tion, adjustment for proper alignment
and functioning, and lubrication of mov-
ing parts.

§ 4b.306 Matlerial strength properties
and design values. (2) Material strength
properties shall be based on a suficient
number of tests of material conforming
to specifications to establish design
values on a statistical basis.

(b) The design values shall be so
chosen that the probability of any
structure being undersirengih because
of material variations is extremely re-
mote.

(¢) ANC-5, ANC-18, and ANC-23,
Part II values shall be used unless shown
to be inapplicable in a particular case.

Nore: ANC-5, "“Strength of Metal Alrcraft
Elements," ANC-18, “Design of Wood Alrcralt
Structures,” and ANC-23, “Sandwich Con-
struction for Aircraft,” are published by the
Subcommittee on Air Force-Navy-Civil Air-
craft Design Criteria, and may be obtained
from the Superintendent of Documents,
govéernment Printing Office, Washington 25,

(d) The strength, detail design, and
fabrication of the structure shall be such
as to minimize the probability of dis~
astrous fatigue failure.

Nore: Points of stress concentration are
one of the main sources of fatigue fallure,

$4b.307 Special jactors. Where
there is uncertainty concerning the ace
tual strength of a particular part of the
structure, or where the strength is likely
to deteriorate in service prior to normal
replacement of the part, or where the
strength is subject to appreciable varia-
bility due to uncertainties in manu-
facturing processes and Inspection
methods, the factor of safety prescribed
in § 4b.200 (a) shall be multiplied by a
special factor of a value such as to make
the probability of the part being under-
strength from these causes extremely
remote. The following special factors
shall be used:

() Casting factors. (1) Where anly
visual inspection of a casting 1s to be
employed, the casting factor shall be
2.0, except that it need not exceed 1.25
. with respect to bearing stresses.

(2) It shall be acceptable to reduce
the factor of 2.0 specified in subpara-
graph (1) of this paragraph to a value
of 1.25 if such & reduction is substan-
tiated by testing at least three sample
castings and if the sample castings as
well as all production castings are visu-
ally and radiographically inspected in
accordance with an approved inspection
specification. these tests the
samples shall withstand the ultimate
load multiplied by the factor of 1.25 and
in addition shall comply with the corre-
sponding limit load multiplied by & fac-
tor of 1.15,

(3) Casting factors other than those
contalned in subparagraphs (1) and (2)
of this paragraph shall be acceptable if
they are found to be appropriately re-
lated to tests and to inspection proce-
dures.

(4) A casting 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 casting
factor.

(b) Bearing factors. (1) Bearing fac-
tors shal)l be used of sufficlent magni-
tude to provide for the effects of normal
relative motion between parts and in
joints with clearance (free fit) which are
subject to pounding or vibration. (Bear-
ing factor values for control surface
and system joints are specified in
$5 4b.313 (a) and 4b.329 (1.}

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

(c) Fitting factors, (1) A fitting fac-
tor of at least 1.15 shall be used on &ll
fittings the strength of which is not
proven by limit and ultimate }oad tests
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 bearing
on the members joined.

(2) In the case of integral fittings the
part shall be treated as a fitting up to
the point where the section properties
become typical of the member.

(3) The fitting factor need not be
employed where a type of joint made in
accordance with approved practices is

based on comprehensive test data, e. g., |

continuous joints in metal plating,
welded joints, and scarf joints in wood.

(4) A fitting 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 fitting
factor.

§ 4b.308 Flutter, deformation, and vi-
bration. Compliance with the following
provisions shall be shown by such calcu-
lations, resonance tests, or other tests
as are found necessary by the Admin-
istrator.

(a) Flutter prevention. The alrplane
shall be designed to be free from flutter
of wing and tail units, including all con-
trol and trim surfaces, and from diverg-
ence ({. e. unstable structural distortion
due to aerodynamic loading), at all
speeds up to 1.2 Vp. A smaller margin
ahove Vn shall be acceptable if the char-
acteristics of the airplane (including the
effects of compressibility) render a speed
of 1.2 Vo unlikely to be achieved, and if
it is shown that a proper margin of
damping exists at speed Vp. In the ab-
sence of more pccurate 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 effectiveness
and strength, including supporting
structure, shall be substantiated.

(b) Lass of control due to structural
deformation. The airplane 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 deforma«
tion, including that of the conirol sur-
face covering, at all speeds up to the
speed prescribed in paragraph (a) of this
section for flutter prevention.

(¢) Vibration and buffeting. The air-
plane shall be designed to withstand all
vibration and buffeting which might oce
cur in any likely operating conditions.
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CONTROL SURFACES

§ 4b.310 General. 'The requirements
of §§4b.311 through 4h.313 shall apply
to the design of fixed and maovable con-
trol surfaces.

§ 4b.311 Proof of strength. (a) Con=
trol surface limit load tests shall be con-
ducted to prove compliance with lmit
Joad requirements,

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

(c) Analyses or individual load tests
sheall be conducted to demonstrate com-
pliance with the special factor reguire-
ments for control surface hinges. (See
£§ 4b.307 and 4b.313 (8).)

§ 4b.312 Installation. (2) Movable
tall surfaces shall be so installed that
there is no interference between any two
surfaces when one is held in {ts extreme
position and all the others are operated
through their full angular movemens,

(b) When an adjustable stabilizer is
used, stops shall be provided which will
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 § 4b.140.

§ 4b.313 Hinges. (a) Control surface
hinges, except ball and roller bearings,
shell incorporate a special factor of not
Jess than 6.67 with respect to the ulti-
mate bearing strength of the softest ma-
terial used as & bearing.

(b) For hinges incorporating hall or
roller bearings, the approved rating of
the bearing shall not be exceeded.

(¢) Hinges shall provide sufficient
strength and rigidity for loads parallel
to the hinge line.

CONTROL SYSTEMS

§4b.320 General. All controls and
control systems shall operate with ease,
smoothness, and positiveness appropri-
ate to their function. (See also §§ 4h.350
and 4b.358.)

$ 4b.321 Two-control airplanes. Two-
control airplanes shall be capable of con-
tinuing safely in flight and landing in
the event of failure of any one connect-
ing element in the directional-latersl
fiight control system.

§4b.322 Trim conirols and systems.
(a) Trim controls shall be designed to
safeguard against inadvertent or abrupt
operation,

(b) Each trim control shall operate
in the plane and with the sense of motion
of the airplane, (See fig. 4b-16.)

(¢) Means shall be provided adjacent
to the trim control to indicate the direc-
tion of the control movement relative to
the airplane motion.

(4} Means shall be provided to indi-
cate the position of the trim device with
respect to the range of adjustment. The
indicating means shall be clearly visible.

(e) Trim devices shall be capable of
continued normal operation in the event
of fajlure of any one connecting or trans-
mitting element of the primary flight
control system.

() Trim tab controls shall be frre-~
versible, unless the tab is appropriately
balanced and shown to be free from
flutter,



