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ballast, full engine coolant and oil, hydraulic fluid, and the
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INTERNATIONAL
Standard Specification for
Design and Performance of a Light Sport Airplane
This standard is issued under the fixed designation F 2245; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers airworthiness requirements foRnusable fuel. Hence, the maximum empty weight equals
the design of powered fixed wing light sport aircraft, anmaximum takeoff weight minus minimum useful loatl =W

“airplane.”
1.2 This specification is applicable to the design of a light

U-
3.1.3 minimum useful load, W(Ib)—whereW, = W — WE.

sport aircraft/airplane as defined by regulations and limited to 3.2 Abbreviations:

day VFR flight.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

3.2.1 AR—aspect ratio H° / S
3.2.2 b—wing span, (ft)

3.2.3 BHP—brake horse power
3.2.4 c—chord, (ft)

priate safety and health practices and determine the applica- 3.2.5 CAS—calibrated air speed, (fps, kts, mph)

bility of regulatory requirements prior to use.

2. Referenced Documents
2.1 ASTM Standard$:

3.2.6 C, —lift coefficient of the airplane

3.2.7 Cy—drag coefficient of the airplane

3.2.8 CG—center of gravity

3.2.9 C,—moment coefficient €, is with respect to c/4

F 2316 Specification for Airfframe Emergency Parachuteg0int, positive nose up)

for Light Sport Aircraft

F 2339 Practice for Design and Manufacture of Reciprocat-
ing Spark Ignition Engines for Light Sport Aircraft

2.2 Federal Aviation Regulation3:

FAR-33 Airworthiness Standards: Aircraft Engines

2.3 Joint Aviation Requirements:

JAR-E Engines

JAR-22 Sailplanes and Powered Sailplanes

3. Terminology

3.1 Definitions:

3.1.1 flaps—any movable high lift device.

3.1.2 maximum empty weight, WW(lb)—largest empty
weight of the airplane, including all operational equipment that

3.2.10 Cy,g—zero lift moment coefficient

3.2.11 C,—normal coefficient

3.2.12 FPM—feet per minute

3.2.13 g—acceleration as a result of gravity = 32.2 4t/s
3.2.14 |AS—indicated air speed (fps, kts, mph)

3.2.15 ICAO—International Civil Aviation Organization
3.2.16 LSA—light sport aircraft

3.2.17 MAC—mean aerodynamic chord

3.2.18 n—load factor

3.2.19 n,—airplane positive maneuvering limit load factor
3.2.20 n—airplane negative maneuvering limit load factor
3.2.21 n;—load factor on wheels

3.2.22 POH—Pilot Operating Handbook

3.2.23 g—dynamic pressure <V / 19.777 = V? /391

is installed in the airplane: weight of the airframe, powerplantb/ft?>, whenV is in mph
required equipment, optional and specific equipment, fixed 3.2.24 S—wing area (ff)

* This specification is under the jurisdiction of ASTM Committee F37 on Light
Sport Aircraft and is the direct responsibility of Subcommittee F37.20 on Airplane.

Current edition approved May 1, 2004. Published August 2004.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Federal Aviation Administration, 800 Independence Ave. SW,
Washington, DC 20591.

4 Available from Global Engineering Documents, 15 Inverness Way, East
Englewood, CO 80112-5704

3.2.25 V—airspeed (mph)

3.2.26 V,—design maneuvering speed

3.2.27 V—design cruising speed

3.2.28 Vp—design diving speed

3.2.29 Vp—demonstrated flight diving speetdr = Vp)
3.2.30 V—design flap speed

3.2.31 Vee—maximum flap extended speed

3.2.32 Vy—maximum speed in level flight with maximum

continuous power (corrected for sea level standard conditions)

3.2.33 Vyg—never exceed spee( = Vg = 0.9Vp)
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3.2.34 Vs—stalling speed or minimum steady flight speed at 4.3.1 Maximum RPM shall not be exceeded with full

which the airplane is controllable (flaps retracted) throttle during takeoff, climb, or flight at 0\, and 110 %
3.2.35 Vg—stalling speed or minimum steady flight speed maximum continuous RPM shall not be exceeded during a
with the flaps in a specific configuration glide atVy with throttle closed.

3.2.36 Vsg—stalling speed or minimum steady flight speed 4.4 Performance, GeneratAll performance requirements
at which the airplane is controllable in the landing configura-apply in standard ICAO atmosphere in still air conditions and

tion (flaps fully deployed) at sea level. Speeds shall be given in indicated (IAS) and
3.2.37 Vgp—maximum spoiler/speed brake extended speedalibrated (CAS) airspeeds.
3.2.38 Vg—ground gust speed 4.4.1 Stalling Speeds-Wing level stalling speed¥sg and
3.2.39 V,—speed for best angle of climb Vg shall be determined by flight test at a rate of speed decrease

of 1 knot/s or less, throttle closed, with maximum takeoff
weight, and most unfavorable CG.

4.4.2 Takeofi—With the airplane at maximum takeoff
weight, full throttle, the following shall be measured using
normal takeoff procedures:

3.2.40 V,—speed for best rate of climb
3.2.41 W—maximum takeoff or maximum design weight
(Ib)
3.2.42 We—maximum empty airplane weight (Ib)
3.2.43 W,—minimum useful load (Ib)
3.2.44 w—average design surface load (PSF) Note 2—The procedure used for normal takeoff, including flap posi-
tion, shall be specified within the POH.

4. Flight 4.4.2.1 Ground roll distance to takeoff on a runway with
4.1 Proof of Compliance minimal grade. _
4.1.1 Each of the following requirements shall be met at the 4-4.2.2 Distance to clear a 50-ft (15-m) obstacle at a climb

most critical weight and CG configuration. Unless otherwiseSPeed of at least N3,

specified, the speed range from stallMge or the maximum 4.4.3 Climb—At maximum takeoff weight, flaps in the
allowable speed for the configuration being investigated shaPosition specified for climb within the POH, and full throttle:
be considered. 4.4.3.1 Rate of climb a¥, shall exceed 300 fpm.
4.1.1.1 Ve may be less than or equal Y4,. 4.4.3.2 Climb gradient &V, shall exceedz .
4.1.1.2 IfVpe chosen is less thav,, Ve must be less than 4.4.4 Landing—For landing with throttle closed and flaps
or equal to 0.9 and greater than or equal to Yd extended, the following shall be determined:
4.1.2 The following tolerances are acceptable during flight 4.4.4.1 Landing distance from 50 ft (15 m) above ground
testing: when speed at 50 ft (15 m) is M3,
Weight +5 %, —10 % 4.4.4.2 Ground roll distance with reasonable braking if so
Weight, when critical +5 %, -1 % equipped.
ce 7% of total travel 4.4.5 Balked Landing-The airplane shall demonstrate a
4.2 Load Distribution Limits full-throttle climb gradient at 1855 which shall exceed/so
4.2.1 Minimum Useful Load Requirement within 5 s of power application from aborted landing. If the
4.2.1.1 For a single-place airplane: flaps may be promptly and safely retracted without loss of
altitude and without sudden changes in attitude, they may be
W, = 190+ 0.5P, Ib
retracted.
where: 4.5 Controllability and Maneuverability
P = rated engine power, BHP. 4.5.1 General
4.2.1.2 For a two-place airplane: 4.5.1.1 The airplane shall be safely controllable and maneu-
W, = 380+ 0.5P verable during takeoff, climb, level flight (cruise), dive\fg.
or the maximum allowable speed for the configuration being
where: _ investigated, approach, and landing (power off and on, flaps
P = rated engine power, BHP. retracted and extended) through the normal use of primary
4.2.2 Minimum flying weight shall be determined. controls.

Note 1—For reference, standard occupant weight = 190 Ib. For the 4.5.1.2 Smooth transition between all flight conditions shall

minimum flying weight, standard occupant weight = 120 Ib. Fuel density®€ POssible without exceeding pilot force as shown in Table 1.
=6 Ib/U.S. gal.

4.2.3 Empty CG, most forward, and most rearward CG shall

. TABLE 1 Pilot Force
be determined.

X . , . Pitch,  Roll,  Yaw,
4.2.4 Fixed or removable ballast, or both, may be used if Pilot force as applied to the controls 0 b b
properly installed and placar(_jed' L § For temporary application: (less than 2 min)
4.3 Propeller Speed and Pitch LimitsPropeller configura- Stick 45 22
tion shall not allow the engine to exceed safe operating limits Wheel (applied to rim) 45 22
tablished by the engine manufacturer under normal condi- g, oo Pede! P
e_sa she y the engine anuracturer unde ormal co For prolonged application: 5 5 25
tions.
2
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4.5.1.3 Full control shall be maintained when retracting and 4.5.5.1 The airplane must maintain a trimmed condition
extending flaps within their normal operating speed raMig ( around the roll and yaw axis with respective controls fixed.

to Vep). 4.5.5.2 The airplane shall exhibit positive directional and
4.5.1.4 Lateral, directional, and longitudinal control shall belateral stability characteristics at any speed abdygup to the

possible down td/gq maximum allowable speed for the configuration being inves-
4.5.2 Longitudinal Control tigated, and at the most critical power setting and CG combi-

4.5.2.1 With the airplane trimmed as closely as possible foPation. o N
steady flight at 1.8, it must be possible at any speed between 4-5.5.3 Directional stability shall be shown by a tendency
1.1V, and 1.%/g, to pitch the nose downward so that a speedfor the airplane to recover from a skid condition after release of
not less than 1\, can be reached promptly. This must be the yaw control. B
shown with the airplane in all possible configurations, with 4.5.5.4 Lateral stability shall be shown by a tendency for the
simultaneous application of full power and nose down pitch@irplane to return toward a level-wing attitude after release of

control, and with power at idle. the roll control from a slip condition.
4.5.2.2 Longitudinal control forces shall increase with in- 4.5.5.5 The airplane shall demonstrate compliance with this
creasing load factor. section while in trimmed steady flight for each flap and power

4.5 3 Directional and Lateral Control setting appropriate to the following configurations) ¢limb
o banke(cfjlaps as appropriate and maximum continuous powe); (

4.5.3.1 It must be possible to reverse a steady 30° ; o ; ; .
coordinated turn through an angle of 60°, from both directions® % (flaps retracted and 75 % maximum continuous power);

(1) within 5 s from initiation of roll reversal, with the airplane %Tg)@ approach to landing (flaps fully extended and engine at
trimmed as closely as possible to ¥g3, flaps in the takeoff i . . _ I
position, and maximum takeoff power: argj within 4 s from 4.5._6 Dynarr_nc Stab_|I|t_y—Any oscnlat_lons shall exhibit de-
A : : : creasing amplitude within the appropriate speed raifgg (0
initiation of roll reversal, with the airplane trimmed as cIoserV flaps extended anis to V. flaps retracted)

as possible to 1\, flaps fully extended, and engine at idle. "FE b s 10 Vpr Tlap '

. . . . 4.5.7 Wings Level Stal-It shall be possible to prevent
4.5.3.2 With and W'th.OUt flaps deployed, rapid (_antry Into, % more than 20° of roll or yaw by normal use of the controls
recovery from, a maximum cross-controlled slip shall not

result in uncontrollable flight characteristics. during the stall and the recovery at all weight and CG

. ; combinations.
4.5.3.3 Lateral and directional control forces shall not re- 4.5.8 Turning Flight and Accelerated Stails

verse with ||flcreaseld dgflecnon.” 4.5.8.1 Turning flight and accelerated stalls shall be per-
4.5.4 Static Longitudinal Stability formed in both directions as follows: after establishing a 30°
4.5.4.1 The airplane shall demonstrate the ability to trim forcoordinated turn, the turn shall be tightened until the stall. After
steady flight at speeds appropriate to the climb, cruise, anghe turning stall, level flight shall be regained without exceed-
landing approach configurations; at minimum and maximumng 60° of additional roll in either direction. No excessive loss
weight; and forward and aft CG limits. of altitude, nor tendency to spin, nor speed buildup shall be
4.5.4.2 The airplane shall exhibit positive longitudinal sta-associated with the recovery. The rate of speed reduction must
bility characteristics at any speed aboWg, up to the be constant, and may not exceed 1 knot/s for a turning flight
maximum allowable speed for the configuration being invesstall, and be 3 to 5 knots/s with steadily increasing load factor
tigated, and at the most critical power setting and CG combifor an accelerated stall.
nation. 4.5.8.2 Both turning flight and accelerated stalls shall be
4.5.4.3 Stability shall be shown by a tendency for theperformed: 1) with flaps retracted, at 75 % maximum continu-
airplane to return toward trimmed steady flight aftef) & ous power and at idle; an@)(with flaps extended, at 75 %
“push” from trimmed flight that results in a speed increase maximum continuous power and at idle (speed not to exceed
followed by a non-abrupt release of the pitch control; a&d ( Vig).
a “pull” from trimmed flight that results in a speed decrease, 4.5.9 Spinning
followed by a non-abrupt release of the pitch control. 4.5.9.1 For airplanes placarded “no intentional spins,” the
4.5.4.4 The airplane shall demonstrate compliance with thiairplane must be able to recover from a one-turn spin or a 3-s
section while in trimmed steady flight for each flap and powerspin, whichever takes longer, in not more than one additional
setting appropriate to the following configuration$) ¢limb  turn, with the controls used in the manner normally used for
(flaps set as appropriate and maximum continuous pow&yr); ( recovery.
cruise (flaps retracted and 75 % maximum continuous power); 4.5.9.2 For airplanes in which intentional spinning is al-
and @) approach to landing (flaps fully extended and engine atowed, the airplane must be able to recover from a three-turn

idle). spin in not more than one and one-half additional turn.
4.5.4.5 While returning toward trimmed steady flight, the 4.5.9.3 In addition, for either 4.5.9.1 or 4.5.9.2:
airplane shall: 1) not decelerate below stalling spe¥d;; (2) (1) For both the flaps-retracted and flaps-extended condi-

not exceedVyg or the maximum allowable speed for the tions, the applicable airspeed limit and limit maneuvering load

configuration being investigated; an8) (exhibit decreasing factor may not be exceeded.

amplitude for any long-period oscillations. (2) There may be no excessive control forces during the
4.5.5 Static Directional and Lateral Stability spin or recovery.
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(3) It must be impossible to obtain uncontrollable spins 5.1.3.1 The structure must be able to support limit loads

with any use of the controls. without permanent deformation. At any load up to limit loads,
(4) For the flaps-extended condition, the flaps may bethe deformation may not interfere with safe operation.
retracted during recovery. 5.1.3.2 The structure must be able to support ultimate loads

4.5.9.4 For those airplanes of which the design is inherentlyithout failure for at least 3-s. However, when proof of
spin resistant, such resistance must be proven by test asirength is shown by dynamic tests simulating actual load
documented. If proven spin resistant, the airplane must beonditions, tle 3 s limit does not apply.
placarded “no intentional spins” but need not comply with 5.1.4 Proof of Structure—-Each design requirement must be
45.9.1-4.5.9.3. verified by means of conservative analysis or test (static,
4.6 Vibrations—Flight testing shall not reveal, by pilot component, or flight), or both.
observation, heavy buffeting (except as associated with a stall), 5.1.4.1 Compliance with the strength and deformation re-
excessive airframe or control vibrations, flutter (with properquirements of 5.1.3 must be shown for each critical load
attempts to induce it), or control divergence, at any speed frorgsondition. Structural analysis may be used only if the structure
Vo 10 Vpg. conforms to those for which experience has shown this method
4.7 Ground Control and Stability to be reliable. In other cases, substantiating load tests must be

4.7.1 It must be possible to taxi, takeoff, and land whilemade. Dynamic tests, including structural flight tests, are
maintaining control of the airplane, up to the maximum acceptable if the design load conditions have been simulated.

crosswind component specified within the POH. Substantiating load tests should normally be taken to ultimate
4.7.2 Wheel brakes must operate so as not to cause unpr@QSign load.
dictable airplane response or control difficulties. 5.1.4.2 Certain parts of the structure must be tested as
specified in 6.9.
5. Structure 5.2 Flight Loads
5.1 General 5.2.1 General
5.1.1 Loads 5.2.1.1 Flight load factorsn, represent the ratio of the

5.1.1.1 Strength requirements are specified in terms of limi
loads (the maximum loads to be expected in service) an itive fliaht load factor i i which th d )
ultimate loads (limit loads multiplied by prescribed factors of positive Tight load factor IS one in which the aerodynamic

safety). Unless otherwise provided, prescribed loads are "mﬁorce acts upwar_d, with _respect .to the airplang. .
loads. 5.2.1.2 Compliance with the flight load requirements of this

d;ection must be shown at each practicable combination of
water loads must be placed in equilibrium with inertia forces Veignt and disposable load within the operating limitations

considering each item of mass in the airplane. These loads mupecified in the F_)OH' _ .

be distributed to conservatively approximate or closely repre- °-2-2 Symmetrical Flight Conditions

sent actual conditions. 5.2.2.1 The appropriate balancing horizontal tail loads must
5.1.1.3 If deflections under load would significantly changeP® accounted for in a rational or conservative manner when

the distribution of external or internal loads, this redistributiondetérmining the wing loads and linear inertia loads correspond-
must be taken into account. ing to any of the symmetrical flight conditions specified in

5.1.1.4 The simplified structural design criteria given in5'2'2 to 5'2'6'. ] )
Appendix X1 may be used for airplanes with conventional 95-2-2.2 The incremental horizontal tail loads due to maneu-
configurations. If Appendix X1 is used, the entire appendixVering and gusts must be reacted by the angular inertia of the
must be substituted for the corresponding paragraphs of th@irPlane in a rational or conservative manner.
subpart, that is, 5.2.1 to 5.7.3. Appendix X2 contains accept- 5.2.2.3 In computing the loads arising in the conditions
able methods of analysis that may be used for compliance witArescribed above, the angle of attack is assumed to be changed

erodynamic force component (acting normal to the assumed
&ngitudinal axis of the airplane) to the weight of the airplane.

5.1.1.2 Unless otherwise provided, the air, ground, an

the loading requirements for the wings and fuselage. suddenly without loss of air speed until the prescribed load
5.1.2 Factor of Safety factor is attained. Angular accelerations may be disregarded.
5.1.2.1 Unless otherwise provided in 5.1.2.2, an ultimate 9:-2.2.4 The aerodynamic data required for establishing the
load factor of safety of 1.5 must be used. loading conditions must be verified by tests, calculations, or by

5.1.2.2 Special ultimate load factors of safety shall peconservative estimation. In the absence of better information,
; P the maximum negative lift coefficient for rigid lifting surfaces
applied to the following: Y
0% 15230  on castings may be assumed to be equal to —0.80. If the pitching moment
12%15=18  on ﬁmngsg coefficient, C,,,, is less thant=0.025, a coefficient of at least

20X 15=3.0 on bearings at bolted or pinned joints subject to rotation +0.025 must be used.

4.45 X 1.5 =6.67 on control surface hinge-bearing loads except ball . :
and roller bearing hinges 5.2.3 Flight Envelope—Compliance shall be shown at any

22x15=33 on push-pull control system joints combination of airspeed and load factor on the boundaries of
133 x15=2 on _cable_control syste_m joints, seat _belt/harness fit_tings the ﬂ|ght enve|0pe_ The f||ght enve|0pe represents the enve|0pe
(incluing the seat if belvharness is atached to i of the flight loading conditions specified by the criteria of 5.2.4
5.1.3 Strength and Deformation and 5.2.5 (see Fig. 1).
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FIG. 1 Flight Envelope

5.2.3.1 Genera—Compliance with the strength require- 5.2.4.3 Design Cruising Speed (1) V. in knots may not
ments of this subpart must be shown at any combination dbe less than 33v/W/ S and @) V- need not be greater than
airspeed and load factor on and within the boundaries of 8.9V, at sea level.
flight envelope similar to the one in Fig. 1 that represents the 5.2 4.4 Design Dive Speed,
envelope of the flight loading conditions specified by the Vo= 14X V.
maneuvering and gust criteria of 5.2.5 and 5.2.6 respectively. b T Temn
5.2.3.2 Maneuvering EnvelopeExcept where limited by  where:
maximum (static) lift coefficients, the airplane is assumed to beVc min = required minimum cruising speed.
subjected to symmetrical maneuvers resulting in the following 5.2.5 Limit Maneuvering Load Factors
limit load factors: () the positive maneuvering load factor 5251 The positive limit maneuvering load factgrmay
specified in 5.2.5.1 at speeds up\fg; and @) the negative ot be less than 4.0.
maneuvering load factor specified in 5.2.5.2 at speeds Mp.to 5.2.5.2 The negative limit maneuvering load faatgmay
5.2.3.3Gust Envelope-The airplane is assumed to be not pe greater than —2.0.

subjected to symmetrical vertical gusts in level flight. The : -
resulting limit load factors must correspond to the conditions 5:2.5.3 Loads with wing flaps extended, {f flaps or other

determined as follows:1j positive (up) and negative (down) similar high lift devices are used, the airplane must be designed
gusts of 50 fi/s aV/.: and @) positive and negative gusts of 25 f:oronl = 2.0 with the flaps in any position up ¥:; and @) n,

ft/s atVp (see Fig. 1).
524TDfesi n A:C:rs )eeds 5.2.5.4 Loads with speed control deviced) (f speed
o 9 P control devices such as speed brakes or spoilers are used, the

5.2.4.1 Design Maneuvering Speed,.V airplane must be designed for a positive limit load factor of 3.0
Vp = Vg /Nl with the devices extended in any position up to the placard
W device extended speed; arf] fnaneuvering load factors lower
Vekts=17.18 - /g7 — than those specified in 5.2.5 may be used if the airplane has
LMAX . T . .
design features that make it impossible to exceed these in
where: _ _ . flight.
Vs = computed stalling speed at the design maximum 5> g Gust Load Factors-The airplane must be designed
weight with the flaps retracted, and for the loads resulting from:

nl = positive limit maneuvering load factor used in design.

y 5.2.4.t2 DteEig? Flatfw Sﬁied,F\,LtFordgeicz\l/andirr:g s\(jtt_ing, retracted, and
= must not be less than the greater df {.4 Vg, whereVgis . . ) N )

the computed stalling speed with the wing flaps retracted at thgits.it(i}z vl;?hatté\;e ﬂa;dsr}iﬁat;vxetegnu dsc;fj of 25-ftfs nominal inten

maximum weight; and2) 2.0 Vg, WhereVggis the computed y alVe P y :

stalling speed with wing flaps fully extended at the maximum Nore 3—In the absence of a more rational analysis, the gust load

weight. factors may be computed by the method of Appendix X3.

5.2.6.1 The gust velocities specified in 5.2.3.3 with flaps
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5.2.7 Unsymmetrical Flight Conditiors-The airplane is 5.3.1 Control Surface Loads-The control surface loads
assumed to be subjected to the unsymmetrical flight conditionspecified in 5.3.3 through 5.7.3 are assumed to occur in the
of 5.2.7.1 and 5.2.7.2. Unbalanced aerodynamic momentsonditions described in 5.2.2 through 5.2.6.
about the center of gravity must be reacted in a rational or 5.3.2 Control System LoadsEach part of the primary
conservative manner considering the principle masses furnisizontrol system situated between the stops and the control
ing the reacting inertia forces. surfaces must be designed for the loads corresponding to at

5.2.7.1 Rolling Conditions—The airplane shall be designed least 125 % of the of the computed hinge moments of the
for the loads resulting from the roll control deflections andmovable control surfaces resulting from the loads in the
speeds specified in 5.7.1 in combination with a load factor otonditions prescribed in 5.3.1 through 5.7.3. In computing the
at least two thirds of the positive maneuvering load factorhinge moments, reliable aerodynamic data must be used. In no
prescribed in 5.2.5.1. The rolling accelerations may be obease may the load in any part of the system be less than those
tained by the methods given in X2.3. The effect of the rollresulting from the application of 60 % of the pilot forces
control displacement on the wing torsion may be accounted fodescribed in 5.3.3. In addition, the system limit loads need not
by the method of X2.3.2 and X2.3.3. exceed the loads that can be produced by the pilot. Pilot forces

5.2.7.2 Yawing Conditions-The airplane must be designed used for design need not exceed the maximum pilot forces
for the yawing loads resulting from the vertical surface loadsprescribed in 5.3.3.

specified in 5.5. 5.3.3 Loads Resulting from Limit Pilot ForcesThe main
5.2.8 Special Conditions for Rear Lift Truss control systems for the direct control of the airplane about its
5.2.8.1 If a rear lift truss is used, it must be designed fodongitudinal, lateral, or yaw axis, including the supporting

conditions of reversed air flow at a design speed of: points and stops, must be designed for the limit loads resulting

from the limit pilot forces as follows:
5.3.3.1 Pitch—100 Ib at the grips of the stick or wheel.
where: 5.3.3.2 Roll—40 Ib at the grip(s) of the stick or wheel.
W/S = wing loading, Ib/ft. 5.3.3.3 Yaw—130 Ib acting forward on one rudder pedal.
5.2.8.2 Either aerodynamic data for the particular wing 5.3.3.4 The rudder control system must be designed to a

section used, or a value 6f equaling —0.8 with a chord-wise |oad of 130 Ib per pedal acting simultaneously on both pedals
distribution that is triangular between a peak at the trailingin the forward direction.

V =8.7 -\/W/S+ 8.7 knots

edge and zero at the leading edge, must be used. _ 5.3.4 Dual-Control Systems-Dual-control systems must be
5.2.9 Engine Torque-The engine mount and its supporting designed for the loads resulting from each pilot applying 0.75
structure must be designed for the effects of: times the load specified in 5.3.3 with the pilots acting in

5.2.9.1 The limit torque corresponding to takeoff power andopposition.

propeller speed acting simultaneously with 75 % of the limit 53,5 Secondary Control Systems$Secondary control sys-

loads from flight condition of 5.2.5.1. tems, such as those for flaps and trim control must be designed
5.2.9.2 The limit torque corresponding to maximum con-for the maximum forces that a pilot is likely to apply.

tinuous power and propeller speed acting simultaneously with 5.3.6 Control System Stiffness and Stretefhe amount of

the limit loads from flight condition of 5.2.5.1. control surface or tab movement available to the pilot shall not
5.2.9.3 For conventional reciprocating engines with positivebe dangerously reduced by elastic stretch or shortening of the

drive to the propeller, the limit torque to be accounted for insystem in any condition.

5.2.9.1 and 5.2.9.2 is obtained by multiplying the mean torque 5.3.7 Ground Gust Conditions-The control system from

by one of the following factors: the control surfaces to the stops or control locks, when
For four-stroke engines: installed, must be designed for limit loads due to gusts
(1) 1.33 for engines with five or more cylinders; or corresponding to the following hinge moments:
(2) 2, 3, 4, or 8 for engines with four, three, two, or one Ms=k Cs-S5-q 1)
cylinders, respectively.
For two-stroke engines: where:
Mg limit hinge moment,

(1) 2 for engines with three or more cylinders; or

. . , Cs mean chord of the control surface aft of the hinge
(2) 3 or 6, for engines with two or one cylinders, respec-

line,

tively. S, = area of the control surface aft of the hinge line,
5.2.10 Side Load on Engine Mount q = dynamic pressure corresponding to an airspeed of 38
5.2.10.1 The engine mount and its supporting structure must knots, and
be designed for a limit load factor in a lateral direction, for the k = limit hinge moment coefficient due to ground gust =
side load on the engine mount, of not less than 1.5. 0.75.
5.2.10.2 The side load prescribed in 5.2.10.1 may be as- 5.3.8 Control Surface Mass Balance WeightH applicable
sumed to be independent other flight conditions. shall be designed for:
5.2.10.3 If applicable, the nose wheel loads of 5.8.1.7 must 5.3.8.1 Then= 16 limit load normal to the surface, and
also be considered. 5.3.8.2 Then= 8 limit load fore and aft and parallel to the
5.3 Control Surface and System Loads hinge line.
6
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5.3.9 The motion of wing flaps on opposite sides of theinduced by the fins or winglets and moments or forces exerted
plane of symmetry must be synchronized by a mechanicabn the horizontal surfaces or wings by the fins or winglets.
interconnection unless the airplane has safe flight characteris-5.5.3.2 If outboard fins or winglets extend above and below
tics with the wing flaps retracted on one side and extended othe horizontal surface, the critical vertical surface loading (the
the other. load per unit area determined in accordance with 5.5.1 and

5.3.10 All primary controls shall have stops within the 5.5.2) must be applied to:
system to withstand the greater of pilot force, 125 % of surface (1) The part of the vertical surface above the horizontal

loads, or ground gust loads (see 5.3.7). surface with 80 % of that loading applied to the part below the
5.4 Horizontal Stabilizing and Balancing Surfaces horizontal surface or wing, and
5.4.1 Balancing Loads (2) The part of the vertical surface below the horizontal

5.4.1.1 Ahorizontal stabilizing surface balancing load is thesurface or wing with 80 % of that loading applied to the part
load necessary to maintain equilibrium in any specified flightabove the horizontal surface or wing.
condition with no pitching acceleration. 5.5.3.3 The end plate effects of outboard fins or winglets

5.4.1.2 Horizontal stabilizing surfaces must be designed fomust be taken into account in applying the yawing conditions
the balancing loads occurring at any point on the limitof 5.5.1 and 5.5.2 to the vertical surfaces in 5.5.3.2.
maneuvering envelope and in the air-brake and wing-flap 5.5.3.4 When rational methods are used for computing
positions specified in 5.2.5.3. loads, the maneuvering loads of 5.5.1 on the vertical surfaces

5.4.2 Maneuvering Loads-Horizontal stabilizing surfaces and then=1 horizontal surface or wing load, including
must be designed for pilot-induced pitching maneuvers iminduced loads on the horizontal surface or wing and moments

posed by the following conditions: or forces exerted on the horizontal surfaces or wing, must be
5.4.2.1 At speed/,, maximum upward deflection of pitch applied simultaneously for the structural loading condition.

control surface, 5.6 Supplementary Conditions for Stabilizing Surfaces
5.4.2.2 At speedV,, maximum downward deflection of  5.6.1 Combined Loads on Stabilizing Surfaces

pitch control surface, 5.6.1.1 With the airplane in a loading condition correspond-
5.4.2.3 At speed/, one-third maximum upward deflection ing to A or D in Fig. 1 (whichever condition leads to the higher

of pitch control surface, and balance load) the loads on the horizontal surface must be
5.4.2.4 At speed/p, one-third maximum downward deflec- combined with those on the vertical surface as specified in

tion of pitch control surface. 5.5.1. It must be assumed that 75 % of the loads according to

Note 4—In 5.4.2, the following assumptions should be made: th95'4'_2 for the__h_orizontal Stabi”Zi”Q Surface and 5.5.1 for the
airplane is initially in level flight, and its altitude and airspeed do not Vertical stabilizing surface are acting simultaneously.
change. The loads are balanced by inertia forces. 5.6.1.2 The stabilizing surfaces and fuselage must be de-
5.4.3 Gust Loads-The horizontal stabilizing surfaces must signed for asymmetric I_oao_ls on the St’c‘_b"'z'”g surface_s which
o would result from application of the highest symmetric ma-

be5d4e ;lgln?ri;or LZ? Lc;?g;tzzzuglr;%igg;n}n 52 3.3 with flaps €UVe" loads of 5.5.1 so that 100 % of the horizontal stabilizer
retréétéd and 9 P B PSsurface loading is applied to one side of the plane symmetry
' . . . and 70 % on the opposite side.
5.4.3.2 Positive and negative gusts of 25-ft/s nominal inten- . . . .
sitv atV- with the flans fully extended 5.6.2 Additional Loads Applying to V-TadsAn airplane
y F P y ' with a V-tail must be designed for a gust acting perpendicular
Note 5—In the absence of a more rational analysis, the horizontato one of the surfaces at spe¥d. This condition is supple-

surfaces gust loads may be computed by the method of Appendix X4. mental to the equivalent horizontal and vertical cases previ-
5.5 Vertical Stabilizing Surfaces ously specified.

5.5.1 Maneuvering Loads-The vertical stabilizing surfaces -/ Ailerons, Wing Flaps, and Special Devices

following conditions: loads corresponding to the following conditions:
5.5.1.1 At speed/,, full deflection of the yaw control in 5.7.1.1 At speed/,, the full deflection of the roll control.

both directions. 5.7.1.2 At speed/y, one-third of the full deflection of the
5.5.1.2 At speed/y, one-third full deflection of the yaw roll control.

control in both directions. 5.7.2 Flaps—Wing flaps, their operating mechanisms, and
5.5.2 Gust Loads supporting structure must be designed for the critical loads

5.5.2.1 The vertical stabilizing surfaces must be designed tgccurring in the flaps-extended operating range with the flaps

withstand lateral gusts of the values prescribed in 5.2.3.3. inany position. The effects of propeller slipstream, correspond-
ing to takeoff power, must be taken into account at a airspeed

suriaces gus loads may be computed by the method 1 Appendi x4 20! 1OLIESS than 145 whereVsis the computed staling speed
ith flaps fully retracted at the design weight. For investigating
5.5.3 Outboard Fins or Winglets the slipstream effects, the load factor may be assumed to be
5.5.3.1 If outboard fins or winglets are on the horizontall.0.
surfaces or wings, the horizontal surfaces or wings must be 5.7.3 Special Devices-The loadings for special devices
designed for their maximum load in combination with loadsusing aerodynamic surfaces, such as slots and spoilers, must be
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determined from test data or reliable aerodynamic data that 5.8.1.7 Supplementary Conditions for Nose Whe&he

allows close estimates. requirements for supplementary conditions for nose wheels are
5.8 Ground Load Conditions given in Fig. 6 (the static load is at the combination of weight
5.8.1 Basic Landing Conditionrs-The requirements for the and CG that gives the maximum loads).

basic landing conditions are given in 5.8.1.1t0 5.8.1.3, Table 2, 5.8.1.8 For the conditions in 5.8.1.4 to 5.8.1.7, the shock

and Fig. 2. absorbers and tires are assumed to be in their static position.
5.8.1.1 The load factor on the wheeths, may be computed 5.9 Water Load Conditions
as follows: 5.9.1 The structure of seaplanes and amphibians must be
d designed for water loads developed during takeoff and landing
ht3 with the airplane in any attitude likely to occur in normal

1~ efxd operations at appropriate forward and sinking velocities under
_ the most severe sea conditions likely to be encountered. Unless
where: sufficient satisfactory service experience is available, a rational
h = drop height, in. = 3.6< \/W /S with WsIb/ft?,  analysis of the water loads, or the methods specified in
but h larger than 9 in., _ Appendix X5 may be used.
df = t(?]tal Eh?ﬁCk. absorbe(; travel, in. G + Gsnock 5.10 Emergency Landing Conditions
e = shock efficiency, an :
efx d = 05x d for tireyand rubber or spring shocks, or 5.10.1 The structure must be designed to protect each

. occupant during emergency landing conditions when occu-
5 X d;.. + 0.65 X
gbssorbctja“rrg 0.85 X dsnocy for hydraulic shock pants (through seat belts or harnesses, or both) as well as any

5.8.1.2 Ifn is larger than 3.33, all concentrated maSSesconcentrated weight located behind or above the occupant

(engine, fuel tanks, occupant seats, ballast, etc.) must b@mh as engine, baggage, fuel, ballast, and so forth), experi-
substan,tiated for a iimit landing load ,factor f7+ 0 é7 -n ence the static inertia loads corresponding to the following
which is greater than 4 9 9 ' ultimate load factors (these are three independent conditions):

5.8.1.3 The usual ultimate factor of safety of 1.5 applies to >-10-1.1n=3up, _
these conditions, unless a drop test from the reserve energy®-10-1.2n=9 (n=10 for engines) forward, and
height,hr = 1.4, shows that a lower factor may be used. If 5.10.1.3n=1.5 lateral.
the shock absorber is of a fast energy absorbing type, the 5-11 Other Loads
ultimate loads are the limit load multiplied by the conservative 5.11.1 Tie-Down Points—Tie-down points shall be designed
reserve energy factor of 1.2. for the maximum wind at which the airplane may be tied down
5.8.1.4 Side Load Conditions-The requirements for the in the openVg = 38 kts minimum as in accordance with 5.3.7
side load conditions on the main wheels in a level attitude ar&ay be used.
given in Fig. 3. 5.11.2 Parachute System Loaddf the aircraft is to be
5.8.1.5 Braked Roll Conditions-The requirements for the equipped with an emergency parachute system (Ballistic Re-
braked roll conditions on the main wheels in a level attitude are€overy System), the attachment point(s) to the airframe must

given in Fig. 4. be designed in accordance with Specification F 2316.

5.8.1.6 Supplementary Conditions for Tail WheeThe re- 5.11.3 Loads from Single MassesThe attachment means
quirements for the tail wheel conditions in a tail down attitudefor all single masses which are part of the equipment for the
are given in Fig. 5. airplane must be designed to withstand loads corresponding to

TABLE 2 Basic Landing Conditions

Note 1—K = 0.25
L = %3 = ratio of the assumed wing lift to the airplane weight
n=n + 7 = load factor
n; = load factor on wheels in accordance with 5.8.1

Note 2—See Fig. 2 for the airplane landing conditions.

Tail Wheel Type Nose Wheel Type

Level Landing with

Condition Levgl TaiI—dqwn Levgl Landing 'with Nose Wheel Just TaiI—Dgwn
Landing Landing Inclined Reactions Landing
Clear of Ground
Vertical component at CG nw nw nw nw nw
Fore and aft component at CG KnwW 0 KnW KnW 0
Lateral component in either direction at CG 0 0 0 0 0
Shock absorber deflection (rubber or 100 % 100 % 100 % 100 % 100 %
spring shock absorber), %
Tire deflection Static Static Static Static Static
Main wheel loads (V) (n-L)W (n-L)Wb/d (n-L)wa'/d’ (n-L)W (n-L)W
(both wheels) (D)) KnwW 0 KnWa'/d’ Knw 0
Tail (nose) wheels (V) 0 (n-L)Wa/d (n-Ly)w'/d’ 0 0
Loads (D,) 0 0 KnWb'/d’ 0 0
8
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s Tan () = 14 deg
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“— ” b e i A A A A e
14 deg
“ 5 .
Level Landing
Tail-down Landing (nose wheel just

clear of ground)

oS ~ s s

v

Tail-down Landing
(stall attitude)

FIG. 2 Basic Landing Conditions

the maximum design load factors to be expected from thehat no structural part is under strength as a result of material
established flight and ground loads, including the emergencyariations or load concentration, or both.

landing conditions of 5.10. 6.3 Fabrication Methods-Manufactured parts, assemblies,
and completed airplanes shall be produced in accordance with

6. Design and Construction : )
6.1 G L The i it of | | desi the manufacturer’'s quality assurance and production accep-
.1 Genera e integrity of any novel or unusual design .o 1ot procedures.

feature having an important bearing on safety shall be estab- . .
lished by testg P g y 6.4 Self-Locking Nuts-No self-locking nut shall be used on
6.2 Materials—Materials shall be suitable and durable for @1y bolt subject to rotation in operation unless a nonfriction

the intended use. Design values (strength) must be chosen lggking device is used in addition to the self-locking device.

9
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FIG. 3 Side Load Conditions

A .67W (vertical)

TS 777777 W (rearward)

FIG. 4 Braked Roll Conditions

6.5 Protection of Structure-Protection of the structure is free from interference, jamming, excessive friction, and
against weathering, corrosion, and wear, as well as suitablexcessive deflection when the control system design loads (see
ventilation and drainage, shall be provided as required. 5.3) are applied to the controls and the surfaces. The control

6.6 Accessibility—Accessibility for critical structural ele- system stops must withstand those loads.
ments and control system inspection, adjustment, maintenance,6.10 Pilot Compartment

and repair shall be provided. . 6.10.1 Pilot comfort, appropriate visibility (instruments,
6.7 Rigging—Unless specified otherwise, rigging and de-y50ards, and outside), accessibility, ability to conduct an

rigging must be able to be performed by persons having n@mergency escape, and ability to reach all controls for smooth
more than average skill. It must be possible to inspect the g positive operation shall be provided.

airplane easily for correct rigging and safe-tying.

6.8 Proof of Desigr—Fulfillment of the design requirements
for the airplane shall be determined by conservative analysi
or tests, or a combination of both. Structural analysis alon
may be used for validation of the structural requirements onl)g
if the structure conforms to those for which experience has
shown this method to be reliable. Flight tests to limit load
factors at maximum takeoff weight and at speeds f\gto
the maximum allowable speed for the configuration being 7.1 Installation—The powerplant installation shall be easily
investigated are an acceptable proof (see 5.1.3 and 5.1.4). accessible for inspection and maintenance. The powerplant

6.9 Control System-Operation Testt must be shown by attachment to the airframe is part of the structure and shall
functional tests that the control system installed on the airplan@ithstand the applicable load factors.

6.10.2 Occupant seat belts, harnesses, and baggage re-
traints, and their attachments to the structure shall be designed
fbr the maximum load factors corresponding to the specified
round and flight conditions including the emergency landing
onditions prescribed in 5.10.

7. Powerplant
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FIG. 5 Supplementary Conditions for Tail Wheel

/
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Forward Forward

—— ~—

A Vertical
2.25 x Static Load

Forward
0.9 x Static Load

Rearward
1.8 x Static Load

Right (& left) (€
1.57 X Static Load

FIG. 6 Supplementary Conditions for Nose Wheel

7.2 Engines—Installed engines shall meet Practice F 2339, 7.3.4 The filler must be located outside the passenger
LSA engine design and production standards, or shall be typeompartment and spilled fuel must be prevented from entering
and production certified under FAR-33, JAR-E, or JAR-220r accumulating in any enclosed part of the airplane.

Subpart H, design and production standards. 7.3.5 Each tank must be vented. The vent must discharge
Note 7—Type certified engines may be subject to additional regulatonplear of the airplane.
maintenance requirements. 7.3.6 There must be at least one drain to allow safe

drainage. A drainable sediment bowl located at the lowest point
7.3.1 The unusable fuel quantity for each tank must bd in the fuel system may be used instead of the drainable sump

established by tests and shall not be less than the quantity che fuel tank. ) . ) .
which the first evidence of engine fuel starvation occurs under 7-3-7 A fuel strainer or filter accessible for cleaning and
each intended flight operation and maneuver. replacement must be included in the system.

7.3.2 Tanks must be protected against wear from vibrations 7.3.8 The fuel lines must be properly supported and pro-
and their installation shall be able to withstand the applicabléected from vibrations and wear.

7.3 Fuel System

inertia loads. 7.3.9 Fuel lines located in an area subject to high heat
7.3.3 Fuel tanks shall be designed, to withstand a positivéengine compartment) must be fire resistant or protected with a
pressure of 3.5 psi (8-ft (2.4-m) water column). fire-resistant covering.
11
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7.3.10 There must be a fuel shutoff valve accessible to the 9.2 General Information

pilot while wearing a seat belt or harness. 9.3 Airplane and Systems Descriptions
7.4 Oil System—If an engine is provided with an oil system, 9.3.1 Engine,
it must be: 9.3.2 Propeller,

7.4.1 Capable of supplying the engine with an adequate 9.3.3 Fuel and fuel capacity,
quantity of oil at a temperature not exceeding the maximum 9.3.4 Oil, and
established by the engine manufacturer, and 9.3.5 Operating weights and loading (occupants, baggage,
7.4.2 The oil tank or radiator, or both, must be installed tofuel, ballast).
withstand the applicable inertia loads and vibrations, and the 9.4 Operating Limitations
oil breather (vent) must be resistant to blockage caused by 9.4.1 Stalling speeds at maximum takeoff weighlt Gnd
icing. Oil foam from the breather shall not constitute a hazardvs(;,
7.5 Induction System-The engine air induction system  9.4.2 Flap extended speed ranyg to Veg),
shall be designed to minimize the potential of carburetor icing. 9.4.3 Maximum maneuvering speed,],
7.6 Fire Preventior—The engine, if enclosed, must be 94.4 Never exceed speed),
isolated from the rest of the airplane by a firewall or shroud. It g9 4.5 Crosswind and wind limitations,
must be constructed as far as practical to prevent liquid, gas, or g 4.6 Service ceiling,
flames, or a combination thereof, from entering the airplane. g 4.7 |oad factors, and
The use of any one of the following materials shall be g 4.8 prohibited maneuvers.

acceptable without further testing: o 9.5 Weight And Balance Information
7.6.1 St_alnless steel, n(_)t less than 0.018 in. thick, 9.5.1 Installed equipment list, and
. 7.6..2 Mild steel (corrosion-protected), not less than 0.018 g 5 5 center of gravity (CG) range and determination.
in. thick, or . . _ _ , 9.6 Performance
7.6.3 Alternative materials that provide protection equiva- 9.6.1 Takeoff and landing distances,
lent to 7.6.1 or 7.6.2. 9.6.2 Rate of climb,
8. Required Equipment 9.6.3 Cruise speeds,

9.6.4 RPM, and
9.6.5 Fuel consumption.
9.7 Emergency Procedures
9.8 Normal Procedures-The following operating proce-
dures and handling information shall be provided:
9.8.1 Preflight check,
9.8.2 Engine starting,
9.8.3 Taxiing,
9.8.4 Normal takeoff,
9.8.5 Best angle of climb speel,,
9.8.6 Best rate of climb speed),
9.8.7 Cruise,
9.8.8 Approach,
9 Normal landing,

8.1 The aircraft shall be designed with the following mini-
mum instrumentation and equipment:

8.2 Flight and Navigation Instruments

8.2.1 Airspeed indicator, and

8.2.2 Altimeter.

8.3 Powerplant Instruments

8.3.1 Fuel quantity indicator,

8.3.2 Tachometer (RPM),

8.3.3 Engine “kill” switch, and

8.3.4 Engine instruments as required by the engine manu-
facturer.

8.4 Miscellaneous Equipment

8.4.1 If installed, an electrical system shall include a master

switch and overload protection devices (fuses or circuit break- 9.8. ' ) )
9.8.10 Short field takeoff and landing procedures, if any,

ers). .
8.4.2 The electric wiring shall be sized according to the load 9-8-11 Balked landing procedures, and

of each circuit. 9.8.12 Information on stalls, spins, and any other useful
8.4.3 The battery installation shall withstand all applicablePilot information. _ o

inertia loads. 9.9 Aircraft Ground Handling and Servicing
8.4.4 Battery containers shall be vented outside of the 9.9.1 Servicing fuel, oil, coolant, and

airplane (see 6.5). 9.9.2 Towing and tie-down instructions.

8.5 Safety Belts and Harnessedhere must be a seat belt ~ 9-10 Required Placards and Markings
and harness for each occupant and adequate means to restraiff-10.1 Airspeed indicator range markings,

the baggage. 9.10.2 Operating limitations on instrument panel, if appli-
cable,
9. Pilot Operating Handbook 9.10.3 Passenger Warning: “This aircraft was manufactured

9.1 Each airplane shall include a Pilot Operating Handbookn accordance with Light Sport Aircraft airworthiness standards
(POH). The POH shall contain at least the following sectionand does not conform to standard category airworthiness
headings and related information when applicable to a specifitequirements,”
airplane and shall be listed in the order shown as follows. All 9.10.4 “NO INTENTIONAL SPINS,” if applicable, and
flight speeds shall be presented as calibrated airspeeds (CAS)9.10.5 Miscellaneous placards and markings.
and all specifications and limitations shall be those determined 9.11 Supplementary Information
from the preceding relative design criteria. 9.11.1 Familiarization flight procedures, and
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9.11.2 Pilot operating advisories, if any.

10. Keywords
10.1 fixed-wing aircraft; light sport airplane

ANNEX
(Mandatory Information)

Al. ADDITIONAL REQUIREMENTS FOR LIGHT SPORT AIRPLANES USED TO TOW GLIDERS

Al1.1 Applicability—This annex is applicable to light sport  Al1.6.1.3 Tow equipment attach points on the airframe shall

airplanes that are to be used to tow gliders. have limit and ultimate factors of safety of not less than 1.0 and
o ) . . 1.5 respectively, when loads equal to 1.2 of the nominal
Al1.2 Minimum Climb Performance While Towing strength of the weak link (see A1.6.1.5) are applied through the

Al1.2.1 The aircraft must be capable of achieving a gradientowing hook installation for the following conditions, simulta-
of climb while towing of at leas¥is , while not exceeding the neously with the loads arising from the most critical normal
maximum placarded towing speed of the towing aircraft, or theaccelerations (as defined in the normally applicable require-
maximum safe towing speed of the aircraft being towed. ments for structure and strength) at the sp¥edThe appli-

Al.2.2 The aircraft must be capable of achieving a rate otable conditions are as follows:

climb while towing of at least 150 ft/min, while not exceeding (1) The speed is assumed to be at the maximum glider
the maximum placarded towing speed of the towing aircraft, okowing speedv;, and

the maximum safe towing speed of the aircraft being towed.  (2) The load at the towing hook installation is assumed to

NoTe Al.1—Compliance with this section must take into account thePe a_Ctin_g in each F’f the fOIIO\{Vihg direc?ions, relative to the
performance and control capabilities of both the towing aircraft and thdongitudinal centerline of the aircraft: horizontally backwards;
aircraft being towed. In order to account for varying performance andoackwards and upwards at 40° to the horizontal; backwards
control capabilities on the part of the towed aircraft, the manufacturer ognd downwards at 20° to the horizontal; and horizontally
the towing aircraft may specify a maximum weight and maximum drag for ackwards and 25° sideways in both directions.

the towed aircraft at each speed for which the towing aircraft is approve . .

for tow operations, such that the required climb performances can be A1-6.1.4 The towing hook shall be of a quick release type.
achieved. Compliance with this section is then shown when the towedt shall be ?Stab“Shed by test that when the release control is
aircraft is safely controllable under tow at a speed for which its drag anddperated simultaneously with loads equal to 10 % and 180 %

weight are within these prescribed maximum weight and drag limits. ~ of the nominal strength of the weak link (see A1.6.1.5) applied

. - . to the towing hook i h of the directi ibed i
A1.3 Controllability and Maneuverabilis-The tow air- o the lowirg Pook In each of tne dIrections Prescrivec in

. 1.6.1.3Q): (1) the tow cable will be released)(the released
craft shall be safely controllable and maneuverable during a@able willei)e( u)nlikely to cause damage to or b)écome entangled
ground and flight operations applicable to normal towing

operations, including both deliberate and inadvertent release Q |tah”anng[ Fézftl eosfstr:ﬁ ailrcz:gaflil, 2{] gg}ggeng'rlogrgg?er: ;Eg;urlego N
the glider being towed. (22.5 Ibf).

Al.4 Stability—It shall be possible to conduct normal A1.6.1.5 The release control shall be located so that the
towing operations, including both deliberate and inadvertenpilot can operate it without having to release any other primary
release of the glider being towed, without incurring anyflight control.
dangerous reduction in the stability of the aircraft. A1.6.1.6 The maximum strength of any weak link that may

) be interposed in the towing cable shall be established. For the

AL.5 Structure and Strength RequiremestStrength re-  determination of loads to be applied for the purpose of this

quirements for the aircraft structure shall take into account thgection, the strength of the weak link shall not be less than 900
effects of loads arising from towing equipment that is installedy (202.3 Iof).

on the aircraft in accordance with A1.6.

Al1.6 Design and Construction Al.7 Operating Limitations

A1.6.1 Glider Towing Equipment Installations Al1.7.1 Operating limitations applicable to towing opera-
A1.6.1.1 The maximum all up takeoff weight of the glider to tions must be established and included in the Pilot's Operating
be towed, including pilot and all equipment, shall be selected’@ndbook, to include at a minimum: _
by the manufacturer. A1.7.1.1 The maximum permissible towing spe&g)(
A1.6.1.2 The maximum glider towing speed,}, shall be =~ Al.7.1.2 The maxim.um weak IinI'< strength (may be speci-
selected by the manufacturer. TR shall be at least 1\8,  fied in terms of the weight of the glider to be towed).
whereVg is the computed stalling speed of the aircraft in the Al1.7.1.3 The maximum permissible all up weight of the
cruise configuration without a glider in tow. glider to be towed.
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APPENDIXES
(Nonmandatory Information)

X1. SIMPLIFIED DESIGN LOAD CRITERIA FOR LIGHT SPORT AIRPLANES

X1.1 Abbreviations to have a magnitude of 1.05 times the airplane normal loads (as
determined from X1.3.2 and X1.3.3) for the positive flight
conditions and magnitude equal to the airplane normal loads

Ny = airplane positive maneuvering limit load factor ¢, e negative conditions. Each chord-wise and normal

N2 _ airplane negative maneuvering limit load factor component of this wing load must be considered.

n; = airplane positive gust limit load factor & %1.2.5 2 Mini Desian Ai dsTh . de-

n, = airplane negative gust limit load factor ¥t  ALeo.c Minimum DesIgn Alrspee € minimum de

Nap = airplane positive limit load factor with flaps fully ~SIgn airspeeds may be chosen by the applicant except that they
extended av/, may nhot be less than the minimum speeds found in X1.1. In

Ve min = Minimum design flap speed = 11.0,/n,W/S addition, Ve min need not exceed values of 0\, actually
knots obtained at sea level for the lowest design weight category for

Vamin = Minimum design maneuvering speed = 15.0 - WhICh ce_rtification is desired. In computing these minimum
\/MWIS knots but need not exceat. used in design airspeedsy, may not be less than 4.0.
design X1.2.5.3 Flight Load Factor—The limit flight load factors

Ve min = Minimum design cruising speed = 17.0 - specified in Table X1.1 represent the ratio of the aerodynamic
\/MWIS knots but need not exceed 0.9, force component (acting normal to the assumed longitudinal

Vb min = Mminimum design dive speed = 24.0,/n,W/S axis of the airplane) to the weight of the airplane. A positive
knots but need not exceed 1.4 /n,/3.8 -V¢ nin flight load factor is an aerodynamic force acting upward, with
(see X1.2.5.2) respect to the airplane.

X1.2 Flight Loads X1.3 Flight Conditions

X1.2.1 Each flight load may be considered independent of X1.3.1 Genera—Each design condition in X1.3.2-X1.3.4
altitude and, except for the local supporting structure for deagnust be used to assure sufficient strength for each condition of
weight items, only the maximum design weight conditionsspeed and load factor on or within the boundary of a flight
must be investigated. envelope diagram for the airplane similar to the diagram in Fig.

X1.2.2 Table X1.1 must be used to determine values,;pf  X1.1. This diagram must also be used to determine the airplane
n,, Ny, andny, corresponding to the maximum design weights.structural operating limitations.

X1.2.3 Figs. X1.2 and X1.3 must be used to determine X1.3.2 Symmetrical Flight Conditions-The airplane must
values ofng and n,, corresponding to the minimum flying be designed for symmetrical flight conditions as follows:
weights, and, if these load factors are greater than the load X1.3.2.1 The airplane must be designed for at least the four
factors at the design weight, the supporting structure for deagasic flight conditions, “A,” “D,” “E,” and “G” as noted on the
weight items must be substantiated for the resulting higher loaflight envelope of Fig. X1.1. In addition, the following require-
factors. ments apply:

X1.2.4 Each specified wing and tail loading is independent (1) The design limit flight load factors corresponding to
of the center of gravity range. The applicant, however, mustonditions “D” and “E” of Fig. X1.1 must be at least as great
select a CG range, and the basic fuselage structure must Bg those specified in Table X1.1, and the design speed for these

investigated for the most adverse dead weight loading condionditions must be at least equal to the value/gf,,;, from
tions for the CG range selected. X1.1.

X1.2.5 The following loads and loading conditions are the  (2) For conditions “A” and “G” of Fig. X1.1, the load

minimums for which strength must be provided in the struc-factors must correspond to those specified in Table X1.1, and
ture: _ o S the design speeds must be computed using these load factors
X1.2.5.1 Airplane Equilibrium—The aerodynamic wing jith the maximum static lift coefficien€,, determined by the
loads may be considered to act normal to the relative wind angppncant_ However, in the absence Of more precise Computa_
tions, these latter conditions may be based on a val@g Q&

TABLE X1.1 Minimum Design Limit Flight Load Factors +1.35 and the design speed for Condition “"A” may be less

Flaps Up = 4.0 thanV min - .
= -0.5n, (3) Conditions “C” and “F” of Fig. X1.1 need only be
n5 from Fig. X1.2 investigated whem;W/Sor n,W/Sof Appendix X1, is greater
Flane Down Z4ifgr2:'g- X13 thann,W/Sandn,W/S respectively.
: s X1.3.2.2 If the flaps or other high-lift devices intended for
A Vertical wing load may be assumed equal to zero and only the flap part of the use at the _relatlvely low _alrspeed of approa?“ Iandlng, and
wing need be checked for this condition. takeoff are installed, the airplane must be designed for the two

14
Copyright by ASTM Int'l (al rights reserved);
Reproduction authorized per License Agreement with Glenn Kline (Sports Planes of America); Fri Aug 13 14:52:21 EDT 2004



AW F 2245 — 04
“afl

7] Ve Yo
Ciy= 1.35 ¢ | .
+ mn N3

C”A= -l.35 G

F
FIG. X1.1
+2.0
L5
W6 CHART FOR FINDING n3
L3L\\ FACTOR AT SPEED U,
EINN
+1.5 o NAY
$ N
\ r————
+ 1.0 =
L i = ch
chr.
Vo min. IS FOUND FROM FIGURE 3
.50 beabl L L L 1 8 L [ 1 L 1 |
0 20 40 60 80 100
w
n' s
FIG. X1.2

flight conditions corresponding to the values of limit flap-downthe positive maneuvering wing loading on both sides of the
factors specified in Table X1.1 with the flaps fully extended atplane of symmetry and the maximum wing torsion resulting
not less than the design flap speéd,,,, from X1.1. from aileron displacement. The effect of aileron displacement

X1.3.3 Unsymmetrical Flight ConditionsEach affected on wing torsion atV. or V, using the basic airfoil moment
structure must be designed for unsymmetrical loadings asoefficient modified over the aileron portion of the span, must
follows: be computed as follows:

X1.3.3.1 The aft fuselage-to-wing attachment must be de- (1) C., = C.,+0.013, (up aileron side) wing basic airfoil
signed for the critical vertical surface load determined in mon . . . . :
accordance with X1.4.3. _ (_2) Cn = C,_n—0.0l Sd_ (down a|Ier(_)n S|de)_ wing basic

X1.3.3.2 The wing and wing carry-through structures musta!rfo'l’ WhereSL_, Is the up aileron deflection arg is the down
be designed for 100 % of Condition “A” loading on one side of Alleran aetiecton. o
the airplanes plane of symmetry and 70 % on the opposite side. X1.3.3.4 A jica, Which is the sum ofs, + 53 must be

X1.3.3.3 The wing and wing carry-through structures mustcomputed as follows:
be designed for the loads resulting from a combination 75 % of (1) ComputeA, and A, from the formulas:

15
Copyright by ASTM Int'l (al rights reserved);

Reproduction authorized per License Agreement with Glenn Kline (Sports Planes of America); Fri Aug 13 14:52:21 EDT 2004



A8y F 2245 — 04
“afl

=1.80
L5
L CHART FOR FINDING »,
13 FACTOR AT SPEED W
l.
-=1.00
OARNNIN
3 . AN
~
3 ! nE
-.50
Vesw.
— K:
Vc.min. y _—
Ve min. 1S FOUND FROM FIGURE 3
ol L L L 1 0 1t L 1 1 1 |
0 20 40 60 80 100
.4
FIG. X1.3
Ay = ValVe X A, and (X1.1)  aerodynamic data for a particular wing section used, or a value
A, =0.5X VyVp X A, of C_ equaling -0.8 with a chord-wise distribution that is
triangular between a peak at the trailing edge and zero at the
where: leading edge, must be used.

A = ;Inax_imum to\t/al dgﬂe\cjtior:/(sumdo\l; b?jth ai_lsrc()jn.de- X1.3.4.2 Each engine mount and its supporting structures
ections) atV with Vi, Ve, and Vp described in ) ot he designed for the maximum limit torque corresponding

X1252 ) to maximum expected takeoff power and propeller speed acting
(2) ComputeK from the formula: simultaneously with the limit loads resulting from the maxi-
_ (C,—0.0B,)V} X1.2) mum positive maneuvering flight load factony. The limit

torque must be obtained from 5.2.9.
X1.3.4.3 Each engine mount and its supporting structure

(Cp— 0.0B,)VA

where: _ _ _ must be designed for the loads resulting from a lateral limit
d, = down aileron deflection corresponding 4q, and load factor of not less than 1.47
d, = down aileron deflection corresponding 4g as com- o

puted in X1.3.3.41).

(3) If Kis less than 1.04, is A iicas @nd must be used to X1.4 Control Surface Loads
determined, and3d,. In this caseV, is the critical speed that ~ X1.4.1 Generai—Each control surface load must be deter-
must be used in computing the wing torsion loads over thénined using the criteria of X1.4.2 and must lie within the
aileron span. simplified loadings of X1.4.3.

(4) If K is equal to or greater than 1.0 is Aica @Nd X1.4.2 Limit Pilot Forces—In each control surface loading
must be used to determirdg and §,. In this case\V is the  condition described in X1.4.3, the air loads on the movable
critical speed that must be used in computing the wing torsiourfaces and the corresponding deflections need not exceed

loads over the aileron span. those which could be obtained in flight by using the maximum
X1.3.4 Supplementary Conditions; Rear Lift Truss; Enginelimit pilot forces specified in 5.3.3.

Torque; Side Load on Engine MourEach of the following X1.4.3 Surface Loading ConditiorsEach surface loading

supplementary conditions must be investigated: condition must be investigated as follows: Simplified limit

X1.3.4.1 In designing the rear lift truss, the following surface loadings and distributions for the horizontal tail,
special condition may be investigated instead of Condition “G"vertical tail, aileron, wing flaps, and trim tabs are specified in
of Fig. X1.1. The rear lift truss must be designed for conditionsTable X1.2, and Figs. X1.4 and X1.5. If more than one
of reversed airflow at a design speed\of 39 knots. Either distribution is given, each distribution must be investigated.
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TABLE X1.2 Average Limit Control Surface Loading

Surface Direction of Loading Magnitude of Loading Chord-wise Distribution

I. Horizontal tail a) up and down Fig. X1.4 Elov. LE [ Hirge
R
curve (2) “y A

b) unsymmetrical loading 100 % w on one e

(up and down) side airplane ® F 4
65 % w on other ¥
side airplane

II. Vertical tail a) right and left Fig. X1.4 same as (A)

Curve (1)

b) right and left Fig. X1.4 same as (B)
Curve (1)

|w—¢ Hinge

I1l. Aileron a) up and down Fig. X1.5
Curve (5) © ‘w h\
IV. Wing flap a) up Fig. X1.5
Curve (2) () rzw l‘\_&_
t

b) down 0.25 X Up Load
V. Trim tab a) up and down Fig. X1.5 same as (D)
Curve (3)
’u', 70 T
8 | #-366(n%)? for 0 < a7 and ARS2.0
» 60
™ . (4 w
g W-.534(ﬂ|$) for ﬂls > 47
8 50 W
I (2) w@=48+.534 (ﬁ.?)
g 40 3 b ‘ﬂ
g L) [(2)
30
S
§ 20 +
& - (1) VERTICAL TATL
2 " (2) HORIZONTAL TAIL (UP & DOWN LOADS)
8
g o
I;I ] 20 40 60 80 100 120
< DESIGN MANEUVERING WING LOADING », ¥ pounDs/sa.FT.
FIG. X1.4
X1.5 Control System Loads loads need not exceed those that could be produced by the pilot

X1.5.1 Primary Flight Controls and SystemsEach pri- and automatic devices operating the controls, and the design

mary flight control and system must be designed as follows: Must provide a rugged system for service use, including
X1.5.1.1 The flight control system and its supporting strucJamming, ground gusts, taxiing downwind, control inertia, and

ture must be designed for loads corresponding to 125 % of thiiction.
computed hinge moments of the movable control surface in the X1.5.2 Dual controls must meet 5.3.3 and 5.3.4.
conditions prescribed in X1.4. In addition, the system limit X1.5.3 Ground gust condition must meet 5.3.7.
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X2. ACCEPTABLE METHODS OF WING AND FUSELAGE LOAD CALCULATIONS

Note X2.1—These may not include all of the loads that are imposed on  X2.3.4 If the landing gear is attached to the wing, the wing
the wing or fuselage. structure shall be justified for the ground loads as well.
X2.1 Symmetrical Wing Loads

X2.1.1 As a minimum, the following four conditions need
investigation:

X2.4 Rear Fuselage LoadsThe rear fuselage shall be
substantiated for:

Point A normal load up —axw X2.4.1 The symmetrical horizontal tail load of 5.4.2 and
tangential forward =w 5.4.3,
Point D normal load up =4 X W . .
tangential rearward = w5 X2.4.2 The vertical tail loads of 5.5.1 and 5.5.2, and
Point G normal down =2 X W ; ; i
tangential forward X WS =04 X W X2.4.3 The tail wheel loads if applicable.
with flaps extended:
Point F normal up =2x W X2.5 Forward Fuselage Loads The forward fuselage shall
tangential forward =w . - . .
be substantiated for each of the following conditions:

X2.2 Instead of the above simplification, a more rational X2.5.1 Inertia forces oh = 4 andn = 2 (or forn, andn,

analysis using the following lift and drag components in Fig.if they are larger than 4 and -2) (see also 5. if larger than
X2.1 may be used: 3.33), and .

X2.3 Unsymmetrical Wing Loads X2.5.2 Engine limit torque (Ibx in.) equal to the values

X2.3.1 Shear, Wing Carry Through-Assume 100 % of specified in 5.2.9.
Point A on one wing and apply 75 % of Point A on the other
wing.
X2.3.2 Torsion, Wing—Assume 75 % of Point A or D on
each wing and add the torsional loads because of the aileron
deflection as shown in Fig. X2.2):
X2.3.3 Torsion, Wing—Assume 75 % of Point D on each
wing and add the torsion loads as a result/ebf the aileron
deflection.
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L=Lit=CLx3xq
DaDrag=CpxS=xg
with Cp=nxW/iSx /g

2
3.14 xAR
Cp

i

Cp=.01+

fi=aretan x —%

L =
L ac it -
m* )
@)

d{CL] _ AR .
e {degW=.1x RiT (Disl}

Note 1—Both components (normal and tangential) must be considered simultaneously.

Note 2—The aerodynamic loads shall be considered to be located at the aerodynamic center.

Note 3—The wing normal and tangential loads are balanced by the inertia loads at the corresponding load factors.

Note 4—If wing flaps are installed, the resulting loads shall also be investigated at Point F (symmetrical load condition).
FIG. X2.1 Normal and Tangential Loads

C <0 Eup(mdeg)(\

—— -.—...._I.

Can -§=C & (basic ajrfoll) + .01 § up —

Con & =Crp £ (Lasic airfoil)=.01 5 dn —(—:}-§7

& &n(in deg.) {

FIG. X2.2 Unsymmetrical Wing Loads

X3. ACCEPTABLE MEANS OF GUST LOAD FACTOR CALCULATIONS

X3.1 In the absence of a more rational analysis, the gusiy acceleration of gravity, ftfs

load factors may be computed as follows: Vv airplane equivalent airspeed (or CAS for LSA),
Ky Uge'V-a knots, and
n=1+—5g. W9 (X3.1) a = slope of the airplane normal force coefficient curve,
Cua per radian.
where:
Kg = 0.88-4/53 + L= gust alleviation factor, X3.2 The wing lift curve slopeC, per radian, may be used
Ho = 2. (wWig / p -C-a-g= airplane mass ratio, when the gust load applied to the wing only and the horizontal
Uqe = derived gust velocities referred to in 5.2.3.3, ft/s, tail gust loads are treated as separate condition. The value of
p = density of air, slu 1LgS/ﬁ calculated from the preceding expression need not exceed:
WIS = wing loading, Ib/ V\2
C = mean geometric chord of wing, ft, n=1.25 <V§> (X3.2)
19
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X4. ACCEPTABLE MEANS FOR CALCULATING GUST LOADS ON STABILIZING SURFACES

Radius of gyration in yaw, ft,
X4.2 Inthe absence of a more rational analysis, the verticall, distance from airplane c.g. to lift center of vertical
stabilizing surfaces gust loads may be computed as follows: surface, ft, and
Ky Uge-V-ayr Sy acceleration due to gravity, ftis

Lyr 798

X4.1 In the absence of a more rational analysis, the K — -88 - Hgt (X4.3)
horizontal stabilizing surfaces gust loads may be computed as o 5.3+ Hy '
follows: 2-W K\2

K, Uge- V- ayr - Sy de “‘J‘Zp-év-g-av-s,'<m> (x4.4)
ALy = 28 de 4983HT T (1 B £> (x4.1) T T ST
where:

where: Ly = incremental vertical surface load, Ib,
ALyt = incremental horizontal surface load, Ib, Kqt = gust alleviation factor,
Ky = gust alleviation factor; same value used in }y = lateral mass ratio,

5.2.6, Uge = derived gust velocity, ft/s,
Uge = derived gust velocity, ft/s, p = density of air, slugs/f
Vv = airplane airspeed (CAS for LSA), knots, V = airplane equivalent airspeed (CAS may be used for
agT = slope of horizontal surface lift curve, per ra- LSA), knots,

dian, a,r = slope of vertical surface lift curve, per radian,
Sut = area of horizontal surface ?ftand S,r = area of vertical surface,%t
(1-9%4) = downwash factor. C,. = mean geometric chord of vertical surfacé, ft

(X4.2)

X5. ACCEPTABLE MEANS FOR CALCULATION OF WATER LOADS

Note X5.1—In the absence of a more rational analysis, the water loadgr main float bottom (in order to avoid excessive local shear
may be calculated as follows: loads and bending moments at the location of water load

X5.1 Water Load Conditions ;%p;l%atlon) using pressures not less than those prescribed in

X5.1.1 The structure of seaplanes and amphibians must be x5 3 3 For twin float seaplanes, each float must be treated
designed for water loads developed during takeoff and landings an equivalent hull on a fictitious seaplane with a weight
with the seaplane in any attitude likely to occur in normalgqual to one half the weight of the twin float seaplane.
operation at appropriate forward and sinking velocities under yg 3 4 Except in the takeoff condition of X5.6, the aerody-

the most severe sea conditions likely to be encountered.  amic |ift on the seaplane during the impact is assumed to be
X5.1.2 In the absence of a more rational analysis of thg,q thirds of the weight of the seaplane.

water loads, X5.2 through X5.9 apply.
X5.4 Hull and Main Float Load Factors
X5.4.1 Water reaction load factong, must be computed in

gﬁe following manner:
X5.4.1.1 For the step landing case:

X5.2 Design Weights and Center of Gravity Positions

X5.2.1 Design Weights-The water load requirements must
be met at each operating weight up to the design landin
weight except that, for the takeoff condition prescribed in X5.6,
the design water takeoff weight (the maximum weight for C,\Vg
water taxi and takeoff run) must be used. M = 2 1

X5.2.2 Center of Gravity Positions-The critical centers of <tan§B> W3
gravity within the limits for which certification is requested  X5.4.1.2 For the bow and stern landing cases:
must be considered to reach maximum design loads for each
part of the seaplane structure. N, = Civs X Ky (X5.2)

2 1 5 2
X5.3 Application of Loads (tan§B> Wy (+rng
X5.3.1 Unless otherwise prescribed, the seaplane as a wholeX5.4.2 The following values are used:
is assumed to be subjected to the loads corresponding to the
load factors specified in X5.4.
X5.3.2 In applying the loads resulting from the load factors M
prescribed in X5.4, the loads may be distributed over the hull

(X5.1)

= water reaction load factor (that is, the water reaction
divided by seaplane weight),
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C, = empirical seaplane operations factor equal to 0.012directed inboard, perpendicularly to the plane of symmetry
(except that this factor may not be less than that midway between the keel and chine lines of the float, at the
necessary to obtain the minimum value of step load Same longitudinal station as the upward load.
factor of 2.33),

Vg, = seaplane stalling speed in knots with flaps extended X5.6 Hull and Main Float Takeoff Conditian
in the appropriate landing position and with no

. X5.6.1 For the wing and its attachment to the hull or main
slipstream effect,

float:

B = angle of dead rise at the longitudinal station at which L
the load factor is being determined in accordance X5.6.1.1 The aerodynamic wing lift is assumed to be zero;
with Fig. X1.1, and
W = seaplane design landing weight in pounds, X5.6.1.2 A downward inertia load, corresponding to a load
K, = empirical hull station weighing factor, in accordance factor computed from the following formula, must be applied:
with Fig. X1.2, and Crove
r, = ratio of distance, measured parallel to hull reference n= +1 (X5.3)
axis, from the center of gravity of the seaplane to the <tan§[3> W5
hull longitudinal station at which the load factor is
being computed to the radius of gyration in pitch of where:
the seaplane, the hull reference axis being a straightn = inertia load factor,
line, in the plane of symmetry, tangential to the keel C;o = empirical seaplane operations factor equal to 0.004,
at the main step. Vs, = seaplane stalling speed (knots) at the design takeoff
X5.4.3 For a twin float seaplane, because of the effect of weight with the flaps extended in the appropriate
flexibility of the attachment of the floats to the seaplane, the takeoff position,

angle of dead rise at the main step (degrees), and

factor K, may be reduced at the bow and stern to 0.8 of theP ! > ma
design water takeoff weight in pounds.

value shown in Fig. X1.2. This reduction applies only to the w
design of the carry-through and seaplane structure.

X5.7 Hull and Main Float Bottom Pressures

X5.5 Hull and Main Float Landing Conditions X5.7.1 Genera—The hull and main float structure, includ-

X5.5.1 Symmetrical Step, Bow, and Stern Laneifigor  jng frames and bulkheads, stringers, and bottom plating, must
symmetrical step, bow, and stern landings, the limit watefye designed under this section.

reaction load factors are those computed in X5.4.
X5.5.1.1 For symmetrical step landings, the resultant wate

load must be applied at the keel, through the center of gravit . o I
and must be directed perpendicularly to the keel line: dtructure, the following pressure distributions must be applied:

X5.5.1.2 For symmetrical bow landings, the resultant water X°-7-2.1 For an unflared bottom, the pressure at the chine is
load must be applied at the keel, one-fifth of the Iongitudinal0'75 times the pressure at the keel, and the pressures between

distance from the bow to the step, and must be directedne keel and chine vary linearly, in accordance with Fig. X5.3.
perpendicularly to the keel line: and The pressure at the keel (psi) is computed as follows:

X5.7.2 Local Pressures-For the design of the bottom
lating and stringers and their attachments to the supporting

X5.5.1.3 For symmetrical stern landings, the resultant water CKVE
load must be applied at the keel, at a point 85 percent of the kK~ Ttanp, (X5.4)
longitudinal distance from the step to the stern post, and must
be directed perpendicularly to the keel line. where: .

X5.5.2 Unsymmetrical Landing for Hull and Single Float Dk = Pressure atthe keel, psi,
Seaplanes-Unsymmetrical step, bow, and stern landing con- Co B 0.00213, A : -
ditions must be investigated. K, = ;Léllzstatlon weighing factor, in accordance with Fig.

X5.5.2.1 The loading for each condition consists of an Vs,
upward component and a side component equal, respectively,
to 0.75 and 0.25 tarm3 times the resultant load in the takeoff position, and
corresponding symmetrical landing condition; and By = angle of dead }ise at keel, in accordance with Fig.

X5.5.2.2 The point of application and direction of the X5.1.
upward component of the load is the same as that in the

symmetrical condition, and the point of application of the side £ the I is th that f frared bott d1th
component is at the same longitudinal station as the upwar8 € flare IS he same as (hat for an untlared bottom, and the

component but is directed inward perpendicularly to the p|an§ressure between the chine and the beginning of the flare varies

of symmetry at a point midway between the keel and the chin 'neafrly, in accordance with Fig. X5.‘3' The pressure distribu-
lines. tion is the same at that prescribed in X5.7.2.1 for an unflared

X5.5.3 Unsymmetrical Landing; Twin Float Seaplares bottom except that the pressure at the chine is computed as
The unsymmetrical loading consists of an upward load at th&!lOWs:

step of each float of 0.75 and a side load of 0.25@eat one CK,VE
float times the step landing load in X5.4. The side load is Pen = tanp

seaplane stalling speed (knots) at the design water
takeoff weight with flaps extended in the appropriate

X5.7.2.2 For a flared bottom, the pressure at the beginning

(X5.5)

21
Copyright by ASTM Int'l (al rights reserved);
Reproduction authorized per License Agreement with Glenn Kline (Sports Planes of America); Fri Aug 13 14:52:21 EDT 2004



AW F 2245 — 04
“afl

4
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}

i

Unflored Bottom Florad Botlom
FIG. X5.1 Pictorial Definition of Angles, Dimensions, and Directions on a Seaplane

Note X5.2—The area over which these pressures are applied must

pressure at the chine, psi simulate pressures occurring during high localized impacts on the hull or
0.0016 ' ' float, but need not extend over an area that would induce critical stresses
hull station weighing factor, in accordance with Fig. I the frames or in the overall structure.

X5.2, X5.7.3 Distributed Pressures-For the design of the frames,

seaplane stalling speed (knots) at the design watefeg| and chine structure, the following pressure distributions
takeoff weight with flaps extended in the appropriate apply:

takeoff position, and . .
angle of dead rise at appropriate station. X5.7.3.1 Symmetrical pressures as computed as follows:
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FIG. X5.2 Hull Station Weighing Factor

UNFLARED SYMMETRICAL

UNSYMMETRICAL

Locol Prossure Distributed Pressure

FIG. X5.3 Transverse Pressure Distributions

CKVg X5.7.3.3 These pressures are uniform and must be applied
~ Ttanp (X5.6) simultaneously over the entire hull or main float bottom. The
loads obtained must be carried into the sidewall structure of the
\é)vherei: oressure, psi hull proper, but need not be transmitted in a fore and aft
C, = 0.078C,(with C, computed in X5.4), direction as shear and bending loads.
K, = lerlmsetfwi(t)r? I;/:/gelg;sng factor, determined in accor X5.8 Auxiliary Float Loads
Vg = seaplane stalling speed (knots) with landing flaps X5.8.1 General—Auxiliary floats and their attachments and
extended in the appropriate position and with no supporting structures must be designed for the conditions
slipstream effect, and prescribed in this section. In the cases specified in X5.8.2
B = angle of dead rise at appropriate station. through X5.8.5, the prescribed water loads may be distributed

X5.7.3.2 The unsymmetrical pressure distribution consist®ver the float bottom to avoid excessive local loads, using
of the pressures prescribed in X5.7.3.1 on one side of the hubottom pressures not less than those prescribed in X5.8.7.
or main float centerline and one-half of that pressure on the X5.8.2 Step Loading-The resultant water load must be
other side of the hull or main float centerline in accordanceapplied in the plane of symmetry of the float at a point
with Fig. X5.3. three-fourths of the distance from the bow to the step and must
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be perpendicular to the keel. The resultant limit load isspecified in X5.8.2 and a side component equal to 0.2%tan
computed as follows, except that the value lofneed not times the load specified in X5.8.3. The side load must be
exceed three times the weight of the displaced water when thepplied perpendicularly to the plane of symmetry at a point

float is completely submerged: midway between the keel and the chine.
2 X5.8.6 Immersed Float Conditiea-The resultant load must
L= CoVWe (X5.7) be applied at the centroid of the cross section of the float at a
=0 ,

point one-third of the distance from the bow to the step. The

2
tansP; (1 + r2)3 Ol
3" Y limit load components are as follows:

where: vertical = pgV (X5.8)
L = limit load, Ib, 2
Cs = 0.0053, aﬂ_cxpvwvso)?
Vg, = seaplane stalling speed (knots) with landing flaps B 2
extended in the appropriate position and with no 2
slipstream effect, CypV3 (KVy)?

side=

W = seaplane design landing weight, Ibs, 2
B; = angle of dead rise at a station three-fourths of the where:
I(llztsa?hc:nf;%r? t;'edbow to the step, but need not be p = mass density of water, slugS/t
r = ratio of the lateral distance between the center of = volume of float, ft
y = coefficient of drag force, equal to 0.133,
gravity and the plane of symmetry of the float to the C = coefficient of side force, equal to 0.106,
radius of gyration in roll. . K = 0.8, except that lower values may be used if it is
X5.8.3 Bow Loading—The resultant limit load must be shown that the floats are incapable of submerging at
applied in the plane of symmetry of the float at a point a speed of 0.4° in normal operations,
one-fourth of the distance from the bow to the step and must bQ/SO = seaplane stalling speed (knots) with landing flaps
perpendicular to the tangent to the keel line at that point. The extended in the appropriate position and with no
magnitude of the resultant load is that specified in X5.8.2. slipstream effect, and
X5.8.4 Unsymmetrical Step LoadirgThe resultant water g = acceleration due to gravity, ffis

load consists of a component equal to 0.75 times the load X5.8.7 Float Bottom PressuresThe float bottom pressures
specified in X5.8.1 and a side component equal to 0.23tan must be established in X5.7, except that the valukoih the
times the load specified in X5.8.2. The side load must bdormulae may be taken as 1.0. The angle of dead rise to be used

applied perpendicularly to the plane of symmetry of the float ain determining the float bottom pressures is set forth in X5.8.2.
a point midway between the keel and the chine.

X5.8.5 Unsymmetrical Bow LoadirgThe resultant water X5.9 Seawing Loads-Seawing design loads must be based
load consists of a component equal to 0.75 times the loadn applicable test data.

X6. IMPERIAL AND METRIC UNITS

X6.1 : Only those units relevant to this specification are q = (VI14.4) in kg/m? when V'in km/h
listed as follows, with a conversion accuracy adequate for theSpeeds i kmph = i% km;h L5 Ko
. not = 1.15 mph = 1. m,
intended use. 1 km/h = 0.62 mph = 0.54 knots
Length 1ft=121in. =0.305m 1 fpm = 0.005 08 m/s (rate of climb)
1in. = 2.54 cm 1 m/s = 197 FPM
1 m =100 cm = 1000 mm = 39.37 in. = 3.28 ft Earth acceleration g =32.2 ft/s? = 9.81 m/s?
Surface 1 ft? = 0.093 m? Fuel density 6 Ib/U.S. gal
1 m?=10.76 ft? 0.72 kg/L
Volume 1US.gal=3.78L

1L=0.264 U.S. gal
(1 British gal =1.2 U.S. gal =4.51L)

Weight 11b = 0.454 kg
1 kg = 2.205 Ib
Pressure 1 PSF = 4.88 kg/m?

1 kg/m? = 0.205 PSF
1 psi = 2.3-ft water column = 0.000 703 kg/m?
1 ksi = 1000 psi = 0.703 kg/m?
1 kg/mm? = 1.43 ksi = 1430 psi
Dynamic pressure in standard g = V2/391 in Ib/ft> when V in mph
atmosphere, at sea level
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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