either 
inadvertently by persons or as a result 
of mechanical failure. I t  shall be pos- 
slble to open external doors from either 
the inside or the outside even though 
persons may be crowding against the 
door from the inside. The means of 
opening shall be simple and obvious and 
shall be so arranged and marked that 
It can be readily located and operated 
even in darkness. 

( c )  Reasonable provisions shall ba 
made to prevent the jamming of any ex- 
ternal door as a result of fuselage de- 
formation in a minor crash 

(d) External doors shall be so located 
that persons uslng them will not be en- 
dangered by the propellers when appro- 
priate o n  e r a  t 1n g Rrocedures- are

~ 

-employed.-
te) Means shall be provided for a di-

rect visual impection of the locking 
mechanism by crew members to ascer- 
tain whether all external doors, includ- 
ins passenger, crew, service, and cargo 
doors, are fully locked tsee a h  5 44.362 
te) (5) for emergency exits). In addl-
tion. visual me- shill be provided to 
signal to appropriate crew mcmbers that 
all normallv used external doors are 
closed and in the fully locked position. 

4 4b.351 Door loumes. Where internal 
doom are equipped with louvres or other 
ventilating means. provtslon convenient 
to the crew shall be made for stopping 
the flow of air through the door when 
6uch action ls found necessary. 

9 4b.358 Seats, berths, and acrletv 
belts-(a) General. At all stations des- 
lgnated as oceuplable during take-on 
and IandInE, the seats. berths. belts. 
harnesses, and adlacent parts of the alr-

cause injury toperioniseated or moving 
about the airplane in normal slight shall 
be padded. 

(c) Strength. All seats and berths 
and their supporting structure shall be 
deslgned for OCCuDant weight of 170 
pounds wlth due account taken of the 
maximum load factors, inertia forces, 
and reaci!ons brtwern occupant, scat. 
and 8afety belt or harness corresponding 
wlth all relevant flight and mound load 
condit!ons. including the emergency 
landing conditions prescribed 111 5 4b260. 
In additton. the fouowtne shall aoolv. 

(1) pilot seats shall i;e designed for 
the reactions resulting from the applica- 
tion of pilot forces to the mght controls 
8.5 prescribed in 5 4b.224. 

(2) In  determining thestrength of the 
seat or berlh attachments u, the slruc- 
ture, and the safety belt or shoulder 
harness nttnchmunt5 to the seat. berth. 
or structure, the inertia farces siecffied 
in D 4b.260 (a) shall be multiplied by a 
factor of 1.33. 

5 4b.359 Cargo and baggage com-
Dartments. (see also 0 5  4b.38ato4b.384.)

(a) Each cargo and baggage wmpart- 
ment shall be designed for the placarded 
maximum weight of contents and the 
crItical load distributions a t  the appm- 
priate maximum load factors com-
spondins with all speciRed ALght and 
ground load wnditions, excludtng the 
emergency landlng conditions of 5 4b.260. 

(b) Provfsions shall be m d e  to pre- 
vent the contents in the compartments 
from becoming a hazard by shlftim 
under the loads specitled in paragraph 
(a) of this section. 

(c) Provisions shall be made to pro-
tect the Dassengers and crew from In- 
jury by -the contents of any com-
partment, taking into acwunt the 
emergency landing conditions of O 4b.260. 

m G E N C Y  PROVISIOAll 

O 4b.360 General. The requirements 
of $8 413.361 and 4b.36'shall apply to the 
emergency pmvisions. 

5 4b.361 Ditching. Compliance with 
this section is optional. The require- 
ments of this section are intended to 

d w s r d  the occupants in the event of 
an emergency l a n d w  during overwater 
fluzht. When wmphance is shown mPIU) 
the P ~ O V I S ~ O Mof ParagTaphS (a)  through 
tc) of this section and wlth the pros*- 
S lOnC of $ 3  4b 362 (dl .  4b 645. and 4b 646. 
the i w e  eertrfleate shall Include certrfl- 
cationto that effect. When an airplane 
is certiacated to include ditching pro- 
visions, the recommended ditching pro- 
cedures established on the basis of these 
requirements shall be set forth in the 
Airplane N g h t  Manual tsee 5 4b.742 
(d)) .

(a) All practicable design measures 
compatible with the general character- 
istics of the tme  airplane shall be taken 
to mlrumlzc the chance of any behavror 
of the alrplane in an emergency land- 
ma on water whlch would be IlkeLv to 
cause immediate injury to the occu-
pants or to make it impossible for them 
to escape from the airplane. The prob- 
able behavior of the airplane in a water 
landing shall be investigated by model 
tests or by comparison with airplanes of 
similar configuration far which the 
ditching characteristics are known. In 
this investigation account shall be taken 
of scoops, flaps, projections, and all 
other factors likely to affect the hydro- 
dynamic characteristics of the actual 
airplane. 

(b) I t  Shall be shown that under rea- 
sonably probable water conditions the 
flotation time and trim of the airplane 
will permit all occupants to leave the air- 
plane and to occupy the life rafts re-
qulred by 5 4b645. I f  compliance with 
this provision is shown by buoyancy and 
trim computations, appxopriate allow- 
ances Shall be made for probable struc- 
tural damage and leaknge. 

Nom: In the case ol fuel ta* shlch are 
equlpped with fuel jettisoning proelslona 
and vhleh can be rsasonablv eaoected to 
rrtharand s d~rch~ngwttnoui iea'ulge. tbs  
jrrt~~unablrvolume of xuel l u ~ ybe con-
~ldered88 buoyancy volume. 

tc) External doors and windows shall 
be designed to withstand the probable 
maximum local nressures. unless the 
effects of the collipse of such parts are 
taken into account in the investigation 
of the probable behavior of the airplane 
in a water landing as prescribed in para- 
graphs (a) and tb) of this section. 

5 4b.362 Emergency evacwtion Crew 
and pasenger areas shaU be provided 
with emergency evacuation means to 
permit rapid egres in the event of 
crash landings, whether wlth the landing 
gear extended or retracted, taking ac-
count of n e  possibiliB of the airplane 
betna on me. The provisions Of thts 
seetiin shall apply 6 airplanes where 
the major portion of the paosenger area 
is aft  of the wwemlant and the fuel 
tanks. In airplanes where the major 
portion of the passewer area is forward 
of the powerplant and the fuel tanks, or 
in airplanes of unconventional design 
where the emergency exlt IoCaUOns pre- 
scribed in paragraph (b) of this section 
would be inconsistent with safe and radd  
emes~of passengers. VariaUona of emer-
gency exlt locations shall be allowed if 
found aaoronriate br Ihe Admilllstrator. -.--- --
Passenger &tranc< crew. and service 
doors shall be conaidered as ememency 



exlts if they meet the applicable require- 
ments of thls section. 

(a) Flight crm emergemu ezits. 
FUght crew emergency exits shall be lo-
cated in the flight crew area on both 
Side8 of the airplane or ss.a top hatch to 
provide for rapid evacuation. Such exits 
shall not be rwuired un small airplanes 
where the Administrator finds t h a t  the 
D P O X U ~ ~ ~ J01 oasseneer cmcrgrncy rxics 
io  the flight-crew area renders them 
convenient and readily accessible to the 
meht crew. - -

(b) PaS~enger emergency exits; Wpe 
and location. The types of exits and 
their location shall be as follows: 

(1) Tyne I: A rectangular oDenina of 
not less ihan 24 rncheb wtde by 48 lnches 
high. wlth corner radu not greater than 
4 lnehes located hs far aft in the oas- 
sewer &ea as  practicable in the side of 
the fuselage a t  floor level. 

(2) Type 11: Same as  m e  I (sub-
paragraph (1) of this paragraph) except 
that  the opening is not less than20 inches 
wide by 44 inches high. 

(3) Type UI: A mtangular  opening 
of not less than 20 inches wide by 36 
Inches high. with corner radu not greater 
than 4 Inches. located as far aft in the 
DBSPellger area as  Draetieable in the 
iide of-the fuselage.. 

(4) Type IV: A rectangular opening 
of not less than 19 inches wide bv 26 
inches high, with comer r a m  -not 
greater than 4 Inches. !ocated over the 
wing in th? side of the fuselage wlth a 
steo-uo inside the aimlane of not more ~~~ ~ ~~~~-~ ~- - ~ - ~  

(d) Ditching emergenw exits. Air-
planes certificated in accordance with 
the ditching provisions of 9 4b.261 shall 
be shown to have, on each side of the 
fuselage, not less than one emergency 
exit laeated above the Water line for 
even  35 Dassengers: Provided. That for 
thc pu&scs of ihis pnramaph an  easily 
accessible overhead hatch of not loss 
than the clear duneasions of Tyw 111 
emergency exits (see paragraph ib) (3) 
of this section) shall be considered 
equivalent to one emergency exit on each 
side. 

(e)  EmerpenrVeritananqement. (1) 
Emergency exits shall conclst of movable 
doors or hatches ln the external walls of 
the fuselage and shall provide an  unob- 
structed opening to the outside. 

(2) AU emergency exits shall be 
openable from the inside and from the 
o"tside. 

(3) The means of opening emergency 
exits shall be simole and obvlous and 
shall not require &ceptional eflort of a 
person opening them. 

(4) Means shall be provided for lock- 
ing each emergency exit and for safe- 
guarding against opening in Uight either 
inadvertently by persons or as a result 
of mechanical failure. 

(5) Means shall be provided for a dl-
rect visual inspection of the locking 
mechanism by crew members to ascer- 
tain whethe; all emergency exits am 
fully locked. 

(6) Provision shall be made to mini- 
mize the oossibilitv of tsmmlna of 

means are required by paramaph te) (7) 
oi  this section. there shall be rmttlcient 
additional space ta allow a crew member 
to 86~ist in the evacuation of PessenCers 
wIUIout reduction in the unobstructed 
width of the passageway ta such exit. 

(h) Width-of main aisle. The main 
passenger aisle a t  any point between 
seats shall not be less than 15 inches 
wide up to a height above the floor of 
25 inches and not less than 20 inches 
wide above that  height. 

5 4b.310 General. The requirements 
of 55  4b.311 through 4b.316 shall apply to 
the ventilation.'heatiw, and prcssuriza- 
tlon of the aircraft. 

P 4b.311 Venti2ation. (a) AU crew 
co&partments =hall be ventilated by 
pronding a sufllcient amount of fresh 
air to emble the crew members ta w r -
form their duties without undue dts-
comfort or fatigue. 

Nm: An ontrlde atr supply oi approrl-
matelg 10 cublc feet per minute la con-
sldered a mlnimum for each crew member. 

(b) Ventilating air In crew and pas- 
sewer compartments shall be free of 
harmful or hazardous concentrations of 
gases or vapors. 
N-: Carbon monollde eoncentratlorn In 

excess of one part In a0 .m parts of ah are 
EonSlderW haeardous. Carbon dlorlde in - .-.......-, ~-...... 
equ~va~ent)la conslderea hazardous In the 
r-.--.of - - ~  members.-~-- mew Hl~herconcentre 
tion8 of carbon dloddi maynot n-7 
be hazardous in crew comoartmenta K 

tc) Provision shall be made to Insure 
the conditions prescribed in paragraph 
(b) of thisSection in the event of reawm- 
ably probable fallures or malfunctioning 
of the ventilating. heating, presSUTiBB- 
tion, or other systems and equipment. 
N m : Examples OI acceptable pr0vb10ua 

Include aeeondw Isolation. Integral pm-
te~tl ledevl-, and orew wamlng and shut- 
off for equipment the maliunctloning of 
which could introduce ilandul or hsesrdou 
quantitlen of smoke or gases. 

(d) Where partitions between com-
partments are eaulpped with louvres or 
other means allowing air to flow between 
such compartments, Provision convenl- 
ent to the crew shall be made for stop- 
ping the flow of atr through the louvrea 
or  other means when such action & 
found necessary. (See also i 4b.351.) 

te) Means shall be provided to enable 
the crew ta control the temperature and 
guontity of ventilating air supplied to 
the crew com~artment indeoendentlv of 
the temperat& and quaniity of ien-
tilating air supplied to other compart- 
ments. 

9 4b.312 Heating system. Combus-
tion heaters shall be of an  approved type
and shall comply with the Are protection 
requirements of 9 4b.386. Engine ex-
haust heaters shall comply with the pro. 
visions of P 4b.461 tc) and (d). 

5 4b.313 Pressurized cabins; general. 
The design Of pressurized cabins ahall 
comply with the req-entr of 
5 0  4b.314 through 4b.316. (See a-
05  4b.216 tc) and 4b.352.) 

- ~ - - - ~  

than i 9  inches and a step-down outside 
the airplane of not moretban 36 inches. 
N m :  LILlger openlnga than thore speclned 

In paragraph (b) of th18 aectlon wlll be nc-
ceptable, whether ar not as rectangular map.
provlded the apeclued rectangular openlnga 
can be Lnewlbed thereln, and further pro- 
V l d e d  that the base Of the ooen1ne eflarda a~ ~~~ ~~ ~ ~~~-~-- -
Uat auriaca not less than the wldth specmed. 

( 0 )  Passengm emerllencn exits; num- 
ber required. Emergency unics of type 
and loeation PrerrlbM in paragraph t b ~  
of t b s  section shall be acccss~bleta the 
Passengers and shall be provided on each 
side of the fuselage in accordance with 
the following: 

For almlanes witt a pusenecr capacity 
of over 139 there shall be. in addltlon to 
the emergency exils prescribed for a 
passenger seating capacity of 100 to 139. 
inclusive, on each side of the fuselage. 
one m e  I emergency exit for additional 
Passengers UP ta 50, these exits ta be 
located a t  such strategic points as would 
contribute most ta the safe evacuation of 
pasengem. 
NOR: Although slmllar ertb and thew 

1-uom are prescrlw for each slde of the 
Naelaga. It la not the Intent or thIs regula- 
tloll to reqlun that the mlta ne-aruy b 
at  locations dlamefloally opposlta each 
other. 

emergency kxits as iresult of fusilage 
deformation in a minor crash landing. 

( 7 )  Fnr all landplane emergency exits 
other than m e  IV (see paragraph (b) 
of this section) which are more than 6 
feet from the ground with the airplane 
on the mound and the landing gear ex- 
tended, means shall be provided to assist 
the occupants in descending to the 
mound. 

(8) The Droner functioninc of emer-
gency exit installations sha l l ie  demon- 
strated by test. 

(f) Emergency exit marking. (1) AU 
emergency exits. their means of access. 
and theii means of opening shall be 
marked conspicuously. The identity and 
Location of cmeraencv ex ik  shall be rcc-~ ~~ -~~ 

ognizable from diitance equal to the 
width 0% the cabin. T h e IoeaUon of the 
emergency exit operating handle and the 
InStruCUons for Opening shall be marked 
on or adjacent to the emergency exit 
and shall be readable from a distsnce of 
30 inches. .. 

(2) A source or sources of Bcht. with 
an  energy supply independent of the 
maln llchtrng system, shall be Installed 
to illuminate all cmcrcencv exit mark- 
ings. Such lights s h a ~  be- designed to 
function automatically in a crash land- 
ing and shall also be operable man~rally. 

I31 AU emerccncy exics and thelr 
means of openini shail be marked on the 
outside of the airplane for guidance of 
rescue oersonnel. 

(9) ~mergencv exit access. Passage-
ways between individual compartments 
of the passenger area and passageways 
leading to Type I and m e  II emer-
sency exits i&p n r n r a p h  (b) of this 
section) shall be unobstructed and shall 
be not less th'tn 20 lnches wlde. Adle.-
cent to emergency exits where ass~sting 



s 4b.374 Pressure supply. (See 5 4b.477 
a ) . )  

9 413.315 Pressure control. Pressur-
l z ~ dcablN shall be provlded wlth a t  least 
the foilowrng valves. controls, and mndl- 
E B I O ~ Sfor controil~nc csbln PrcssurP. 

(a) TWO pressure;elief valves, a t  least 
one of which is the normal regulating 
valve, shall be installed to limit auto- 
matically the positive pressure differen- 
tial to i predetermined value a t  the 
maximum rate of now delivered by the 
oressure source. The comoined CePacItY 
br the r~ l ic f  valves shall be such that 
the Patlure 01 any occ vllve would nor 
~ U S Can ~OOrFClablc rise in thr Pressure ~ 

differentiai.. The pressure differential 
shall be considered positive when the in- 
ternal pressure is greater than the ex- 
ternal. 

(b) Two reverse pressure Uerent i s l  
relief valves tor equivalent) shall be in- 
stalled to prevent automatically a nega- 
tive pressure Werential which would 
damage the structure, except that one 
such valve shall be considered sumcient 
if i t  is of a desiw which reasonably pre- 
cludes its malf&ctiodn@. 

(c) Means shall be provided by whIch 
the pressure differential can be rapidly 
~ -

(d) An automallc or manual rem-
lator for controlling the intake and/or 
exhaust alr flaw shall be lnstallcd so that 
the reaulred internal prwures and air 
flow rates can be maintained. 

(e) Instruments shall be provlded at  
the nilot or flight enninccr station show- ~ - - ~.-
ins thq pressure diflerential, the abso- 

lute pscssure in the cabin, and the rate 

of change of the absolute Pressure. 


(f) W d n g  indication shall be pro- 
vided at  the pilot or fiight engineer sta- 
tion to indicate when the safe or preset 
limits on pressure differential and on 
absolute cihin pressure are exceeded. 

(g) If the structure is not designed 
for messure differentials uo to the 
inximum relief valve setting i n  combi- 
nation with landing loads (see P 4b.216 
tc) ), a warning placard shall be placed 
at the pilot or IUght engineer station. 

S 4b.376 Tests-(a) Strendh test. 
T6e complete yressurized cabin. Inciud- 
Lug doors, wlndows. and all valves, shall 
be tested as a oressure vase1 for the 
messure dlfleren~al specified in 5 4b.216 
(C) (3).

(b) Functional tests. The following 
functional tests shall be perfonneb 

(1) TO simulate the condition of rcgu- 
lator valves closed, the functioning and 
the capacity shall be tested of the posi- 
tive and negative pressure differential 
valves and of the emergency release 
valve, 

(2) All Parts of the pressurleation 
s ~ s t e m  shall be tested M show proper 
ftmctioning undcr all possible conditionn 
of vressure. temveratwe. and molsture 
u ~ - t o  the maximum altitude selected 
f i r  ceMoat ion  
(3) Flight tests shall be conducted to 

demonstrate the Performance of the  
pressure supply, pressure snd flow regu- 
lators, indicators. and warnin@ s i g M  
In steady and stepped climbs %ad de- 
scents a t  raws corresponding with the 
maximum attainable without exceedillll 

the operating Umitations of the airplane 
up to the maxlmum altitude selected for 
certification. 

(4) All doors and emergency exitn 
shall be tested to ascertain that  they 
operate properly after being subjected 
to the flight tests prescribed in sub- 
paragraph (3) of this paragraph. 

FIRE PROTECTION 

9 4b.380 General. Compliance shall 
be shown with the fire protection require- 
ments of 89  4b.381 through 4b.386. (See 
also 8 5  4b.480 through 4b.490.) In addi- 
tion, the fallowing shall apply. 

(a) Hand P.re eztinyuishers. Hand 
fire extinguishers shall be of an approved 
type. The types and quantities of ex-
tinguishing agents shall be appropriate 
for the tvves of flres likely to occur in 
the eomphktmcn~3 whrrc rllc rxtm8:utsh- 
era arc lntrndcd fur  use. Entlnruishcrs 
~nrc~ldellfor w e  rrr Drrsoru~tl cornpart- 
ments shall be such 2 s  to minimize the 
hazard of toxic gas concentrations. 

(b) Built-in fire eztinguishers. Where 
a built-111 fire cxtlngu~rhln:: syrwm is 
~equired, lts capacity 10relatron In the 
compdr*ment volwne and vFntrlation 
rate shall bc sumclcnt to combat any nre 
llkely lo wcur in the compartment All 

b u t - l n  [.re ex r lnm~~h lns  
svstems shall 
be so installed that any extinguisher 
agent likely to enter personnel compart- 
ments will not be hazardous to the occu- 
pants and that discharge of the ex-
tinguisher cannot result in structural 
damage. (See also O 4b.371.) 

(c) Protectiue breathing eguipment. 
If the airplane contains C l a s  A or B 
cargo compartments [see D 46.383). pro- 
tective breathing equipment shall be in- 
stalled for the use of appropriate crew 
members. (see 5 4h.651 (h).) 

5 4b.381 Cabin interiors. All com-
partments occupied or used by the crew 
or passengers shall comply with the fol- 
lo& ~roulSi0ns. 

(a) The materials in no case shall be 
less than flash-resistant. 

(b) The wall and ceiling linings, the 
covering of all upholstering, floors, and 
furnishiner shall be flame-resistant. ~--. -~ -~~~~ ~~ 

to) Compartments where smoliing is 
to be per&tted shall be equipped with 
ash trays of the self-contained type 
which are completely removable. Al l  
other compartments shall be placarded 
against smoking. 

(d) All receptacles for used towels. 
Damrs. and waste shall be of 5m-resist- 
an t  material, and shall incornrate 
covers or other provisions for contain- 
hw possible fires. 

(e) At least one hand fire extinguisher 
shall be pmvided for use by the flight 
crew. 

tf) I n  addition to the requirements of 
paragraph te) of this section a t  least the 
following number of hand fire extin- 
mishers conveniently located for use in 
passenger compartments shall be Pro-
vided according to the passenger capac- 
ity of the aimlane: 

Mtnlmum number 
of PTe 

Passenger capacity: emttngmsherr 

P 4b.382 Cargo and baooaae c o r n v a t  
ments. (a) cargo and-baggage -&m-
partments shall include no controls. 
w i r b .  lines. eQulDment. or accessories 
the damageorfailure of which would 
uffcct the safe operation of the alrplane. 
~ 1 1 ~ ~ 6such items arc st.ielded. isolated 
or otherwise protected so that h e y  can: 
not be damaged by movement of cargo 
in the eomvartment. and so that any 
breakage orfailure of such item will ndt 
create a fire hazard. 

lb) Provlsion Shall be made to me- 
vent cargo or baggage from i n t e r f e r i  
with the functioning of the fire-proteo- 
tive features of the ComDartment. 

(c) P.ll matcrlnLr used li the construc- 
tlon of cargo or baggage compartments. 
Inciudinc tie-down cauioment. shall be 

5 4b.383 Corgo compartment classfp 
cation. All cargo and bagaaae compart- 
ments shall include ~rovlsrons for safe- 
guarding against firis accordfng to the 
foUowing classiilcation 
(a) class A. Carno and baggage 

comparunents shall b;. clayrfled as "A.' 
d the presence of a posslble Rre therein 
would be easilv dlscenuble In a member .. 
of the crew while a t  his station. and ii 
all parts of the compartment are easily 
acce~sible in fllght. A band fire extin- 
eushcr shall be available for each com- 
partment. (See $413.380 ( c )  for protec- 
tive breathing requirements.) 

(b) Class B. Cargo and haggase 
comoartments shall be classified a9 "B" 
11 simcient access is provided whlle In 
f l~ghtIn enable a member of the crew ta 
-.move-..hv....hand all contents and to reach 
effectiveb all Darts of the compartment 
with a hind &e extinguisher. ColqPli-
ance shall be shown with the fol lomg: 

(1) The desian of the comDartment 
s h s l  bb;s"ch that, when the access Pm- 
visions are being used, no hamdous  
quantity of smoke, flames, or extinwish- 
In. a ~ e n t  will enter an7 compartment 
oCCupGd by the crew or pissengers. (See 
8 413.380 tc) for prokctive breathing re- 
quirements.) 

(2) Each compartment shall be 
equipped with a separate system of an 
approved type smoke detector Or fIre 
detector other than a heat deteotor to 
give warning a t  the pilot o r  U h t  engl-
neer station. 

(3) a n d  m e  extingukhers shall be 
readilv available for use in each com- 
pirinient.

(4) The compartment shall be com- 
pletely lined with fire-resistant material. 

( c )  CILISS C. cargo and baggage 
compartments shall be classiAed as "C" 
if thev do not conform to the prerequi- - ....-
sites for t he  "A" or . classifications.a ~ 

Compliance shall be shown with the  
foilowin@. 

(1) Each com~artment shall be 
equipped with: -

(1) A separate system of an approved 
type smoke detector or fire detector other 
than heat detector to give warning at  the 
pilot or fiight engineer station, and 

(it) An approved built-in 5re-extln-
xuishin~system controlled from the Pilot 
or fllght engineer station. 

6 or leBs...---.----------.....---- 0 
?through 30-----------.----.----- 1 (2) Means shall be pmvided to ex-
a1 through 80-----..-.--.--------- a clude hazardous quantities of smoke. 

8 flames, or extuwubhU agent fmm en-61 or more.---.----------------

mailto:malf&ctiodn@
mailto:foilowin@


tering into any compartment occupied 
by the crew or Passengers. 

(3) Ventilation and drafts shall be 
controlled within each compartment so 
that the extinmishing agent provided 
can control any fire which may start 
within Lhe compartment. 

(4) The comnartment shall be com- 
pletely lined with we-resistant material. 

(dl Class D. Cargo and baggage com- 
oartments shall be classified as " D if~ 

they are sodesigned and constructed that 
a flre occurring therein will be completely 
coffined without endangering the safety 
of the airplane or the occupants. Com-
pliance shall be shown with the 
following. 

(1) Each compartment shall be 
equipped wlth an opprovcd tme smoke 
detector or lire detector other than heat 
deteclor to mve wnrnlnl: ut the ~ l l o t  or 
flight engineer station.- 

(2) Means shall be provided to ex-
clude hazardous quantities of smoke, 
flames, or other noxious gases from en- 
tering into any compartment occupied 
by the crew or passengers. 

(3) Ventilation and drafts shall be 
controlled within each compartment so 
that any fire likely to occur in the com- 
partment wi l l  not progress beyond safe 
limits. 

(4) The compartment shall be com- 
pletely Bued with fire-resistant material. 

(5) Consideration shall be given to 
the effect of heat within the compart- 
ment on adjacent critical parts of the 
&irplane. 

0 4b.384 Proof of compliance. (a)
Compli~nce with those Pmvisiona of 
B 4b.383 which refer to compartment ac- 
cesslbility. to the entry of hazardous 
quantities of smoke or extinguishing 
agent into compartments occupied by the 
crew or passengers, and to the dlssipa- 
tion of the ex+inmbhing agent in 
class C compartments shall be demon- 
strated by tests in flight. 

(b) It shall also be demonstrated 
during the tests prescribed in paragraph 
(a) of this seetion that no inadvertent 
oneration of smoke or fire detectors in 
ahjacent or other commttments within 
the airplane would occur as a result of 
53re contsined in any one compartment. 
either W or after extitlguishment. 
unless tbe eitinglllshing system floods 
such wmpartments simultaneously. 

5 4b.385 Flammable fluid Tire protec- 
tion. In are- of the aimlane where 
flammable fluids or vapors might be 
liberated by leakage or failure in nuid 
systems, design precautions shall be 
made to safeguard against the ignition 
of such f l u d ~  or vapors due tm the oper-
atlon of other equipment, or to eontml 
any flre resulting fram such ignition 

B 4b 386 Combustzon heater Are vro- 
tedwn-(a) Cornhushon heater Pre 
zones. The following shall be considered 
aswmbustlon heater fire zones and shall 
be protected against & in amordance 
with applicable provisions of $5 4b.480 
tnrough 4b.486 and P 415.489. 

(1) Region surrounding the heater, if 
such regtan cnntain.3 any flammable 
nutd systcr. compOnenk other thRn the 
heater fuel xystrm whlch mmht be dam- 
axed by iwawr rnalfunct~onlnt: or whlch, 
in c3se of lcakafic or fallure, mght per- 
mlt flammnblu flulds or vawrs tm reach 
t t e  heaters. 

(2) Region surrounding the heater, ii 
the hester fue! svstem incornorates flt- 
tingsthe leakapcof which would permit 
fuel or vapors to enter this region. 

(3) That nartion of the ventilatinn air 
passage which surrounds the combus- 
tion chamber. 

(h) Ventilating air ducts. (11 Ven- 
tilating air duck which pass through fire 
mnes rhail be of fireproof construction. 

(2) Unless ~solatronis provided by the 
use of nreDrwf valves or other eauiva- 
lently u~e'tive means. the ventllatlnR a u  
duct downstream of the heater shall be 
of flrenroof eonstructlon fur a sufucient 
distance to &sure that any fire originst- 
ing fram within the heater can be con- 
tained within the duct. 

(3) Portions of ventilating ducts 
pawing through regions in the airplane 
whwe flammable fluid systems are 
located shall be so constructed or iso- 
i t e d  from such systems thar failure or 
malfuncuoning of the flammable flud 
-stem comoanents cannot introdoce 
Grn-hle fliids or vapors into the ven- 
Wating airstream. 

(c) Combustion air ducts. (1) Com-
bustion air ducts shall be of *eProaf 
construction for a distance sufucient to 
prevent damage from backnring or re- 
verse flame propagation 

(2) Combustion air ducts shall not 
communicate wlth the ventilating air- 
stream unless it is demonstrated that 
flames from barkfires or reverse burnlnr 
cannot enter b e  ventilating airstream 
under any conditrons of around or fllsht 
OperatLon includng condrtrons of reverse 
now or mallunctroruna of the heater or 
its associated components. 

(31 Combustion air ducts shall not 
restrict prompt relief of baewres which 
can cause heater failure due to pressures 
generated within the heater. 

(d) Heater controls: general. ETO-
vision shall be made to nrevent haz-
ardaus accumulations of witer or ice on 
or within any heater control components. 
control system tubing, or safety controls. 

te) Heater soletv controls. (1) In 
addition to the comknents provlded for 
normal continuous control of air tem- 
perature, air flaw, and fuel flow, means 
indenendent of such comPonents shall 
be provided with respect to each heater 
to shut off automatically that heater's 
ignition and fuel supply a t  a point re- 
mcte from the heater when the heat 
exchanger temperature or ventilating air 
temperature exceed safe limits or when 
either the combustion air flow or the 
ventilating air flow becomes inadequate 
for safe operation. The means provided 
for thispurpose for any individual heater 
shall be independent of all components 
serving other heaters the heat output of 
which is essential to the safe owration 
of the air~lane. 

(2) Warning means shall be provided 
to indicate to the crew when a heater, 
the heat output of which is essenW to 
the Safe omration of the airplane, haa 

been shut off by the operation of the 
automatic means prescribed in subpara- 
manh (1) of this DaragraDh. -- . 

t f )  Air intakes.. Combistion and ven- 
tilating air intakes shall be so located 
that no flammable fluids or vapors can 
enter the heater system under any con- 
LOU US of ground or fl~ght operatton 

elther dur~rlpl normal operittlon or as a 
result of rnalfunctroNnl! faliurc. or M-
proper operation of other airplane com- 
ponents. 

(c) Heater ezhaust. Heater exhaust 
systems sha11 comply with the provisions 
of 9 4b.467 (a) and (b). In addition. 
the following shall apply: 

(1) Exhaust shrouds shall he sealed 

SO that flammable fluids and hazardous 

auantities of vauors cannot reach the 

Lxhaust sy~tems through joints. 


(21 ~ a h a u s tsystems shall not restrict 

the promnt rebef of bnc)rfires whlch can 

cause heater lallure due to Pressures 

generated within the heater. 


(h) Heater fuel systems. Heater fuel 
wstemS shall comnlv with all wrtions of 
the powerplant fuklsystem requirementi 
which affect safe heater operations. In 
addition, heater fuel system components 
within the ventilating airstream shaU be 
prowcted by shrouds so that leakage 
from such components cannot enter the 
vcntilatinn airstream. 

ci) ~ k d , ~ .Means shall be provided 
for Safe drainage of fueraccumulations 
which mlsht occur within the combus- 
tlon ch&ber or the heat exchanger. 
PorWons of such drruns which operate a t  
high temperatures shall be protected in 
the same manner as heater exhausts (see
paragraph (8) of this wctio3). Drains 
shall be brotmced against hazardous ice 
accumulations m &ht and during-
mound operation 

YIScELLAN60US 
l4h.3W) Reinforcement near mo-

pellers. Portions of the aimlane near 
propeller tips shall have s d c l e n t  
strength and stitlness to withstand the 
effects of the induced vibration and of 
ice thrown from the propeller. Win-
dows shall not be located in such regions 
unlegs shown capable of w i t h s k w l m  
the most w e r e  ice impact likely to occur. 

0 4b.301 Leoeltng markd. Reference 
marks shall be provided for use in I&- 
in^ the a h l a n e  to facilitate weight and 
haiance determinations on the hound. 

SUBPART E-H)WERPUNT lUSAu*llON 
INSTAL~TIOA 

O 4b.400 General .  The powerPIsnt 
Instailation shall be considered to In-
elude all comwnents of the almlans 
which are ne&wq for Its pm~uision. 
It shall also be considered to include ell 
components which sdect the control of 
the malor propuMve units or which 
sect their safety of operation between 
normal inspections or overhat0 perrods 
(See 5 5  4b.604 and 4b.613 for instrument 
Installation and marklw.) 

(a) Scope. Reciprocating engine in- 
stallations shaU wmply with the provi- 
sions of Ws subpart. Turbine engine in- 
stallations shaU comply with such of the 
provisions of thls subpart as are found 
applicable to the specinc type of installa-
tion 



(b) Functioning. All component3 of 
the powerplant installation shall be con- 
structed, arranged, and installed in a 
manner which will assure their con-
tinued safe operation between normal 
inspections or overhaul periods. 

(c) Accessibilitg. Accessibility shall 
be provided to permit such inspection 
and maintenance as is necessary to as- 
sure continued airworthiness. 

(d) EZectrieczZ bonding. Eleetrfeal 
interconnections shall be provided to 
DreVent the exisbence of differences of 
wtentral between major components of 
the powerplant installat~on and ouler 
portions of the airplane. 

4 4b.401 Engines-(a) Type certifi-
cation. All engines shall be type certiIl- 
cated in accordance with the provisions 
of Part 13 of thls subchapter.

(b) Engine isolation. The power-
plants shill1 be arranged and Golated 
tach from the other to permit operation 
in at  least one coWurution in a manner 
such that the fail& or malfunctioning 
of any enslne, or of any system of 
the aimlane the failure of which can 
affect i n  engine. will not Preyent the 
continued safe operation of the remaln- 
1116 engme(s) or regulre immediate ac- 
tion bv a crew member for contrnued 
safe oieration 

tc) Control of engine rotatlon. Meam 
shall be provided for stopping and re-
starting the rotatlon of a m  engine in- 
dlviduaUy in flight. M comknents pro- 
vided for this purpose which are located 
on the eminc aide of the flre waU and 
which might be exposed to ilre shall be 
of Are-resistant construction. Il hy-
draullc ~ r o ~ e l l e r  feathcrlng systems are 
used for this purpose, the feathering 
lines on all airplanes manufactured af- 
ter June 30. 1954. shall be fire-resistant 
under the ODeratinE conditions which 
may be expected to exist when feather- 
ing is being accomplished. (See a m  
14b.449.) 

0 4b.402 PropeUers. Progellers shall 
he W e  certificated in accordance with 
the ~rovidons of Part 14 of this sub-
chapter. The maximum propeller
shaft rotational sneed and the englne 
power permissible ior use in the airpiane 
shall not exceed the corresponding
llmltB for which the propeller has been 
oertlilcated. 

P 4b.403 ProDeller vibration. The 
mngnltude of the propeller blade vibra- 
tion stresses under all normal condltione 
of ooeratlon shall be determined by 
adu i l  measurement or by comparison 
with similar installations for which such 
measurements have been made. The 
Plbration stressed thus determined shall 
not exceed values which have been dem- 
onstrated to be snfe for wntinuous 
operation. 

P 4b.404 Propeller pitch and speed 
limitations. (a) The propeller pitch and 
speed shall be United to values which 
will m u r e  safe opemtion under aU nor-
mal wnditions and which will assure 
wmpllance with the performance re- 
quirements specified in SO 4b.110 through 
4b.125. 

(b) A propeller meed limltlng means 
shall be provided at  the governor. Such 
mealls shaU be set to limit the maximum 

Possible governed engine speed to a d u e  
not exceeding the maximum m-
sible r, p. m. 

(c) The low pitch blade stop in the 
Propeller, or other means used to limlt 
the low nitch wsition. shall be set so 
that the propelier sped does not exceed 
103 percent of the maximum ~ermfsslble 
engine r. p. m. under the followlnp wn- 
ations: 

(1) Propeller blade8 at  the low pitch 
limit and governor inoperative, and 

(2) hg ine  operating at  take-off maul- 
fold pressure with the airplane stationary 
under standard atmospheric aondltions 

0 4b.405 Propeller czemnce. With 
the airdane loaded to the maximum 
weight and at  the most adverse center 
of gravity posltion and the propellers in 
the most adverse ~ l t c h  Dosltlon. the 
propeller clearanced shall-not & less 
than the following, unless smaller clear- 
ances are substantiate6 for the particu-
lar deslgn involved 

(a) ~ ~ o u n d .Seven inches of mound 
clearance for airplanes equipped with 
nose-wheel tpoe landinn Rears. or nine 
inches of ground clear&; for h'plnnes 
wuippea with tail-wheel type landing 
gears 6haU be provided with the iandlng 
aear staticaUY deflected and the almlane 
& the level take-off or in the at-
titude, whichever 1s mod critical. In 
addition. there shall he wsltlve clear- 
ance between the pro&ller and the 
ground when, with the airplane in the 
level take-off attitude, the critical tlm 
i~ com~le te l~deflated and the mnw-
ponding landing gear strut is completely 
bottomed. 

(b) Water. A water clearance of 18 
Inches shall be pmvided unless compll- 
ance with P 4b.182 (a) is demonstrated 
with less clearance. 

tc) Structure. (1) One inch radlsl 
clearance shall be prmded bemeen the 
blade tips and the a l ~ ~ l a n e  structure. 
or whatever additional radlal clearance 
is necessary to preclude harmful vibra- 
tion of the propeller or airplane. 

(2) One-half inch bd tud ina l  clear-
ance shall be provided between the pro- 
peller blades or cuils and all stationan 
portions of the airplane. 

(3) Positive clearance 8hall he pm-
Plded between other rotatlag portions of 
the propeller or spinner and all station-
ary portions of the airplane. 
[CAR.1s F. R. 3543. June 8.195b. ssamended 
by m a t .  1 b 7 . 1 7  F.R. 11651. Dec. ao, 19m1 

5 4b.406 PrwZZer de-icing provisions. 
(3;Alrylanes intended for operation un- 
der atmospheric conditions conducive to 
thc formation of ice on DroDellcrs or on 
accessories where i& ~ccumulation 
would jeopardb engine performance 
shall be provided with means far the 
prevention or removal of hazardous ice 
accumulations. 

tb) Il combustible fluid is iwd for 
propeller de-icing, the proolsfona of 
$ 5  4b.480 through 4b.483, inclusive, shall 
be complied with. 
rum S Y ~ MoPm&nowm wm-

5 4b.410 General. (a) The fuel syk 
tem shall be construakd and arranged
In such a manner as to assure a flow of 
fud to each ensine at  a rate and pressure 
whlch have been established for proper 

engine functioning under all normal 
conditions, including all maneuvers for 
which the aimme is intended. (For
fuel system instrument8 see P 4b.604.) 

(b) The fuel system shall be so ar-
ranged that no one fuel pump can draw 
fuel from more than one tank at  a time 
unless means are provided to pre;ent 
introducing air into the system. 

P 4b.411 Fuel =stem independence. 
The design of the fuel system shall Com- 
PIY with the requirements of P 4b.401 (b). 
Unless other provisions are made in wm- 
Dliance with this reauirement. the fuel 
system shaU be arraked to permit the 
SUPPIYOf fuel to each cnaine through a 
mstem indaendenc of anv ~ortlon of a 
system supplying fuel any 0th-
engine. 

P 4b.412 Pressure mss-teed arrange- 
ments. (a) Pressure cross-feed liner 
shall not pass through portions of the 
stmlane intended to carry personnel or 
cargo. means are provided to per-
mit the flight personnel to shut off the 
SWPIY of fuel to them lines, or m e a t  
the line8 are enclosed in a tuelprwf and 
fumeproof ahmud whIch is VentiLated 
and drained to the ertarior of the 
airplane.

(b) The shrouds m i f l e d  in oars. 
m p h  (a) or this on need n i t  LW 
used ii the lines are muted or protected 
to saiemfd agsinst acddeatrd dsmags 
and If the7 do not inoomorate w fit-
W s  within the msonneior cargo areas. 

(0 )  Lines which esn be Irolated fmrn 
the r e d d e r  of the fuel antem 4 
means of valves a t  each end h r -
ponte 1~0visiona for the relief of ex-
cewlve DIesmma which rmght remllt 
from e x - m e  of the tea lIne to 
hlsh ambient temperaturea 

O 4b.413 Fvcl JLJW rate. (a) m e  
abIlIty of the fuel system to mvvide the 
rewired fuel flaw rate shall he demon. 
strsted when the aimlane tr in the atti- 
tude which remeaents the most adverse 
condition fmm the stsnd~oint of fuel 
reed which the aimlane li desbed  to 
attaln. The foWatng shall be wnstd. 
ered in - this remeet!--~..---

(11 Normal groand attitude. 
(2) Climb wlth tale-oil flaps, land-

ing gear UP, using tab-oil power, nt 
speed V, as deterrmned in k 4b.114 (b). 
a t  landing weight. 

(3) Level flight a t  m&mum wntin. 
uous power or at  the power requlred for 
level flight at  Yo.whlchcver ia the lessa. 

(4) Glide a t  a speed of 1.3 VS,,af 
landing weight. 

(b) During the demonstration pre- 
scribed in paragraph ta) of this section, 
fuel shall be delivered to the engine a t  
a pressure not less than the minlmum 
pressure established for proper engine 
omration. In addition the foUowina 

-.-.~ . - ~ - ~.~-~- ~ 

(see also 4 5  4b.420 and 
4b.613 (bjl ,  together with whatever 
mlnlmum quantity of fuel it map be tree-
esrarv to add for the ournose of wn-
duct& the flow test. -



(2) U a fuel flowmeter is provided. 
the meter shall be blacked during the 
flow test and the fuel shall flow through 
the meter by-pass. 

(3)  It shall be acceptable to conduct 
the demonstration prescribed in para- 
graph (8) of this Section by a ground 
test on the airplane or on a represent-
ative mock-up of the fuel system. 

P 4b.414 Pump systems. (a) The fuel 
flow rate for pump systems (main and 
reserve supply) shau be 0.9 pounds per 
hour for each take-off horsepower or 
125 percent of the actual take-off fuel 
consumption of the engine, whichever is 
the greater. 

(b) The fuel Row rate specifled In 
paragraph (a) of this section shall be 
anulicable to both the orimam engine- 
d&en pump and to cmergeniy pumps. 
The fuel flow rate shall be available when 
the oumo is running at the s ~ e e da t  
whiFh it-would normally be o&rating 
during take-off. In  the case of hand- 
operated pumps, the speeZ required shall 
not be more than 60 complete cycles 
(1.30 single strokes) per minute. 

4 4b.415 Transfer svstem9. The pro- 
visions of 5 4b.414 shall apply to transfer 
wstems. except that the required fuel 
flow rate for ihe  enaine or &ines in-
volved shall be established upon the basls 
of maximum curltinuuus Dower and iL* 
iorresponding speed instiad of take-off 
power and its corresponding meed. 

5 4b.416 Deferminafion of unusable 
fuel supplv and fuel svstem operafion 
an low fuel. (a)  The quantity of fuel 
with which compliance with tile provi- 
sion of this paraEraph is dcmonstraled 
shall be selected by the apvlicant who. 
in addition. shall indlcate whlch of the 
condition9 specleed in paragraph (b) of 
this ~ectlon are most likclr to be critical 
from the standpoint of establlslung the 
unusable fuel supply, and also Indicate 
the order in which the other eon&tlons 
maybe critical. 

tb)  The unusable fuel supply for ench 
tank used for take-off and landing shall 

provision shall be demonstrated in level 
flight.

(d) The unusable fuel supply for all 
tanks other than those used for take- 
off and landing shall be established as 
not less than the quantity at which tlle 
flrst evidence of malfunctioning occurs 
under the conditions specified in 
paragraph (b) (1) of this section. I t  shall 
be acceptable to demonstrate compliance 
with this requirement by a ground test. 

6 4b.411 Fuel svstem hat weather 
operation. (a) TO- prove satisfactory 
hot weather operation the airplane shall 
be climbed from the altitude of the air- 
port chosen by the applicant to the alti- 
tude corresponding with that at Whlch 
the one-engine-Inoperative best rate of 
climb is not areater than the en route 
climb with the configuration and at the 
weight specifled in 5 4b.120 tc). There 
shall be no evidence of vapor lock or 
other malfunctioning. The climb test 
shall be conducted under the following 
conditions. 

(1) AU engines shall operate a t  maxi- 
mum cont1"uuus powcr. cxccpi that 
take-oll powcr shall be used for the alti- 
tude ranee- extendins from 1.000 feet 

~

be]& the criti$&iitudithrough the 
crltlcal altitude. The time interval dur- 
ing which takc-off power is used shall 
not exceed the t&c-08 time limirntlon. 

(2) The weight shall be with full fuel 
tanks, minimum crew, and such ballast 
as is rewired to maintain the center of 
~ravitv within allowable limits. 
- (3) -The speed of climb shall not ex- 
ceed that which will permit wmpliance 
with the minimum climb reauirement 
specifted in 5 4b 119 (a). 

(4) The fuel temperature shall be not 
less than 110' F'. 

(b) The test nrescribed in aaragravh 
(a) of this s e c ~ o n  shall be krfoked 
either in Uight or on the ground closely 
simulatinc fllcht wndltions. U a muht 
test is pez?o&ed in weather sufacieritly 
cold to interfere with the proper conduct 
of the test, the fuel tank surfaces, fuel 
lines. and other fuel system wr t s  sub- 

tc) The fuel tanks, as installed, shall 
be designed to withstand a minimum 
internal pressure of 3.5 a. s. i. 

(d) Integral tme  fuel tanks shall be 
ProvIded with faoilities for inspeetion 
and repalr of the tank Interior. 

te) The total usable capacity of the 
fuel tanks shall not be less than 0.15 
gallons for each maximum wntinuous 
horsepower for which the airplane is 
certmcated. 

ti) The unusable fuel capacity &dl 
be the minimum ouantitv of~- fuel which -~" ~~ ~ 

will &%it c a i ~ i l i n c e  with the orovi- 

P 4b.421 Fuel tank tests. (a) Fuel 
tanks shall be capable of withstanding 
the following Pressure tests without fall- 
ure or leakage. It shall be acceptable 
to apply the pressures in a manner 
simulating the actual pressure distri-
bution in service. 

(1) Conventional metal tanks and 
nonmetallic tanks the walls of which 
are not supported by the airplane struc- 
ture shall be submitted to a pressure of 
3.5 p. s. 1.. or the pressure developed dur- 
ing the maximum ultimate acceleration 
of the airplane with a full tank, which- 
ever is the greater. 

(2) Integral tanks shall be submiLted 
to a pressure of 3.5 P. s. 1. unless the pres- 
sure deveioped during the maximum 
limit acceleration of the airplane with 
a full tank exceeds this value. in which 
ease a hydrostatic head. or equivalent 
test, shall be applied to duplicate the 
acceleration loads in a, far as possible.
except that the pressure need not exceed 
3.5 n. s. I. on surfaces not exmsed to 
the icceleration loading. 

(3) Nonmetallic tanks the walls of 
which sre supported by the ailplane 
structure shall be submitted to a pres- 
sure of 3.5 p. s. I. when mounted in the 
airplane structure. 

(b) Tanks with large uosupported or 
unstiffened flat areas shall be capable of 
withstanding the following test, or other 
equivalent test, without leakage or fail- 
ure. 

(1) The complete tank assembly to- 
gether with its supports shall be sub- 
jected to a vibration test when mounted 
In a manner simulating the actual in- 
stallation. 

(2) The tank assembly shall be vibrat- 
ed for 25 hours a t  an amplitude of not 
less than one thirty-second of an  inch 
while m e d  two-thirds full of water. 

(3) The freauencv of vibration shall 
be 90 percent df themarlmum wntlnu- 
ous rated speed of the engine unless some 
other frwucncv withln the normal owr- 
atlng range oi  speeds of the ende la 
more critical, in which case the latter 
speed shall be employed and the time of 
test shall be adjusted to accomPllsh the 
samenumber of vibration wcles. 

(4) In conjunct~on with the vibration 
test the tank sssemblv shall be rocked 
through an angle of 1 5 b n  either side of 
the horizontal (30' total) about an  axis 
parallel to the axis of the fuselage. 

(5) The assembly shall be raoked a t  
the rate of 16 to 20 complete cycles per 
rmnute. 

(e) In the case of nonmetallic tanks a 
specimen tank of the &me basic cnn- 
srruction as that ta be used in she air-
plane, when installed in a representative 

tiii a t  which the f i t  evidence of mal-
f&ctioning occurs under the following 
conditions: (See P 4b.420.) 

(1)level flight a t  maximum continu- 
ous power or a t  the power required for 
level mght a t  V,, whichever is the leaser, 

(2) Climb with take-off flaps and land- 
Ing gear up, a t  take-oft power, at land-
ing weeht, and a t  speed V, determined 
in accordance with O 4b.114 (b). 

(3) Rspid application of maximum 
continuous power and subsequent transi- 
tion to a climb a t  speed V, determined 
in accordance with 5 4b.114 (b). with 
retraction of flaps and landing gear, 
from a power-off glide a t  1.3 v.., with 
flaps and landing gear down, a t  landing 
weight. 

tc) If an engine can be supplied with 
fuel from more than one tank, it shall 
be possible to regain the fWI fuel pres- 
sure of that engine in not more than 20 
seconds after switching to any fuel tank 
Biter engine malfunctioning becomes ap- 
parent due to the depletion of the fuel 
supply in any tank from which the en- 
gine can be fed. Compliance with this 

be established as not less than the auan- .-~ - - ~-- jected to cwlillg action from cold air ~~ ~~~ ~ .~~ 
shall be insulated to simulate, in so far 
as practicable, flight in hot weather. 

5 4b.418 F l m  between interconnected 
tanks. (a) In  fuel systems where the 
tank outlets are interconnected, it shall 
not be possible for fuel to flow between 
tanks in quantities sufecient to cause an 
overnow of fuel fmm the tank vent when 
the airplane is operated as specified in 
04b.416 (b) and the tanks are full. 

(b) I f  it  is wssible to oumn fuel from 
one tank to another in flight; the deslgn 
of the fuel tank vents and the fuel trans- 
fer system shall be such that stmcturnl 
damaee to tanks wrU not occur In the 
event-of overfilling. 

mBL SYSTXM CONSTRUCTION AND 
111STALLATXON 

5 4b.420 General. (a) Fuel tanks 
shall be capable of withstanding without 
failure all vibration, inertia, fluid, and 
structural loads to which they may be 
subjected in operation. 

(b) Flexible fuel tank Uners shall be 
of an approved type or shall be shown to 
be sultable for the particular applica- 
tion 




- - -  

teat tank, shall wlthstand the test as 
lpeelfled In paragraph (b) of this section 
Vl thfwlata  temperatureof 110'F. 

O 4b.422 Fuel tank installation. (a) 
The method of support for fuel tanks 
shall not permit concentration of loads. 
resulting from the weight of the fuel in 
the tank, on unsupported tank surfaces. 
The following shall be applicable. 

(1) Pads shall be provided to prevent 
chaflng between the tank and its suu-
ports. 

(2) Materials employed for padding
shall be nonabsorbent or shall be treated 
to prevent the absorption of fluids. 

(3) If flexible tank liners are em-
ployed they shall be so supported that 
the liner is not required to withstand 
flufd loads. 

(4) Interior surfacesof tankcompart-
ments shaii be smooth and free of ~ r o -
jections which could cause wear of the 
iiner, unless provrsions are made for pro-
testion of the lmer at such points or un-
less the constmction of the liner itself 
pl'ovides such protection. 

(b) Spaces adjacent to the surfaces 
of t,he tank shall be ventllsted~-consist-~ ~~ ~ 

i n t  wl th~thesize of the compartment 
to avoid fume accumulation in the case 
of minor leakage. If the tank is in a 
sealed compartment it shall be acceot-
able to limit the ventilation to that pio-
vided by dm% holes of sufficient size to 
prevent excessivepressure resulting from 
altitude chanrres. 

tc) Locatlon of fuel tanks shall com-
ply wlth the provlsrons of 5 4b481 (a ) .

id) No aortion-- a1 enelnc nacelle skln.~~~~~ 
which lies immediatelcbehind a major 
air egress opening from the engine com-
partment shall act as the Wall of an in-
tegral tank. 

te) Fuel tanks shall be isolated from 
personnel compartments by means of 
fumeproof and fuelproof enclosures. 

14b.423 Fuel tank ezpansion space. 
(a) Fuel tanks shall be provided with 
an exDansion space of not less than 2 
percent of the tank capacity. 

(b) It shali not be possible to l7Jl the 
fuel tank ernansion snace inadvertentlv.-.. ~~~ 

when the airplane is in the norm5 
ground attitude. 

0 4b.424 Fuel tank sump. (a) Each 
fuel tank shall be provided with a sump
having a capacity of not less than either 
0.25 nercent of the tank cauacitu or one-
sixteenth of a nailon, whlchever is the 
greater. 

(b) The fuel tank sump capacity
SpeciRed in paragraph la) of this sec-
tion shali be eflectlve with the airplane 
In the normal ground attitude. The 
fuel tank shall be constructed to permit 
drainage of any hazardous quantity of 
water from all portions of the tank to 
the SumD when the airolane is in the~ ~ ~ ~~ ~ ~- ~-. 
ground attitude. 

(c) Fuel tank sumps shall be provided
with an accessible drain to permit com-
plete drainage of the sump on the 
ground. The drain shall discharge clear 
of all portions of the airplane and shall 
be provided wlth means for Positive 
lockine of the drain in We closed ~ o s i -
tion, either manually or automaticails. 

1 4b.426 Fuel tank filler connection. 
(a) The design of fuel tank filler con-

airplane other than the t ink Itself. 
(b) Recessed fuel tank filler connec-

tions which retain any appreciable 
quantity of fuel shall incorporate a drain, 
and the drain shsll discharge clear of all 
Portions of the airplane. 

(c) The fuel tank filler cap shall pro-
vide a fuel-tight seal. 

id) The fuel tank AUer connections 
shall be marked as prescribed in B 46.738 
(b). 

S 4b.426 Fuel tank vents and carbu-
retor uapor vents. (a) Fuel tanks shall 

the cover plate is removed. Ib additlon 
to the normal means provided ill the air-
Plane for limiting the tank content. a 
means Shall be installed to prevent dam-
age to the tank in case of failure of the 
M m a l  means. 

Pumps. (1) If the engine fuel supply is 
nlaintained bv means of ournos one firel-. ., ...--.. 
Pump for eaih engine shall be engine-
dll"~"-....... 

(2)  Fuel pumps shall meet the perti-
nent flow requirements of $ 413.413. 

(3) All positive displacement fuel 
Pumps shall incorporate an integral by-

expansion space in such i manner that 
Venting of the tank is eEective under all 
normal flieht conditions. The following 
shall be a&licable. 

I1 I V ~ n tourlers shall be located and 
constructed to prevent the posb~bil~tyof 
bone obsrrucrrd bv ice or ortier farcrvn
-.-""-.. 

(2) The vent shall be constructed to 
Preclude the Dossibilitv of siohonim fuel 
during norm2 operatfon. -

(3) The vent shall be of sumcient size 
nrevent the existence of excessive dif-

ferinces of pressure between tge interior 
and exterior of the tank durrng normal 
fi16hG opcratlon, durlne maximum rate 
of descent. and. If aoellcabie. durlnr re-
fueling and defuelini. 

(4) Air spaces of tanks with inter-
connected outlets shall- also. be inter.--~..--~~ ~~ 

be vented from the ton Dortion of the- - ~-- .--.Pas ,  unless Provision is made for a eon-
tinuous supply of fuel to all engines in 
case of failure of any one pump. Engine
fuel Wectlon pumps which are aooroved 
as an integral pait of the engibi need 
not incorporate a by-pas.

14) If the ememencv fuel oumm are 
all dePPndent t b u u  th i  sami soi rce i f  
motlvc power. the main fuel pumps shall 
be capable of Drovidlm sumcient. fuel- .---
flow and pressure to mai;;taln level night 
a t  maximum weight and normal cruis-
ing power a t  an altitude of 6.000 feetwith 
110' F. fuel without the aid of any emer-
gency fuel pump.

(b) Emerge- Dumps. (1) Emer-
8encY fuel pumps shall be vmvided to 
permit S U D P ~ Y ~ &  aU engin& with fuel 
in case of failure of any one main fuel 
pump, except in the csse of installations 
in which the only fuel oumo used in the 
system is an engine fuel pump
which is approved as an integral part 

connected. 
(5) There shall be no points in the 

vent line where moisture could acoumu. 
late with the airplane in either the 
mound or the level flight attitude unless 
drainage is provided. 

(6 )  Vents and drainage shall not ter-
minate a t  points where the discharge of 
fuel from the vent outlet would consti-
tute a lire hazard or from which fumes 
could enter personnel compartments.

(b) Carburetom which are provided
with vapor elimination connections shall 
be provided with a vent line to lead va-
pors back ta one of the fuel tanks. The 
vents shall comply with the following. 

(1) Provisionsshall be incornorated in 

of the engine. 
(2) E&ergencp fuel pumps shall be 

available for immediate use in w e  of 
failure of any other fuel pump. No 
manipulation of fuel valves shaU be 
necesarv on the Dart of the crew to 
make ademergenci fuel pump available 
to the rnmne whlch it Is normally In-
tended to serve when the fuel svstern is 
being owrated in the con~guratibncom-
Plying with the provisions of 5 4b.4l1. 

P 4b 431 Fuel Pump installation. (a)
Provision shail be made to mslntalo the 

( 2 )  I1 more than one fuel tan!& is pro-
vided and it is necessary to use the w 
In a dcADlfe seouence. the vawr vent-~~ ~.-~ 

returnlineshall lead baek t i- the fuel 
tank used for take-off and landing. 

0 4b.427 Fuel tank outlet. A fuel 
strainer of 8 to 16 meshes per inch shall 
be provided either for the fuel tank out-
let or for the bwster pump. Strainers 
Bhall comply with the following. 

(a) The clear area of the fuel tank 
outlet strainer shall not be less than 5 
times the area of the fuel tank outlet 
line. 

(b) The diameter of the strainer shall 
not be less than the diameter of the fuel 
tank outlet. 

(c) Finger stminers shall be awes-
sible for inspection and cleaning. 

5 4b.428 Under-wing fueling Pmvi-
sions. Undcr-wing fuel tank connectiona 
shall be orovided with means to arevent- - -~- - . ~ ~~~ ~ 

the eseaoe of hazardous wantities Of 
fuel from the tank in the event of mal-
iunctioning of the fuel entry valve whflw 

fuel pressure a t  the Inlet ta the carbu-
the vent system to avoid stoppige by &iretor within the range of limlts estab-

llshed for proper englne operation 
(b) When necessary for the malnte-

nance of the ~ r o w rfuel deIiwm ores-
sure, a conn&tion ahall be prodded to 
h n s m l t  the carburetor air lntake static 
pressure to the proper fuel pump relief 
valve connection In  such cases, to 
asold erroneous fuel pressure Radlng.
the gauge balance lines shall be lnde-
wndently connected to the carburetor 
h e t  p&ure. 

P 4b.432 Fuel qrstem l inu  and St-
tinaa. (a) Fuel Unas shall be Installed 
and supported to prevent excessive vi-
bration and ta wlthstand load3 due to 
fuel pressure and due to accelerated 
night conditions. 

ib) Fuel lines which are connected to 
compomnts of the -lane between 
which relative motion could exist shall 
incorporate provkdons for flexlbillty. 

( 0 )  Flexlble connections in fuel line8 
which may be under pressure and sub-
jected to axial loading shall employ flex-



-- ible hose assemblies rather than hose 
clamp connections. 

(d) Flexible hose shall be of an  aP- 
proved type or shall be shown to be 
suitable for the particular application. 

ce) Flexible hoses which might be 
adversely affected by exposure to high 
temperatures shall not be employed in  
locations where excessive temperatures 
will exist during operation or after en- 
gine shut-down. 

0 4b.433 Fuel lines and Jlttings in 
designated fire nones. Fuel lines and 
Attings in all designated flre zones (see 
8 4b.480) shall comply with the provl- 
sions of O 4b.483. 

5 4b.434 Fuel ualves. In addition to 
the requirement^ of P 4b.482 for shut- 
off means, all fuel valves shall be Pro-
vided with positive stops or suitable 
index provisions in the "on" and "off" 
positions and shall be supported so that 
loads resulting from their operation or 
from accelerated flight conditions are 
not transmitted to the lines attached 
to the valve. 

g 413.435 Fuel strainer. A fuel strainer 
shall be provided between the fuel tank 
outlet and the carburetor Met  and shall 
comply with the following: 

(a) If an  engine-driven fuel Pump is 
mvided. the straincr shall be located 
Litween the tank outlet and the englne- 
driven pump inlet. 

(b) The fuel strainer shall be accessf- 
ble for drainage end cleaning. and the 
strainer w e e n  shall be easily removabls. 

tc) The strainer shall he mounted in 
a manner not ta cause its weight to be 
#upported by the connecting lines or by 
the inlet or outlet connections of the 
stralner Itself. - ~ 

i4b:436 Fuel svstem drains. Drainage 
o f t h e  system shall bc accomplished by 
fue! stralncr drains and other drains as 
orovided in 6 4b.424. The followinr: shall . 
~PPIY:  

(a) Drains shall discharge clear of cd 
portions of the airplane and shall incor- 
porate means for Positive locking of the 
drain in the closed position, either man- 
ually or automatically. 

(b) All fuel system drains shall be 
accessible. 

(c) If drainage of the fuel stralner 
permlts compliance with paragraphs (a) 
and (b) of this section. no additional 
drains need be provlded unless it is possl-
blc for a hamrdous qualitlty of water or 
sed~lllent to be t ru l l l~d  thcre~n. (See .. 
also 5 4b.483 tc).) 

0 4b.437 Fuel jettisoning system. I f  
the maximum take-off weight for which 
the airplane is certificated exceeds 105 
~ e r c e n t  of the certificated maximum 
innding arekht. provlslon shall be made 
for the jetthninl: of fue: from the maxi- 
mtlm rake-off to the maxrmum Landinu 
welght. 

(a) The average rate of fuel jettimn- 
Ing shall be 1percent of the maximum 
take-off weight per minute. except that 
the time required to jettison tile fuel 
need not be less than 10 minutes. Com-
niiance with these nravieom shall be ~ - - ~ - - ~ ~ ~~ 

shown- st maximum take-off wei~ht .  with~~ ~~~ ~~~ ~ ~ ~- -~~~~~ 

AaDs and landinr. Rear UD. and ii Ure 

(1) Power-off glide a t  a speed of 1.4 
v.,.


(2) Climb a t  the one-englne-inopera- 
tive best rate-of-climb speed with the 
critical engine inoperative, the rcmain- 
inz enainecs) a t  maximum continuous . . 
power.

(3) Level flight a t  a speed of 1.4 Vs,. 
if the results of tests in corrditions spec- 
ifled in sub~sraaranhs(1) and (2) of 
th~v pdragri"h lndrEate that this con&- 
tlon could bc crlticnl. 

tb) Durlnl: the fllsht Wsts prescr~bcd 
in parugraph (a)  of tllrs scctron it shall 
be demonstratfd that the fuel ictllson- 
inc svstcm com~lreb wlth the followmg 
provisions.

(1) The fuel jettlsoning system and 

its o~eration shall be free of Are harard. 


(2j The fuel shall discharge clear of 

all portions of the airplane. 


(3) Fuel or fumes shall not enter anv 

tc, ThC dcslgn of the Jettisoning sys-
trm shall be such tllar It would not be 
o o ~ l b l cto ict tmn fuel m the t3nk.s used 
ior take-off and landing below the level 
providing 45 mlnutes fliRht at  15 Dcrccnt 
manlmum continuous nowcr. exceDt that 
i t  shall be permissibleb jettison all fuel 
where an  auxiliary control is provided 
independent of the main jettisorung 
control. 

(d) The fuel jettisoning valve shall 
permit the flight personnel to close the 
valve during any portion of the jettison- 
ing operation. (See O 4b.415 for fuel 
jettlsoning system controls.) 

(e) Unless i t  is demonstrated that 
lowering of the Rans does not adverse& 
ancct fuci jcttisonins, a placard shail 
be provided adlarent to the jettLconinK 
control to warn Aieht oersonncl aaainst .---~-~-- ~-~~ ~~ 

jettisoning fuel while the flaps are low- 
ered. A notation to this effect shall also 
be included in the Airplane Flight Man- 
ual. (See O 4b.740.) 

OIL SYSTEM 

9 4b.440 General. (a)  Each engine
shall be provided with a n  independent 
oil system capable of supplying the en- 
mine with an  aDoroDriate auantitv of oil 
i t  a temper&& not exceedi;lg the 
maximum which has been established 
as safe for continuous operation. (For 
011 svstem instruments see 55 4b.604 and ~ ~ 

4b.7j5.)
(b) The oil tank capacity available 

for the use of the engine shall not be 
less than the product of the endurance 
of the airplane uneer critical operating 
conditions times the maximum Permis- 
sible ail consumption rate of the engine 
under the same conditions, plus a suit- 
able margin to assure system circula- 
tion. In lieu of a rational analysis of 
airplane range, a fuel-oil ratio of 30:l 
by volume shall be acceptable for air- 
planes not. provided with a reserve or 
transfer system. 

(c) If either a n  oll t ra rder  system 
or a reserve oil system is provided, the 
total oil capacity need not exceed one 
gallon for each 40 gallons of fuel 
capacity.

(d) Oil-fuel ratios lower than those 
prescribed in paragraphs (b) and tc) of 

this section shall be scceptable if sub-
stantiated by data on the actual 0ll 
consum~tion of the engine. 
- (el The ability of the oil cwling Pro- 
visions to maintain the oil inlet tem- 
perature to the engine a t  or below the 
maximum established value shall be 
demonstrated in accordance with Perti- 
nent provisions of $5 4b.450 through 
4b.454. 

14b.441 Oil tank construction. The 
roliowing requirements shall apply to the 
coll~truction of the oil tank. 

(a)  Oil tank emansion space. (1) Oil 
tank$ shall have an  expansion space of 
not lcss than eitllcr 10 pprcent of the 
tank eanacltv or 0 5  all on. whichever 
is the gieatei. 

(2) Reserve oil tanks which have no 

direct connection ~~~- to anv e x i n e  shall 
~ ~ ~ ~ ~ 

have an  expansion spa& which is not 

less than 2 percent of the tank capacity. 


(3) I t  shall not be possible to fill the 
oil tank expansion space inadvertently 
when the airplane is in the normal 
ground attitude. 

(b) Oil tank filler connection. (1)Re-
ec.jscd 011 tank filler connections which 
rctain any apprec~abie quantity of 011 
shall incomoratc a drain. and the drain 
shall discharge clear of all portions Of 
the airplane. 

(2) The oil tank Aller can shall nro- 

be vented from the top PortLon of the 
expanvon space m such a manner that 
ventml! of the tank IS ctlcctlvc under all 
normal flight conditions. 

(2) Oil tank vents shall be arranged 
so that condensation of water vawr 
which might freeze and obstruct the  
line cannot accumulate at any point. 
(See also O 4b.483 tc) .) 

(dl Oil-tank outlet. Provision shall 
be mad? either to prevent cntrar.ce into 
the u n k  ~tself or inw the tank outlet of 
any foreim object which might obstruct 
the flow of or1 through thc. system. The 
oil tank outlet shall not be enclosed by 
anv screen or ruard nhleh would reduce 
thd now of oilbelow a safe vaiue at  any 
operating temperature condition. 

(e) Flerible oil tank liners. Flexible 
oil tank liners shall be of an  approved 
type or shall be shown to be suitable for 
the particular application. 

8 4b.442 Oil tank tests. (a) Oil tanks 
shall be capable of withstanding without 
failure all vibration. inertia, and Auid 
loads to which they would be subjected 
in operation. 

(b) The Provisions of 9 4b.421 shall 
be applicable to oil tanks, except as 
follows. 

(1) The test pressure specified in 
5 4b.421 (a) shall be 5 p. s. i. 

(2) The test fluid specified in 5 413.421 
( c )  shall be oil a t  a temperature of 
250" F. 

5 4b.443 Oil tank installation. The oil 
tank installation shall comply with the 
provision^ of 5 4b.422, except that the 
location of an engine oil tank in a desig-
nated fire zone shall be acceptable if the 
tank and its suppqrts are of firepraof 
construction to the extent that damage 



by flre to any nonflreproof Parts would 
not result in leakage or spillage of oil. 

5 4b.444 Oil lines and Attings-(a) 
General. The provisions of P 413.432 shall 
be &aolieable to oil lines. ~ ~ ~ . .~ ~~ ~~ ~ 

(b) Lines and fitfinis in designated 
fire zones. 011 lines and flitlngs in all 
deslgruted flre mner (see f 4b 4801 shall 
comulv with the orovlslons of 5 40 483 

(6- ~ n p t n e  bre"ther llnes. 11) En-
gine. bruather lines allail be arranged so 
that condematlon of water vapor which 
might freeze and obstruct theiline can- 
not accumulate a t  any point. 

(2) Breathers shall discharge in a 
location which will not constitute a flre 
ha'ard in ca?e fuammg occurs and in a 
manner so that the emrtlcd ail wril not 
lm~tnlte upon the pilot wrndshlcld. 

i3 )  'The breathe? shall not discharge 
into the engine air induction system. 
(See also 1413.483 (c).) 

6 4b.445 Oil valves. (a) The reauire- 
mints of 5 4b.482 for shut-off means 
shall be complied with. Clasiw of oil 
shut-off means shall not prevent feath- 
ering the Prooeller. 
(b)All o~iivalveo shall be provided 

wilh posltive stops or suitable index pro- 
visions in the "on" and "off" Dasitions. 
and they shail be supported so that loadi 
resulting from their operation or from 
accelerated Right conditions are not 
transmitted to the lines attached to the 

9 4b.446 Oil radiators. (a )  Oil radia- 
tors shall be capable of wrlhstandlng 
wlthout failure all vlbr8tion. Inertia. and 
oil prwure  loads to which they would 
be subjected in operatlon. 

(b) Oil radiator air ducts shall be 
located so that. in case of fire. flames 
issuing from normal openings' of the 
engine nacelle cannot impinge directly 
upon the radiator. 

5 4b.447 Oil filters. If the airplane 
is equipped with an  oil fflter, the fllter 
shall be constructed or  installed in such 
a manner that complete blocking of the 
flow through the fllter element will not 
Prevent the safe operation of the engine 
oil supply system. 

9 413.448 Oil system drains. Acces-
sible drains shall be provided t0 permit 
safe drainage of the entire oil system 
and shall incorporate means for the 
PObltiYC lockln~ of the dram in tne 
Closed P O S ~ ~ ~ O ~ L .  or auto- etther nln~rually 
matically. (See also 8 4b 483 1cl ) 

4 4b.449 Propeller feathering system. 
(a) If the Propeller feathering system is 
dependent upon the  use of the engine oil 
SUPPIY. Pmvision shall be made to trap a 
quantity .of oil in the tank in case the 
Supply becomes depleted due to failure of 
any portion of the lubricating system 
other than the tank itself. 

(b) The quantity of trapped oil shall 
be sufacieot to accomplish the feathering 
operation and shall be available only to 
the feathering pump. 

(c) The ability of the system to ao- 
complish feathering with the trapped 
supply of Oil shall be demonstrated. It 
shall be acceptable to make this demon- 
stration on the ground. 

O 4b.450 G e n e r a  I. The powerpla.nt 
co011ng P ~ O V I F I O ~ ~  beshall capable of 
ma ln t a l~ng  the tPmperatureS of malor 
po~verulant C0mDonent.c. enalne fluids. 
and tl;c carburetor i n t ak  al;within the 
etabi;ahed safe values under all condi- 
tlnns of &,round arrd Ainht ooemtian. 
(For cooling system i&tru&nte see 
P S  4b 604 and 4b.734 ) 

5 4b.451 Cooling tests-(a) General. 
Compliance with the provisions of 
5 4b.450 shall be demonstrated under 
critical ground, water. and flight oper- 
ating conditions. If the tests are con- 
ducted under conditions which deviate 
from the maxrmum ant~c~pated air tem- 
perature (see paragraph (b) of thls 
Section), the r e c o r d e d  powerplant 
temperatures shall be corrected in ac-
cordance with the provisions of para- 
graphs tc) and (d) of this section. The 
corrected temperatures determined in 
this manner shail not exceed the maxi- 
mum established safe values. The fuel 
used during the cooling tests shall be of 
the minimum octane number approved 
for the engines involved, and 1hch;lxture 
Settings shall be those used in normal 
ODeration. The test Dracedurcs shall be 

outlined in SD 4b.452 through 4b.4M. 
(b) Marimum anticipated air tem-

perature. The maximum anticipated 
air temoerature (hot dav condition) 
shall be'lOoO F. a t  sea levil, decreasing 
from this value a t  the rate or 3.6' F. 
Per thousand feet of altitude above sea 
level until a temperature of -87" F. is 
reached above which altitude the tem- 
perature shall be constant a t  -67' I". 

tc) Correction factor f w  cylinder 
head, oil inlet. cnrburetar air, and engine 
coolant outlet temperatures. The cylin- 
d ~ rhead. oil inlet, carburetor air, and 
PnRlne coolant outlet temperatures shall 
be currected bv addine the difference be- 
tween the maximum anticipated air  
temperature and the temperature of the 
ambient air a t  the time'of the Brst 00-
Currenee of maximum head. air, oil. or  
CO~lhnt temperature recorded during the 
COOlinZ test. Unless a more rational cor- 
rectlon is shown to be ao~licabie. 

(d) Correction factor for crlinder bar- 
rel temperatures. Oll~nder barrel tem- 
IJrratUres sllali be eorrcwud by addim 
0 1of the dlffcrrnce between the maxl- 
mum anticipated air temperature and 
the temperature of the ambient air at 
the time of the ms t  occurrence of the 
maximum cylinder barrel temperature 
recorded during the cooling t e s .  Unless 
a more rational correction is shown to 
be applicable. 

5 4b.452 Climb cooling test procedure. 
(a) The climb cooling test shall be con- 
ducted with the critical engine inopera- 
tive and its propeller feathered 

(h) All remaining engines shall be op-
erated a t  their maximum continuow 
Power or a t  full throttle when above the 
critical altitude. 

(c) After stabilizing temperatures in 
flight, the climb shall be started a t  or 
below the lower of the two following alti- 
tudes and shall be continued until a t  
least 5 minutes after the occurrence of 
the highest temperature recorded, or un- 

ti1 the maximum altitude is reached for 
which certiflcation is desired: 

(1) 1.WO feet below the engine critical 
altitude. 

(2) 1,000 feet below the maximum 
altitude a t  which the rate of climb is 
equal to that established in  accordance 
with g 4b.120 tc). 

(d) The climb shall be conducted a t  
an  air speed which does not exceed the 
speed used in establishing the rate of 
climb required in  5 4b.120 (c). It shall 
be acceptable to conduct the climb cool- 
ina test in conjunction with the take-off 
&ling test of 5 4b.453. 

P 4b.453 Take-ott cooling test vroce- 
dure. A take-off cooling test shall be 
conducted to demonstrate cooling dur- 
ing take-off and during subsequent climb 
with one engine inoperative. The fol- 
lowing procedure shall be applicable. 

(a) The take-off cwling test shall be 
commenced by stabilizing temperatures 
during level m h t  with all engines op- 
erating e t  75 percent of maximum con- 
tinuous power with the appropriate cowl 
flap and shutter settings 

(b) After all temperatures have sta- 
bilized, the climb shall be started a t  the 
lowest practicable altitude and shall be 
conducted with one engine inoperative 
and its ~ropeller feathered. 

tc) The remaining engines shall be 
operated a t  take-off rpm and power tor 
at  full throttle when above the take-off 
criticel altitude) for the same time in- 
terval as take-off power is wed during 
determination of the take-off flight path 
(see e 4b.118). 

( d i  At the end of the time interval 
prescribed in paragraph to) of this sec-
tlon the power shaii be reduced to the 
maximum Continuous Dower and U1e 
climb continued until a t  least 5 minutes 
after the occurrence of the highest 
temperature recorded 

te) The speed used durlng take-off 
Wwer operation (paragraph tc) of this 
&ction)~shallnot exceid the speed used 
during determinatlon of the take-off 
fliaht oath (see 9 4b.116).. . 

9 4b.454 Cooling test procedure for 
ffvrno bmt operatton. In the case of fly- 
ing boats, cooling shall be demoactrated 
durrnc taxvrnc down wlnd for 10 mlnutes 
a t  5 mph above the step speed. 

The coolant syitem shall be so a&nged 
that no air 0; vapor can be trapped l a  
any portion of the system other man the 
expansion tank. either durina ilillna o r  
d&ng operation. No tlammable cooiant 
shall be used. Means shall be provided 
to prevent excessive pressures fmm being 
generated in the cooiillg system. - .  

5 4b.456 Coolant tank-(a) General. 
The tank snail have a usable coolant 
cdpncify of not less than one ynllon nnd 
shall be cnpahle of wirhstandlng wlthout 
fsllure all vlbratton. inPrtla. and nuld 
loads to wlllch it would be subjected in 
o~erstlon Coolunt tanks shall be Pro- 
vided with an  expansion space o l ~ n o t  
less than 10 percent of the total coolant 
svstem CaDacltY. I t  shall not be Posslble 
inadverteintly to fiu the expansion space 



with the &lane in the normal ground
attitude. 

(b) Coolant tank tests. The PIovi-
sions of 5 4b.421 shall be applicable to 
coolant tanks, except as follows. 

(1) The test pressure specified in 
5 4b.421 (a) shall be either the sum of 
the Dresswe develomd during the maxi-~ 

mum ultimate acceleration Gith a full 
tank plus the maximum working pres-
sure of the system. or 1.25 times the 
maximum working pressure of the 
system, whichever is the greater. 

(2) The test fluid specified in O 4b.421 
(c) shall be coolant at operating tem-
perature.

(c) Coolant tank installation. (1)
Coolant tmks Shall be s u ~ w r t e d~~~~~-~ so that- ~..-~ 

the tank loads will be distributed over 
B large portion of the tank surface. 

( a )  Pads shall be provided to prevent
chafinn between the tank and its SUP-. 
ports.

(3) Materials employed for padding 
shall be nonabsorbent or shall be treated 
to prevent the atsorption of fluids. 

(d) Coolant tank Aller connection. 
(1) Recessed coblant tank filler connec-
tions which retain any appreciable 
quantity of coolant shall incorporate a 
drain, and the drain shall m h a r g e
clear of all portions of the airplane. 

(2) Coolant tank Aller connections 
shall be marked as prescribed in 5 4b.738 
(b). 

B 4b.451 Coolant system installation. 
The following reauirements shall aDDls 
to the installation of the coolant system 
components.

(a) Coolant lines. The provisions of 
D 4b.432 s h U  be applicable to coolant

~ -

lines. 
(h) Fire-resistant coolant lines and 

fittings. If the coolant used will ignite
and burn under the conditions of power-and burn under the conditions of power-
plant fires, all lines and fittings locatedplant fires, all lines and fittings located 
within designated flre zones shall com-within designated flre zones shall com-
ply with the provisions ofply with the provisions of PD 4b.483.4b.483... 

(c)(c) Coolantcoolant radiators. (1)radiators. Coolant(1) Coolant 
radiators shall be capable of withstand-radiators shall be capable of withstand-
ing without failurewithout allfailure all vibration, inertia,iM vibration. inertia. 
and coolant pressure loads to which they 
would be subjected in operation. 

(2) Coolant radiators shall be sup.
ported in a manner which will permit eu-
wnsion due to operating temperatures 
and which will prevent the transmittal 
of harmful vibration to the radiator. 

(3) The air intake duct to the coolant 
radiator shall be located so that in case 
of fire flames issuing from normal open-
ings of the engine nacelle cannot im-
pinge directly upon the radiator. 

(dl Coolant svstem drains. (1) One 
or more sec@\slblcdrama bhnll be pm-
vldcd to pcrmlt drelnnv of rhe coolant 
BYsLem. Lncludlnc.the coolant tank. radk-
ator, and the engine. when the aihlane 
is in the normal ground attitude. 

(2) Drains shall discharge clear of all 
portions of the airplane and shall incor-
porate means for positive locking of the 
drain in the closed position 

INDUCIION A A D  EXHAUST SYSTEM9 
8 4b.460 General. Ca) The engine air 

induction system shall permit supplying 
the proper quantity of air to the engine 
under all conditions of operation, 

(b) The induction system shall pro-
vide air for proper fuel metering and 
mixture distribution with the induction 
system valves in any pasition 

(c) Eachensineshallbeprovided~th 
an  alternate air source. 

(d) Air intakes shall not open within 
the cowl in^. unless that Wrtion of the 
cowling is;&lated from the engine 8.c-
cessory section by means of a fireproof 
diaphragm, or unless provision is made 
to prevent the emergence of bacmre 
flames. 

te) Alternate air intakes shall be so 
located as to Preclude the entrance of 
rain, ice, or asv other foreign matter. 

5 4b.461 Induction system de-icing and 
ant,-icing potu.va%<a) General. The 
emlne atr induction svstem shall Ln-
corporate means for the prevention and 
elimination of ice accumulations. 

(b) Heat rise. Unless it is demon-
strated that other means mll secom-
plabh the intent of paragraph taJ of thls 
section. com~llancewith the followlnc 
heat-r&e p&isions shall be demon-
strated in air free of visible moisture a t  
a temperature of 30' F. 

(1) Airplanes equipped with altitude 
engines employing conventional venturi 
ca;buretor~shallhave a preheater capa-
ble of providing a heat rise of l2ODF. 
whru Ulr envrue is oueratrrw: a t  60 ner-
cent of its niaximmi continuous poker. 

(2) Airplanes equipped with altitude 
engines employing carburetors which 
embody features tending to reduce the 
pos~iblbtyof rce fomatrin shall have a 
prcheater capable of providing a heac 
meof  lOODF. when the engine nowmt-
ing a t  60 percent of maiimum 
continuous power. 

B 4b 462 Carburetor air preheater de-
awn. Carburetor a r  preheaters shall 
incorporate the followma DrOvlsrons. 

t a i  Means shall be provided to assure 
ventilation of the preheater when the 
engine is being operated with cold air. 

(b) The preheater shall be constructed 
to permit inspection of exhaust manifold 
wrts  which it surrounds and also to per-
mit inspection of critical portions of the 
preheater itself. 

9 4b.463 Induction system ducts. In-
duction system ducts shall incorporate 
the following provisions. 

(a) Induction system ducts ahead of 
the flrst stage of the supercharger shall 
be provided with drains to prevent haz-
ardous mumulations of fuel and mois-
ture in the ground attitude. The drains 
shall not discharge in locations which 
might cause a Are hazard. 

(b) Sufficientstrength shall be incor-
porated in the ducts to prevent induction 
system failures resulting from normal 
backfue conditions. 

(c) Ducts which are connected to 
components of the airplane between 
which relative motion could exist shall 
incorporate provisions for flexibility. 

(d) Induction system ducts within 
any Are zone for which a flre-extinguish-
ing system is required shall be of flre-
resistant construction. 

P 4b.464 Induction system screens. If 
induction system screens are employed, 

they shall comply with the following
provisions: 

(a) Screens shall be located upstream 
from the carburetor. 

(b) &reens shall not be located in 
portions of the induction system which 
constitute the only passage through 
which air can reach the engine. unless 
thkscreenis so located t h d  i t c a n  be 
de-iced by heated air. 

(c) De-icing of induction system 
screens by means of alcohol alone shall 
not be acceptable.

(d) It shall not be possible for fuel 
to im~inaeupon the screens. 

~ . .  . 
4 4b.465 Carburetor air cooling. In-

stinations employlllg two-stage super-
chargers shall be provlded wlth means to 
ms~ntalnthe air temwrature at the in-
Ict to the carburetor at or below the 
maximum established value. The dem-
onstration of this provision shall be ac-
complrshed in accordance with O 4b.451. 

g 4b.466 Inter-coolers and alter-cool-
ers. Inter-coolen and after-coolers shall 
be capable of withstanding wlthout fail-
ure all vibration, Inertia, andair pressure 
loads to which they would be subjceted 
in operation. 

5 4b.461 Erhclust system atid installa-
tion eomvments-la) General. (1) The 
eahnu~tsvstem sllall be culbtructed and 
arranged-to assure the snfe disposal of 
exhaust gases without the existence of 
a Rre hazard or carbon monoxide con-
tamination of air in Dersannel com-
partments.

(a) unless appropriate precautions are 
taken. exhaust system Dab shall not be 
located in haza;dous uroxfmity to W r -
tions of any system carrying &mumble 
fluids or vapors nor shall they he lacated 
under portions of such systems where 
the la& could be subjeit to leakage. 

(3) All alrplane components upon
which hot exhaust gases might fmplnge. 
or whrch could be subjected to high tem-
peratures due to prixlmity to eXawt 
system parts, shall be constructed of 
flrepmof material. AU exhaust system 
comnonents shall be senarated b~ means 
of i%eproof shields from adjacent por-
tions of the airplane which are outside 
the engine compartment.

(4) Exhaust gases shall not discharge 
in a manner to cause a fire hazard with 
respect to any flammable fluid vent or 
drain. 

(5) Exhaust gases shall not discharge 
at s location which will cause a glare 
seriously a f fec th  pilot visibility at 
night.

(6) All exhaust system components 
shall be ventilated to prevent the exist-
ence of points of excessively~.high 
temperature. 

(7) Exhaust shrouds shall be venti-
lated or insulated to avoid during nor-
mal operation a temperature Sufilciently 
high to ignite any flammable fluids or 
vapors external to the shrouds. 

(h) Exhaust piping. (1) Exhaust pip-
1ng shall be camtructed of material 
resistant toheat and corrosion, and shall 
incorporate ~mvlslonsto prevent fail-
ure due to expansion when heated to 
Operating temperatures.

(a) Exhaust pipe shall be sumr ted  
to withstand all vibration and inertia 



-- 

loads to which they would be subjected 
in operation. 

(3) Portions of the exhaust piping
which are connected to components be- 
tween which relative motion could exist 
shall i n  c o r P o r  a t e  provisions for 
flexibility. 

tc) Exhaust heat exchanoers. (1)
Exhaust heat exchangers shall be con- 
structed and installed to assure their 
ability to withstand without failure all 
vibration, inertia, and other loads to 
which they would be subjected in 
operation. 

(2) He& exchangers shaC be con-
structed of materials which are suitable 
for continued operation a t  hlgh temper- 
atures and which are resistant to car- 
rosion due to elements contained in 
exhaust gases. 

(3) Provision shall be made for the 
Inspection of all critical portions of ex- 
haust heat exchangers. 

(4) Hest exchangers shall inccopo- 
rate cooling Provisions wherever they are 
subject to-contact with exhaust gases. 

(5) Heat exchangers or muffs shall 
incornorate no stamant areas or Uauid 
trap; which would increase the pdssi- 
bllrly of ij!ntrton of flammable flu1d.1 or 
vapors whlrh micht be pres-nt in catc 
of fallurr or rneifilnrtmninc of rom-
pnents  carrying Anmmnble fluids. 

(dJ Eshoust heating of vent~luthg air. 
If an exhaust heat exchancer 1s used 
i i r  heating ventilating air, isecondary 
heat exchanger shall be provided be- 
tween the primary exhaust gas heat ex-
changer and the ventilating air system. 
unless i t  is demonstrated that other 
means used preclude harmful contaml- 
nation of the ventilating air. 

(e) Erlraust driven turba-sspercharp- 
ers. (1) EXhnUst dlivrn tI~rb!nk.S sha3 
be of an au~roved t \ w  or shall bc shown 
to be suitable for thd particular applica- 
tion. They shall be installed and sup- 
wrted to assure their safe operation 
between normal inspection and overhaul 

bo-supercharger controls with the ex-
ception of the waste gate operating
components themselves. 

POWERPLANT CONTROLS AND ACCGSSOIUES 

3 4b.410 Powerplant controls: gen-
eral. The provislons of 5 4b.353 shau be 
a~plioable to all powerplant controls 
With respect to location. grouping. and 
direction of motion, and the provisions 
of g4b.737 shall be applicable to all 
powerpiant controls with respect to 
marking. In  addition all powerplant 
controls shall comply with the following. 

(a) Contml~ shall be so located that 
they cannot be inadvertently operated by 

personnel entering, leavlng, or making 
normal movements in the cockpit. 

(b) Controls shall maintain-any set 
position without constant attention by 
Right Personn.zl. They shall not tend 
tocreep due to control ioads or vibration 

(c) Flexible controls shall be of an 
aDDr~ved t w e  or shall be shown to be 
skitable PO; the partlculsr application. 

td) Controls shall have strength and 
rigidity to withstand operating loads 
wlthout fiulure and without excessive 
deflection. 

B 4b.471 Throttle and A. D. I. system
controls. (a) A separate throttle control 
sbau be provided for each engine. 
Throttle controls shall be grouped and 
arranged to permit separate control of 
each engine and also simultaneous con- 
troi of i l l  engines. 

(b) Throttle controls shall afford a 
positive and Immediately responsiva 
means of controlling the eripines.. 

tc) It an  antidetonant injection sys- 
tem is Drovided. the flow of AD1 fluid 
shall bh antomitically controlled in re- 
lation to the amount of power produced 
by the engine. I n  addition ta the sub-
matic control. a separate control s5aU 
be provided for theAD1 pumps 

g 4b.411 igtlltzon smtches. (a) IK-
nttlon swltchcs shall provlde control for 
each icmtlon cku ic  on each encinc. 

(b) ~ e a n a  s h d  be propid-& for 
q-~ickly shutting or all ignition by the 
prouo1nP of s~vitchesor bv ~ r o v i d i n ~  s 

mc 

(c) Ii8 master ignition control is pro-
vided. a rruard shall be incsmorated to 
prevent inadvertent operati& of the 

5 4b.473 AlFrture controls. (a) If 
mrxture wnlmls are provided. a separate 
control shall be provlded for cach engine. 
'The muttwe controls shall be mouped 
and arrang~d 'apcrmit separate control 
of each encine and also sllnultancow 
control of ail engines. 

(bl Any intermediate posltlon of the 
mixture control which corresponds with 
a normal oneraGina settlrrp shnll be Dm-
vided with a senso& and a visual idintl- 
flcation. 

tc) The mixture controls shall be 
ulaced in a location accessible to both 
pilots, except whete a separate flight en- 
gineer station with a control panel is 
provided, in which case the mixture con-
trols shall be accessible to the flight 
engineer. 

O 4b.474 Prmeller controls-(a) R o -
velle~ spced and pitch controls. (1) A 
separate propeller speed and pitoh con- 
trol shall be provided for each Propeller. 
The propeller speed and pitch controls 
shall be grouped and arranged to Permlt 
separate control of each propeller and 
also simultaneous control of all pro-
. .~~-

(a) The propeller speed and pitah con- 
trols shall provide for synchronizstion
of all ~roDellers. (See a h  P 4b.404.) 

131'Pripeller swed and pitch con-
t r o l ( ~ ~slia!i be phced to tile rijht of tho 

(2) Propeller feathering controls s b a ~  
be ~rovided with means to - re vent- .
inadvertent operation 

(3) If feathering is aCcomplLFhed by 
movement of the orooeller nitch or soeed-~ ~e - ~-."..-~ ~ ~ ~ . - ~  
Control lever, provision shall be made to 
prevent the movement of this control to 
the feathering position duriog normal 
Operation. 

(c) PropPllrr rrvPrring controls. Pro-
pellrr reverslw controls shall incorpo- 
rate a means to Prevent theu inadvert- 
ent movement t;r the reverse position
The means provided shall require a 
distinct and unmistakable operation
by the crew in order to place the 
control in the reverse regime both 
flight and on the ground. 

0 46.475 Fuel svstem controls. lses--- ..-..-..,
(a)  Fuel jettisonin&? system controls 

shrill be Drovided with mnrds to mevent - -~~ 

their inaavertent operitiou 
(b) Puel jettisoning system controls 

shall not be located in close nroxlmitv to 
fxe extinguisher controls hor to *& 
other controls intended to combat flre. 

O 4b.476 Carburetor oir preheat con-
trols. 6eParate carburetor air preheat 
controls sllall be Provided to r e d a t e  the 
temperature of the carburetor air for 
each @e. 

5 4b.476a Supercharger c o n  t r o 1s. 
Supercharger contmls shall &acoesslble 
to the pilots, except where a separate 
flight engheer station with a control 
panel is provided. in which case they 
shall be accessible to the flight engineer. 

Engine mounted accessories shall be of 
a type approved for installation on the 
engine involved, and shall n t i k  the 
provisions made on the enzine for 
mounting. 

(b) Items of electrical m i m e n t  sub- 
jrct to arcinx or spar&& shall be Lo-
stalled to minlmie -the passibility of 
their contact vith anv nemmable fluids -~~ -~~ ~ ~~~~ ~ ~ ~ ~ 

or vapors which might be aresent in a 
free state. 

tc) Il continued rotation oi an en-
glne-driven cabin supercharger or any 
remote accessory driven by the engine 
will ConatitUte a hazard in case 
malfunctioning occurs, means shall be 
provided to Prevent hazardous rotation 
of such accesson without interfering 
with the continued operation of the en- 
gine. (See also 5 4b.3'11 tc) .) 

N m :  Hazardous rotetlon map invdolve 
mnddemtlon or mechanical damage or sue 
talned ab flows Wmah may be dangerom
Under certaln ~ondltlona. 

0 413.478 EILgine <witionsystems. (a)  
Battery ignition system shall be sup-
plemented with a generator which b 
automatfcW made a m a b l e  as an  al- 
ternate source of electrical enerw to 
permit continued engine operation in the 
event of the depletion of any battery. 

tb) The capacity of batteries and sen- 
emtors shall be sufRcient to meet the 

~l1nt.sthrott l~and shall be at lea-t 1 simultaneous demand3 of the engine. ~ ~ - . . ~ ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -~~-~~ 

inch lower than We thmttle controls, Ignition systemand the meatest demanda 
IbJ fionellm Icalhering controls. t 1) of any airplane electrical system com- 

A separate pro1,eller featherim? control ponents which would draw electrical 
shall be provided for each propeller. energy from the same sourca 
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(1) The dlsign of the engine ignition 
mtem shall take into consideration the 
wndition of a n  inoperative generator 
and the condition of a compietely de- 
pleted battery when the generator i.5 run-
ning a t  its normal operating speed. 

(2) If only one battery is provided the 
design of the engine ignition system shall 
take into consideration the condition !n 
which the battery is completely depleted 
and the generator is operating a t  idling 
speed.

(3) Portions of magneto ground wires 
for separate ignition circuits which lie 
on the engine side of the fire wall shall 
be installed, located, or protected so as 
to minimize the possibility of simultane- 
ous failure of two or more wires 89 n 
result of mechanical damage, electrical 
faults. etc. 

14) Ground wires for any engine
shall not be routed through fire zones. 
except those assaciated wiLh the engine 
whjch the wires serve. unless those POI-
tions of the wires which are located in 
such flre zones are flreproof or are pro- 
tected against the posslbillty of damage 
by Are in a manner to render them 
Areproof. (See 8 4b.412 for ignltlon 
8witches.) 

(5) Ignition circuits shall be electri- 
cally independent of ail other electrical 
circuits except circuits used for analyz- 
ing the operation of the ignition system. 

(c) Meam shall be Provided to warn 

l l l ~ h t~ersonnelU ma~unctlorunt:of any 

part of the elcctrlcal system Is causmg 

the COntltluOus dIxharErnK of a battery 

whlch is necessary fo; engine ignition 

(See O 4b.412 for ignition switches.) 


POWSRPLAm FIRE PROTECTION 

5 413.480 Designated Ere zones. (8 )  
Desipnated flre zones shall comnrise the 
folliwing regions: 

(1) Engine power section, 
(2) W i n e  accessory section. 
(3) Complete nowemlant comnart-

ments in which no isolstion is pro~ided 
between the engine power section and 
the engine accessory section, 

(4) Auxiliary. Power- unit comoart-
ments, 

(5) Fuel-burning heaters and other 
wmbustion equipment installations as 
defrned by 9 4b.386. 

(b) Designated flre zones shall be 
protected from flre by compliance with 
P d.. 4b.481 throueh 4b.490. 

(0) The nacelie area immediately be- 
hind the fire m i l  shall comply with the 
provisronli of 9 2  4b.385.4b 463 cd.. 4b.41R 
tb). 14).4b481 lc).4b.482 Ihrou1:h4b485 
and 4b1489. If a retractable-landing 
gear is located in this area, compliance 
with this paragraph is required only with 
the landing gear retracted. 

5 4b.481 Flammable Ruids. (a) No 
tanks or reservoirs which arc a part of 
a system ~ontailllng flammilbltr fluids or 
RaSPs shall be located in dc'slgnated Are 
sones, except where the fluld contlined, 
the design of the system, the matervals 
used in the tank. the shut-08 means. all 
connections, lines, and controls are .&& 
as to Provide an  equally high degree of 
M e w .  

(b) Not less than one-half inch of 
clear sir space shall be provided be-

tween enp t a ~or reservoir and a Rre 
wall or shroud isolating a designated 
Rre zone. 

tc) No component of a Rammable 
fluid-carrying system shall be located in 
close proximity to mnterials which can 
absorb such a fluid. 

5 4b.482 Shut-off means. (a) Means 
for each Individual engine and for each 
individual flre zone specifled in 5 4b.480 
(a) 14) and (5) shall be provided for 
shutting off or otherwise preventing 
hazardous susntlties of fuel, oil, de-icer. 
and other flammsble fluids from flawing 
into, within. or through any designated 
are zone. except that rncons need not be 
provld~d 10 I . U I  011 flow In lbnc,s furrntng 
an inw6r.11 PUII of all engine. Closrng 
the fuel shitoff valve for any engine 
shall not make any of the fuel supply 
unavailable to the remaining enaines. 

(b) Operation ol the shutoff-means 
shall not Interfere wrth the st;bsequenL 
Pmergeucy upcrarron of othcr equlprnent. 
such ns fpalhrrlnc the nroeeller 

( c )  The shut-off mian; shall be lo- 
cated outalde of desranated Arc zonca. 
llnlcss an e~uslly hmh degree of safety 
IS oth~rw19~. I tProvided lsee 9 4b 481). 
bhali bt) .hewn that no hazardous quan- 
tlty of fldmmsble fluld could dram into 
anv de,lcnattd flre zone aflpr shuttme- -
oBhas &en accomplished. 

td) Provlsions shall be made to guard 
against inadvertent operation of the 
shutoff means and to make i t  possible 
for the crew to reopen the shutoff means 
in flight after it has once been closed. 

5 4b.483 Lines and fittings. All lines 
and flttings carrying flammable Euids 
Or gases in designated flre zones shall 
comply with the provisions of paragraphs 
( 8 )  through ( e )  of this section. 

(a)  Unes and fittings which are under 
pressure, or which attach directly to the 
engine, or which are subject to relative 
motion between components shall be 
flexible. fire-resistant lines with flre-
resistant end flttings of the permanently 
attached, detachable, or other appr~ved 
type. The provisions of this paragraph 
shall not apply to those lines and fittings 
Which form an  integral Part of the en- 
gine. 

(b) Lines and flttings which are not 
Subject to pressure or to relative motion 
between ComPonentJ shall be of flre-
resistant materials. 

( C )  Vent and drain lines and flttings 

Are extinguisher systems need not be 
provided in the engine power seetion. 

(2) The m e  extinguishing system, the 
Quantity of extimuishim went. and the 
iate o f  dischar& shallihi such as to 
provide two adequate discharges. It 
shall be pussible to direct h t h  discharges 
to any main engine installation. Indi-
vidual "one-shot" systems shall be ao-
ceptable in the case of auxiliary power 
units. fuel-burning heaters. and other 
combu~tion equipment. 

(3) The flre-extinguishing system for 
a nacelle shall be caoable of nrotectine 
simultaneously all wnes of the nacelle 
for Which protection is provided. 

(b) Fire ertinguishing agents. (1) 
Extinguishing agents employed shall be 
methyl bromide, carbon dioxide, or any
other agent which has been shown to 
provide equivalent extinguishing action. 

(21 If methyl bromide, carbon dioxide. 
or any other toxic extinguishing agent is 
employed. provision shall be made to 
prevent the entrance of harmful wn-  
centration of fluid or fluid vawrs into 
any wrsunnrl CompJrtmenrs e h e r  due 
to leakhse during normal operation of 
the airplane or as a result of discharging 
the Rre cxtingulsher on the ground or 
in t i i ~ h t  even though a defect may exist 
in th?extingulshihg system. Compliance 
with this requuement 8haU be demon-
stratrd by appropriate tests. 

(3)  If  a methyl bromide system is 
nrovidrd. the containers shall bc cbarced 
&th a &y agant and shall be sealed-by 
the fire exrlngubher manufacturer or by 
a w  othpr party employlog appropriate 
rechar8mK equ!pment 

lc) Exlltrguishms agent containw 
meo9ure relael. ExLimisher agent con- 
ta iner~shall be oravldcd with a nressure 
relief to prevent bnrstingotthecintainer 
due ta rxcrsslvc internal pressures. The 
following provisions shall apply. 

t 1 )  T ~ Pdlscharee line from the rclief 

airplane in a location cwvenient for 
Inspection on the mound. 

( 2 )  An indicator shall be provided a t  
the discharge end of the line to pravide 
a visual ind~cstion when the container 
has discharged. 

(d) Estinouishina aoent container 
contparlrnerz~llcrnpcratirr Under all 
eondlllulls in whlrh the airplane is In-
tended fur operat.on, the temperature 
ranre of the extrrrsurshrnr agent can-
tainers shall be maintained -to assure 

graphs ls)-snd (b) of this scction, un- 
less a.failure of such line or fitting will 
llot result in, or add to. a fire hazard. 

5 4b.484 Fire extinguisher systems- 
(a) General. (1) F i r e  extinguisher 
systems shall be provided to serve all 
designated fire zones. This requirement 
shall be effective with respect to appli-
cations for type certificates in =cord- 
ance with the provisions of B 4b.12. In 
addition. aJ other airplanes rnanufac- 
tured after June 30, 1954, shall comply 
with this requirement, unless the engine 
Power section is completew isolated from 
the engine accessory section by a fire-
Prwf diaphragm complying with the 
PmviSions of 5 4b.488 and unless the 
cowling and nacelle skin comply with 
the provisions of 5 4b.481, in which case 

shall be subject to the nrovisions nf nnra- that the pressure in the containers can . .- ..~ ~ ~ ~ ~~ ~ . ~ . ~~  
neither fall below the minimum neces- 
sary to Provide an adequate rate of ex-
tinguisher agent dischake nor rise above 
a safe limit 50 that the system will not 
be prematurely discharged. 

(el Fire-extinguishing system mate-
rials. Materials in the fire extinguish- 
ing system shall not react chemically 
with the extinguishing agent so a s  ta 
constitute a hazard. All components of 
the Rre extinguishing systems located 
in designated flre zones shall' be con-
structed of flreprwf materials. 

D4b.485 F i r e  de t ec to r  systems.  
Quick-acting Are detectors of an  ap-
proved type shall be provided in all des- 
ignated Rre wnes, and they shall be sui-
flcient in  number and loeation t~ assure 
prompt detection of fEe in such son= 
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Fire detectors shall comply with the fol- 
lowing provisions: 

(a) Firedetectors shall be constructed 
and installed to assure their ability to 
resist without failure all vibration, in- 
ertia, and other laads to which they 
would be subjected in operation. 

(b) Fire detectors shall be unaffected 
by the exposure to oil, water, or other 
fluids or fumes which might be present. 

(0) Means shall be provided to permit 
the crew to check in fllght the function- 
ing of the electric circuit associated with 
the me-detection system. 

(dl Wirina and other comnonents of 
detector systems which are iocated in 
flre wnes shall be of fire-resistant con-

- ~ .  
te) Detector system components for 

any fire zone shall not p6.w through other 
fire zones. unless they- are nrotected~~~~~~~~ 

against the possibility <f false warnings 
resulting from e e s  in zones through
which ther paas. This requirement shall 
not be applicable with respect to wnes 
which are simultanmusly protected by 
the same detector and extinguisher 
systems. 

P 4b.488 Fire walls. Al l  engines. 
auxiliary power units. fuel-burniw 
heaters, and other combustion equip- 
ment which are intended for operation 
in Bight shall bc ~solatcd from the re- 
mainder of the airplane by means of me 
walls. shrouds. or other eouivalenc means. 
The followinishall ~PPI?. 

(a1 F'lre walk and shrouds shall be 
conctructed in such a manner thar no 
h a ~ ~ r d o u souhntity of air. flulds, or name 
can wss fr& th&ompartrnent to other 
portions of the airplane. 

(b) All openings in the flre wall or 
shroud shall be sealed with close-flttb 
tlreprwf grommets, bushings, or fire-
Wall fittings. 

(c) Fire wails and shrouds shall be 
constructed of meproof material and 
shall be protected against corrosion 

8 4b.487 Cowling and MceIIe skin. 
(a) Cowling shall be constructed and 
supported so as to make it capable 01 
resisting all vibration. inertia, and air 
loads to which it would be subjected in 
operation. 

(b) CowIing shall have drainage and 
ventilation provisions as prescribed in 
3 4b.489. 

(c) On airplanes equipped with a dia- 
phragm complying with 54b.488, the 
parts of the accessory section wwIing 
which might be subjected to flame in the 
event of a Are in the engine power sec- 
tion of the nacelle shall be constructed 
of flreprwt material and shall comply 
with the provisions of 5 46.486. 

(d) Those portions of the cowllng 
which would be subjected to high tem- 
peratures due to their proximity to ex- 
haust S?stem parts Or exhaust gas 
imwingement shall be consdructed oi me- 
prWf material 

( e )  The airplane shall be so deslmed 
and constructed that fire originating in 
the engine Wwer or accessow sections 
cannot enter, elther through opemnss
or by burning lhrowh external skin, inta 
am other Zuue of the nacelle where such 
fi& would create additional haeards. II 
the airplane is provided with 6 r e tmt -

able landing gear, thk provision shall 
apply with the landing gear retracted. 
Fireproof materials shall be used for all 
nacelle skin ereas which might be sub- 
jected to flame in the event of a flre 
originating in the engine power or ac- 
cessory sections. 

5 4b.488 Engine acces8ory section 
diauhrasm. Unless equivalent protec- 
tion can be shown by other means. a 
diaphragm Shall be provided on air-
cooled engines to isolate the engine 
Dower section and all nortions of the 

a =".="". 

9 4b.486 Drainage and uentilation of 
fire zoaes. la) Provision shall be m d e  
for the rapid and complete drainage of 
aU portions of designated flre wnes in 
the event of failure or malfunctioning of 
components oontaining flammable fluids. 
The drainage provisions shall be so ar-
ranged that the discharged fluid will not 
cause an additional flre hasard. 

(b) All designated flre zones shall be 
ventilated to prevent the accumulation 
of flammable vapors. Ventilation open- 
ings shall not be placed in locations 
which would pertnit the entrance of 
Rammable fluids. vapors, or flame from 
Other zones. The ventllarion Proviriions 
shall be so arranged that the discharged 
vapors will not cause an additional m e  
hazard. 

tc) Except with respect to the engine 
power section of the nacelle and tbe 
combustion heater ventilating air ducts. 
movision shall be made to permit the 
crew to shut off sources of forced ventila- 
tion in any fire wne, unless the extin- 
guishing agent capscity and rate of dis- 
charge are based on maximum air flow 
through the zone. 

8 4b490 PIotection of other airplone 
components against fire. All airplane 
Surfaces aft of the nacelles. in the region 
of one nacelle diameter on bcth sides of 
the nacelle center line, shall be can-
struoted of &-resistant material. TNs 
provision need not be applied to tail 
surfaces lying behind nacelles, unless the 
dimensional comguration of the air- 
craft is such that the tail surfaces could 
be affected readily by heat, flames. or 
sparlt.i emanating from a designated flre 
woe or engine compartment of any 
nacelle. 

SUBPART &EQUIPMENT 

GENERAL 


0 4b 600 Scope. The required baslc 
equtpment as prescribed in Uus subpart 
is the mirrlmum which shall be installed 
In the airplane for certification Such 
additional equipment as is necessw for 
a speciRc type of operation is prescribed
In the operating rules of this subchapter. 

P 4b.601 Functional and instoIlotion5I 
Tepuirements. Each item of equipment 
ahall he:.. .. 

(a) Of a tm and desim appropriate 
to perform its  lntended function. 

(b) Labeled as to its Identlncation, 
function. or ODerational llmitatlons. or 
&Y combinattbn of these, whichever is 
applicable. 

(c) Installed in accordance wlth s p a -
fled limitations of the equipment. 

(d) Demonstrated to function prop- 
er& in the airplane. 

4 4b.602 Required basic eguiment.
The equipment listed in 354b.603 
through 46.606 shall be the required 
basic equipment. (See 5 4b.600.) 

5 4b.603 Flight and navigational fn- 
struments. (See 14b.612 for installa- 
tion rwuirements.) 

la) Air-speed indlcatlng system. 

tb )  Alllmeter ( S ~ I U L U V B I .  

( C I  Clock lsaeeo-secondr. 

(d) Free air temperatur&indicator. 
te) Gyroscopic bank and pitch indi- 

cator. 
(I) Ciyroscopic rate-of-turn indicatar 

(with bank indicator). 
(g) ayroswpic direction indicator, 
(h) Magnetic direction indicator. 
(11 Rate-of-cliinlb indicator (vertical 

I,, Maximum allowsble air-speed in- 
dlcatal' $1 Rn ax-speed llrmtation rebults 
from comprcss~bd~ty hazards. (See 
6 4b 110.) 

P 4b.M)4 Powerplant  instnmments. 
(See 5 4b.613 for i n s W t i o n  rwujre-
ments.)

(a) Carburetor air temPemture In- 
dlcator lor each engine. 

(b) Cwlant temperature lndlcator 
for each Uauid-cooled enaine. 

tc) Cyliider head temperature indi- 
cator for each &-cooled engine.

(d) An individual fuel pressure indi- 
cator for each engine and either an In- 
drpendent warning device for each 
englne or a master w a r m  device for ail 
enarnes with means for isolatrne the 
in&idual warning circuit from the 
master warning device, 

te) Fuel flowmeter indicator or fuel 
mixture indicator for each engine not 
equipped with an  automatic altitude 
mixture contml, 

(1) Puel ouantl- indicator for each 
fuel tank, 

(g) Manuold pressure indicator for 
each engine. 

(h) An individual oil pressure indica- 
tor for each engine and either an inde- 
pendent warning device for each engine 
or a master warnlng deviee lor all 
engines with means for lmlstins the 
individual warning circuit from the 
msster warnin!$ device. 

(i) Oil quanuty indicator for each oil 
tank when a transfer or oll reserve sup- 
ply system is used. 

(1) Oil temperatureindicator for each 
engine. 
tk) Tachometer for each ensine, 
(1) me war* indicatarc (see

D 4b.4863. 
tm) A device for each englne capbla 

of lndieatinz to the W h t  crew 'durinR -- -~~~ ~~ ~~ ~-
Uight any change~& tl;e power output. 
il the engine ia equipped with an  auto- 
matic propeller feathering system the 
operation of which is initiated by a power 
output measuring system or if the tot%] 
engine cylinder displacement b 2,OW 
cubic inches or more. 

(n) A means for each reveminp pro- 
peller to indicate to the pilot when the 
propeller is in reverse pltch. 
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I4b.605 Mircellune~u equipment. 
(a) Approved seats for all occupants 
taee phb.358). 
(b)~ppromd mfety Mts for Ill1 oc-

ou~ants(see 6 4b.643). 
tc) ~ a s t e i  switch arrangement for 

electrical circuits other than ignition 
(see $ 5  4b.623 and 4b.6243, 

(d) Source(s) of e lectr icenem tsee ~. 
$4b.sao,. 

(e) Electrical protective devices (see
D 46.624). 

(f) Radio oommunlcation s Y s t e m 
(two-way),

(g) Radio navigation system. 
(h) Windshleld wiper or equivalent for 

each pilot. 
(i) Ignition switch for each and all 

engines tsee B 4b.472). 
(j) Approved portable me  extin-

guisher (see 9 4b.641). 
5 4b.606 Equipment, systems. and in- 

stallations-(a) Functionino and reli- 
abthtu. All equlprncnt, s~slrms, and 
instaUations the functioniw of which is 
nPcestarv in showinn com~lisnee with .--- ~-~ 

the regulations in thys suGhapter shall 
be designed and installed to insure that 

FLAP CONTROL KNOB 

THROTTLE CONTROL KNOB 

MIXTURE CONTROL KNOB 

they will perform their lntended func- 
tions reliably under all reasonably fore- 
seeable operating conditions. 

(b) Hazards. All equipment, systems, 
and installations shall be designed to 
safeguard against hazards to the air- 
plane in the event of their malfunction- 
ing or failure. 

tc) Power supply. m e r e  an instal- 
lation the functioning of which is neces- 
sary in showing compliance with the 
regulations of this subchapter requires a 
power supply, such installation shall be 
considered an essentinl loadon the power 
supply. and the power sources and the 
System shall be capable of supplying the 
following power loads in probable oper- 
ating combinations and for probable 
durations: 

(1) All loads connected to the system 
with the system func t l ow  nolmally; 

(2) All essential loads after failure of 
any one prime mover, power converter, 
or energy storage device; 

(3)  All essential loads after failure of 
any one engine on two- or three-engine 
airplanes, or after failure of any two 

LANDING GEAR CONTROL KNOB 

RPM CONTROL KNOB 

SUPERCHARGER CONTROL XNOB 
F ? o ~4baa-cOntml knob ahapea. 

engines on four-or-more-engine air-
planes. 

ms~nuxmrs: INST~LLARON 

5 4b.610 General. The provisions of 
gg 4b.611 through 4b.613 Shall apply to 
the installation of instruments. 

g 4b.611 Arrangement and viaibilitu 
of instrument instaUotions, (a)Flipht. 
navigation, and powerplant instruments 
fox use by each pilot shall be plainly Vls- 
ible to him from his station with the 
minimum practicable deviation from his 
normal position and line of vision when 
he is lwking out and forward Illow the 
flight psth. 

(b) Flight instruments required by 
5 4b.603 shall be grouped in accordance 
with one of the flight instrument Panels 
in Figure 4b23 dependent upon which 
instruments are installed. The panel 
shall be centered as nearly as practicable 
about the vertical plane of the pilot's 
forward vision. The required mght ln- 
struments not shown in Figure 4b-23 
shall be placed adjacent to the Pre- 
scribed grouping. 

tc) All the required powerplant in-
struments shall be ClW m u p e d  On the 
instrument panel. 

(d) p den tical powerp~ant tnstruments 
for the several engines ahall be located 
to prevent any misleading imPreSFion W 
to the e-es to whlch they relste. 

(el Powerplant instruments vital $0 
the saie operation of the airplane shan 
be plainly visible to the appropriate crew 
members. 

(f) The vibration characteristics 02 
the mLastrument panel shall be such as 
not to impair seriously the acwaCY oi 
the instruments or to damage them. 

5 4b.612 Flight and navigational in- 
struments-(a) Air-speed indicating 
system. (1) Air-speed indicating in-
struments shall be of an approved type 
and shall be calibrated to indicate true 
air speed at sea level in the stand-
ard atmosphere with a minimum prac- 
ticable Instrument calibration error 
when the wrrespondtng pitot and static 
pressures are applled to the instrument. 

(2) The air-swed lndicatina system
shall be calibrated to determine the sys- 
tem error. i. e., the relation between 
IAS and CAS, in flight and during the 
accelerated take-off ground run. The 
ground nm calibration shall be obtained 
from 0.8 of the minimum value of V, to 
the maximum value of V,, taking into 
account the approved altltude and 
weight lange for the airplane. In the 
ground nm calibration, the flap and 
power settings shall correspond with the 
values determined in the estabmhment 
of the take-off path under the provisions 
of 5 4b.116. assumina the critical engine 
to fail a t  the minimum approved vilue 
Of v,. 

(3) The air-speed error of the Instal-
lation. e x c b d d  the air-soeed indica- 
tor instrument -dbratlon- error. shall 
not exceed 3 percent or 5 mph. which- 
ever is the mater. throuehout the awed 
range from-vN, ti 1.3 v.; with I%& re-
tracted, m d  from la v,. ta v.. - - with 
f la~sin the landing posi~on 

(4) The air-speed lndicatinB mtem 
shallbe -red in so far asmacticable- - ~ - - ~~ ~ ~ ~~~ 

to preclude malfunctionins or serlow 



ermr due to the entw of m&tuTe, dirt, be btalled so that its accuracy will not 
or other substances. be c a c ~ ~ v e l saflected by the airplane's 

(5) The air-speed indicaWng 8gst.m vibmtion or magnetic flelds of a perma-
shall be provided with a heated nit& nent or transient nature. 
t u k  or equivalent means ot preventing (2) Aft- the magnetic direction indl- 
malfunctionine due to icing. C a b  hm been c o m m t e d ,  the cslibrs, 

(6) Where duplicate &-Speed indl- tion shall be such that the deviation iq 
c a m  are required. their respective pitot level Zght does not exceed -10' on any
t u b s  shall be spaced apart to avold dam- heading. 
age to both tubes in the event of a col- (3) A callbratinn placard &dlbe pro-
Uslw with a bird. vided as wecfiied in 5 413.133. 

lb) Static air vent and pressure (d) AutOrnntic pilot system. I! an 
altimeter systems. (1) M instruments automatic pilot system is insmed, i t  
provided with static sir case connections shall be of an approved type. and the 
shaU be vented to the outside atmos- following shall be applicable: 
phere through an appropriate piplug (1) The actuattng (servo) devices 
aystem. shall be of such design that they can, 

(2) The ventcs) shall be so located on when necessary, he disengaged wsitively 
the airplane that its orifices will be leaat and be overpowered by the pilot to enable 
affected by sir flow variation, moisture, hlm to msintaii control of the airplane. 
or other foreign matter. (2) A means shall be provided to in- 

(3) The installation shall be such dtoate ieadily to the pllot the alignment 
that the system will be &-tight. except of the acLuating device in relation to the 
for the vent into the atmosphere. ~ ln t ro lsystem which it operates, except 

(4) Pressure altimeters shall be of an when automatic synchrorllzation LF pro-
approved type and shall be calibrated to vided. 
indicate pressure altitude in standard 13) The manually owrated controlls) 
atmosphere with a minimum Practicable for the system's operation shall be 
instrument csllbration error when the readily accessible to the pilot. 
c o m m n d i w  static pressures are ap- (4) The automatic pilot systepl shall 
plied to the instrument. be of such d e s h  and so adlusted that. 

(5) The d e m  and instaUatlon of the milthin the r a g e  02 adjustment available 
BlWmeter system shall be such that the to the human pilot. it cannot produce 
error in indlested pressure altitude a t  sea haeardous loads on the airplane or create 
level in standard atmosphere, excluding hazardous deviations in the flight path 
btrument oslibration error, does not under any conditiolls oi night appropri- 
result in a reading more than 20 feet ate to its use either during nonnal oper- 
bigh nor more than 50 feet low in the atton or in the event of malfunctioning. 
speed range between 1.3 V., (8aPs ex- assuming that wrrective action is initi-
tended) and 1.8V., (flaps retracted). ated within a reasonable period of time. 
(s) Hametic dbectton indicator. (1) (el Imtrumene utflfzinga power SUP-

The magnetio direction indicator shall ply. Each required flight imtmment 

r I 1 

1 I 1 

ADPLAUtomatfC dlrKtlon Under. EB-EeadUlg selector. 

AII-Appraaob hwlmm. na-rnstrument landlug matem. 

ALT-Altimeter. OBS--Orrrm-bearing selector. 

AS-Alr weed.  R/C-RBte of olfmb. 

a.--comk mdicator. ~adf-mao magnetlc ind~cstor. 

DG-Dtrectfon p. T/B-lUm and bank. 

lIO%Ar4blcla hmmn (bank and pltcb). ZR-Zero reader. 


Roou 4%-Bd81c BI.IomI~simmmPma A ~ ~ o ~ E N T .  

utillane a m e r  SUPPIYshall be pro-
Wied wlth bvo independent BmxCBS 
power, a means or selecting either -er 
Source. and a mearui of indicatht the 

to the other system. pmvislon shall be 
made to disconnect or laalate in flight 
such additional instruments. 

0 4b.613 Powmlant imhuments-
(a) Instrument nnes. (1) ~owerp~ant
Instrument Unes carmng flammable 
fluids or gases under Prwure shall be 
provided wlth restrlctcd orifices or 
equivalent safety devices at  the source 
of the oressure to orcscnt ~~. the eseane of.-~ ~ ~~ ~ ~~ ~- . ....~-. 
excessive fluid or ~ a sin Care of line 
failure. 

(2) The provisions of 4 0  4b.432 and 
413.433 shall be made aoolicable to wwer.

~~ 

plant instrument lin&I 
(b) Fuel m n t i t y  indicator. Means 

shall be nmvided- - .~to.~indicate to the mzht -- -.-.~~ ~ - -. 
crew the ~ u a n t i b  in gallons or eauiva- 
lent unlts of usible fuel in each-tank 
durlug fight. The followlug shall apply. 

(I) 'l'%nks.the outlets and air soaoes 
or which are interconnected, shail be 
considered asone tank for the Purpuse oi 
providing semrate indicators. 

(2) Exmsed sight eauzes shau be 
protected against damage.- 

(3) Fuel ausntity indicators shall be 
calibrated to read zero durina levelflieht 
when the auant l t~  of fuel temainioa-in 
the tank is equai to the unusable fuel 
supply 8s defined by O 4b.416 (see
4 4b.736). 

(o) Fuel Rotmneter wstem. p e n  s 
flowmeter system is installed, the meter- 
ing component shall include a means for 
by-passing the fuel supply in the event. 
that maIfUnCtiooing of the metering
Mmrnnent results in a severe restriction 
to fuel flow. 

(d) Oil quantity tndicator. (1) A 
stick gauge or other equivalent means 
shall be p?ovided to indicate the wan- 
tit7 of oil in each tank (See P 4b.735.)

(a) If an oil transfer ssstem or a 
reserve oil supply system is installed, 
means shall be provided to indicate to 
the crew during fzight the wantit7 of 
oil in each tanb. 

F L ~ ~ I C I Lw s m  AND mwxrzm 
9 4b.620 General. The Provisions of 

$3 4b.621 through 4b.621 shall apply to 
all elsctrical systems and equipment. 

0 4b.621 Electrical system caweity. 
The reouired aeneratinn esoacitv and 
ihe number an% type or wwcr wurcm 
shall he determined by an electrical load 
analysis and shaU comply with 4 Jb 806 
(C). 



4 4b.622 Gemrating s y s t e m .  (a) 
The aenerating system shall be con-

, 
:d control. rem- . -

latios and protective devices. 
(b) The generating system shall be so 

designed that the power sources func- 
tion properly both when connected in 
combination and independently, and the 
failure or nurlfunctioning of any power 
source cannot create a hazard or impair 
the abilitv of the remain& souICes~ ~ . 
supply essential loads. 

(c) Meam awessible in mght to aP- 
arooriate crew members shall be Pm- * - ~ - - ~~~ ~ 

vided lor the individual and colleitive 
disconnection of electrical power sources 
from the main bus. 

(d) Meaas shall be prodded to indi- 
cate to apDropnate crew members those 
generating system quantities which are 
e ~ ~ e n t l a lfor the safe operation of tbe 
system. 
N-: The volt(~8esad current supplled 

by each generator are qusntitles coasldered 
osaentlal. 

D4b.623 Distniutton sustem. (a)
The distribution system shall be con-
sidered to include all distribution busses. 
their associated feedem, and control and 
protective devices. 

(b) Individual distribution sgskm.5 
shall be designed to insure that essen- 
tial load c2rcuits can be supplied in the 
event of reasonably mobable faults or 

Nan: Varl- means may a used to as-
sure a supply, such sn aupllcats electrical 
equlpment. tmow-over ~ L t c h l g ,  and multi-
channel or loop ciroults separately muted. 

5 4b.624 Electrical protection. (a) 
Automatic protective devices shall be 
provided to minimize distress to the elec- 
trical system and hazard to the airplane 
in the event of wlring faults or serious 
maliuactioninrr of the system con-~~~ -~ or 
nected eciuimint. 

tb) h ~ r h e  generating System the pro- 
tective and c~ntrol  devices shall be such 

5 4b.625 ElectricaZ euuipment and in- 
stnz&tiun. (a) In showing compliance 
wlth 4- 4b.606 (a) and (b) with resnect ~ ~ ~ ~. . ~ ~.~ 
to the clectrlcal .&stem. equipment.. -and 
~nstallation. coaslderatlon shall Lw given 
to critical environmental conditions. 

may inelude temperature. Drearure. humld-
l tp ,  ~e~fllatlon,pasltloo, weelrrullon. rlbra-
tlon, and preaeuee of detrimental sucetanceo. 

(b) All electrical quipment, controls. 
and wirina shall be so installed that 
owrauon i f  an.9 one unlc or system of 
un~t.s will not affect adverse:y the 8pul-  
tanmu.. ODerution of a w  other clectrlcal 
nnjt or srstem of units essential to the 
safe operation 01 the airplane. 

( 0 )  Cables shall be aronoed. routed. 
and spaced so that dmiage-to w e n t b l  
elrcuits mll be minim?&& in the event 
of faults in heavy current-carrying 
cables. 

(d) Batteries and their installations 
shall provide for ventilation, drainage 
of fluids. ventine of eases. and Drotection 
of ith& parti oi t h i  ai&ane from cor- 
rosive battery fluids. 

5 4b.626 Electrical sustem ffre and 
smoke protection. The design and in- 
stallation of all components of the elec- 
tncsl system shall be in compliance with 
prrtlnent me and smoke protection PI+ 
vlslonsof PO 4b 311tc). 4b.385. and4b.490. 
In hddltion. all electrical cables. t e r n -  
nals, and cqutpment which arc necessam 
In~ - -crnereenev oroeedures and which are -~ ~ ~~~ ~ ~~ ~ 

located in designated fire zones shall be 
dre-resistsnt. 

5 4b.627 Electrical sslstem tests and 
analvsar. It shall be demonstrated by 
tests and analyses that the electrical 
system functions properly and without 
electrical or t h e m  distress. 

LIGHTS 

5 4b.630 instrument lights. (a) In. 
strument Ughts shall provide s d c i e n t  
illumination to make all instruments. 
switches, etc.. easW readable. 

(b) Instrument lights shall be so in-
stalled that their dlrect rays are shielded 
from the pilot's eyes and so that no ob- 
jectlonable reflections are visible to hlm. 

tc) A means of controlling the inten- 
sits of illwnlnatim shnU be nrovided. 
unless it Is shown that non-dhimed in: 
strument Ugh= are satisfactory under 
BU cxpected conditions of flight. 

P 4b.6S1 Landing lights. (8)Landing 
lights shall be of an approved type.

(b) landing lights shall be installed 
so that there is no objectionable glare 
visible to the pilot and so that the pilot 
is not adversely affected by halation. 

( e )  Landing lights shall be installed in 
a location where they provide the nec- 
essary illumination for night landing. 

(d) A switch for each llght shall be 
provided. except that where multiple 
lights are installed a t  one location a sin- 
gle switch for the multiple lights shall be 
acceptable. 

P 4b.632 Position light system installa- 
tion-(a) General. The provisions of 
85  4b.632 through 4b.635 shall be appli- 
cable to the position light system as a 
whole. The position light system shall 
include the i t em specifled in paragraphs 
(b) through <f)  of this Section. 

as to de-enereue and disconnect f a u l l ~  
wwer sources and power transmission 
equlpment from their associated busses 
with sU5cient rapidity ta Drovlde pro- 
tection aeainst hrvardous ovcmolLage. 
and othe~malfunetioning. 

tc) All resettable type circuit pmtec- 
tive devices shall be s& designed that. 
when an overload or circuit fault exists. 
they will open the circuit. lrrespectlve 
of the position of the operating control. 

(d) Protective devices or tllelr con-
tmls used in essential load circuits shall 
be accessible for resetting in flight. 

te) Circuits for essential loads shall 
have individual circult protection 
Non: Thla provlplon does not neoesSarU7 

require lndlvldual protectlon for each cir-
cult In an WenUal lDed system (e. g.. pach
pa~ltlonUght In the system). 

(1) If fuses are used, there shall be 
pmvlded spare fusees for use in fllght 
equal to at. least 50 Percent of the num- 
ber of fuses of each rating reauucd tor 
complete circuit protection 

5 4b 633 Position Uohl aystem dihedral 
angles. l'he furward and rear Position 
b ~ h mas ~nstslled on the alwlane shall 
shaw unbroken light within dihedral 
angles specifled in paragraphs la) 
through (c) of this section. 

(a) Dihedral anale L (left) shall be 
cotkidered formed-by two intersecting 
vertical planes, one parallel to the longi- 
tudinal axis of the airplane and the 
other a t  110' to the left of the first. 
when looking forward along the longi- 
tudinal axis. 

(b) Dihedral angle R (right) shall be 
considered formed by two intersecting 
vertical planes, one parallel to the ionpi- 
tudiml axis of the airplane and the 
other a t  110' to the right of the first, 
when looking forward along the longitu- 
dinal axis. 

(c) Dihedral angle A (aft9 shaU be 
considered formed by two intersectine 
vertical nlanes making angles of 70' to 
the right and 70" to the left. respectively. 
looking aft  along the longitudinal axis. 
to a vertical plane passing through the 
longitudinal axis. 
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5 4b.634 Position Zight distribution 5 4b.635 Position Zight color speciffe.. beam width of not leas than approrrmotelr
and intensities-(a) General. The in- ttons. The colors of the wsition liahts 6 degrees. 
tensities prescribed in this section are 
those to be provided by new equipment 
with a11 light covers and color Nters in 
place. Intensities shall be determined 
With the light source operating a t  a 
steady value equal to the averaae lumi- 
nous-outvut oi t h e  ~ u h t  Source at t h o  
norm.tl upernL1nK volta?~,~at  tile urpldnc 
The llebt d~stnbutron and intens!tlrc of 
position lights shall comply with^ the 
Provisions of paragraphs (b) and (el
of this section. 

tb) Forward and rear lrosition Zishts. 
The light distribution and intensities of 
forward and rear position lights shall be 
expressed in terms of minMum inten- 
sities in the horizontal plane, minimum 
mten\rtles in any \,cn>cal Dlenc. and 
maxrmm intensltlrc m overlappng
beams. withln dihPdrdI anrlcs L. H.and 

shall have the International commfsaon 
on Illumination chromaticitp coordinatee 
ss set forth in oaraaraohs (a) throuuh 
tc) of this seotibn 

(a) Aviation red. 
B is not greater thsn 0335. 

z IB not greater than O.wa: 

(b) Auiation green. 
z is not greater than 0.440-Om#, 

2 L8 not greater than y-4.170.

Y 18 not less thaa O.~BO-O.I?OL: 

(c) Aviation tohite. 

CROSSRFWwn: Fm Speolal ~ 1 ~ 1 1~lhlr 
Regulation S-90. modlfgmg regulations 

MlT EQUIPMENT 

O 4b.640 Ice protection. When an ice 

sourcesof power and a positive means for 
the deflation of the boots shall be 
provided. 

5 4b.641 Hand Rre extinguishers. 
(See $ %  4b.381, 4b.382, and 4b.383.3 
IAmdt. 4 b a .  17F.R. 1W9, Feb. 6. 19621 

9 4b.642 Flare imtallation. (a) 
Wrachute flares shall be releasable from 
the pilot compartment and installed to 
minimize the danger of accidental dls-
charge. 

(b) It shall be demonstrated in flight 
that the flare installation is such that 
ejection can be accomplished without 
hazard to the airolane and its occuaants. 

tc) II remll ldads are involved in the 
ejection of the Bares.the structure of the 
aimlane shall wrthstand such Loads. 

5 413.643 Safety belts. Safety belts 
shill be of an apprived type. Inno case 
shall the rated strength of Lhe sa1et.Y 
bell be less than that corRswndrnv wlth 
the ultimate load factors-smi&d in 
B 4b.260 (a) ,  taking due account of the 
dnnensional characteristics of the safety 
belt installation for the smific seat or 
berth arrangement. Safetp belts swll  
be attached so that no part of the an- 
chorage will fail a t  a load lower than 
that corresponding With the ultimate 
load factors speeined in D 4b.%60 (a). 

5 4b.(H4 Safety belt signal. When 
means are provided to indicate to the 
DaSsenRerS when seat belts should be 
&sten&, the device shall be so installed 
that it can be operated from the seat of 
either pilot or copllot. 

S 4b.645 Ditching equipment. When 
the airplane is certiecated for ditching In 
accordance with 5 4b.361, and when re- 
quired by the operating rules for the 
particular route to be flown, the ditch- 
ing equipment shall be as prescribed in 
paragraphs (a) through (dl of this 
section. 

(a) Life rafts. Life raftsshall be of 
an  approved m e .  Unless excess rafts 
of sumcient eapsclty are provided, the 
buoyancy and seating cawcity beyond 
the rated capacity oi the ralb shall be 
such ss to accommodate all occupants
of the atrplane in the event of a loss of 
one life raft of the largest rated capacity 
on board. Each We raft shall be 
equipped with a trailing line and with a 
static line, the latter designed to hold 
the raft near the airplane but to release 
i t  in case the airplane becomes totally 
submerged. Each raft shall contain 
ohvious marhines -~ of instruction on the ~~ 

oneration of the raft. 

for identification and method of opera- 
t ion 
N m :  l%i* survlvatextent and tw of 

squlpment will depend upon the route over 
wnlsh the aYplano U operated. 

(e) Long-range signalling device. An 
approved long-rallge signalling device 

A, and shall comply with the p~ovisions wlth respect to the posltlon light system. see 
of submrmaphs (1) through (3) of Note a to thls part, aupo.
this paraeraph. 

(1) Intensities in horizontal olane. Mszimumln~sit,The Lntensitlrs In Ule l~orimuurl~yiarie 
shall not be less than the values given in 
Armre 4b18 .  (The horllontal olnne is ~-~ ~ ~~ ~ . -
tlie plane-containing the longitudinh 
axis of the airplane and is perpendicular 
to the plane of symmetry of the air- 
plane.)

(a) Intensities aboae and below hori- 
ea ta l .  The intensities in any vertical .lane shall not be less than the mroor i -  ~~~~ 

ate value given in mure 4b19. 
is the miriimum intensity prescribed in 
flmre 4b-18 for the corresponding 
a n ~ l e sin the horizontal Plane. (Vertical
planes are planes perpendicular to the 
horiwntal plane.) 

(3) Ooerlaas between adfacent signaIs. 
The intwsities in overlaDs between ad-
jacent signals shall not eiceed the values 
given in m r e  4b-20. 

(0)  Fuselade liphts. The Uluminatfng
lntensftv of the too and the bottom fuse- 
lage liahts individually shall be equlvi-
lent to that which would be furnished by 
B 32-candl?oower lamn Lnrtallcd in a re-- ~~~~ ~~~ 

fl&tor of hiih reflective Properties. The 
Uht s  shall have s clear cover and the 
lisht distribution shall be reasonably unl- 
form throughout appmaimately a heml- 
sphere. 

overlaps 

a- lo dihsdml ~ 8 1 1  L......... 10 I 

Red In dihedral angle R~.......... 10 1 

or- In dibedmlamleA ......... 6 

Red 111 dibedrd angle A ~ . ~........ 6 1 

ear white or rearred mdihedral 
aoglLL~...... 6~ ......~..~~..~... 1 

Rsar white 01rear red 0 dmedrsl 
mcle R......................... 6 1 


m.nr. *,?a * n,,rcrPn,s ,ha OF*,~AD 4" an, ,,lane
hrn,drn uy t.6 ~ ~ , X I I Ilill.r frrn nz i .n~lr*"I 10' 
m 0 and 200 un 0 Lo ihe Wrnlnoll htund-ry ol the 
d,Dtdrll andspnddrrM Arra II mprrrl L1 t1,covrr 
lap 118 mmr ~zlaucmyond w aa 0 # u ibs awla of 
l l lb  vim. rn tbr borl:ant& plaoa 

F W O ~  m O V E I L * F ~ P O~ ~ Z - M A X I Y U YI m ~ n m S  
BElla 0. POPPIRO W O  U l l d  PO(IIP0N LlOSm 

P 4b.636 Riding light. (a) When a 
riding (anchor) light is required for a 
seavlbne, W n g  boat. or dphiblan.  ic 
shall be capable of showing a white light 
for at lead two miles a t  nicht under 

(bl The Ading Uht shall be installed 
to show the maximum unbroken light 
omttcable when the amlane is moored 
br drifting on the waier. ExternaU~ 
hung lights shall be acceptable. 

5 4b.637 Anti-collision Zight. If an 
anti-collision l i h t  is used. It shall be of 
the rotating b e w n  tvne installed on too.~~ ~ ~ 

of the fuseiage i r  ialjin such a location 
that the light would not be detrimental 
to the crew's vision and would not de- 
tract from the wnsplcuity of the imsi-
tion lights. The color of the anti-colli- 
sion light shall be aviation red in 
accordance with the sDeciflcations of 
4 4b.635 la). The arrangement of the 
anti-cdlision light, i. e.. number of light 
source%.beam width. swed of rotation.- ~~-~ ~ ~ 

etc.. snau bek c h  ='to-give an effective 
flash freauenry of not less than 40 and 
not more than 100 cyrlcs pcr mlnute, 
with an an-off ratio not less than 1:75. 
If an sntl-colin~on Lwht in uued. it sllall 
be permlsslble to Install the posrtion 
1lcht.s in a manner so that the forward 
pasition lights and the rear white posi- 
tion light are on steady while the fuse- 
laze liehts and the rear red wsition 
llght are not energ~zed. 
N m :  An an-ail ratlo of not less than 

1:75 L8 equlvaent to a total angular llght 



shall be provided for use in one of the 
life rafts. 

Id) Life preservers. Life preservers 
shall be of an approved type. They shall 
be reversible and shall contain obviou3 
markings of instruction on their use. 

P 4b.646 Stowage of safety equipment. 
SDecial stowage DrOvisiOnS shall be made 
for all prescribed safety equipmcnl to be 
used in rmerrcncics. Tile stowage pro- 
Vlslon Shall be such that the euulvmcnt 
Is dlrectly accessrble and its l & ~ i ~ o n  18 
obvious. All Safety cqulpmellt Shall be 
DrolPctrd against mndvc.n~nt dnma!:e. 
'Ihe stowagi provisions shall be ma&d 
conspicuously to identify the contents 
and to facilitate removal of the equip- 
ment. In  addition, the following shall 
specifici~lly apply. 

(a) Emergency etit means. The stow- 
age Provisions for the emergency exit 
means required by D 4b.362 tei (7; shaU 
be located a t  the exits which they are 
intended to serve. 

Ib) Lrle ralts. The provisions for the 
stowaae of life rafe  reqtured by B 4b.e45 
( 8 )  shall accommodate a sumclenr num- 
ber of rafts for the maximum number of 
occupants tor which the airplane is cer-
tificated for ditching. Stowage shall be 
near exits through which the rafts ean 
be launched durtllg an Unplanned ditch- 
ing. Rafts automatically or remotely 
released on the outside of the airplane 
shall be attached to the airplane by 
means of the static line prescribed in 
5 4b.645 (a). 

(c) Long-range signalling device. The 
stowage provisions for the long-range 
signalling device required by 14b.645 tc) 
shall be located near an exit to be avail- 
able during an Unplanned ditching. 

(d) Life creservers. The Drovisions 
for the btowage of life preservers re-
auired by B 4b.645 Id) shall accommo- 
date one life Dreserver for each aceunant ~~~- ~- -~ -~~.~~-

for which the airplane is certiflcaied for 
ditching. They shall be located so that 
a life preserver is within easy reach of 
each occupant mi l e  seated. 

MISCEI.LhlPEOUS SQrnPMWT 

P 4b.650 Radio and electronic equip- 
ment. (a) In showing compliance with 
P 4b.606 (a) and lb) withrespect toradio 
and electronic equipment and their in- 
stallations, consideration shall be given 
to critical environmental conditions. 
N-: Crltloal environmental Eondltlona 

may Include temperature, pressure,hum(dlty,
ventllatlon, posltlon, scceleyatlon. vlbratlon. 
and presence 01 detrimental subatancea. 

(b) Radio and electronic equipment 
Shall be supplied with power in accord-
ance with the provisions of D 413.823 tc). 

(c) All radio and electronic equip- 
ment, controls. and wring shall be so 
installed Lhat oppration of any one unlt 
or system of unle a ~ i l  not affect ad- 
v~rsely the simultaneous operation of 
any other radlo or electronle unlt or 
svbwm of untw reoutred bv the recula- 
tions in this subchipter. -

B 4b.651 Orygen ewinment and svp-
ply. When required by the operating 
rules of the regulations in this subpart. 
the supplemental and protective bresth- 
ins equipment and its installation shall 
meet the following requirementa 

(a) General. The oxypen -stem in-
stalled shall be free frbm hazards in it-
sell. in its methcd of operation. and in 
its eUect on other eommnents of the alr- 
plane. Means shall be provided to enable 
the crew to determine the quantity of 
oxygen available in each source of 
Supply.

(b) Required minimum mass flaw of 
supplementa2 o m n .  The minimum 
mas; Row of supplemental oxygen re- 
wired per person a t  vsrious cabin pres- 
sure altitudes shall be a t  least that in- 
dicated on figure 4b-21. 

(c) Equipment standnrds for distrC 
button system. Where oxygen is to be 
supplied to both crew and passengers. 
the distribution system shall be designed 
to provide either: 

(1 )  A source of supply for the Right 
crew on duty and a separate source for 
the passengers and other crew mem. 
bers, or 

(2) A common source of supply with 
means provided so that the mtnlmum 
supply required by the Bight crew on 
duty can be separately reserved. 

(d) Emipment standards for diSpem- 
ing units. A n  individual dispensing unit 
shall be provided for each crew m e m w  
and passenger for whom supplemental 
oxygen is required to be furnished. All 
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units &all be designed to cover the nose, 
and a t  least 25 percent of the umts re-
quired to be furntshed shall, in addition. 
cover the mouth. (For crew mas& to be 
used for protective breathing Purposes 
seeparagraph (h) of this section.) 

te) Means for determining use of 
orygen. Means shall be provided to en-
able the crew to determine whether OW-
gen is be* delivered to each user. 

(f) Fire Protection. (1) Oxygen
equipment and lines shall not be located 
in a w  designated Ere zone. 

(2) Oxygen equipment and lines shall 
be protected from heat which may be 
generated in ar escape from any deslg- 
nated 6re zone. 

(3) Oxygen equipment and lines shall 
be so installed that escaping o ~ g e n  
a ~ o tcause ignition of accumulations 
of grease, fluids, or v a m  whlch are 
Wrely to be present h normal operation 
or as a wsult of failure or m~Uunctlon- 
ing of any 8ystem. 

(g) Pmtection from rupture. Om-
gen pressure tanks and lines between 
tanks and the 6hUtoR meam shall be 
protected fmm the &ects of unssfe 
temmratures. and shall be so located in 
the sfrplane as to minimfee the possl-
b u t s  and the hazards of rupture in a 
crash landing. 
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(h) Protective breathing s y s t e m  . 
When Protective breathing equipment is 
muired by the Civil Air Regulations, i t  
shall be designed to protect the fllght 
crew from the effects of smoke. carbon 
dioxide, and other harmful gas.& while 
on night deck duty and while combating 
ares in cargo compartments (see 5 4b.380 
(c)). The Drotective breethina etlui~- 
ment and the necesssry supply of oxygen 
shall be in accordance with the follow- 
ing orovisions. 

(1) The Protective breathina eauio-
ment shall include masks covering the 
eyes, nose, and mouth, or only the nose 
and mouth where accessory equipment 
is provided to p r o k t  the eyes. 

( a )  A SUPPIYof ~rotectivc~oxygen per 
crew member shall be of 15-minute dura- 
tlon a t  a Dressure alutude of 8.000 feet 
and a res~iratom minute volume of 30 
liters per minute D m .  
N m :When a demmd type oxygen system 

Is employed, a supply of 3M) liters or free 
oxygen et 70' F.and 760 mrn Ag. pressure la 
considezed to be of IS-minute duratlon at 
the prescrlbed dtltlule and m,n,,ta v01um. 
When s mntlnuous &ow nmteotlve breethw 
s p t m  1s used, lnduding a m a  with 
lh~nderd=breather bag. s noa, rate 01 80 
llters per mlnute at 8,000 feet (46 llters per 
mlnute at sea level) snd a supply of 6W 
liters of free oxygen at 70' F. and 760 mm 
Eg.pressure Is oonsldered to be of 15-mlnute 
duration at presmlbed altitude and minute 
volume. (BTPDrefera t o  body temperature 
conditions.1. e.. 31' C.. at ambient meseure. 
W.) 

5 4b.652 Engine-driven aecessorfes. 
Engine-driven accessories essential to 
safe operation of the airplane shall be 
80 distributed among two or mare en-
pines that the failure of any one engine 
Will not impair the safe operation of the 
airplane. 

44b.653 H y d r a u l i c  s y s t e m s ;  
atrength-(a) Structural loads. All ele- 
ments of the hydraulic srstpm shall be 
dcslgned tu u~tla~taod.bitlrou~ detri- 
mental Wrmanent deformation, all 
structural loads ahich mav be imoaxd 

draulic loads occurring in operation. 
(b) Proof pressure tests. All elements 

of the hydraulic system shall be tested 
to a prod pressureof 1.5 times the maxi- 
mum pressure to whlch the part wlli be 
subjected in normal operation. In such 
test no Dart of the hvdraul~c svstcm 
shall faii. malfunction,-or suUer detri- 
mental deformation. 

( c )  Burst pressure strength. Indi-
vidual hydraulic system elemcnts shall 
be desir&d to wlthstarhd pressures a h ~ c h  
are sufaciently increused over the pres- 
s u r e ~D~escrlbedin Darasranh tb) of this 
section to safeguard ig&nst rupture 
under service conditions. 
N m :The follomnp~res-. in terme of 

percentage of ma.lm-iin operating pressure 
lo. the particular element. In most Instances 
are aumclent to Insure agaimt rupture 111 
senlce: a50 percent in unm under oU pres-
.we. 4W percent 10 unlte Eontalnlng rlr mb 
OU under pressure end in llnea. hosea. and 
nttlngs. SW percent in U t e  OX sptem aub-
]&ed to back preasurs. 

8 4b.654 HudrauliC suststenw; &dm-
(a) Pressure indication. A means shall 
be provided to indicate the pressure In 
each main bdraulic power system 

(b) WeMUre limiting Drovisiom. pro-
vision shall be made to assure Ulat pres- 
sures lo an^ part of the system wrll not 
exceed a safe limit sbove the maximum 
operating Pressure of the system and to 
I I D ~  excemlve nressures result- a~a lns t  
ing from fluid volumetric changes in sll 
lines which are likely to remain closed 
long enough for such changes to take 
Place. In addition. consideration shall 
be given to the possible occurrence of 
detrimental transient (surge) pressures 
dUTiDg oneration. 

(cJ-I?ste~lation. Hydraulic lines, flt- 
tings. and components shall be installed 
and supported to prevent excessive vi- 
bration and to withstand inertia loads. 
All elements of the installstion shaU be 
protected from abrasion, corrosion, and 
mechanical damage. 

(d) Caneet8ons. F'lcxlblc hose. or 
other means of pravidlw flexrbrlity, shall 
be used to connect mtnts lo a hvdraullc 
fluid Une between which there is-relative 
motion or Uerential vibration. 

5 4b.855 Hydraulic ~ y s t e mPre pro- 
tection. When ffammabie type hydraulic 
fluid is used, the hydraUlic system shall 
w m p b  with the pmvisiorm of Sp 4b.385. 
4b.481, 4b.482. and 4D.483. 

5 4b.658 Vacuum Wstems. (a) Means. 
in addition to the normal nressure relief. 

value. 
(b) Vacuum system lines and fittings 

on tbe discharge side of the pump which 
might contain fiammable vapors or fluids 
shall comply with P 4b.483 U they are lo-
cated in a designated Ere mne. Other 
vacuum mstem components located Ln 
designated Ere mnesshall be Ere-resist-
ant. 

SUBPART W P E R A T I N G  LIMITATION5 AND 

INMRMATION 
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8 4b.700 Scwe. la) The operating 
limitations listed in 8 5  4b.710 through 
4b.723 shall be established as prescribed 
in this part. 

(b) The operating limitations, to-
gether wlth any other information con- 
cerning the airplane found necessary for 
safety during operation. shall be in-
cluded in the Airplane might Manual 
( 8  4b.740). shall be expressed as msrk- 
i n g s  and placards (5 4b.730). and shall 
bc made available by such other means 
as will convey the information to the 
crew members. 

OPERATING LIXITARONS 
5 4b.710 Air-speed limitations: gen-

era. When nir-speed limitations are a 
function of weight, weight distrfbutlon, 
altitude, or Mach number, the values 
corresponding with all critical combina- 
tions of these values shall be established. 

5 4b.711 Never-ezceed weed VNB. 
(a) To aliow for possible variations in 
the alrplane characteristics snd to 
mlnlmlee the nacslbilitv of inadvertentlv 
ex- sare speeds:& neve&exceed 
weed VM ahall be a s m d  established .-- ~ 

sut8clentJy below the lesser of: 

(1) The desim dive meed VD choaen 
in accordance with D 4b.210 (b) ( 6 ) .  or 

(2) The maximum speed demon-
strated in flight in ScMrdance with 
D 4b.190. 

(1)) I n  the absence of a rational in- 
vestigation, the value of VNI aha11 not 
exceed 0.9 times the lesser of the two 
speeds referred to in paragraph (a) of 
this section 

5 4b.712 Normal werating Limit meed 
VNO. (8) The normal operating Unit 
speed Vuo shall be established not to 
exceed the design cruising speed Ve 
chosen in accordance with p 4b.210 (b) 
(4) and sufliciently below the never-ex- 
ceed speed VNE to make i t  unlikely that 
VHI would be exceeded in a moderate 
upset occurring a t  VNO. 

(b) In  the abstnce of a rational in- 
vestigation, the value of VNO shall not 
exceed 0.S times VNE. 

5 4b.713 Maneuvering speed. The 
maneuvering speed shall not exceed the 
design maneuvering speed VA deter- 
mined in aceordance wlth 5 4b.210 (b) 
(2). 

O 4b.714 Flap eztended meed Vrr. 
(a) The flap extended speed Vrs shall 
be established not to exceed the lesser of: 

(1) The design flap speed VF chosen 
In accordance with D 4b.210 (b) (11, or 

(2) The design speed for slipstream 
effects with flaps in the landing position. 
chosen in accordance with D 4b.221. 

(b) The value of Vrr established in 
accordance with paragraph (a) of this 
section shall not be less than a value 
which provides a safe speed margin 
sbove the stall during epproach and 
landing. 

to) It shall be acceptable to establish 
supplementary values of VFZ for other 
combinations of flap settins, air speed. 
and engine power, If the structure and 
the flight characteristics of the sirplane
have been shown to be satidactary for 
such combinations. 

5 4b.715 Lunding gear weratinv 
speed Vzo. The landing Gear operating 
speed Vzo shall be established not to 
exceed a speed a t  which it is safe to ex- 
tend or retract the landiw gear as Um-
ited by design in accordance with 
5 4b.334 or by flight characteristics. 

9 4b.716 Lundtng gear extended speed 
V,. The landing gear extended speed 
V,,shaU be established not to exceed 
a speed a t  which it has been shown that 
the airplane can be safely flown with 
the landing gear secured in the full9 
extended nosition. and for which the ~~ 

structure h8Sbeen proven in accordance 
with 8 4b.334. 

4 4b.717 Minimum control speed V,, 

(See 3 4b.133.) 


$ 4b.718 Pourerplant limitations. The 
following powerplant limitations shall 
be established for the airplane. ThW 
shall not exceed the corresponding limits 
established as a part of the type certifl- 
cation of the engine and ~IOpelleS in- 
stalled in the airplane. 

(a) TaKe-on operation. (1) -Xi-
mum rotatiooal speed (r. P. m.). 

(2) Maximum permissible manifold 
pressure. 



--- 

(3) The time limit for use of the 
mwer which corresponds with the values 
established in subparamaphs (1) and 
(2) of this paragraph. 

(4) Where the time limit established 
in sub~arap-raph (3) of this paragraph 
exceeds two mmutes, the maximum al-
lowable cylrnder head or coolant outlct. 
and oil tempcraturcs. 

(5)  Maximum cylinder head or coolant 
outlet and 011 temperalurcs. if these dlf- 
fer Irom thc maximum Wi ts  lor con- - - - ~-~ -~ ~ 

tinuous operation. 
(b) Mazimum continuous opmation. 

(1)Maximum rotational speed (r. D. m.). 
( 2 )  Maximum Dermissible manifold 

pressure,
(3) Maximum allowable cylinder head 

or coolant outlet. and oil temperatures. 
(c) Fueloctane rating. Theminimum 

octane ratlng of fuel reauued for satis- 
factory operatlon of the powerplant a t  
the limit5 sorcined in Dsraaraohs (a) . . .  
and (b) of this sectiou 

(d) Cooling limitations. The maxl- 
mum sea level temperature for which 
satisfactory cooling has been demon-
strated. 

9 4b.719 Airplane weight, center of 
gr(rue111.and wngttl drslnbul~oai'mrla-
tzons The axplane uelght, ccntrr of 
CravttY. and wncht drstnbulion llmlta- 

limitations with regard to G g h t  and 
loading procedures shall be set forth in 
the Aimlane Flieht Manual for each 
separate center 2 gravity range. 

8 4b.720 Minimum Aight new. The 
minunurn f l l~ht  crew shall be established 
by the Administrator as that number of 
wrsons which he flnds necessaw lor 
iafety in the operations authorized h d e r  
0 4b.721. This iinding shall be based 
UDon the work load im-d maon indi- 
vidual crew members wkh due considera- 
tion given to the acccssibIlity and the 
ease of operation of all ncceusrr eoolrois 
by the appropriate crew mcmbprs. 

O 4b.721 Types of operation. The tm 
of operation to which the airplane is lim-
ited shall be established by the category 
in which it has been found eligible for 
certification and by the equipment in- 
stalled. (See the operating rules in this 
subchapter.) 

P 4b.722 Marimum onerotlng altztude. 
A maximum sltltude shall br established 
up to which omratron u Permrlwd. as 
limited by night, structural, powerplant. 
functional, or equipment characteristics. 

5 4b.723 Maneuvering flzght load fac- 
tars. Load factor limitations shall be 
established not to exceed the positive 
limit load factors determined from the 
maneuvering diagram. Bgure 4b2. t e e  
P 4b.211 (a) .) 

MARKINGS 1WD PLACARDS 

P 4b.730 General. (a) Markings'and 
plscards shall be displayed in conspic-
uous places and shall be such that they 
cannot be easily erased, disllgued. or 
obscured 

-~~~~ ~ 

and instrument markinss ha& a di; 
rect and important benrlm on safe or- 
eration of the airplane shall be required 
when unusual desiw. operating. or han- 
dling characteristies s i  warrant. 

D 4b.731 Instrument markings: nen-
eraL (a) When marking5 are placed on 
the cover glass of the instrument, pro- 
vision shall be made to maintain the 
correct alignment of the glass cover with 
the face of the dial. 

(b) AU arcs and Unes shall be of suf8-
cient width and so locsted that they are 
clear& vislbie to the ~i lot .  

0 4b.732 Air-speed indicator. The 
following markings shall be placed on 
the air-speed indicator. If speeds vary 
with altitude, means shall be provided 
to indicate the appropriate limitation to 
the pilot throughout the operatlog slu-
tude range. 

(a) A radial red line sbnll indicate the 
never-exceed speed V,. (see P lb.711). 

(b) A Yellow arc extending from the 
red line sspecmea in paragraph (a) of 
this section to the upper limit of the 
Ween arc specieed in paragraph (c) ot  
this section'shall indicate the caution 
range. 

tc) A green arc with the lower limlt 
a t  V., as determined in accordance with 
9 4b.112 (b) with maximum take-off 
weisht. landing gear and wing flaps re-
tracted, and the upper llmit a t  the 
normal operathlg b i t  sDeed VHo estab-
lished in accordance with D 4b.712 shall 
Micate the no- operatlug range. 

(d) A white are with the lower limlt 
a t  VS,as deterrmwd in awrdance atlm 
9 4b.112 ta) at the maximum landing
weight, and the upper limit at  the mps-
extended speed V,, as established in 
accordance with 5 4b.714 shall indicate 
the flap operating range. 

5 4b.733 Magnetic direction indicator, 
A Dlacard shaU be installed on or in 
close proximity to the magnetic direction 
indicator which shall comply with the 
following. 

(a) The placard shall eontaio the caU-
bration of the instrument in a level flight 
attitude with enginecs) operating. 

(b) The placard shall state whether 
the calibration was made with radio re-
ceiverts) on or oft 

(c) The calibration readings shall be 
in terms of magnetic headings in not 
greater than 45' increments 

14b.734 PowergZant instruments: 
~enera2. All reauired wwerplant in: 
struments shall be marked as fouom. 

(a) The maxlmum and the minimum 
(if applicable) safe operational limit5 
shall be marked with red radial Unes. 

(b) The normal operating rangesshall 
be marked with a creen arc not extend- 
ing beyond the maximum and minimum 
safe oo~mtionnllimits~..~-..~.~ 

(c) The take-oU and precautionary 
ranws shaU be marked wlth a Yellow arc. 

(d) Engine or Propeller speed ranges 
which are restricted because of excessive 
vibration stresses shall be marked with 
red ares. 

9 4b.735 Oil w n t i t v  indicators. oil 
quantity indicators shall be marked in 

sulllclent increments to Indicate readily 
and BU:nrateLV the quantity of oil 

5 4b.736 Fuel quantity indicator. 
When the unusable fuel supply for any 
tankexceeds1gallon or 5 percent of the 
tank capacity, whichever is the greater. 
a red arc shau be marked on the indlca- 
tor extending from the calibrated zero 
r~sd lngU, the lowest readlns obtainable 
in the level tiight attitude. A notation in 
the Alrphne Flight Manual shall be 
made to~indicate thal the fuel remaining 
in the tank when the quantity indicamr 
reaches zero is not usable m Wbt .  (See 

P 4b.737 Control markings: general. 
Allcaek~lt controls, wlth the exception of 
the miman U h t  controls and otber 
contiols thhruoiuon of which is obvious. 
shall be plalrrls marked andlor identifled 
as to their function and method 01owr-
ation. The markings shall includgthe 
followins. 

(a) AerodIIwmic oontroIs. The w-
on- aemdynamic controls shall be 
marked to comply with $ 0  4b.322 and 
4b.323. 

(b) Powemlant fuel conhob (1)
Controls fog fuel taab selector valves 
shall be marked to Micate the Imftion 
corresponding with each tank and with 
all w i b l e  cross-feed positions. 

(2) When more than one fuel tank 
Is provided, and it safe operation de- 
pends upon the use of tanks in a slKeIUc 
seauence. the fuel tank selector contmla 
sh i l l  be marked adjacent to or OD tha 
control itsell to indicate the order in 
which the tanks should be used. 

(3) Controls for engine selector valve8 
shall be marked to indicate the W t i o n  
corresponding with each engine. 

to) Accessorv and auztliary controls. 
(1) When a retractable landlng gear 14 
used. the visual Indicator muired In 
l4b.334 fe) shall be.-marked so that the- ~~ 

pilot can ascertain a t  all times when the 
wheels are locked in either extreme Imf- 
tioe 

( a )  Emergency controls, including fuel 
]etthoning and fluid shutoff controls. 
shall be colored red and shall be marked 
to indicate their function and method of 
operation. 

P 4b.738 Miscellaneous markings and 
pIimr&-(a) Baggage comlmtimmts 
and ballast locntion. Each baggage 
and cargo compartment as well as the 
ballast location shall bear a la card atst-
(ns the maximum allowabie weight of 
contents and. U applicable, any other 
iimltaWon an content3 found necesam 
due to loading requirements. 

(b) Fuel, oil, and coolant filler open- 
mgs. -The followiw Monnatlon shall 
be marked on or adiacent to the aDDro- 
Priate Bller cover: 

(1) The word "fuel", the minimum 
~ r m b s i b l efuel octane number for the 
engines installed. and the usable fuel 
tank camcitrr (see 0 4b.416). 

(2) The ward "oil" and the oll tank 
camciw. 

(11 m c  name oi the proper eooLznt 
the caoacit~ of . the caulant Euid and -

system. 
tc) Emergency e d t  placards. (See

D 4b.362 (f).) 
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(d) operating limitation plocord. A 
placard shall be provided in front of and 
in dear view of the pilots statim: "?hi 
a b l a n e  must be operated in compll-
p&ce with the operating limitations 
swified in the CAA approved Airplane
Flieht Manual." 

(e) S a f et u  equipment. (1) Safety 
equipment controls which the crew is 
expected to operste in time of emer-
gency,such as Uares. automatio life raft  
releases, etc., shall be readily accessible 
and plainly marked as to their method 
of oneratian. 

121 When fire rxtlnmlshers and sig- 
nalrng and other Meulvme WUIpm~nt 
are carrled m lockers. mmPartmenls. 
etc.. these locations shall be marked 
accordingly. 

AmPLbm FLIDAT YMIVAL 

5 4b.740 General. (a) An Aimlane 
Fliebt Manual shall be furnished with 
mCh airplane. 

(b) The partions of the manual listed 
in $8 4b.?41 through 4b.743 as are appro- 
nriate to the aimlane shall be verifled 
irnd approved and shall be segregated. 
Identified, and clearly d i s t W i e d  
from oortions not so apnmved. 

(c)-Additlonal item.-of Inlormation 
having a direct and Important b e a r e  
on sale ooeration shall be rmuired when 
u n w a l  hes im operating, & handling 

5 4b.741 Operating limitatfons--(a) 
Air-speed Limitations. The following air- 
speed limitations shall be included to- 
gether with suflicient M o m t i o n  to Per- 
mit mar& the atr-speed Indicator in 
&ccordance with 5 4b.732: 

(1) The never-exceed speed (see
0 4b.711).

(2) Th+e normal operating limit speed 
(see 3 4b.712). together with a statement 
to the effect that n o m  flight opera-
tions should be confined to speeds below 
thls value, and a fu r th~r  statement to 
the effect that the range ol weeds be-
tween the normal operating Umit speed 
and the never-exwed speed should be 
entered with cautionand with due regard 
to the P r e v a W  iUht  and atmasllheric 
conditlins: 

(3) When an &-speed Umltatlon is 
based u r n  compresribility effects, a 
statement to this effect, together with 
information as to any symptoms. the 
probable behavior of the airplane. and 
the recommended recovery procedures:' 

(4) The maneuvering speed tsee 
5 4b.210 (b) (2) ).together with a state-
ment to the effect that full application 

of rudder and aileron controls as well 
BS those maneuvers which involve angles 
of attaek near the stall should be con-
fined to speeds below this value: 

(5) The flap extended speed (see
4 4b.714). together with a description of 
the Pertinent flap positions and engine 
powers: 

( 6 )  The landing gear operating speed 
(see O4b.715), togetter with a statement 
to the effect that this is the maximum 
speed a t  which it is safe to extend or 
retract the landing gear: 

(1) The landing gear extended speed 
(see O 4b.716). if greater than the land- 
ing gear operating speed, together with 
a Statement to the effect that this Is the 

maximum soeed a t  which the alr~lane 
can be flown safely with the laicline 
gear to the extended position. 

(b) Powerplant limitations. Infor-
mation shall be included to outline and 
to explain all pawerplant Umitatlons 
(see P 4b.718) and to permit marking the 
instruments a s  reauired by 09 4b.734 
through 4b.736. 

(c) Weight and loading distriitlon. 
The airplane weights and center of 
gravity limits rwuired by 95 4b.101 and 
4b.102 shall be included, together with 
the items of equipment on which the 
empty weight is based. Where the va- 
riety of passible loading conditions war- 
rant.~. instructions shall be included to 
facilitate observance of the limitations. 

(dl Fizaht load acceleration limits. 
The pOs&ve maneuvering limit load 
factors for which the airplane structure 
has been proven shall be described in 
terms of accelerations. together with a 
statement to the eflect that thrse ac- 
celerations iimlt the angle of bank in 
t u n s  and Umt the severlts . of -Dull-Un 
maneuvers. 

te) Flight crew. The number and 
functions of the mlnimum flight crew 
determined in accordance with P 4b.720 
shall be described. 

(I) Type of operation. The type(s) 
of operatingts) shall be listed for which 
the airplane and its equipment installa- 
tions have been approved. (See
P- 4b.721.)-

( 9 )Maximum onerating altitude. The 
altltude established in accordance with 
44b 122 shall be lncluded, together with 
an explanallon of the lumllng factors. 

D 4b.742 Operating moeedures--(a) 
Nonnal. Information and instructions 
shall be included rrgardlng peculiarities 
of Starting and warming the engines. 
taxying, operation of wing flaps. L a n W  

NOTICE 

gear, automatic pilot. eto. 
(b) One engine inoperative. The reo- 

ommended procedure shall be described 
to be followed in the event of engine 
failure, including minimum speeds, trim, 
operation of remai- engioetsl . oper-

propellers in flight; 
(d) Emergency Procedures. ReCom-

mended emergency Procedures shall be 
described to be fo~owedin the event of 
ffre, decompression, ditching, etc. 

D 413.743 Performance infmmation-- 
(a) Performance data. A summary of 

Pertinent Performance data shall be 
given, including the performance data 
necessary for the &pplication of the op-
erating rules of this subchapter. to 
Kether with descriptions of the condi- 
tions, air speeds, etc., under which these 
data were determined. 

(b) Flap controls. Instmctlons shall 
be included describing the use and ad-
justment of the flap controls necessary 
to obtain the performance referred to 
in paragraph (a) of this section. 

(c) Air speeds. The indicated air 
speeds corrrspondrng wlth those deter- 
mined for take-om¶ shall be listed together 
with the procedures to be Iollowed in the 
event the critical engine becomes inop. 
erative during take-off (see 5 4b.742 (b) ). 

(d) MisceZlaneous. An explanstion 
shall be lncluded of any signfftcant or 
Unusual mght or ground handling char-
acteristics. 

M P L A l l g  IDENTmCATION DATA 

Proof identiacation plate shall be se-
curely attached to the structure in s n  
aece9~iblelocation where it FLU not llkely 
be defaced during normal SeNlCC. The 
identulcatron oiate Shall not be -niaeed in 

~~~ 

a location whire it mkhtbe  exwted  to 
be destroyed or lost in the event ofan ac- 
cident. The idrntmcation plate shall 
contain the idcntificalion data rwulred 
by 5 1.50 of this subchapter. 

O 4b.751 identification marks. The 
nationalit9 and registration marks shall 
be permanently aftlxed in accordance 
with O 1.100 of this subchaptet. 

[SXALI M.C. MULLIQM. 
SenetarU. 

IF. R. DOC. 55-10780: Filed, Dee. 29. 1953: 
a:5o a. m.1 

Aalvtrr tlnr ('lvil Avrol~nutivs Uoard. \Fu.;llir~.lori 1'5. 1) C , t lrnl  you l~acc put.vllartrl tllis 
I'nrt of tl,r ('ivil Air Kr~~~ls t ion*  xnd that a p w y  will rupply you with ruplvj of amrtalm,,nt* 
whirl, have 11rt~1 issued sinw tlbis prltttlny Ur son. lo sprciiv the t~utnbg*r of this I'art, utllt.r- 
wise your request cannot bc filled. 






