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GROUND AND WATER HANDLING 
CHARACTERISTICS 

§ 29.231 General. 

The rotorcraft must have satisfac-
tory ground and water handling char-
acteristics, including freedom from un-
controllable tendencies in any condi-
tion expected in operation. 

§ 29.235 Taxiing condition. 
The rotorcraft must be designed to 

withstand the loads that would occur 
when the rotorcraft is taxied over the 
roughest ground that may reasonably 
be expected in normal operation. 

§ 29.239 Spray characteristics. 
If certification for water operation is 

requested, no spray characteristics 
during taxiing, takeoff, or landing may 
obscure the vision of the pilot or dam-
age the rotors, propellers, or other 
parts of the rotorcraft. 

§ 29.241 Ground resonance. 
The rotorcraft may have no dan-

gerous tendency to oscillate on the 
ground with the rotor turning. 

MISCELLANEOUS FLIGHT REQUIREMENTS 

§ 29.251 Vibration. 
Each part of the rotorcraft must be 

free from excessive vibration under 
each appropriate speed and power con-
dition. 

Subpart C—Strength Requirements 

GENERAL 

§ 29.301 Loads. 
(a) Strength requirements are speci-

fied in terms of limit loads (the max-
imum loads to be expected in service) 
and ultimate loads (limit loads multi-
plied by prescribed factors of safety). 
Unless otherwise provided, prescribed 
loads are limit loads. 

(b) Unless otherwise provided, the 
specified air, ground, and water loads 
must be placed in equilibrium with in-
ertia forces, considering each item of 
mass in the rotorcraft. These loads 
must be distributed to closely approxi-
mate or conservatively represent ac-
tual conditions. 

(c) If deflections under load would 
significantly change the distribution of 
external or internal loads, this redis-
tribution must be taken into account. 

§ 29.303 Factor of safety. 
Unless otherwise provided, a factor of 

safety of 1.5 must be used. This factor 
applies to external and inertia loads 
unless its application to the resulting 
internal stresses is more conservative. 

§ 29.305 Strength and deformation. 
(a) The structure must be able to 

support limit loads without detri-
mental or permanent deformation. At 
any load up to limit loads, the defor-
mation may not interfere with safe op-
eration. 

(b) The structure must be able to 
support ultimate loads without failure. 
This must be shown by— 

(1) Applying ultimate loads to the 
structure in a static test for at least 
three seconds; or 

(2) Dynamic tests simulating actual 
load application. 

§ 29.307 Proof of structure. 
(a) Compliance with the strength and 

deformation requirements of this sub-
part must be shown for each critical 
loading condition accounting for the 
environment to which the structure 
will be exposed in operation. Struc-
tural analysis (static or fatigue) may 
be used only if the structure conforms 
to those structures for which experi-
ence has shown this method to be reli-
able. In other cases, substantiating 
load tests must be made. 

(b) Proof of compliance with the 
strength requirements of this subpart 
must include— 

(1) Dynamic and endurance tests of 
rotors, rotor drives, and rotor controls; 

(2) Limit load tests of the control 
system, including control surfaces; 

(3) Operation tests of the control sys-
tem; 

(4) Flight stress measurement tests; 
(5) Landing gear drop tests; and 
(6) Any additional tests required for 

new or unusual design features. 

(Secs. 604, 605, 72 Stat. 778, 49 U.S.C. 1424, 
1425) 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 29–4, 33 FR 14106, Sept. 18, 
1968; Amdt. 27–26, 55 FR 8001, Mar. 6, 1990] 
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§ 29.309 Design limitations. 

The following values and limitations 
must be established to show compli-
ance with the structural requirements 
of this subpart: 

(a) The design maximum and design 
minimum weights. 

(b) The main rotor r.p.m. ranges, 
power on and power off. 

(c) The maximum forward speeds for 
each main rotor r.p.m. within the 
ranges determined under paragraph (b) 
of this section. 

(d) The maximum rearward and side-
ward flight speeds. 

(e) The center of gravity limits cor-
responding to the limitations deter-
mined under paragraphs (b), (c), and (d) 
of this section. 

(f) The rotational speed ratios be-
tween each powerplant and each con-
nected rotating component. 

(g) The positive and negative limit 
maneuvering load factors. 

FLIGHT LOADS 

§ 29.321 General. 
(a) The flight load factor must be as-

sumed to act normal to the longitu-
dinal axis of the rotorcraft, and to be 
equal in magnitude and opposite in di-
rection to the rotorcraft inertia load 
factor at the center of gravity. 

(b) Compliance with the flight load 
requirements of this subpart must be 
shown— 

(1) At each weight from the design 
minimum weight to the design max-
imum weight; and 

(2) With any practical distribution of 
disposable load within the operating 
limitations in the Rotorcraft Flight 
Manual. 

§ 29.337 Limit maneuvering load fac-
tor. 

The rotorcraft must be designed for— 
(a) A limit maneuvering load factor 

ranging from a positive limit of 3.5 to 
a negative limit of ¥1.0; or 

(b) Any positive limit maneuvering 
load factor not less than 2.0 and any 
negative limit maneuvering load factor 
of not less than ¥0.5 for which— 

(1) The probability of being exceeded 
is shown by analysis and flight tests to 
be extremely remote; and 

(2) The selected values are appro-
priate to each weight condition be-
tween the design maximum and design 
minimum weights. 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 27–26, 55 FR 8002, Mar. 6, 
1990] 

§ 29.339 Resultant limit maneuvering 
loads. 

The loads resulting from the applica-
tion of limit maneuvering load factors 
are assumed to act at the center of 
each rotor hub and at each auxiliary 
lifting surface, and to act in directions 
and with distributions of load among 
the rotors and auxiliary lifting sur-
faces, so as to represent each critical 
maneuvering condition, including 
power-on and power-off flight with the 
maximum design rotor tip speed ratio. 
The rotor tip speed ratio is the ratio of 
the rotorcraft flight velocity compo-
nent in the plane of the rotor disc to 
the rotational tip speed of the rotor 
blades, and is expressed as follows: 

µ = V cos a

RΩ
where— 
V=The airspeed along the flight path (f.p.s.); 
a=The angle between the projection, in the 

plane of symmetry, of the axis of no feath-
ering and a line perpendicular to the flight 
path (radians, positive when axis is point-
ing aft); 

W=The angular velocity of rotor (radians per 
second); and 

R=The rotor radius (ft.). 

§ 29.341 Gust loads. 
Each rotorcraft must be designed to 

withstand, at each critical airspeed in-
cluding hovering, the loads resulting 
from vertical and horizontal gusts of 30 
feet per second. 

§ 29.351 Yawing conditions. 
(a) Each rotorcraft must be designed 

for the loads resulting from the maneu-
vers specified in paragraphs (b) and (c) 
of this section, with— 

(1) Unbalanced aerodynamic mo-
ments about the center of gravity 
which the aircraft reacts to in a ration-
al or conservative manner considering 
the principal masses furnishing the re-
acting inertia forces; and 

(2) Maximum main rotor speed. 
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(b) To produce the load required in 
paragraph (a) of this section, in unac-
celerated flight with zero yaw, at for-
ward speeds from zero up to 0.6 VNE— 

(1) Displace the cockpit directional 
control suddenly to the maximum de-
flection limited by the control stops or 
by the maximum pilot force specified 
in § 29.397(a); 

(2) Attain a resulting sideslip angle 
or 90°, whichever is less; and 

(3) Return the directional control 
suddenly to neutral. 

(c) To produce the load required in 
paragraph (a) of the section, in unac-
celerated flight with zero yaw, at for-
ward speeds from 0.6 VNE up to VNE or 
VH, whichever is less— 

(1) Displace the cockpit directional 
control suddenly to the maximum de-
flection limited by the control stops or 
by the maximum pilot force specified 
in § 29.397(a); 

(2) Attain a resulting sideslip angle 
or 15°, whichever is less, at the lesser 
speed of VNE or VH; 

(3) Vary the sideslip angles of para-
graphs (b)(2) and (c)(2) of this section 
directly with speed; and 

(4) Return the directional control 
suddenly to neutral. 

[Amdt. 29–26, 55 FR 8002, Mar. 6, 1990, as 
amended by Amdt. 29–41, 62 FR 46173, Aug. 29, 
1997] 

§ 29.361 Engine torque. 

The limit engine torque may not be 
less than the following: 

(a) For turbine engines, the highest 
of— 

(1) The mean torque for maximum 
continuous power multiplied by 1.25; 

(2) The torque required by § 29.923; 
(3) The torque required by § 29.927; or 
(4) The torque imposed by sudden en-

gine stoppage due to malfunction or 
structural failure (such as compressor 
jamming). 

(b) For reciprocating engines, the 
mean torque for maximum continuous 
power multiplied by— 

(1) 1.33, for engines with five or more 
cylinders; and 

(2) Two, three, and four, for engines 
with four, three, and two cylinders, re-
spectively. 

[Amdt. 29–26, 53 FR 34215, Sept. 2, 1988] 

CONTROL SURFACE AND SYSTEM LOADS 

§ 29.391 General. 

Each auxiliary rotor, each fixed or 
movable stabilizing or control surface, 
and each system operating any flight 
control must meet the requirements of 
§§ 29.395 through 29.399, 29.411, and 
29.427. 

[Amdt. 29–26, 55 FR 8002, Mar. 6, 1990, as 
amended by Amdt. 29–41, 62 FR 46173, Aug. 29, 
1997] 

§ 29.395 Control system. 

(a) The reaction to the loads pre-
scribed in § 29.397 must be provided by— 

(1) The control stops only; 
(2) The control locks only; 
(3) The irreversible mechanism only 

(with the mechanism locked and with 
the control surface in the critical posi-
tions for the effective parts of the sys-
tem within its limit of motion); 

(4) The attachment of the control 
system to the rotor blade pitch control 
horn only (with the control in the crit-
ical positions for the affected parts of 
the system within the limits of its mo-
tion); and 

(5) The attachment of the control 
system to the control surface horn 
(with the control in the critical posi-
tions for the affected parts of the sys-
tem within the limits of its motion). 

(b) Each primary control system, in-
cluding its supporting structure, must 
be designed as follows: 

(1) The system must withstand loads 
resulting from the limit pilot forces 
prescribed in § 29.397; 

(2) Notwithstanding paragraph (b)(3) 
of this section, when power-operated 
actuator controls or power boost con-
trols are used, the system must also 
withstand the loads resulting from the 
limit pilot forces prescribed in § 29.397 
in conjunction with the forces output 
of each normally energized power de-
vice, including any single power boost 
or actuator system failure; 

(3) If the system design or the normal 
operating loads are such that a part of 
the system cannot react to the limit 
pilot forces prescribed in § 29.397, that 
part of the system must be designed to 
withstand the maximum loads that can 
be obtained in normal operation. The 
minimum design loads must, in any 
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case, provide a rugged system for serv-
ice use, including consideration of fa-
tigue, jamming, ground gusts, control 
inertia, and friction loads. In the ab-
sence of a rational analysis, the design 
loads resulting from 0.60 of the speci-
fied limit pilot forces are acceptable 
minimum design loads; and 

(4) If operational loads may be ex-
ceeded through jamming, ground gusts, 
control inertia, or friction, the system 
must withstand the limit pilot forces 
specified in § 29.397, without yielding. 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 29–26, 55 FR 8002, Mar. 6, 
1990] 

§ 29.397 Limit pilot forces and torques. 
(a) Except as provided in paragraph 

(b) of this section, the limit pilot 
forces are as follows: 

(1) For foot controls, 130 pounds. 
(2) For stick controls, 100 pounds fore 

and aft, and 67 pounds laterally. 
(b) For flap, tab, stabilizer, rotor 

brake, and landing gear operating con-
trols, the following apply (R=radius in 
inches): 

(1) Crank wheel, and lever controls, [1 
+ R]/3 × 50 pounds, but not less than 50 
pounds nor more than 100 pounds for 
hand operated controls or 130 pounds 
for foot operated controls, applied at 
any angle within 20 degrees of the 
plane of motion of the control. 

(2) Twist controls, 80R inch-pounds. 

[Amdt. 29–12, 41 FR 55471, Dec. 20, 1976, as 
amended by Amdt. 29–47, 66 FR 23538, May 9, 
2001] 

§ 29.399 Dual control system. 
Each dual primary flight control sys-

tem must be able to withstand the 
loads that result when pilot forces not 
less than 0.75 times those obtained 
under § 29.395 are applied— 

(a) In opposition; and 
(b) In the same direction. 

§ 29.411 Ground clearance: tail rotor 
guard. 

(a) It must be impossible for the tail 
rotor to contact the landing surface 
during a normal landing. 

(b) If a tail rotor guard is required to 
show compliance with paragraph (a) of 
this section— 

(1) Suitable design loads must be es-
tablished for the guard: and 

(2) The guard and its supporting 
structure must be designed to with-
stand those loads. 

§ 29.427 Unsymmetrical loads. 

(a) Horizontal tail surfaces and their 
supporting structure must be designed 
for unsymmetrical loads arising from 
yawing and rotor wake effects in com-
bination with the prescribed flight con-
ditions. 

(b) To meet the design criteria of 
paragraph (a) of this section, in the ab-
sence of more rational data, both of the 
following must be met: 

(1) One hundred percent of the max-
imum loading from the symmetrical 
flight conditions acts on the surface on 
one side of the plane of symmetry, and 
no loading acts on the other side. 

(2) Fifty percent of the maximum 
loading from the symmetrical flight 
conditions acts on the surface on each 
side of the plane of symmetry, in oppo-
site directions. 

(c) For empennage arrangements 
where the horizontal tail surfaces are 
supported by the vertical tail surfaces, 
the vertical tail surfaces and sup-
porting structure must be designed for 
the combined vertical and horizontal 
surface loads resulting from each pre-
scribed flight condition, considered 
separately. The flight conditions must 
be selected so that the maximum de-
sign loads are obtained on each surface. 
In the absence of more rational data, 
the unsymmetrical horizontal tail sur-
face loading distributions described in 
this section must be assumed. 

[Amdt. 27–26, 55 FR 8002, Mar. 6, 1990, as 
amended by Amdt. 29–31, 55 FR 38966, Sept. 
21, 1990] 

GROUND LOADS 

§ 29.471 General. 

(a) Loads and equilibrium. For limit 
ground loads— 

(1) The limit ground loads obtained 
in the landing conditions in this part 
must be considered to be external loads 
that would occur in the rotorcraft 
structure if it were acting as a rigid 
body; and 

(2) In each specified landing condi-
tion, the external loads must be placed 
in equilibrium with linear and angular 
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inertia loads in a rational or conserv-
ative manner. 

(b) Critical centers of gravity. The crit-
ical centers of gravity within the range 
for which certification is requested 
must be selected so that the maximum 
design loads are obtained in each land-
ing gear element. 

§ 29.473 Ground loading conditions 
and assumptions. 

(a) For specified landing conditions, 
a design maximum weight must be 
used that is not less than the max-
imum weight. A rotor lift may be as-
sumed to act through the center of 
gravity throughout the landing impact. 
This lift may not exceed two-thirds of 
the design maximum weight. 

(b) Unless otherwise prescribed, for 
each specified landing condition, the 
rotorcraft must be designed for a limit 
load factor of not less than the limit 
inertia load factor substantiated under 
§ 29.725. 

(c) Triggering or actuating devices 
for additional or supplementary energy 
absorption may not fail under loads es-
tablished in the tests prescribed in 
§§ 29.725 and 29.727, but the factor of 
safety prescribed in § 29.303 need not be 
used. 

[Amdt. 29–3, 33 FR 966, Jan. 26, 1968] 

§ 29.475 Tires and shock absorbers. 
Unless otherwise prescribed, for each 

specified landing condition, the tires 
must be assumed to be in their static 
position and the shock absorbers to be 
in their most critical position. 

§ 29.477 Landing gear arrangement. 
Sections 29.235, 29.479 through 29.485, 

and 29.493 apply to landing gear with 
two wheels aft, and one or more wheels 
forward, of the center of gravity. 

§ 29.479 Level landing conditions. 
(a) Attitudes. Under each of the load-

ing conditions prescribed in paragraph 
(b) of this section, the rotorcraft is as-
sumed to be in each of the following 
level landing attitudes: 

(1) An attitude in which each wheel 
contacts the ground simultaneously. 

(2) An attitude in which the aft 
wheels contact the ground with the for-
ward wheels just clear of the ground. 

(b) Loading conditions. The rotorcraft 
must be designed for the following 
landing loading conditions: 

(1) Vertical loads applied under 
§ 29.471. 

(2) The loads resulting from a com-
bination of the loads applied under 
paragraph (b)(1) of this section with 
drag loads at each wheel of not less 
than 25 percent of the vertical load at 
that wheel. 

(3) The vertical load at the instant of 
peak drag load combined with a drag 
component simulating the forces re-
quired to accelerate the wheel rolling 
assembly up to the specified ground 
speed, with— 

(i) The ground speed for determina-
tion of the spin-up loads being at least 
75 percent of the optimum forward 
flight speed for minimum rate of de-
scent in autorotation; and 

(ii) The loading conditions of para-
graph (b) applied to the landing gear 
and its attaching structure only. 

(4) If there are two wheels forward, a 
distribution of the loads applied to 
those wheels under paragraphs (b)(1) 
and (2) of this section in a ratio of 
40:60. 

(c) Pitching moments. Pitching mo-
ments are assumed to be resisted by— 

(1) In the case of the attitude in para-
graph (a)(1) of this section, the forward 
landing gear; and 

(2) In the case of the attitude in para-
graph (a)(2) of this section, the angular 
inertia forces. 

§ 29.481 Tail-down landing conditions. 
(a) The rotorcraft is assumed to be in 

the maximum nose-up attitude allow-
ing ground clearance by each part of 
the rotorcraft. 

(b) In this attitude, ground loads are 
assumed to act perpendicular to the 
ground. 

§ 29.483 One-wheel landing conditions. 
For the one-wheel landing condition, 

the rotorcraft is assumed to be in the 
level attitude and to contact the 
ground on one aft wheel. In this atti-
tude— 

(a) The vertical load must be the 
same as that obtained on that side 
under § 29.479(b)(1); and 

(b) The unbalanced external loads 
must be reacted by rotorcraft inertia. 
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§ 29.485 Lateral drift landing condi-
tions. 

(a) The rotorcraft is assumed to be in 
the level landing attitude, with— 

(1) Side loads combined with one-half 
of the maximum ground reactions ob-
tained in the level landing conditions 
of § 29.479(b)(1); and 

(2) The loads obtained under para-
graph (a)(1) of this section applied— 

(i) At the ground contact point; or 
(ii) For full-swiveling gear, at the 

center of the axle. 
(b) The rotorcraft must be designed 

to withstand, at ground contact— 
(1) When only the aft wheels contact 

the ground, side loads of 0.8 times the 
vertical reaction acting inward on one 
side and 0.6 times the vertical reaction 
acting outward on the other side, all 
combined with the vertical loads speci-
fied in paragraph (a) of this section; 
and 

(2) When the wheels contact the 
ground simultaneously— 

(i) For the aft wheels, the side loads 
specified in paragraph (b)(1) of this sec-
tion; and 

(ii) For the forward wheels, a side 
load of 0.8 times the vertical reaction 
combined with the vertical load speci-
fied in paragraph (a) of this section. 

§ 29.493 Braked roll conditions. 
Under braked roll conditions with 

the shock absorbers in their static po-
sitions— 

(a) The limit vertical load must be 
based on a load factor of at least— 

(1) 1.33, for the attitude specified in 
§ 29.479(a)(1); and 

(2) 1.0, for the attitude specified in 
§ 29.479(a)(2); and 

(b) The structure must be designed to 
withstand, at the ground contact point 
of each wheel with brakes, a drag load 
of at least the lesser of— 

(1) The vertical load multiplied by a 
coefficient of friction of 0.8; and 

(2) The maximum value based on lim-
iting brake torque. 

§ 29.497 Ground loading conditions: 
landing gear with tail wheels. 

(a) General. Rotorcraft with landing 
gear with two wheels forward and one 
wheel aft of the center of gravity must 
be designed for loading conditions as 
prescribed in this section. 

(b) Level landing attitude with only the 
forward wheels contacting the ground. In 
this attitude— 

(1) The vertical loads must be applied 
under §§ 29.471 through 29.475; 

(2) The vertical load at each axle 
must be combined with a drag load at 
that axle of not less than 25 percent of 
that vertical load; and 

(3) Unbalanced pitching moments are 
assumed to be resisted by angular iner-
tia forces. 

(c) Level landing attitude with all 
wheels contacting the ground simulta-
neously. In this attitude, the rotorcraft 
must be designed for landing loading 
conditions as prescribed in paragraph 
(b) of this section. 

(d) Maximum nose-up attitude with 
only the rear wheel contacting the 
ground. The attitude for this condition 
must be the maximum nose-up attitude 
expected in normal operation, includ-
ing autorotative landings. In this atti-
tude— 

(1) The appropriate ground loads 
specified in paragraph (b)(1) and (2) of 
this section must be determined and 
applied, using a rational method to ac-
count for the moment arm between the 
rear wheel ground reaction and the 
rotorcraft center of gravity; or 

(2) The probability of landing with 
initial contact on the rear wheel must 
be shown to be extremely remote. 

(e) Level landing attitude with only one 
forward wheel contacting the ground. In 
this attitude, the rotorcraft must be 
designed for ground loads as specified 
in paragraph (b)(1) and (3) of this sec-
tion. 

(f) Side loads in the level landing atti-
tude. In the attitudes specified in para-
graphs (b) and (c) of this section, the 
following apply: 

(1) The side loads must be combined 
at each wheel with one-half of the max-
imum vertical ground reactions ob-
tained for that wheel under paragraphs 
(b) and (c) of this section. In this condi-
tion, the side loads must be— 

(i) For the forward wheels, 0.8 times 
the vertical reaction (on one side) act-
ing inward, and 0.6 times the vertical 
reaction (on the other side) acting out-
ward; and 

(ii) For the rear wheel, 0.8 times the 
vertical reaction. 
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(2) The loads specified in paragraph 
(f)(1) of this section must be applied— 

(i) At the ground contact point with 
the wheel in the trailing position (for 
non-full swiveling landing gear or for 
full swiveling landing gear with a lock, 
steering device, or shimmy damper to 
keep the wheel in the trailing posi-
tion); or 

(ii) At the center of the axle (for full 
swiveling landing gear without a lock, 
steering device, or shimmy damper). 

(g) Braked roll conditions in the level 
landing attitude. In the attitudes speci-
fied in paragraphs (b) and (c) of this 
section, and with the shock absorbers 
in their static positions, the rotorcraft 
must be designed for braked roll loads 
as follows: 

(1) The limit vertical load must be 
based on a limit vertical load factor of 
not less than— 

(i) 1.0, for the attitude specified in 
paragraph (b) of this section; and 

(ii) 1.33, for the attitude specified in 
paragraph (c) of this section. 

(2) For each wheel with brakes, a 
drag load must be applied, at the 
ground contact point, of not less than 
the lesser of— 

(i) 0.8 times the vertical load; and 
(ii) The maximum based on limiting 

brake torque. 
(h) Rear wheel turning loads in the 

static ground attitude. In the static 
ground attitude, and with the shock 
absorbers and tires in their static posi-
tions, the rotorcraft must be designed 
for rear wheel turning loads as follows: 

(1) A vertical ground reaction equal 
to the static load on the rear wheel 
must be combined with an equal side 
load. 

(2) The load specified in paragraph 
(h)(1) of this section must be applied to 
the rear landing gear— 

(i) Through the axle, if there is a 
swivel (the rear wheel being assumed 
to be swiveled 90 degrees to the longi-
tudinal axis of the rotorcraft); or 

(ii) At the ground contact point if 
there is a lock, steering device or shim-
my damper (the rear wheel being as-
sumed to be in the trailing position). 

(i) Taxiing condition. The rotorcraft 
and its landing gear must be designed 
for the loads that would occur when 
the rotorcraft is taxied over the rough-

est ground that may reasonably be ex-
pected in normal operation. 

§ 29.501 Ground loading conditions: 
landing gear with skids. 

(a) General. Rotorcraft with landing 
gear with skids must be designed for 
the loading conditions specified in this 
section. In showing compliance with 
this section, the following apply: 

(1) The design maximum weight, cen-
ter of gravity, and load factor must be 
determined under §§ 29.471 through 
29.475. 

(2) Structural yielding of elastic 
spring members under limit loads is ac-
ceptable. 

(3) Design ultimate loads for elastic 
spring members need not exceed those 
obtained in a drop test of the gear 
with— 

(i) A drop height of 1.5 times that 
specified in § 29.725; and 

(ii) An assumed rotor lift of not more 
than 1.5 times that used in the limit 
drop tests prescribed in § 29.725. 

(4) Compliance with paragraph (b) 
through (e) of this section must be 
shown with— 

(i) The gear in its most critically de-
flected position for the landing condi-
tion being considered; and 

(ii) The ground reactions rationally 
distributed along the bottom of the 
skid tube. 

(b) Vertical reactions in the level land-
ing attitude. In the level attitude, and 
with the rotorcraft contacting the 
ground along the bottom of both skids, 
the vertical reactions must be applied 
as prescribed in paragraph (a) of this 
section. 

(c) Drag reactions in the level landing 
attitude. In the level attitude, and with 
the rotorcraft contacting the ground 
along the bottom of both skids, the fol-
lowing apply: 

(1) The vertical reactions must be 
combined with horizontal drag reac-
tions of 50 percent of the vertical reac-
tion applied at the ground. 

(2) The resultant ground loads must 
equal the vertical load specified in 
paragraph (b) of this section. 

(d) Sideloads in the level landing atti-
tude. In the level attitude, and with the 
rotorcraft contacting the ground along 
the bottom of both skids, the following 
apply: 
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(1) The vertical ground reaction must 
be— 

(i) Equal to the vertical loads ob-
tained in the condition specified in 
paragraph (b) of this section; and 

(ii) Divided equally among the skids. 
(2) The vertical ground reactions 

must be combined with a horizontal 
sideload of 25 percent of their value. 

(3) The total sideload must be applied 
equally between skids and along the 
length of the skids. 

(4) The unbalanced moments are as-
sumed to be resisted by angular iner-
tia. 

(5) The skid gear must be inves-
tigated for— 

(i) Inward acting sideloads; and 
(ii) Outward acting sideloads. 
(e) One-skid landing loads in the level 

attitude. In the level attitude, and with 
the rotorcraft contacting the ground 
along the bottom of one skid only, the 
following apply: 

(1) The vertical load on the ground 
contact side must be the same as that 
obtained on that side in the condition 
specified in paragraph (b) of this sec-
tion. 

(2) The unbalanced moments are as-
sumed to be resisted by angular iner-
tia. 

(f) Special conditions. In addition to 
the conditions specified in paragraphs 
(b) and (c) of this section, the rotor-
craft must be designed for the fol-
lowing ground reactions: 

(1) A ground reaction load acting up 
and aft at an angle of 45 degrees to the 
longitudinal axis of the rotorcraft. 
This load must be— 

(i) Equal to 1.33 times the maximum 
weight; 

(ii) Distributed symmetrically among 
the skids; 

(iii) Concentrated at the forward end 
of the straight part of the skid tube; 
and 

(iv) Applied only to the forward end 
of the skid tube and its attachment to 
the rotorcraft. 

(2) With the rotorcraft in the level 
landing attitude, a vertical ground re-
action load equal to one-half of the 
vertical load determined under para-
graph (b) of this section. This load 
must be— 

(i) Applied only to the skid tube and 
its attachment to the rotorcraft; and 

(ii) Distributed equally over 33.3 per-
cent of the length between the skid 
tube attachments and centrally located 
midway between the skid tube attach-
ments. 

[Amdt. 29–3, 33 FR 966, Jan. 26, 1968; as 
amended by Amdt. 27–26, 55 FR 8002, Mar. 6, 
1990] 

§ 29.505 Ski landing conditions. 

If certification for ski operation is 
requested, the rotorcraft, with skis, 
must be designed to withstand the fol-
lowing loading conditions (where P is 
the maximum static weight on each ski 
with the rotorcraft at design maximum 
weight, and n is the limit load factor 
determined under § 29.473(b)): 

(a) Up-load conditions in which— 
(1) A vertical load of Pn and a hori-

zontal load of Pn/4 are simultaneously 
applied at the pedestal bearings; and 

(2) A vertical load of 1.33 P is applied 
at the pedestal bearings. 

(b) A side load condition in which a 
side load of 0.35 Pn is applied at the 
pedestal bearings in a horizontal plane 
perpendicular to the centerline of the 
rotorcraft. 

(c) A torque-load condition in which 
a torque load of 1.33 P (in foot-pounds) 
is applied to the ski about the vertical 
axis through the centerline of the ped-
estal bearings. 

§ 29.511 Ground load: unsymmetrical 
loads on multiple-wheel units. 

(a) In dual-wheel gear units, 60 per-
cent of the total ground reaction for 
the gear unit must be applied to one 
wheel and 40 percent to the other. 

(b) To provide for the case of one de-
flated tire, 60 percent of the specified 
load for the gear unit must be applied 
to either wheel except that the vertical 
ground reaction may not be less than 
the full static value. 

(c) In determining the total load on a 
gear unit, the transverse shift in the 
load centroid, due to unsymmetrical 
load distribution on the wheels, may be 
neglected. 

[Amdt. 29–3, 33 FR 966, Jan. 26, 1968] 
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WATER LOADS 

§ 29.519 Hull type rotorcraft: Water- 
based and amphibian. 

(a) General. For hull type rotorcraft, 
the structure must be designed to with-
stand the water loading set forth in 
paragraphs (b), (c), and (d) of this sec-
tion considering the most severe wave 
heights and profiles for which approval 
is desired. The loads for the landing 
conditions of paragraphs (b) and (c) of 
this section must be developed and dis-
tributed along and among the hull and 
auxiliary floats, if used, in a rational 
and conservative manner, assuming a 
rotor lift not exceeding two-thirds of 
the rotorcraft weight to act through-
out the landing impact. 

(b) Vertical landing conditions. The 
rotorcraft must initially contact the 
most critical wave surface at zero for-
ward speed in likely pitch and roll atti-
tudes which result in critical design 
loadings. The vertical descent velocity 
may not be less than 6.5 feet per second 
relative to the mean water surface. 

(c) Forward speed landing conditions. 
The rotorcraft must contact the most 
critical wave at forward velocities 
from zero up to 30 knots in likely 
pitch, roll, and yaw attitudes and with 
a vertical descent velocity of not less 
than 6.5 feet per second relative to the 
mean water surface. A maximum for-
ward velocity of less than 30 knots may 
be used in design if it can be dem-
onstrated that the forward velocity se-
lected would not be exceeded in a nor-
mal one-engine-out landing. 

(d) Auxiliary float immersion condition. 
In addition to the loads from the land-
ing conditions, the auxiliary float, and 
its support and attaching structure in 
the hull, must be designed for the load 
developed by a fully immersed float un-
less it can be shown that full immer-
sion of the float is unlikely, in which 
case the highest likely float buoyancy 
load must be applied that considers 
loading of the float immersed to create 
restoring moments compensating for 
upsetting moments caused by side 
wind, asymmetrical rotorcraft loading, 
water wave action, and rotorcraft iner-
tia. 

[Amdt. 29–3, 33 FR 966, Jan. 26, 196; as amend-
ed by Amdt. 27–26, 55 FR 8002, Mar. 6, 1990] 

§ 29.521 Float landing conditions. 
If certification for float operation 

(including float amphibian operation) 
is requested, the rotorcraft, with 
floats, must be designed to withstand 
the following loading conditions (where 
the limit load factor is determined 
under § 29.473(b) or assumed to be equal 
to that determined for wheel landing 
gear): 

(a) Up-load conditions in which— 
(1) A load is applied so that, with the 

rotorcraft in the static level attitude, 
the resultant water reaction passes 
vertically through the center of grav-
ity; and 

(2) The vertical load prescribed in 
paragraph (a)(1) of this section is ap-
plied simultaneously with an aft com-
ponent of 0.25 times the vertical com-
ponent 

(b) A side load condition in which— 
(1) A vertical load of 0.75 times the 

total vertical load specified in para-
graph (a)(1) of this section is divided 
equally among the floats; and 

(2) For each float, the load share de-
termined under paragraph (b)(1) of this 
section, combined with a total side 
load of 0.25 times the total vertical 
load specified in paragraph (b)(1) of 
this section, is applied to that float 
only. 

[Amdt. 29–3, 33 FR 967, Jan. 26, 1968] 

MAIN COMPONENT REQUIREMENTS 

§ 29.547 Main and tail rotor structure. 
(a) A rotor is an assembly of rotating 

components, which includes the rotor 
hub, blades, blade dampers, the pitch 
control mechanisms, and all other 
parts that rotate with the assembly. 

(b) Each rotor assembly must be de-
signed as prescribed in this section and 
must function safely for the critical 
flight load and operating conditions. A 
design assessment must be performed, 
including a detailed failure analysis to 
identify all failures that will prevent 
continued safe flight or safe landing, 
and must identify the means to mini-
mize the likelihood of their occurrence. 

(c) The rotor structure must be de-
signed to withstand the following loads 
prescribed in §§ 29.337 through 29.341 and 
29.351: 

(1) Critical flight loads. 
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(2) Limit loads occurring under nor-
mal conditions of autorotation. 

(d) The rotor structure must be de-
signed to withstand loads simulating— 

(1) For the rotor blades, hubs, and 
flapping hinges, the impact force of 
each blade against its stop during 
ground operation; and 

(2) Any other critical condition ex-
pected in normal operation. 

(e) The rotor structure must be de-
signed to withstand the limit torque at 
any rotational speed, including zero. 

In addition: 
(1) The limit torque need not be 

greater than the torque defined by a 
torque limiting device (where pro-
vided), and may not be less than the 
greater of— 

(i) The maximum torque likely to be 
transmitted to the rotor structure, in 
either direction, by the rotor drive or 
by sudden application of the rotor 
brake; and 

(ii) For the main rotor, the limit en-
gine torque specified in § 29.361. 

(2) The limit torque must be equally 
and rationally distributed to the rotor 
blades. 

(Secs. 604, 605, 72 Stat. 778, 49 U.S.C. 1424, 
1425) 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 29–4, 33 FR 14106, Sept. 18, 
1968; Amdt. 29–40, 61 FR 21907, May 10, 1996] 

§ 29.549 Fuselage and rotor pylon 
structures. 

(a) Each fuselage and rotor pylon 
structure must be designed to with-
stand— 

(1) The critical loads prescribed in 
§§ 29.337 through 29.341, and 29.351; 

(2) The applicable ground loads pre-
scribed in §§ 29.235, 29.471 through 29.485, 
29.493, 29.497, 29.505, and 29.521; and 

(3) The loads prescribed in § 29.547 
(d)(1) and (e)(1)(i). 

(b) Auxiliary rotor thrust, the torque 
reaction of each rotor drive system, 
and the balancing air and inertia loads 
occurring under accelerated flight con-
ditions, must be considered. 

(c) Each engine mount and adjacent 
fuselage structure must be designed to 
withstand the loads occurring under 
accelerated flight and landing condi-
tions, including engine torque. 

(d) [Reserved] 

(e) If approval for the use of 21⁄2- 
minute OEI power is requested, each 
engine mount and adjacent structure 
must be designed to withstand the 
loads resulting from a limit torque 
equal to 1.25 times the mean torque for 
21⁄2-minute OEI power combined with 1g 
flight loads. 

(Secs. 604, 605, 72 Stat. 778, 49 U.S.C. 1424, 
1425) 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 29–4, 33 FR 14106, Sept. 18, 
1968; Amdt. 29–26, 53 FR 34215, Sept. 2, 1988] 

§ 29.551 Auxiliary lifting surfaces. 
Each auxiliary lifting surface must 

be designed to withstand— 
(a) The critical flight loads in §§ 29.337 

through 29.341, and 29.351; 
(b) the applicable ground loads in 

§§ 29.235, 29.471 through 29.485, 29.493, 
29.505, and 29.521; and 

(c) Any other critical condition ex-
pected in normal operation. 

EMERGENCY LANDING CONDITIONS 

§ 29.561 General. 
(a) The rotorcraft, although it may 

be damaged in emergency landing con-
ditions on land or water, must be de-
signed as prescribed in this section to 
protect the occupants under those con-
ditions. 

(b) The structure must be designed to 
give each occupant every reasonable 
chance of escaping serious injury in a 
crash landing when— 

(1) Proper use is made of seats, belts, 
and other safety design provisions; 

(2) The wheels are retracted (where 
applicable); and 

(3) Each occupant and each item of 
mass inside the cabin that could injure 
an occupant is restrained when sub-
jected to the following ultimate iner-
tial load factors relative to the sur-
rounding structure: 

(i) Upward—4g. 
(ii) Forward—16g. 
(iii) Sideward—8g. 
(iv) Downward—20g, after the in-

tended displacement of the seat device. 
(v) Rearward—1.5g. 
(c) The supporting structure must be 

designed to restrain under any ulti-
mate inertial load factor up to those 
specified in this paragraph, any item of 
mass above and/or behind the crew and 
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passenger compartment that could in-
jure an occupant if it came loose in an 
emergency landing. Items of mass to be 
considered include, but are not limited 
to, rotors, transmission, and engines. 
The items of mass must be restrained 
for the following ultimate inertial load 
factors: 

(1) Upward—1.5g. 
(2) Forward—12g. 
(3) Sideward—6g. 
(4) Downward—12g. 
(5) Rearward—1.5g. 
(d) Any fuselage structure in the area 

of internal fuel tanks below the pas-
senger floor level must be designed to 
resist the following ultimate inertial 
factors and loads, and to protect the 
fuel tanks from rupture, if rupture is 
likely when those loads are applied to 
that area: 

(1) Upward—1.5g. 
(2) Forward—4.0g. 
(3) Sideward—2.0g. 
(4) Downward—4.0g. 

[Doc. No. 5084, 29 FR 16150, Dec. 3, 1964, as 
amended by Amdt. 29–29, 54 FR 47319, Nov. 13, 
1989; Amdt. 29–38, 61 FR 10438, Mar. 13, 1996] 

§ 29.562 Emergency landing dynamic 
conditions. 

(a) The rotorcraft, although it may 
be damaged in a crash landing, must be 
designed to reasonably protect each oc-
cupant when— 

(1) The occupant properly uses the 
seats, safety belts, and shoulder har-
nesses provided in the design; and 

(2) The occupant is exposed to loads 
equivalent to those resulting from the 
conditions prescribed in this section. 

(b) Each seat type design or other 
seating device approved for crew or 
passenger occupancy during takeoff 
and landing must successfully com-
plete dynamic tests or be demonstrated 
by rational analysis based on dynamic 
tests of a similar type seat in accord-
ance with the following criteria. The 
tests must be conducted with an occu-
pant simulated by a 170-pound 
anthropomorphic test dummy (ATD), 
as defined by 49 CFR 572, Subpart B, or 
its equivalent, sitting in the normal 
upright position. 

(1) A change in downward velocity of 
not less than 30 feet per second when 
the seat or other seating device is ori-
ented in its nominal position with re-

spect to the rotorcraft’s reference sys-
tem, the rotorcraft’s longitudinal axis 
is canted upward 60° with respect to 
the impact velocity vector, and the 
rotorcraft’s lateral axis is perpen-
dicular to a vertical plane containing 
the impact velocity vector and the 
rotorcraft’s longitudinal axis. Peak 
floor deceleration must occur in not 
more than 0.031 seconds after impact 
and must reach a minimum of 30g’s. 

(2) A change in forward velocity of 
not less than 42 feet per second when 
the seat or other seating device is ori-
ented in its nominal position with re-
spect to the rotorcraft’s reference sys-
tem, the rotorcraft’s longitudinal axis 
is yawed 10° either right or left of the 
impact velocity vector (whichever 
would cause the greatest load on the 
shoulder harness), the rotorcraft’s lat-
eral axis is contained in a horizontal 
plane containing the impact velocity 
vector, and the rotorcraft’s vertical 
axis is perpendicular to a horizontal 
plane containing the impact velocity 
vector. Peak floor deceleration must 
occur in not more than 0.071 seconds 
after impact and must reach a min-
imum of 18.4g’s. 

(3) Where floor rails or floor or side-
wall attachment devices are used to at-
tach the seating devices to the air-
frame structure for the conditions of 
this section, the rails or devices must 
be misaligned with respect to each 
other by at least 10° vertically (i.e., 
pitch out of parallel) and by at least a 
10° lateral roll, with the directions op-
tional, to account for possible floor 
warp. 

(c) Compliance with the following 
must be shown: 

(1) The seating device system must 
remain intact although it may experi-
ence separation intended as part of its 
design. 

(2) The attachment between the seat-
ing device and the airframe structure 
must remain intact although the struc-
ture may have exceeded its limit load. 

(3) The ATD’s shoulder harness strap 
or straps must remain on or in the im-
mediate vicinity of the ATD’s shoulder 
during the impact. 

(4) The safety belt must remain on 
the ATD’s pelvis during the impact. 
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(5) The ATD’s head either does not 
contact any portion of the crew or pas-
senger compartment or, if contact is 
made, the head impact does not exceed 
a head injury criteria (HIC) of 1,000 as 
determined by this equation. 

HIC t t
1

t t
a(t)dt2 1

2 1
t

t
2.5

1

2= −( )
−( )











∫

Where: a(t) is the resultant acceleration at 
the center of gravity of the head form ex-
pressed as a multiple of g (the acceleration 
of gravity) and t2 ¥ t1 is the time duration, 
in seconds, of major head impact, not to 
exceed 0.05 seconds. 

(6) Loads in individual shoulder har-
ness straps must not exceed 1,750 
pounds. If dual straps are used for re-
taining the upper torso, the total har-
ness strap loads must not exceed 2,000 
pounds. 

(7) The maximum compressive load 
measured between the pelvis and the 
lumbar column of the ATD must not 
exceed 1,500 pounds. 

(d) An alternate approach that 
achieves an equivalent or greater level 
of occupant protection, as required by 
this section, must be substantiated on 
a rational basis. 

[Amdt. 29–29, 54 FR 47320, Nov. 13, 1989, as 
amended by Amdt. 29–41, 62 FR 46173, Aug. 29, 
1997] 

§ 29.563 Structural ditching provi-
sions. 

If certification with ditching provi-
sions is requested, structural strength 
for ditching must meet the require-
ments of this section and § 29.801(e). 

(a) Forward speed landing conditions. 
The rotorcraft must initially contact 
the most critical wave for reasonably 
probable water conditions at forward 
velocities from zero up to 30 knots in 
likely pitch, roll, and yaw attitudes. 
The rotorcraft limit vertical descent 
velocity may not be less than 5 feet per 
second relative to the mean water sur-
face. Rotor lift may be used to act 
through the center of gravity through-
out the landing impact. This lift may 
not exceed two-thirds of the design 
maximum weight. A maximum forward 
velocity of less than 30 knots may be 
used in design if it can be dem-
onstrated that the forward velocity se-

lected would not be exceeded in a nor-
mal one-engine-out touchdown. 

(b) Auxiliary or emergency float condi-
tions—(1) Floats fixed or deployed before 
initial water contact. In addition to the 
landing loads in paragraph (a) of this 
section, each auxiliary or emergency 
float, or its support and attaching 
structure in the airframe or fuselage, 
must be designed for the load devel-
oped by a fully immersed float unless it 
can be shown that full immersion is 
unlikely. If full immersion is unlikely, 
the highest likely float buoyancy load 
must be applied. The highest likely 
buoyancy load must include consider-
ation of a partially immersed float cre-
ating restoring moments to com-
pensate the upsetting moments caused 
by side wind, unsymmetrical rotorcraft 
loading, water wave action, rotorcraft 
inertia, and probable structural dam-
age and leakage considered under 
§ 29.801(d). Maximum roll and pitch an-
gles determined from compliance with 
§ 29.801(d) may be used, if significant, to 
determine the extent of immersion of 
each float. If the floats are deployed in 
flight, appropriate air loads derived 
from the flight limitations with the 
floats deployed shall be used in sub-
stantiation of the floats and their at-
tachment to the rotorcraft. For this 
purpose, the design airspeed for limit 
load is the float deployed airspeed op-
erating limit multiplied by 1.11. 

(2) Floats deployed after initial water 
contact. Each float must be designed for 
full or partial immersion prescribed in 
paragraph (b)(1) of this section. In addi-
tion, each float must be designed for 
combined vertical and drag loads using 
a relative limit speed of 20 knots be-
tween the rotorcraft and the water. 
The vertical load may not be less than 
the highest likely buoyancy load deter-
mined under paragraph (b)(1) of this 
section. 

[Amdt. 27–26, 55 FR 8003, Mar. 6, 1990] 

FATIGUE EVALUATION 

§ 29.571 Fatigue evaluation of struc-
ture. 

(a) General. An evaluation of the 
strength of principal elements, detail 
design points, and fabrication tech-
niques must show that catastrophic 
failure due to fatigue, considering the 
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effects of environment, intrinsic/dis-
crete flaws, or accidental damage will 
be avoided. Parts to be evaluated in-
clude, but are not limited to, rotors, 
rotor drive systems between the en-
gines and rotor hubs, controls, fuse-
lage, fixed and movable control sur-
faces, engine and transmission mount-
ings, landing gear, and their related 
primary attachments. In addition, the 
following apply: 

(1) Each evaluation required by this 
section must include— 

(i) The identification of principal 
structural elements, the failure of 
which could result in catastrophic fail-
ure of the rotorcraft; 

(ii) In-flight measurement in deter-
mining the loads or stresses for items 
in paragraph (a)(1)(i) of this section in 
all critical conditions throughout the 
range of limitations in § 29.309 (includ-
ing altitude effects), except that ma-
neuvering load factors need not exceed 
the maximum values expected in oper-
ations; and 

(iii) Loading spectra as severe as 
those expected in operation based on 
loads or stresses determined under 
paragraph (a)(1)(ii) of this section, in-
cluding external load operations, if ap-
plicable, and other high frequency 
power cycle operations. 

(2) Based on the evaluations required 
by this section, inspections, replace-
ment times, combinations thereof, or 
other procedures must be established 
as necessary to avoid catastrophic fail-
ure. These inspections, replacement 
times, combinations thereof, or other 
procedures must be included in the air-
worthiness limitations section of the 
Instructions for Continued Airworthi-
ness required by § 29.1529 and section 
A29.4 of appendix A of this part. 

(b) Fatigue tolerance evaluation (in-
cluding tolerance to flaws). The struc-
ture must be shown by analysis sup-
ported by test evidence and, if avail-
able, service experience to be of fatigue 
tolerant design. The fatigue tolerance 
evaluation must include the require-
ments of either paragraph (b)(1), (2), or 
(3) of this section, or a combination 
thereof, and also must include a deter-
mination of the probable locations and 
modes of damage caused by fatigue, 
considering environmental effects, in-
trinsic/discrete flaws, or accidental 

damage. Compliance with the flaw tol-
erance requirements of paragraph (b)(1) 
or (2) of this section is required unless 
the applicant establishes that these fa-
tigue flaw tolerant methods for a par-
ticular structure cannot be achieved 
within the limitations of geometry, 
inspectability, or good design practice. 
Under these circumstances, the safe- 
life evaluation of paragraph (b)(3) of 
this section is required. 

(1) Flaw tolerant safe-life evaluation. It 
must be shown that the structure, with 
flaws present, is able to withstand re-
peated loads of variable magnitude 
without detectable flaw growth for the 
following time intervals— 

(i) Life of the rotorcraft; or 
(ii) Within a replacement time fur-

nished under section A29.4 of appendix 
A to this part. 

(2) Fail-safe (residual strength after 
flaw growth) evaluation. It must be 
shown that the structure remaining 
after a partial failure is able to with-
stand design limit loads without fail-
ure within an inspection period fur-
nished under section A29.4 of appendix 
A to this part. Limit loads are defined 
in § 29.301(a). 

(i) The residual strength evaluation 
must show that the remaining struc-
ture after flaw growth is able to with-
stand design limit loads without fail-
ure within its operational life. 

(ii) Inspection intervals and methods 
must be established as necessary to en-
sure that failures are detected prior to 
residual strength conditions being 
reached. 

(iii) If significant changes in struc-
tural stiffness or geometry, or both, 
follow from a structural failure or par-
tial failure, the effect on flaw tolerance 
must be further investigated. 

(3) Safe-life evaluation. It must be 
shown that the structure is able to 
withstand repeated loads of variable 
magnitude without detectable cracks 
for the following time intervals— 

(i) Life of the rotorcraft; or 
(ii) Within a replacement time fur-

nished under section A29.4 of appendix 
A to this part. 

[Amdt. 29–28, 54 FR 43930, Oct. 27, 1989] 
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