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S CHAPTER 1
'GENERAL

1.1 Intreduction

= S The ground loads and loading conditions speci-.
‘ fied in the following requirements are those that
shall be considered as the minimum acceptable
structural requirements for design. The require-
ments of this bulletin (except Chapter 6) shall
apply to the design of airplanes equipped with
" conventional main and nose or tail wheel gear
configurations. They shall also apply to air-
planes with unconventional gear configurations,
except where replaced by pertinent criteria in
Chapter 6 of this bulletin, or by requirements ap-

T proved by the procuring service or certificating

agency.

1.2 Factor of Safety

1.5 _ Alternate Conditions

Deviations from the: requirements set forth in
this bulletin, or the substitution of alternate con-
ditions or methods of analysis, shall be subject to
the prior approval of the procuring service or
certificating agency.

1.6 Design Parameters

1.61. Werours. The design take-off weights
and the design landing weights shall be specified

by the procuring service or certificating agency.

1.62. CexTER OF GRAVITY Postrions. The loads
specified in this bulletin shall be determined for--
each of the design weight conditions and the cor-
responding center of gravity positions, which pro-

‘duce the maximum design loads.

-

loads and shall be multiplied by a minimum factor
. of safety of 1.3 to obtain design ultimate loads.

-

' 13 Loed Application .

- The loads specified in this bulletin shall be con-
~ -~ sidered as external forces-applied to the airplane

SN L ".’.’: " - ;

- - % structure, and shall be placed in equilibrium by

- ‘means of translational and/or rotational inertia
forces applied in accordance with rational or
'{ . - conservative methods. .

1.4 Dynamic Loads

An investigation shall be made to determine the
dynamic loads in the airplane structure and the
landing gear when such loads may be significant.

141, Laxpixa Inteacr.  The requirements and

. acceptable methods for determining the dynamic
landing loads are given in Chapter 7 of this
bulletin.

1.42. Oruer Dy~asuc Coxorrions.  When dy-
namic loads resulting from conditions other than

_ the landing impact may be significant, they shall
be investiguted using methods acceptable to the
Oprocuring service or certificating agency.

The loads specified in this bulletin are limit 1.7 ‘Symbols

The following symbols are used throughout this

bulletin: - ~
. dy ~ Total deflection (feet) at time ¢,
. taken equal to z,4+0.5 z,, where
Z,==tire deflection and z,=total
- oleo stroke.
Fpg, Maximum spin-up-drag load, par-

allel to ground line, before cor-
rection for dynamic magnifi-
cation, lbs.

F, Static ground reaction; the verti-
cal component of the load on
.any gear corresponding to a
resultant load factor of lg ver-
tical acting through the c. 2.

Fo, Static reaction on a jacking or
hoisting point.

Fs Side load, 1bs.

F, rOW Towing load, Ibs.

Fy Vertical load, lbs. .

Fy .o Maximum vertical load, lbs.

Vs Vertical load at time ¢sp.

g Gravitational constant, ft/sec.?

I, Polar mass moment of inertia of
rotating wheel assembly, slug
ft2,

1

e e —— 4 =
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: Ks» Dynamic response (magnification) ential velocity to reach ground
o factor for spring-back load. - velocity, sec.
« = p. Dynamic response (magnification) te Time required to develop maxi-
C o *  factor for spin-up load. : ‘ mum vertical reaction after ini-
A k, Airplane pitching radius of gyra-~ .+ tial instant of contact, sec.
] tion, ft. Vi Lanchng speed for condition under
L Distance from most critical ¢. g. - investigation, ft/sec. :
. position to airplane tail bumper, Vs, Power-off stalling speed in ﬁxe
. -measured normal to the line of - landing configuration for stand-
action of the resultant force at ard sea level conditions, ft/sec.
L ﬁ . the tail bumper, ft. Ver Power-on stalling speed in the
4 L - Wing lift, Ibs. - take-off configuration for stand-
; ] M, Effective mass, slugs. : ard sea level conditions, ft/sec.
: T ng - Side load factor at the cg. Vr Airplane vertical velocity (sinking
i My Ground reaction factor; the ratio speed), ft/sec.
o . of the vertical component of the Vv, Sinking speed for tail bumper 'de.
- total ground reaction on any . sign, ft/sec.
R goar to the vertical component W Design !andmg weight, Ibs.
L of the statio reaction on that We Design masimum take-off wetght,
Ry R r Tire rolhag radius, ft. 0 Angle between oleo center line aad
i te Natural period of landing gear in the vertical, deg. (Positive for
] - - -fores and aft vibration, sec. ~ oleo inclined forward from wing
;-»_;% tsv -Time required for wheel circumfer- - or fuselage.)
: . }
4 i
1 .
)
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2.1
. The landing gear and the airplane structure

CHAPTER 2

LANDING CONDITIONS

General

shall be mvestxgated for the landing condmons at
both landing and take-off weights.

2.11. Laxpixe Parasterers. The ground reac-
tion factors, n,, for the landing attitudes, the sink-
ing speeds, V', for both landing and take-off design
weight conditions, and the amounts of wing lift,

- L, acting shall be specified by the procuring service

or certificating agency.
2.12. DerrecTIONS OF LANDING GEAR ELEMENTS.
. 2121, Hydraulic Shock Struts. The vertical
* ~component of the ground reaction shall be assumed
“to develop with time in the manner specified in
paragraph 7.31 unless otherwise substantiated.
2122, Rubber or Spring Shock Struts. The
- load factor shall be assumed to be proportxonal to

U g™ e et
1
: . i

.

S L o o —— .

.strut deflection with the maximum occurring with

: :) 100 percent deflection.

2.123. T'ires. Either the actual tire deflection
developed in the parucular condition, or the static
deflection of the tire obtained from the Txte and
Rim Association Yearbook shall be used.

N 2.2 Ground Reactions

Thliree combinations of vertical and drag forces
acting at the center line of the axle shall be investi-
gated in each of the landing conditions. (Refer to

- ch. T for acceptable methods of analysis.)

221. Maxnrox Serv-ue. A drag component

- (spin-up load) equal to the masimum force re-

quired to accelerate the wheel assembly up to speed
during the landing impact shall be combined with
the vertical ground reaction existing at the time

‘of the maximum spin-up load. This condition

shall be investigated for the landing gear and the

** . airplane structure. The load shall be distributed

to the airplane structure in a rational or conserva-
tive manner.

- 222, Drvaxic Serine-Back. The loads in this
condition shall simulate the forward acting dy-
namic response of the landing gear subsequent to

ey = et atv—. - o i -

the initial impact. - The maximum forward acting
load shall be combined with the vertical ground
reaction existing at the time of the maximum for-
ward acting load. If the characteristics of the
gear are such that the masimum vertical load has
not developed at the time of maximum spring-
back load, additional cycles of peak forward act-
ing drag load shall be investigated to determine
the combinations of peak forward acting drag load
and vertical load that are critical for design. This
condition shall be investigated for the landing
gear and the airplane structure. The load shall
be distributed to the airplane structure in a
rational or conservative manner.

2.23. Maxnroym Verricar Rzacrion.  The max-
imum vertical ground reaction shall be combined
with a drag load equal to one-quarter of the
maximum vertical ground reaction.. This condi-

~tion shall be investigated for the-landing gearand— -

the complete au‘p]nne structure as a rationally or
conservatively balanced condition.
2.3 Llanding Conditions

2.31. Nose Warer TYrE. ,
2.311. Level Landing, Three Point. The

- main and auxiliary wheels shall contact the

ground simultaneously. A range of forward ve-

* locities of from 1.0 ¥ to 1.2 ¥V, shall be con-
sidered. (Usually the main gear need not be

- investigated for this condition.) The vertical
components of the ground reactions shall be those
which would result from contacts with the speci-
fied sinking speeds, wing lift, and energy distribu-
tion to the landing gear units. For the spin-up
and spring-back investigations, the rate of descent
energy at contact shall be apportioned to the land-
ing gear units in accordance with the static ground
reactions, Fy. For the maximum vertical reaction
investigation, the rate of descent energy at contact
shall be apportioned to the landing gear units in
accordance with one load factor vert:xcal and one-
quarter load factor horxzontal acting through
the cg.

Ch e e e st e cereme et e s eSS~ t ame eass
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2.312. Level Landing, Two Point. The main
wheels shall contact the ground with the nose
wheel just clear of the ground. A range of for-
ward velocities of from 1.0 ¥V s, 012 Vv s, Shall be
considered. The vertical components of the
ground reactions shall be those which would result
from contacts with the specified sinking speeds

"and wing lifts.

2.313. Tail Down Landing. The airplane
shall contact the ground in the attitude of maxi-
mum lift, or in the maximum angle permitting
ground clearance by all parts of the airplane,
whichever is the lesser. The forward velocity at
contact shall be ¥V . The vertical components of

the ground reactions shall be those which would
result from contacts with the specified sinking
speeds and wing lifts. L
2.314. One-Wheel Landing. The airplane
shall land on one wheel with the same landing gear
loads, attitude, and loading conditions as of para-
graph 2.312. The wing and fuselage structure
shall be analyzed for this condition. The unbal-
anced rolling and yawing moments shall be ra-

2.22. Tam WaerL Tyre.

- 2.321. Level Landing. The airplane refe
ence axis shall be assumed to he horizonral :
ground contact. .\ range of forward velocities ¢
from 1.0 ¥ to 12 T shall be considered. Tt
vertical components of the ground reactions sha
be those which would result from contact with th
specified sinking speeds and wing lift.

2.322. Tail Down Landing. The main an
auxiliary gears shall contact the ground simu’
taneously, with a forward velocity of ¥, . Th
vertical components of the ground reactions sha’
be those which would result from contact with th
specified sinking speeds and wing lift. "The rat
of descent energy at contact shall be apportione
to the landing gear units in accordance with th
static ground reactions, F,.

2.323. One Wheel Landing. The airplun
shall land on one wheel with the same landing gea
loads, attitude, and loading conditions as of para
graph 2.221. The wing and fuselage struetur
shall be analyzed for this condition. The un
balanced rolling and yawing moments shall b

inertia. The unbalanced pitching moments may
be neglected. '

2.315. Drift Landing. The airplane shall be
in the level attitude with only the main wheels

. contacting the ground. The vertical seaction on

each main gear shall be equal to one-half of the
maximum vertical ground reaction obtained in the
two point level landing condition, paragraph
2.312. The side loads shall consist of an inward
acting load equal to 0.8 of the specified vertical

‘reaction and an outward acting load equal to 0.6
- of the specified vertical reaction. These loads,

acting simultaneously, are applied at the ground
contact points, and may be assumed resisted by
airplane inertia. Drag loads may be assumed
zero.

rationally or conservatively reacted by airplan
inertia. The unbalanced pitching moment ma;
be neglected.

2.324. Drift Landing. 'The airplane shall b
in the level attitude with only the main wheel
contacting the ground. The vertical reaction or
each main gear shall be equal to one half of the

_maximum vertical_ground reaction obtained ir
the level landing condition, paragraph 2.321. The
side loads shall consist of an inward acting loac
equal to 0.8 of the specified vertical reaction, anc
an outward acting load equal to 0.6 of the specified

_vertical reaction. These loads, acting simultane-
ously, are applied at the ground contact point and
may be assumed to be resisted by airplane inertia.
Drag loads may be assumed to be zero.

e T T e
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‘ CHAPTER 3
TAXIING CONDITIONS

3.1 General i w*!i’*-amm:::.: i

Unless otherwise specified herein, the landing
gear and airplane structure shall be investigated
for the taxiing conditions at landing and take-off
gross weights, with zero wing lift acting, and

- with the shock struts and tires in static positions.

3.2 Braking Conditions

321. Nose WrEeEL TyrE.
3.211. Braked Roll, Two Point. The air-
plane shall be in the three point attitude, with
. the nose wheel just clear of the ground. The
. vertical load factor acting at the cg shall be 12
at landing weight or 1.0 at take-off weight, which-

a2

.
e i T et
-

——ever is the more critical. - A drag reaction, at each

wheel in contact equipped with brakes, shall be

. assumed acting at the groind equal to 0.8 of the

" vertical reaction, and shall be combined with the

- vertical reaction. The pitching moment shall be
balanced by airplane rotational inertia.

, 3212, Braked Roll, Three Point. The air-
_ plane shall be in the three point attitude. The
~ " vertical load factor acting at the cg shall be 1.2
- at landing weight or 1.0 at take-off weight, which-
ever is the more critical. A drag reaction, at each
“wheel in contact equipped with brakes, shall be
"assumed acting at the ground equal to 0.8 of the
- vertical reaction and shall be combined with the
vertical reaction. The pitching moment shall be

_ balanced by airplane wheel reactions.

3.213. Unsymmetrical Braking. The auxil-
iary gear and fuselage strugture shall be investi-
gated for the loads developed in this condition.
The airplane shall be in the three point attitude.

-+ The vertical load factor shall be 1.0 at the cg. One
main gear shall be assumed braked and developing

a drag load at the ground equal to 0.5 of the verti-

cal reaction of that gear. The airplane shall be
‘placed in static equilibrium, with side loads at the
main and nose gears reacting the yawing moment,

and vertical loads at the main and nose gears

) reacting the pitching moment. The forward act-
C) ing load at the cg shall be 0.8 of the vertical reac-

224430522

——— 44 o o0 @

tion on that main gear thich is braked. The side
load at the cg shall be assumed zero. The side
load at the nose wheel shall be assumed acting at
the ground, and need not exceed the vertical reac-
tion multiplied by a coefficient of friction of 0.8.
The nose wheel shall lie in a fore and aft plane.

3214. Reverse Braking. The airplane shall
be in the three point attitude with the nose wheel
just clear of the ground. The vertical load factor
at the cg shall be 1.0. A forward acting drag
reaction, acting at the ground, equal to 0.8 of the
vertical reaction, shall be combined with the verti-
cal reaction, for each wheel in contact equipped
with brakes. The pitching moment shall be
balanced by rotational inertia.

399, Tam Waeer Tyee.

3.221. Braked Roll, Two Point. The air-
plane reference axis shall be horizontal. The ver-
tical load factor acting at the cg shall be 1.2 at
landing weight, or 1.0 at take-off weight, which-
ever is the more critical. A drag reaction at the
ground, at each wheel in contact equipped with
brakes, equal to 0.8 of the vertical reaction shall be
combined with the vertical reaction. The pitching
moment shall be balanced by airplane rotatio
inertia. ' :

32922, Reverse Braking. The airplane shall
be in the three point attitude. The vertical load
factor at the cg shall be 1.0. A forward acting
drag reaction, acting at the ground, equal to 0.8 of
the vertical reaction shall be combined with the
vertical reaction, for each wheel in contact
equipped with brakes. The pitching moment shall
be balanced by wheel reactions.

3.3 Turning

The airplane in the static position shall execute
steady turns by means of differential power or
nose gear steering. The vertical load factor shall
be 1.0 at the cg. The ratio of side to vertical load
components shall be equal on all wheels. (Sce par.
7.4 for analysis.)
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331. Ovrsioe Gear: For that gear which is on

the outside of a turn, the side load factor developed
at the cg shall be thut value which is limited by
overturning, except that it need not exceed 0.3.

3.32. INste Gear. For that gear which is on

* the inside of a turn, the side load factor developed

- case of multiple wheels, about the centroid of con-  ith a shimmy damper, lock, or steering mech

at the cg shall be that value which results in the
maximum outward load on the gear, except that
it need not exceed 0.5.

3.33. Auxmiary GEar. For the auxiliary gear,

the side load factor developed at the cg shall be -

that developed in the turn specxﬁed in paragraph
8.31.

.

3.4 Pivoting 4
With brakes assuwmed locked on the wheels of

the gear unit about which the airplane is rotating,

the airplane shall pivot about one wheel, or in the

tact area of all wheels in the gear unit. The verti-
cal load factor at the cg shall be 1.0, and the tn'e
coefficient of fnctxon shall be 0.8. :

) 35 Minimum Load Factor for Take-Off

The minimum limit load factor at the gear fo
the design of the airplane for taxiing at the max
imum take-off weight condition shall be 2.0. Th
airplane shall be in the three point attitude. Thi
factor shall apply to the vertical reaction only
with zero drag and zero side loads acting. X
wing lift may be considered acting. (This condi
tion is not required by the CAA.

3.6 Special Tail Wheel Conditions

- The airplane shall be in the three point attitud
with the tail wheel swiveled 90° from the trailing
position, or the maximum angle obtainable, which
ever is the lesser. A side load, acting at th
ground, equal to the maximum static vertical reac
tion shall be combined with the maximum stati
vertical reaction. If the tail wheel is equippec

anism, the gear shall be investigated for this sid

.load with the wheel also in the trailing positior
and with the side load acting at the ground.

e S APTHEY s P
.
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- CHAPTER 4
HANDLING CONDITIONS

B L LI

4.1 General _
Handling conditions are not requmd by the
CAA.

4.2 Towing

Towing londs shall be those specified in table
4.1, considering each condition separately. These
Ioads shall be applied at the towing fittings and
shall act parallel to the ground. A vertical load
factor of one shall be considered actmg at the cg.
The shock struts and tires shall be in their static
positions. The towing load, Prow, is defined by
figure 4.1, and shall be based on the maximum
take-off weight. For towing points not on the
landing gear but located near the plane of sym-
metry of the airplane, the drag and side tow load

~components specified for the auxiliary gear shall
apply. For tow points located outboard of the.
“Inain gear the drag and side tow load components

specified for the main gear shall apply. When

the specified angle of swivel cannot be obtained,

the maximuwn obtainable angle shall be useds

Note: Attention is called to the possibility of attempt
to steer the airplane with the tow bar, resuxtlng in a
moment at the tow bar attachment.

4.3 Jacking
Jacking loads shall be those specified in table

42. The load components shall be considered in

" all combinations which include the vertical com-

ponent. The horizontal loads at the jack points
shall be assumed to be reacted by inertia forces
in such a manner as to cause no change in the verti-
cal loads at the jack points.

4.4 Hoisting .

4.41. Navy PraNes axp Air Force Water
Praxes. The airplane shall be in the level atti-
tude. The vertical component shall be 2.67 7, ,
where ¥, is the maximum reaction at a hoisting
point based on a vertical load factor of one acting

through the center of gravity and on a suitable -

gross weight approved by the procuring service
(usually the maximum take-off gross weight).
Horizontal loads shall be assumed zero.

4.42. A Force Laxp Praxes. The mrplane

shall be in both the level and the three pomt. atti-
tudes. The vertical component shall be 2.0 F,

where F is defined in paragraph 4.41. Horizon-
tal loads shall be assumed zero. :

. 4.5 Mooring L

Mooring fittings and the structure to which
they are attached shall be analyzed for loads re-
sulting from a 73 m. p. h. wind parallel to the
ground at any direction to the airplane. (dir
Force requirement only. For Navy requirements
see Bureau of Aeronautics Specification SS-1.)
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Table 4.1. Towing loads

O -
. ‘Tew point Paaition
. g ' Magnitude No. Direction
‘] A . 1 | Forward, parallel to drag axis.
- . : 2 | Forward, at 30° to drag axis.
: l i ., Main gear. 0.75 Frow per main gear unit. 3 | Aft, parallel to drag ais.
- 4 | Aft,at 30° to drag axis.
; 5 | Forward.
Bwiveled !orwn.rd“. 6| At
1.0 Frow,
. 7 | Forward.
o o Swiveled aft. 8 | At
oo . Auxiliary gear. - -
oo . ° 9 | Forward, in plane of wheel.
SR Swiveled 45° from forward. 10 | Aft, in plane of wheel.
0.5 Frow.
° 11 | Forward, in plane of wheel.
Bwiveled 45° from aht. 12 | Aft, in plane of wheel. ..
BALANCING FORCES
The side component of the towing load at the main gear is meted by a side force at the static ground line at the
A wheel to which load is applied.
L . The towing loads at the auxiliary gear and the drag components of the towing loads at the main gear should be
sk * | __rescted in each of the following ways:
. a. Reaction shall ba appiied at the axie of the wheel to which load is applied, this reaction having a maximum |~
Ty value equal to the vertical reaction. Airplane inertia may be applied as required for equilibrium. ‘
~ b. The loads shall be reacted by airplane inertia.

. Tobls 4.8, Jacking Loads

N : Landing gear Primary filght
i ) . thie poLat atticade | points: Jvel sckicde
.} - - .
S Vertical.aeeuaaaaan cecscnesscane evecessane 1.35 Foy 2.0 Fo;
1] FOre OF 8fte.. cccamecnconacecosanonns ————— 0.4 Fo 0.5 Poy
3 Lateral_ ... cmnoas mesacsmmacmmen eeccaenn 0.4 Foy 0.5 Foy
-4 .
A : Foq shall be based on a suitable gross weight approved by the procuring
QR service
1.

— e ———m—— o e Al 8 e . ———— ¢ . @~ g B L & T T - g



http://www.abbottaerospace.com/technical-library

i . ca————— ——n ¢ & ot g ee a . L L L TR I NP TP P

'CHAPTER 5
MISCELLANEOUS CONDITIONS

5. l Rebound

Arebound load :Eactor of —20.0 shall be assumed .
to act on the unsprung weight along the line of
motion of the strut as it approaches the fully
extended posmon.

-5 2 Extenston and Retraction

“The landing gear, retracting mechanism, and

- supporting structure shall be designed for the fol-

lowing loads:

- 521. Fuerer Loaps. The loads occurring in
the airplane flight conditions shall be considered in
the design of the landing gear in the retracted
position.

5292, Frictiox, INERTIs, AND AR Loaps. The

_design shall consider the friction, inertia, and air
- loads occurring during retraction and extension at

any airspeed up to the maximum landing gear
operating speed, except-not less than 1.73 Vg
any load factors up to those specified for the flaps
extended configuration. - »

' 523. Gyroscoprc MoxExTs. The design shall
consider the gyroscopic moments due to motions
of the wheels about axes other than parallel to the
axle centerline during extension and retraction.

5.24. BraxINg Loaps. All landing gear parts
shall possess sufficient strength to withstand the
loads imposed by the application of brakes, in-
cluding spring-back effects, immediately after
take-off. (See par. 7.3 for acceptable methods of
determination.) The take-off speed shall be as-
sumed as 1.3 ¥, _ at the take-off weight. The gear
shall be in the fully extended position and in any
position between fully extended and fully re-
tracted. The following loads shall be considered

_acting simultaneously:

a. Air loads resulting at an equivalent air-
speed up to the take-off speed.

b. Dead weight loads at a vertical load factor
of 1.0. .

¢. Brake torque as necessary to stop the rota-
tion of the wheels from an initial peripheral veloc-
ity equal to the take-off speed.

10

and -

5.3 Load Distribution on Multiple Wheels

5.31. Duaw or Twix Waeers (SiE BY SmE).
When dual or twin wheels are used for the auxil-
iary landing gear and/or for each half of the main
gear, the following load distributions between the
wheels shall be investigated for each condition (ex-

“cept pars. 3.213, 3.214, 3.222 and 3.4), and the

most severe Ioads resulting from these distribu-
tions shall be used in the design of the structure:

5.311. Symmetrical Distribution. Fxfty per-
cent on each wheel, .

5.312. Unsymmetrical Distribution.

5.3121. Unequal tire inflation. Sixty percent
on one wheel (forty percent on the other) of the
total vertical, drag and side loads for the landing
_gear unit.
~ pars. 2.313 and 2.324, and the Turning Condition,

il

(In the Drift Landing Conditions,

par. 3.3, the sixty percent need not be applied to -
the inboard wheel of the outside gear with an in-

ward acting side load, nor to the outboard wheel
of the mmde gen.x mi'h an outward acting side
loadl) - -

5.3122. Flat tuc For the condition of one
gear unit in the following subparagraphs shall be
applied to the other wheel.

5.31221. Landing conditions. Sixty percent
of those loads specified for each condition with no
tire flat. (The airplane need not be rebulanced
for these conditions.)

~ 3.31222. Taziing and Randling conditions. A
vertical load factor of one shall be. considered
acting at the cg. The side and/or drag load factor

* at the cg shall be the most critical value up to fifty

percent of that resulting from the most severe
condition specified for no tires flat, except that the
towing load, Frow, shall be that defined by figure
4.1

5.32. Murrieee Waeers Otuer Tiraxy Dust or
Twix. When multiple and/or tandem wheels are
used for the auxiliary gear and/or for each half
of the main gear, proposed criteria for load distri-

pa—
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. flat tire, the entire load specified for a particular-
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bution shall be submitted for approval to the pro-

O curing service or certificating agency.

5.4 Tail Bumper Criteria

The tail bumper must be able to absorb the
kinetic energy of the airplane in its most unfavor-
.able cg position in a tail down attitude. A tail
bumper first landing shall be assumed. The
kinetic energy should be determined as follows:

RE=M:

ERdd
V(e

Where A g ( y + 1»’)

A side load equal to 0.5 times the vertical load shall

be combined with the vertical load. ¥, shall be

specified by the procuring service or cemﬁcntmg

. agency.

~

5.5 Tum-Over

When turn-over structure is required, the fol-
lowing load conditions shall be.considered. The
airplane shall be assumed to rest on the ground in
at least one of the attitudes through which it
passes or rests after turning over, whichever ap-
pears most critical for the snfety of the occupants,
either as to immediate injury or damage to the
means of exit. The turn-over structure and fuse-
lage shall be designed for all possible combinations

" of the following loads acting at the cg, and con-

taining a component normall to the thrust line
of 3.0 Wz.

a. A forward acting compunent pamllel to the
thrust line equal to 1.33 ;.

b. A component normal to the plane of sym-
metry equal to 1.0 We.

T N
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CHAPTER 6
UNCONVENTIONAL GEAR CONFIGURATIONS AND HELICOPTERS

6.1 Geﬁm!

The ground load criteria for the design of air-

planes equipped with unconventional type landing

gears, and for helicopters, shall be, where appli-
cable, in accordance with the requirements es-
tablished in this bulletin for the design of air-
planes equipped with conventional type landing
gears, except as modified by this chapter. If the
requirements of this bulletin are inapplicable or

inadequate, proposed substitute criteria shall be

submitted for approval to the prmnng service or
 certificating agency. - L

6.2 Design Conditions
621. Brcycre. Criteria will bn msetted here

Landing Condition, the side load should be applied

at the ski bottom directly under the pedestal
" bearing. , .

8.253. Taziing and Handling Conditions.
6.2581. ZTurning. The attitude and the

loads should be those established for a wheel type

landing gear (par. 3.3). The side load should
be applied at the ski bottom directly under the
pedestal bearing. The vertical load should be ap-
plied at the center line of the pedestal bearing.

 6.2532. Torque. 'To provide strength for

~normal landing, taxiing, and ground handling

conditions, a torque equal to 0.67W > 1b-ft should
be applied about the vertical axis through the cen-
ter line of each main ski pedestal bearing. For a

e e ——— o ————— " " B L E T LY S PP

when available.
- 822, QUADRICYCLE. Cnterm will be inserted
hers when available.

6.23. Cross-Wrxn. Criteria will be inserted
here when available.

8.24. Track. Criteria wxll be msurted here
- when available.

. 825, Sk

8:251. General. Comphanca with the follow-
ing recommendations may be established by cal-
culations, when the shock absorbing characteristics
are lmown (for example, from tests on land plane

~_landing gear).

6.252. Landing L’omiztwm No ty'pea of
.ground reactions analogous to the Maximum
Spin-up or Dynamic Spring-back conditions need
be investigated, but in lieu thereof, a Vertical Re-
action condition should be investigated. In this
condition, a vertical reaction equal to the maxi-
mum vertical ground reaction should be applied
through the center line of pedestal bearing and
through the center line of the ski. In all of the
Maximum Strut Reaction conditions and in the
One-Ski Landing conditions, a drag load equal to
25 percent of the vertical load should be applied at
the center line of the pedestal bearing at a position
above the center line of the ski. In the Drift

12

that applied to the main pedestal bearing multi-

steerable nose ski the. torque_should be equal to.

plied by the ratio of the nose ski static load to the _

main ski static load except that the torque on the
nose ski need not exceed that which can be reacted
by the maximum pilot effort specified for the de-
sign of the steering control. A vertical reaction
equal to the static reaction on the ski shall be ap-

plied in each case through the center line of the

— pedestal-bearing.

6.26 Sxmw.
6.261. Level Landing. The resultant ground

 reaction shall pass through the center of the skid’s

contact area, and shall be obtained by combining
the vertical component with a rearward acting
horizontal component equal to one-half of the
vertical component. Any unbalanced moments
shall be balanced by a rational or conservative

" method.

6.262. Level Landing With Side Load. A
side load equal to one-half of the vertical com-
ponent of this paragraph shall be combined with
one-half of the loads specified in the Level Land-
ing condition, paragraph 6.261. These loads shall
be applied at the center of the contact area of the
skid. Unbalanced moments shall be balanced by
a rational or conservative method. If more than
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~ one skid is provided, each skid shall be capable of  center of gravity of the aircraft forward and |
- ¢ yresisting this load. : downward at an angle of 14° to the vertical.
g '\/ 6283, ¥V ose Down W‘"Q’- The airplane. 6.264. Note. Although only two points on
} shall be considered to land in a 15° nose down  the skid need be investigated, the skid and its sup-
, attitude. The ground reactions shall be those of o should be of approsimately uniform struc-
. condition 8.261 with the resultant reaction passing t.nrc throughout.
' through the most forward point suitable for the &
] application of oblique loads. For aircraft with 27. Hercoeren. Criteria will be inserted
| wheels and skid, the aireraft shall contact the hm hea avilabl.
ground on the nose sicid and wheel(s). The 6.28. Spectar. Criteria will be maerted here
- minimum resultant inertia force shal] act at the  when pertinent and available,
- T . '.
L R g
L ( B o
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CHAPTER 7
METHODS OF ANALYSIS

- 7.1 General

The methods of analysis presented in this chap-
ter shall be considered acceptable by the procuring
service or certificating agency. However, other
rational methods, based on theory or experimental

~ data will be acceptable, subject to approval by the

procuring service or certificating agency.

7.2 Dynamic Landing Loads

The dynamic loads imposed by landing impacts
may result in more critical loads than those assum-
ing the aireraft structurs to be rigid.. The meth-
ods outlined in A. F. T. R. No. 5813, “Prediction
of Dynamic Landing Loads”, may be employed
in the computation of these dynamic loads. In
cases where the natural frequency of the landing

_gear in o fore and aft direction approaches the . .

\

- - ———— oA~ ——— > o— 11— T o o | ot & oy 4 o or An v %

- natural frequency of s major structural compo-
‘nent, the analysis shall be extended to investigate

thxs condxtmn.

73 Spin-Up and Spring-Back Loads

7.31. Masnroar Sein-Up.  Assuming that the
vertical load on the wheel develops sinusoidally

~with time and that an average coefficient of sliding

friction equal to 0.33 exists during the spin-up pe-

. riod, the basic maximum spin-up loads may be

considered as:

. Fr”ﬂFrw sin (-é-‘:-.: i;u)
. ; ' for tgy<tr
FDSU=0'55 FVMAX sin (5":‘; tsp
or Froo=Fry,x ) .
fOl'_t.gu)‘v
pr=-0.55 FVM‘AX

The basic loads (Vsg, Dsg) should be resolved

parallel to, and normal to the oleo axis. After

14

. oA em. b A — ¢ — — 51—

modifying the component normal to the oleo axis
to account for dynamic magnification, the result-
ant design loads will then be determined as com-
prising the following componnets (see fig. 7.1) :
Normal to oleo (aft)

"Ksu(Fpsv cos O“Fvsu sin 9), ’

Parallel tc; oleo

= Fy ., cos 0+ Fp,, sin 6,
(See fig. 7.3 for the determination of the dynamic
response factor, Ksp.) In lieu of applicable test

data, the values of ¢ and ¢5p may be obtained from
the following formulae:

Vv— [Vv —-29.83dy n,]"’

™

e 1200,
t,,,---—-- cos“ [1 - 3 1‘:’“ I" ] for tsp<tv
v .mx
or t;va“‘""‘;rzf“‘"‘*‘o 363 ¢ fOl' tsg>tr

7.32. Dr~ayac Searvc-Back. Subsequent to
the instant of maximum spin-up load and the cor-
responding rearward deformation, the wheel rota-
tional speed is considered to have reached the air-
plane’s rolling speed and the magnitude of the slid-
ing friction load at the ground reduces rapidly to

-gero. The strain energy stored in the rearward

deformation of the gear is considered to resultin a
springing forward of the axle and its associated
masses so that, at the instant of reaching the maxi-

- mum forward deformation, a dynamic spring-back

load may be considered to consist of the inertia of
the effective mass at the axle acting forwurd nor-
mal to the oleo. At this instant the vertical
ground reaction is considered to have reached its
maximum value. Taking into account dynamic

. e m——- ———— -+ 2. S T i S = hes 1n gt ® GO 5§ - —
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magnifications resulting from the rapid reduction

o :("jin spin-up lond and the elasticity of the structure,
~+  ‘rthe resulting design load will be determined as

comprising the following components (see fig.
72):

Normal to oleo (fwd)
=K ss(Fpg, cos §—Fy_, sin 8)+

F,
Fry, (o.9*+—5,;“:‘-‘f) sin 4,

Along oleo
SF Vicax 063 9,

(See fig. 7.3 for the determination of the dynamic

response factor, Kga.)

7.33. Dy~asric RespoNse, ‘
~ 1.331. Dynamic Response Factors. The dy-
namic response factors, Lsp and X gp shall be cal-
culated by the use of figure 7.3. However, to
eliminate the necessity for calculating the param-

eter 24, required to determine the dynamic response -
— ———3fnctors, Ksp may be taken equal to 1.4 and K »

may be taken equal to 1.23.

7.332. Landing Gear Natural Period. The
landing gear natural period, ‘., is best determined
from vibration tests of the gear as actually in-

. stalled in the airplane. It may be computed from
“]anding gears having oleo struts whose longitudi-

nal center lines are within 20° of the vertical with

" .~ the airplane thrust line horizontal, by the follow-
ing formula:

ta=0.32/7

where 2 is the structural deflection (inches) of
the axle, with the oleo fully extended, caused by
an aft load which is normal to the oleo and equal

" -to the total weight of the wheel assembly and the

part of the strut extending from the center line

~of the wheel to a distance equal to the tire radius.

The reactions for this force shall be assumed to

. be applied at the airplane fuselage.

~ 1.333. Special Dynamic Analysis. Special
dynamic analysis should be made for landing gears
having oleo struts whose longitudinal center lines

are at an angle greater than 20° with the vertical
with the airplane thrust line horizontal, since for
these cases the method used to compute figure 7.3
may not be applicable. .

7.4 Turning

The following formulae may be used to estab-
lish the loads in connection with paragraph 3.3:
(see fig. T.4)

7.41. Ovrsmoe Gear.
. - ""\\

Py, =0.5 Wb/d-:-j;ﬁ,;_m .
where ns=0.5 dt/d¢_(which is the overturning-
value) although ns need not be greater than 0.3.

F. s,‘&ﬂs F Y,
Fy =W a/d
Fy =ns Fy,
T.42. Ixsmr_; Gear.
Fr”,==0.5 Whbid—ns Weft

maximum vertical and side load on the wheel on
the inside of the turn), although ns need not be
greater than 0.3. ;

Fsy,=ns Fru,

7.43. Auxmiary Gear. The values of para-
graph 7.41 shall be used.

7.5 Braking Torque

The following methods may be used for obtain-
ing the braking torque for use with paragraph
52¢: :

7.531. Expernrextas MermOD. Support the air-
plane with the wheels clear of the ground. Turn
the wheels up to take-off speed. Impose rapid
application of the brakes. Use strain gnges or
other suitable instrumentation to measure the
brake torque. Correction should be made for dy-
namic magnification of the structure.

*When the olen is inclined aft from the wing or fuselage. 1. e., where sin # is negative, the factor 0.9 shall be taken as equal to zero.

15
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where ng=0.25 b¢/ds (which is the value giving—
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7.52. Avteavare Merioo. It may be assumed
that the torque is equal to the nominal maximum
static brake torque. The spring-back torque may
be assumed equal to 34 of the stopping torque.

7.53. Hyoravrzc Braxes. When hydraulic

.brakes are used a rational analysis for determining
braking torque may be made by mak:mg the fol-
lowing assumptions:

a. Brake pressure increases linearly from zero
to a maximum in 0.2 seconds.

b, Sliding coefficient of friction exists be-
tween the wheel and the brake lining of 02 with
an increase of 0.1 at the instant of stopping (un-
less other values can be established by test data).

¢. The dynamic response factors of ﬁgure 73
apply.

0
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