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iLifetime Safety Cycle

= Entender el ciclo de seguridad a lo largo de la vida atil de un aeronave

__,| Boeing design
requirements

« Manufacturer
« Operator
» Civil aviation authorities

Delivery

| Regulatory
requirements

Design Validate
* Operate —|Produce —| and
* Maintain certify
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<

In-service

operation
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Continuous feedback of information
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Safety Wheel

Design requirements
and objectives

Typical safety
subject
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iDesign Process

Design Specification

f

Design Criteria

R Basic Loads

. < -t { r Labogratary,
Flight Test Data - Airplane Design | D@TVGI;: rr;ent
B ag ata
! - .
Certification Taest Pragram Airlines
¥
Approved Type Cortificate
Fig. 1.2.2 Airplane design, development and Boeing
certificarion.
Regulatory
agencies
(including FAA)
Criterios de Disefno
jnqgenien’a . .f %
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iDesarrollo y Pruebas

g?ltig:ﬁe and Crack propagation & fail safe Longitudinal Fracture
skin splice
Compression Ep E tc[)jghness

Crack propagation
and residual strength

Dutboard%

Inboard

structure

longeron
joint
Material

Frame SPlice. fatigue

%{ Compression

Stringer splice

Z:

Shear

Bird impact Spar cap splices

o

Rib to stringer joint

Floor system

D

Fracture
toughness

Wing-fuselage tee Basic structure

Fig. 1.2.1  Development testing of a transport airplane.
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Sales Scheduling Engineg rirllg _
¢ Contracts-airplanes * Delivery schedule . Prellrnllna!'y design
* Airplane quantity * Monitors & coordinates * Specifications
* Delivery schedule +« Time span from “Go-Ahead™ to - . Resegrch & tesls
¢ Contracts-spare parts compiction ¢ Detail design
* Customer’s requirements s To maintain on-time deliveries e Production design
Production Control Manufacturing FEngineering
* Machine shop orders - *  Manufacturing assembly parts list Plant Engincering
¢ Tools o ® Machinc shop orders * Plant space
¢ Matenial ¢+ Tool requirements ¢ Machinery -
* Parts Tooling *  Compuicr cquipment

*  Design and produce tools *  Other equipments

* Special tools for composite structures

Y

3

Industrial Engineering

Standard systems

Standard procedures
Statements of functions and
responstbilities

Converrs Designs to
1« Bill of material
* Requirement
Purchases & Stores
e« Raw material

*  Purchased parts

Transports
¢ Material
® Party

¢ Finished product
Ships & Receives:

*  Parns

*  Materials

® Aircraft equipment

"::L Customer _l

) Fabrication Manufacturing Control

Major fAssembly e Labor * [ime span

¢ Major structure e Machinery s Manpower allocations

355‘;’"1'3'}’ s  Materials e Detail production
* Finished product ¢ Tools e Schedule
““ ® Production analysis

’g Quality Control I 4 Material

= * Control of quality through inspection of

& materials, parts and finished product

< ¢ Insurc to meet the engineering

specifications
L
Flight Operations
= * Flight tests each airplane
¢ Trains customer flight crews
) {Airplanc)
(Spare parts) L
g 2.1.1  How an airplane is buiit.

Ingenieria X
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Criterios Diseno Estructural

Design loads

Environment/
Discrete events

Material/Fastener
Stiffness and flutter

Maintainability Structures

+ Repairability Design Static strength

* Inspectability : _
Criteria
Producibility

Durability
+ Fatigue
+ Corrosion

Crashworthiness

Damage Tolerance/
Residual Strength/
Fail Safety/Safe Life

Design and Analysis of Aircraft Structures

Ingenieria 3
Aer oespac.'al Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

uF



(me

i Cargas

Design Loads:
= Ultimate Loads

Area of structural
damage or failure

. . ‘ Structural failure area
= Limit Loads
_ / {Ultimate)
= Operating Loads
Structural damage area
{Lirnit)
Max. Pasitive Lift o
capability @
- § o
2 & £
[ a ©
oy E
a . . |
3 ) Indicated airspeed -
g Max, negative lift Structural damage area {Limit) -
% capability
> \ Structural failure area {Ultimate)

Fig. 3.4.8 Significance of the V-n diagram.
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Stall line

+
" ‘ {acceierated flight)
PiA
Max. pos. FLA
dcsr};n Y %
load factor
Flaps Down
/ Flaps Up
1.0 ¢
0 ! T Vs
V ’
Stall line {Inverted flight)
Max. neg.
dﬁsijn NHA NIA
load factor
where: PHA — Positive high ungle of attack
Pl — Positive intermediate ungle of atrack
PLA — Positive low angle of attack
NIA — Negative fugh ungle of attack
_ ' NIA — Negative intermediate angle of anack
n NIA — Negaiive low ungle of atiack
Fig. 3.4.9  Typical V-n Diagrant for Mancuver,
Ingenieria X
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Flaps down

P
5“;
N

—— —— = — (ustlines

Design envelope

f1g.3.4.15  V-n Diagram (Gust Envelope).
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Fos. laad factor

Neg. load factor

-~ PLA

Max. level
< Speed
Max. dive speed

¥,

[

—A{l 3
@ (—C) @ (- @ -

Maneuver, envelope

“““““““ - Sust envelope

st lines

Fig. 3.4.16  Combined flight envelope (V-u diagram) — fighter.
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a a
Compression {+HAA) Compression {+LAA)
Tension {—LAA} Tension (—HAA)
€ .
e s
- 1 1 — e e
Tension ~ (HLAA) Tension (+HAA)
Compression (—HAA} Compression {-LAA)
{1 - -—l-"""—- -
a (—LAA)
{(—HAA]
HAA — High angle of attuck
L.AA — Lowangle of uttack
Fig. 3.5.6  Critical conditions for wing box structure.
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@ — Critical condiric;t for BR-2, BR-3,

RB, Turning and laxi. _ .
@ —6h per second sinking speed condition. /- Max. ramp weight @
(@ — Critical for guest condition. — Max. Take-off weight &)

Envolvente Xcg /

_ Structural reserve fuei
weight

~ Zero fuel weight (@)

Passenger loading

7 {rear to front

Alrpiane weight

Passenger
loading
{front to rear)

~— Operation empty weight

i [ S

F*‘ e.g. position (% of MAC) _"I

Fig. 3.4.5  Typical c.g. envelope of a commercial transport.
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Gross Weight Versus CG Diagram, 737-300

140
_ MTEN - 136 5K CR
130 \
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= g \
80 E E II|
8= \
e '
g 'g CEN-T175K l",
70
o 1o 15 20 25 30
Design and Analysis gf, Aircraft Structures
Ingenieria 3
Aeroespacial
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iCargas Externas

= Control Surfaces
= Roll Maneuver
= Yawing Maneuver

= Turbulencias Atmosféricas
= Termales
= Wind shears
= Jet stream

= Tren de Aterrizaje
= Two point and three point level landing
= Max wheel loads, level landing
= Tail down landing
= One-wheel landing
= Lateral drift landing
= Take-off run
= Braked roll
= Ground turning
= Nose wheel yawing
= Pivoting
= Towing

= Aerodynamic Surfaces

Ingenieria

Aeroespacial
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‘L Control Surfaces Loads

Down load caused
by alleron deflection

Up load caused by

alleron deflection nW
V
Va VA A
b
@ @ Yr @ cos
(Over yaw) (Seady side dlip)
L
\ dr MAX
dp MAX
@ Ingenieria —
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iLoads for Landing Gear

ASTM Standards give the static load requirements for testing the landing gear
W stands for the weight, which for this aircraft is the maximum LSA weight of 600 kg.
Each wheel must be able to withstand a static loading of 0.67W in the vertical direction, 0.54W in the aft direction,

0.5W in the inboard and 0.33W in the outboard direction.
Each of these force components are meant to simulate the different conditions on landing i.e. impact, braking, and

any sideways forces resulting from a bad crosswind landing

- B & CG
ASTM Landing Load Conditions [3]
B7W (vertical) BTW
A A
¥ 1.34W
BW (inboard) ~33W (outboard)

A BTW (vertical)

Standard Specification for Design and Performance of a Light Sport
Airplane, ASTM Designation F2245-11

= 54W (rearward)

LSS

Ingenieria
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‘L Applied Loads

External loads applied to the gear assemblies can be divided into dynamic and static
loads: the former occurs under landing conditions while the latter occurs during ground

operations.
= Seven basic loading conditions have been selected for analysis with the applied loads
calculated as specified in FAR Part 25

Table 8.1 Basic landing gear loading conditions [20]

Dynamic Static cW V2
Three-pomnt level landing Turning F = S+ Scoso
One-wheel landing Prvoting nScoso. | g

Tail-down landing
Lateral drift landing
Braked roll

For the dynamic landing conditions listed in Table 8.1, the total vertical ground reaction (F) at the
main assembly is obtained from the expression

- cs the aircraft weight distribution factor, n is the gear efficiency factor, Sis the total
stroke length, «a is the angle of attack at touchdown, Vsis the sink speed, and g is the
gravitational acceleration. Although the vertical force generated in the gear is a direct
function of the internal mechanics of the oleo, in the absence of more detailed
information this equation provides a sufficiently accurate approximation

Ingenieria
_Aeroespac.'al Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 18 UK



‘L Applied Loads - I

The maximum vertical ground reaction at the nose gear, which occurs during lowspeed
constant deceleration, is calculated using the expression

Table 8.1 Basic landing gear loading conditions [20]

]H.' T a.‘i' Ig h

Dynamic Static cg
Three-pomnt level landing Turning F_;,r - w
One-wheel landing Pivoting ] " + ] 1
Tail-down landing
Lateral drift landing
Braked roll

- where Wis the weight of the aircraft and /m and /n are the distance measured from
the aircraft cg to the main and nose gear, respectively and /Acg is the height of aircraft
cg from the static groundline.

- Typical values for ax/g on dry concrete vary from 0.35 for a simple brake system to
0.45 for an automatic brake pressure control system [5].

- As both D and L are positive, the maximum nose gear load occurs at low speed.
Reverse thrust decreases the nose gear load and hence the condition 7 = O results in
the maximum value

o Ingenieria —
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Table 8.1 Basic landing gear loading conditions [20]

Dynamic Static
ﬂ Three-point level landing Turning

One-wheel landing Pivoting

(]6\[' 0 Tail-down lancliné ) ‘_“O—E;{T
E 7 Lateral drift landing F
0.5F: 0.8Fm Braked roll ¢) Tail-down landing
T

a) Three-point level landing

-y

"

0.8Fn 0.6Fn
fr. T .

d) Lateral drift landing

S ITS-—'

10 1]

b
<o 0
b) One-wheel landing
—a®

"1

O.SFWTFH O.SFMTFM
e) Braked roll
(T u;
TFM 1Fn TFM %—
o =2 _.un
g) Pivoting OSFm 0.5Fs DSFM

f) Tummg

Figure 8.4 Aircraft attitudes under dynamic and static loading conditions [20] (continued)

Ingenieria s
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Landing gear loads

Two Point and Three Point, Level Landing

W(total)

Two point

{AD 00000000 000q
Three point & :
vy

VN nwW Viu

| = angular inertia force nacassary for equilibriur
T = lorward componant of inelia lorce

Ingenieria -
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"L Landing gear loads

Max Wheel Loads, Level Landing

Forward

Maximum
wheel springback

Maximum
wheel spinup

« Ground load al instant
of paak horizontal load

Maximum whesel verlical load

Ingenieria
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Estudio de Cargas Estructurales — Cargas de Tren de Aterrizaje

= El estudio de las cargas estructurales se ha centrado en las soportadas por el

tren de aterrizaje.
= Los distintos casos se han estudiado para la mision en la que el avibn pesa mas.

= Se van a calcular los esfuerzos en el tren de aterrizaje para las situaciones
de:

= aterrizaje nivelado (dos y tres puntos), tail down landing, aterrizaje a una rueda, carrera de
despegue, balance de frenado (solo en el tren principal y para el tren completo, en los casos
de aterrizaje y de despegue) y remolque.

= A continuacion se detallan los datos necesarios para el calculo de los

esfuerzos.
= Los datos geométricos del tren son proporcionados por el departamento de Disefio,
= Los datos de los pesos son propios del departamento de Estructuras,

= Los de la posicion del centro de gravedad para diferentes configuraciones se obtienen en
coordinacion con los departamentos de Disefio, Aerodinamica y Estabilidad,

= El departamento de Actuaciones y Propulsidn proporciona los datos de empuje en la situacion
de aterrizaje y en la de despegue.

Ingenieria

Aeroespacial

, | 73
Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 23 U#



fme

Estudio de Cargas Estructurales — Cargas de Tren de Aterrizaje

JAeroespacial

= Datos del tren principal (MLG)

METAL FEATHER WIND ENEINEERNG

Altara: hyy = 1.15m
Radio de la rueda: ypy = 0.381 m
Posicion del MLG: Xpy = 9.7 m (medido desde el morro)

= Datos del tren de morro (NLG)

Altura: iy = 1.15m
Radio de la rmueda: v,y = 0.3095 m
Posicion del MLG: X = 2 m (medido desde el morro)

s Datos del Avion.

Aceleracion de la gravedad: g = 9.81 m/s?

Peso al despegue: Wy = 34669.5 kg

Peso al aternzaje: Wy, = 0.85W, = 29469.075 kg

Posicion del CG al despegue: X6, = 8.7439 m (medido desde el morro)
Posicion del CG al aternizaje: X5, = 8.7886 m (medido desde el morro)
Altura del CG al despegue: Vg, = 1.826m

Altura del CG al aternizaje: Vg, = 1.857 m

Batalla (Wheelbase, distancia entre el NLG vy el MLG): batalla = xp, —
Xy =7.0m

Ingenieria
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iAterrlzaje Nivelado

Se realiza un estudio de las cargas soportadas por el tren de aterrizaje
durante el aterrizaje nivelado, supuesto el fuselaje paralelo al suelo.

= Se distingue entre
= la condicidén de dos puntos, es decir aquella en la que sélo esta en contacto con el suelo el tren
principal,
= Yy la de tres puntos, en la que tanto el tren principal como el de morro estan soportando carga.
= En esta situacion se considera para ambos casos, que el factor de carga es el
gue indica el RFP para la situacion de aterrizaje, cuyo valor es n = 3.

= El empuje considerado en esta situacion es el dado por el departamento de
Actuaciones para palanca de 0.05 de reversa, cuyo valor es T = 3000 N.

= El peso y la posicion del centro de gravedad son los correspondientes al
aterrizaje W = W, y x; = Xg[, -

Ingenieria
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Aterrizaje nivelado de 2 puntos

m Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direcciéon vertical y
en la direccion horizontal, obteniéndose _

] 1 . o Witotal) //'
Vi =S Wi(n—1) = 289.091 KN = e a4
(\f T . T i .I’:] /;
1 t:'-"‘————LﬁL—_r'/ e
Dy =T =15KN 8 =

m Esfuerzos Globales

= Se obtienen por el método de equilibrio por tramos para el calculo
de esfuerzos de resistencia de materiales y en estructuras.

289.09 KN 15KN 1.725 KNm

Axil: Ny = Vyy = 289.091 KN de compresion
Corstante: Vypy = Dpy = L5 KN e
Flector: M_py = hp Dy = 1.725 KNm —
Este es el valor maximo y sigue una evolucion lineal desde
cero en la rueda hasta el maximo en la parte mas alta del
tren. |
Axil Cortante Flector
jnqgenien’a . .f %
eroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 26 U=
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Aterrizaje nivelado de 3 puntos

s Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direccion vertical y en la direccion horizontal y
equilibrio de momentos en la rueda del tren principal, ademés se impone la condicién de que el tren
principal soporta el 85% del peso de la aeronave, obteniéndose:

Vs :%[WL{:ﬂ —1) = Vy] Vy = 253.68 KN

) Vy = 7083 KN
th =:E[T1__E)N]

D, = 1.32 KN
V(s — xy) = Wein — D)(xp — %, ) + T(Ve, — Var)
N XM N L ( M GL) GL . D, = 0367 KN

*W{mla[}

GWDI‘?:?:J

—

N nw M
Figura 2.17. Aterrizaje 3 puntos

000000l

Ingenieria —
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Aterrizaje nivelado de 2 puntos

Esfuerzos Globales

|
= Se obtienen por el método de equilibrio por tramos para el calculo de esfuerzos de resistencia de
materiales y en estructuras.
Cortante:
Axil- . VFM =Dy =132KN
" Ny =V, =253.68KN de compresion » Vyn =Dy =0367KN
* Ny=Vy=7083KN de compresion Flector:
= M,y =hyDy=151KNm
= M.y =hyDy=0422KNm
e e o oseree SN s T 0367 kNm Jibeby 151 hm
Axiles Cortantes Flectores
Ingenieria
Aeroeﬁﬁ.ﬁf’ffi Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 28
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iLanding gear loads

Tail Down Landing

W (total)

EEEEEEE
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Tall down landing

= Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante la condicion de tail down landing, es decir,
cuando el avidon aterriza con la cola rozando el suelo.
Logicamente, solo soporta carga el tren principal.

= La linea longitudinal del fuselaje guarda un angulo con la pista 8
= 16.34°.

= El peso y la posicion del centro de gravedad son los
correspondientes al aterrizaje W = WL y xG = xGL .

Witotal)

Vv

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Tall down landing

m Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direcciéon vertical y
en la direccion horizontal, obteniéndose:

Vy = =W (n — 1) = 289.091 KN

VMx = VM CDS[ﬁ) = 27742 KN W (total)
Vay = Vysen(B) = 8132 KN

m Esfuerzos Globales

Axil: N = Vi = 277.42 KN

Tren principal

53.52 KNm

Cortante: V), = Vi, = 81.32 KN

Flector: M, = hyVypy, = 93.52 KN

EEEEEEE
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iLanding gear loads

One-Wheel landing

The airplaneinertialoads
required to balance the
external force

Wi2

Sngle wheel load from
two wheel level landig
condition

genieria
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Aterrizaje en Una Rueda

Ing
A

Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante el aterrizaje a una rueda.

Toda la carga es soportada por una solo parte de tren principal.

El peso y la posicion del centro de gravedad son los
correspondientes al aterrizaje W = WL y xG = xGL .

The airplaneinertialoads
required to balance the
external force

1— Sngle wheel load from
two wheel level landig
condition

genieria
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Aterrizaje en una rueda

Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direcciéon vertical y
en la direccion horizontal, obteniéndose:
1 . -
Vi = EWL(”' — 1) = 289.091 KN I:ct?u?:%';;izz?;ﬁ?s
T— Sngle wheel load from
Esfuerzos Globales e
condition
Axil: N = V,, = 289.091 KN
Aeroeﬁﬁ.ﬁﬂfi Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 34
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iLanding gear loads

Takeoff Run

20W

D 0Doo00000000 EI:IEI]EDEI[’]H.’JH]EEEIED

VN * 2\Vp(Vp each side)

genieria
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Carrera de despegue

Ing
A

Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante la carrera de despegue, supuesto el fuselaje
paralelo al suelo.

Tanto el tren principal como el de morro estan apoyados y
soportando carga.

En esta situacion el peso y la posicion del centro de gravedad se
corresponden a los de despegue W = W0 y xG = xGTO.

+ 2Vpq(Vi each side)

genieria
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Carrera de despegue

m Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direcciéon vertical y
en la direccion horizontal y equilibrio de momentos en la rueda del
tren principal, ademas se impone la condicion de que el tren
principal soporta el 85% del peso de la aeronave. obteniéndose:

]
Vy = % [W,(n — 1) — Vy] = 297.877 KN T //;

VN(IM o XN:) — ZW(XM - xG) - 84‘,461 KN /Eﬂjtjf..ﬁﬂﬁi'lﬂgifcj:jj::|::.:.'I_TD_ //;:_3
= Esfuerzos Globales : o

.| _'_'_'_'_,_,_,—o——""_'_f
= Se obtienen por el método de equilibrio por tramos para el calculo de
esfuerzos de resistencia de materiales y en estructuras.

\

Axal:
" Ny =Vy =297.877 KN de compresion
» Ny =Vy=84461 KN de compresion

genieria
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Despegue Nivelado

= Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante el despegue nivelado supuesto el fuselaje
paralelo al suelo.
= Se distingue entre la condicion de dos puntos, es decir aquella en la que
solo esta en contacto con el suelo el tren principal, y la de tres puntos, en la
gue tanto el tren principal como el de morro estan soportando carga.
= En esta situacion se considera para ambos casos que el empuje
es el dado por el departamento de Actuaciones, cuyo valor es T
= 106.600 KN.

= El peso y la posicion del centro de gravedad son los correspondientes al
despegue W = 2WO0 y xG = xGTO .
= Los procedimientos seguidos en el calculo tanto de las fuerzas
globales como de los esfuerzos, son los mismos que para el
aterrizaje nivelado, unicamente varian los datos.

Ingenieria A
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Despegue Nivelado

= Esfuerzos: 2 puntos o I

T

51285 KNm

Axil: Ny, =V, = 340.108 KN
Cortante: Vy,y = Dyy = 53.3 KN
Flector: M,p = hyy Dy = 61.295 KNm

F
H

= Esfuerzos: 3 puntos

Axal:
" Ny =Vy =314.355KN

Tran

4/ 54503 KN Sf) 31836 KN Y " Tean pircipe) : 8,827 KN/
| | NN = VN = 54_503 KN ' BLA1EN A B0 N m

Cortante:
= I’TvM = Djp = 49.029 KN i|
= 1(3,;\; = Dy = 8.541 KN E

" M, = hyD, =56.384 KNm

" M,y =hyDy=9822KNm

Ingenieria
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Landing gear loads

Lateral Drift Landing

2Vp+1.02

V= One-half the maximum vertical ground reaction obtained
at each main gear in the level landing conditions

* Nose gear ground reaction=0

genieria
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iLanding gear loads

Ingenieria

Aeroespacial

Braked Roll

1.2W (at design landing weight)
1.0W (at deai]gn take-off weight)

E}:nﬂmneu:n noooooooooononooo] |
Main gear
only
g -
} Dy = BVper side)
2V (Vi each side)
12W (at design landing weight)
1.0W (at design take-off weight)
|
D.‘_‘,UE['IT!UEHT,D JUDDHCDDQD'JDUDUUUUD
Main and
nose gear

- -
AD =8 Dy = 8vyperside)
VN 2V (Vp each side)

* Only with nose gear brakes
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Balance de Frenado

= Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante la situacion de balance de frenado.

= Se distingue entre

= la condicion de dos puntos, es decir, aquella en la que s6lo esta en contacto con el suelo el
tren principal,
= Y la de tres puntos, en la que tanto el tren principal como el de morro estan soportando carga.

= Las cargas se han calculado para el caso de aterrizaje, donde
tanto el peso como el centro de gravedad son los de la
configuracion de aterrizaje W = WL y xG = xGL, y para el caso
de despegue, donde tanto el peso como el centro de gravedad
son los de la configuracion de despegue W = WTO y xG =

xGTO.

12W (at design Imdln%x veight)
1 OW{a design take-o \-’&Ight

I

12W (at design landln%\ veight)
1.0W (at design take-o weight)
.

: DJT{'C'JL" -.anr'
{ ; _—-—‘r-—---’_

\&%

P - -
} Dy = BV (per side) A Dn=8W' ) Dp = 8V)y(per side)
2V (Vg each side) WN 2V (V) e2ch side)
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Despegue Nivelado

12W(at desgnlandm% weight)
1.0W (at design take-o weught)
— ]

Despegue Nivelado — 2 Puntos
Fuerzas Globales
= Se calculan haciendo equilibrio de fuerzas en la direccion vertical
Vi :% 1.2W (para aternizaje)
VM :% 1.0W I:;]:'_‘}’,'{]_'ﬂ despeg’ue) s TEnBeRal s Tyen, principgl
DM = (.8 VM
Esfuerzos:
= Aterrizaje
Couante Vym = Dy
FlE‘CtOL. MZM hMDM 5L By 136.04 KN J
= Despegue —
Axil: N = 170.05 KN —
Cortante: V) = 136.04 KN
Flector: M,,, = 156.45 KNm
E;ﬁgaegpacf'gl

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

} Dy = 8V (per side)
2V (Vi each side)

159.58 KNm

156.45 KNm




Despegue Nivelado

= Despegue Nivelado — 3 Puntos

m Fuerzas Globales

= Se calculan haciendo equilibrio de fuerzas en la direccion vertical y equilibrio
de momentos en la rueda del tren principal.

V + 2V = 1.2W (para aterrizaje)

Vi + 2V = 1.OW (para despegue)

Dy = 0.8V,

Dy =0.8Vy

Vi(xy — xy) = 1.2W(XM — XGL) (para aterrizaje)

Vi(xyy — xy) = l.UW(xM — XGL) (para despegue)

12W (at design Imdm%wetght)
1.0W (at desgn tak weight)

[}rl 0000000W0000000000000000 HG

o -
? D, =8V } Dy = 8V(per side)
VN 2V (V) each side)

Ingenieria i
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Despegue Nivelado

m Esfuerzos:

= Aterrizaje sy Bifit sssa JET  ssova G e L swssee S 1
. Axil:
"m'_ N = N, =151.59 KN
MM = Ny =43.73KN
" Ny=Vy
_ Cortante:
Coﬂantel.f 5 s Vyy = 12127 KN
| =
yM M Vony = 3498 KN
- VJ-’N = Dy Fl .
ector:
Flector:

s M. =h.D M,y = 139.47 KNm
zM — "tMYM .
= M,y = hyDy = M,y =40.23KNm

= Despegue

Tran de momo Tren princigl Tren de T Tran de mama Tren principsd

Al 42.57 KN 148.62 KN T MF"M}D}} 118.9 KN i 39.44 Khm 136.73 KNm
" Ny =148.62 KN
" Ny =4287KN
Cortante:
"V, = 1189KN EQ EJ
. VyN = 34.29 KN
Flector:
" M,y =136.73 KNm
= M,y =3944 KNm

Ingenieria o
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iLanding gear loads

Ground Turning

Ing
A

genieria
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iLanding gear loads

Nose Wheel Yawing

Veg =W | ei'l
" Ly | G o7
?l‘l . L o E E §,—| » ‘r a\ln/—q
S\J = E'W S\]* ?
KoVmL -
* Limited to
Nose gear side load Unsymmetrical braking

@ Ingenieria }
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iLanding gear loads

Pivoting

Center of rotation

' VN and VM are static ground reactions.
ViV TVN WM The airplane is in the three point
attitude. Pivoting is assumed to take
place about one main landing gear unit.

Ingenieria
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TVN T 2V(Viy each side)

* Applied at tow fitting
= Applied at axle
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Remolgue

Se realiza un estudio de las cargas soportadas por el tren de
aterrizaje durante el remolque del avion por un vehiculo tractor.

Tanto el tren principal como el de morro estan soportando
carga.

Se supone que el remolque se hace tirando del enganche
situado en la parte inferior del tren de morro, junto a la rueda.

Se establece que la fuerza con que se tira del tren de morro
para remolcar el avion es el 15% del peso del mismo, 0.15W.

El peso y la posicion del centro de gravedad son los
correspondientes al despegue WO y xG = xGTO

DZ'.".' 000000x0000000A0000000C I
.15W Vi
15V -0 — Dy O
VN f 2V\1( each side)

EEEEEEE
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Remolgue

s Fuerzas Globales:

= Se calculan haciendo equilibrio de fuerzas en la direcciéon vertical y en la
direccion horizontal, y equilibrio de momentos en la rueda del tren principal,

obteniéndose:

Vyy = 128.334 KN

Vy +2Vy =W
Vi (e — x3) = W(xy — xGL) — (0.15W — V) (Y6, — Ym) Dy =3242KN

m Esfuerzos

= Se obtienen por el método de equilibrio por tramos para el calculo de

esfuerzos de resistencia de materiales y en estructuras.
;A.n.X]l: Tren de 'V;;} eam Tran prinl?:/al/ S 15,59 kN }}e;;e moro 2128 KN Tren de marm

= Ny =V, = 128.334KN
» Ny =Vy=32421KN

Cortante:

e V,y=Dy—0.15W = —18.595 KN

o -
1T &

Flector:
o M,y = thfva = —21.384 KNm

Ingenieria

Aeroeﬁﬁ.ﬁf’fi{ Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

51

=



Ejemplos Esfuerzos - |

[ | Esfuerzos en vuelo

[] Esfuerzos del

remolque
@ Esfuerzos del Tren de
aterrizaje
(]
@ Esfuerzos producidos por los
motores
@ Ingenieria )
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T

s Teoria de Resistencia de materiales.

‘-L Ejemplos Esfuerzos - |

= Modelos viga empotrada por uno de <tic avtramne

Asgl

Hn—i—ql'

G Esfuerzos del
remolque

B Esfuerzos del Tren de
aterrizaje

@ Esfuerzos producidos por los
motores

Ingenieria

JAeroespacial

Esfuerzos en vuelo
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i Ejemplos Esfuerzos - |

Canard: Distribucion 30 - 70 de los esfuerzos totales calculados con el modelo de la
viga empotrada:
= Ejemplo: Boom soporta el 30% de los esfuerzos y el encastre, junto al fuselaje soporta el 70% restante.

= Ala: Distribucion es de 60% para el encastre junto al fuselaje, el 25% para el encastre
de la unién Boom - Fuselaje y el 15% restante para el encastre que soporta el resto
del Ala.

= Vertical y de un motor: Esfuerzos calculados de una manera tradicional, obteniéndose
sus esfuerzos asociados mediante brazos y fuerzas

= Tren de aterrizaje: modelo para cuando se encuentra estacionada la aeronave y otro
para cuando esta en fase de rotacion tanto en el despegue como en el aterrizaje.
Para el caso de estacionamiento en tierra, se ha calculado también de una manera
tradicional mediante fuerzas y brazos de momentos, repartiendo el 10% del peso al
tren delantero, 80% al tren principal y 5% a cada uno de los dos trenes laterales.

= En cuanto a la rotacion se ha tomado un factor de carga de 1,3 con una sustentacion
del 60% del peso, un angulo de rotacion de 15 grados y un angulo de empuje de
motor de O grados.

Ingenieria
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iEsfuerzos Superficies

Esfuerzos Canard (30/70)

Magnitud

Momento encastre del fuselaje sin Boom

249715,345

Resultante encastre del fuselaje sin Boom

74982087

Momento Y,

593080,344

Momento encastre fuselaje

174800,741

Momento encastre Boom 74914.603
Resultante encastre fuselaje 52487461
Resultante encastre Boom 22494.626

Tabla 4: Esfuerzos en el Canard

Ingenieria

[} Aeroespacial
“ ESI - Universidad de Sevilla

Esfuerzos estabilizador vertical 1 | Magnitud
Momento encastres 1333,333
Resultante encastre 1000,000

Momento Z., 4340,373

Tabla 6: Esfuerzos en el estabilizador vertical

Esfuerzos alas (60/25/15) Magnitud
Momento encastre del fuselaje sin Boom 1874552, 187
Resultante encastre del fuselaje sin Boom 193919,191

Momento Y,

-26106,759

Momento encastre fuselaje

1124731,312

Momento encastre Boom 1

468638,046

Momento encastre Boom 2

281182,828

Resultante encastre fuselaje

116351515

Resultante encastre Boom 1

48479,797

Resultante encastre Boom 2

29087,878

Tabla b: Esfuerzos en el ala
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iEjempIo Esfuerzos

| Esfuerzos en vuelo

=2

D o

EEEEEEE

@ Ingenieri: 3 4
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iEsfuerzos Tren y Motor

Tren de Aterrizaje

Magnitud

Normal Tren Delantero

b1711,784

Normal Tren Principal (80 %)

413694,276

Normal Tren Lateral (X1) (5%)

95855,802

Momento Tren Delantero Y, 450390,354
Momento Tren Principal Y., 120125,648
Momento Tren Lateral Y, (x1) 33363,745

Momento Tren Delantero X,

0 (Centrado)

Momento Tren Principal X,

0 (Centrado)

Momento Tren Lateral (X1) X,

304101,724

Tabla 7: Esfuerzos en el tren principal

Tabla 8: Esfuerzos en Aterrizaje/Despegue Rotacion/Tren Aterrizaje

Aterrizaje/Despegue Rotacién/Tren Aterrizaje Magnitud
Peso en el Tren 115359,747
Normal Tren Delantero 0
Normal Tren Principal 103823,773
Normal Tren Lateral H767,987
Momento Tren Delantero Y., 0
Momento Tren Principal Y, 29120,368
Momento Tren Lateral Y, (X1) 7189,246

Momento Tren Delantero X,

0 (Centrado)

Momento Tren Principal X,

0 (Centrado)

Momento Tren Lateral (X1) X,

65533,078

Arrastre en Tierra Magnitud
Fuerza aplicada Tren Delantero 51711,784
Momento resultante en Tren Delantero Y., 548,097

Tabla 9: Esfuerzos en Arrastre en Tierra

@ Ingenieria
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Esfuerzos producidos por un motor Magnitud
Cortante 153890,000
Momento Z,, 69250,500
Momento Y, 84639,500
Momento X, 6401,115

Tabla 10: Esfuerzos producidos por un motor

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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‘_L Ejemplo Esfuerzos

(J Esfuerzos del
remolque

B Esfuerzos del Tren de
aterrizaje

B Esfuerzos producidos por los
motores

@ Ingenieria
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iCéIcqu Requisitos Estructurales

= Estudio de las cargas de un aeronave: Ejemplo Cessna 172 Skyhawk
= Structural Design Loads
= Wing Torsion (Momento Torsor)
=  Wing Skin and Spar Web Thickness
= Wing Bending Flexure
= Wing Shear (Esfuerzo Cortante)
= Wing Bending Moment (Momento Flector)
= Combined Flexure and Torsion

genieria
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General information Cessna 172 Skyhawk - |

The Cessna 172 Skyhawk 1s an all-metal, high wing, single-engine awrplane with a
tricycle landing gear. The construction of the fuselage 1s a conventional formed sheet
metal. The major structural areas are the front and rear carry-through spars to which the
wings are attached. a bulkhead and forgings for main landing gear attachment, and a
bulkhead with attaching plates at the base of the forward door posts. Four engine mount
stringers are also attached to the forward door posts and extended forward to the firewall.

The wings are externally braced and contain the fuel tanks. The Cessna 172
Skyhawk has an upswept wing, an aspect ratio of 7.44, and airfoil-section thickness ratios
that vary from 14 percent at the root to 12 percent at the tip. They are constructed of a
front and rear spar with sheet metal ribs, doublers. and stringers. The entire structure 1s
covered with an aluminum skin. Conventional hinged ailerons and single-slot flaps are
attached to the trailing edge of the wings. The ailerons are constructed of a forward spar
contaming a balance weight, metal ribs. and aluminum skin joined together at the trailing
edge.

The empennage consists of a conventional vertical stabilizer, rudder. horizontal
stabilizer, and elevator. The vertical stabilizer consists of a spar, formed sheet metal r1bs
and reinforcements, a wrap-around skin panel, and formed leading edge skin. To
improve directional stability, the vertical tail has a relatively large dorsal fin together with
a small ventral fin. The rudder is constructed of a formed leading edge skin containing
hinge halves. ribs, and a ground adjustable trim tab at the base of the trailing edge.

Ingenieria
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¢ General information Cessna 172 Skyhawk -

ll ine:

The airplane 1s powered by a horizontally-opposed, four-cylinder, air-cooled
engine. The engine 1s a Lycoming Model and 1s rated at 160 horsepower at 2700 RPM.
The engine has a belt driven alternator and dual magnetos.

Performance:
= Max Speed at Sea Level 125 knots
»  Max Cruse Speed 122 knots
= Max Range (40 Gallons) 575 NM (Approximately 5.7 hours)
=  Service Ceiling 14.200 ft.
» Takeoff — Ground Roll 805 ft.

»  Takeoff— distance to clear 50 ft. 1440 ft.
Weights and Loading:

The Skyhawk 1s a recreational aircraft designed for stable flight and moderate maneuvers.
Although the standard empty aircraft weighs under a ton the Skyhawk can hold loads
exceeding half its weight.

. »  Max Useful Load
= Max Weight 2300 1bs Baggage Allowance
» Standard Empty Weight 13931bs  »  Wing Loading
» Power Loading
» Fuel Capacity
feenﬁgaegpacigl
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907 Ibs
120 Ibs
13.2 Ib/ft°
14.4 Ib/HP
43 gallons



General information Cessna 172 Skyhawk - 11

Dimensions:

The Cessna 172 seats a maximum of two occupants. This model arranges both occupants
side by side. The aircraft’s wingspan is slightly longer than its overall length which
increases the wind area for needed lift. The Cessna 172 utilizes a two fin propeller.

»  Aurfoil Thickness 6.4 inches (mid wing)
* Wing Span 36 ft
» Wing Area 174 ft°
* Height Overall 9.8 ft
» Length Overall 26.9 ft
» Tail Span 11.33 ft
»  Propeller: fixed pitch (diameter) 75 m
= (Cabm

o Length 7.5 ft

o Height 4 ft

o  Width 5 ft

@ Ingenieria . .
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General information Cessna 172 Skyhawk - 111

Speeds for Normal Operation:

Based on the aircrafts light weight, its takeotf and landing speeds are relatively low. The
Cessna can adjust 1ts speeds accordingly to complete normal and sometimes short field
takeoffs.

»  Normal Climb out of Takeoff 70-80 KIAS
= Short Field Takeoff 59 KIAS
» Best Rate of Climb (Sea Level) 73 KIAS
= Best Rate of Climb (10,000 ft) 68 KIAS
» Normal Landing Approach 60 KIAS
» Balked Landing (Flaps 20°) 55 KIAS
»  Max Crosswind Velocity 15 knots

genieria
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V-n Diagram

fme

4 | I | ¥
Altitude: Sea Level Fositive Structural Limit
Al Teight: 2300 Ibs 153.7 Tihec, 35 |
Fositive Stall Limnit

& d Limit, Ve
5 206.7 ftisec
Q A
Vi
E
s

-k Megative Stall Limit 143 .3 ftisec -1.2 -

Megative Structural Limit
= 1 L I L
0 S0 100 150 200 250
Calibrated Airspeed, ftisec
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* Structural Design Loads - |

Computing shear force and bending moment for the Skyhawk provides a detailed model
of the stresses acting on the each wing. These forces are created from total lift force and
the wing and fuel weight. To accurately represent the shape of the wing it 1s separated
mto ten sections as seen in Figure 2. Each section has both an elliptical and trapezoidal
chord length. The average chord length and area of each section is then used to calculate
the Shear Force and Bending Moment on each section of the wing. Total Force 1s
computed from the difference between each sections lift force subtracted by the total
weight force. Bending Moment i1s computed using the Total Force on the wing section.

Figure 2

@ Ingenieria — )
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‘L Structural Design Loads

Calculating total lift for each wing: The average chord distance for each section:
Total Lift = n,,, *TOGW*FS / 2 Cave = Cirapezoidal T Cettiptical/ 2 (Eqn. 1.1)
Total Lift = 5347.5 1bs Ceapezoidar = Cr [1-2/3 * (1-0)] (Egn. 1.2)
FS=1,5
Cettipticar = (4S / IIb) * sqrt[1- (2y/b)*] (Eqn. 1.3)

Cavg is found along with the area of each section. After, solving for f, the force
coefficient, the lift force on each strip is established.

Each separate force, lift, fuel, and wing weight have different coefficients. They are:
fiir = LIFT / Wing Area (half) (Egn. 2.1)
Sfuer= Fuel weight / Wing Area (half) (Egn. 2.2)

Sfuwing = Wing weight / Wing Area (half) (Egn. 2.3)

%+ Note: Wing weight = 7.5% of empty weight.
Density of gasoline = 803 kg/m’

o Ingenieria — -
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B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es




fme

iStructuraI Design Loads - ||

Table 1
C(y)elip [ft]

Ing
A

6.150
6.120
5.910
5.870
5.640
5.330
4,920
4.390
3.690
2.680
0.000

y distance [ft]
0.000
1.800
3.600
5.400
7.200
9.000

10.800
12.600
14.400
16.200
18.000

C(y)trap [ft]
5.330
5.160
4,996
4.830
4.660
4.500
4.330
4.160
3.995
3.830
3.660

C(y) avg [ft]
5.740
5.640
5.453
5.350
5.150
4.915
4,625
4,275
3.843
3.255
1.830

Total Area:

Area of Section [ft]
10.242
9.984
9.723
9.450
9.059
8.586
8.010
7.306
6.388
4.577
0.000

83.323

Table 1 represents the calculations necessary to solve for average chord length for
each section (refer to the equations 1.1-1.3). An average 1s taken between the
elliptical and trapezoidal chord lengths. The area of each section 1s then
computed. Checking the calculated values with Figure 2 proves the accuracy of

the values.

genieria
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‘_L Structural Design Loads - IV

Lift force on each strip:
Lforce = Astrip * f (Egn. 2.4)
Total force on each strip.

Total Force = Lgrce— [ fruer™ Area - fing™ Areal (Eqn. 3.1)

Shear Force on each strip.
Y. Total Force; (Egn. 4.1)
Using the total force the Bending Moment is worked out:

BM = % Total Force;* y distance (from fuselage) (Eqn. 5.1)

Ingenieria — )
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iStructuraI Design Loads - V

Table 2

Force of Lift [Ib]

» Table 2 characterizes all of the forces which act on each section. The equations

690.444
673.031
655.436
637.053
610.661
578.808
539.978
492.503
430.617
308.516

0.000

Force of Fuel
Weight [Ib]

16.797
16.373
15.945
15.498
14.856
14.081
13.136
11.981
10.476

7.505

0.000

Force of Wing Weight [Ib]

12.301
11.990
11.677
11.349
10.879
10.312
9.620
8.774
7.672
5.496
0.000

Total Force [Ib]

661.346
644.667
627.814
610.205
584.925
554.415
517.222
471.747
412.470
295.514

0.000

above were used along side of the computed force coefficients (Equations 2.1-2.3)

to solve for lift, weight, and wing weight forces. Equation 3.1 was used to
calculate Total Force.
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iStructural Design Loads - VI

Table 3
Bending Moment

Shear Force [Ib]  [Ibti]

4718.980 38173.735
4074.312 37013.334
3446.498 34753.202
2836.293 31458.093
2251.367 27246.630
1696.952 22256.893
1179.730 16670.899
707.984 10726.888
295.514 4787.323
0.000 0.000
0.000 0.000

» Table 3 corresponds to the Shear and Bending Moments for each section of the
wing. These equations can be found from above, Equations 4.1 & 5.1.

genieria
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Structural Design Loads - VII

Figure 3
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» Figure 3 represents the Shear Force versus the distance away from the fuselage.
The Shear Force is the summation of Total Forces outboard of that section. The
sections are labeled accordingly on the graph.

Ingenieria
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~L Structural Design Loads - VIII

= Figure 4
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» Figure 4 represents the Bending Moment as the distance away from the fuselage
increases. As with the Shear Force, Bending Moment 1s the summation of the

bending moment’s outboard of that specific section.
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‘-L Wing Torsion - |

Ving torsion 1s an important aspect of aircraft performance and stability. Mmimizing
wmg torsion will improve these features of flight.

Te=Cn™ Quax ™ (Strip Area)(Strip Chord) (Egn. 6.1)

As the formula suggests the Torsion value will change as distance from the fuselage
mcreases. This occurs due to the shape of wing and changing chord length.

C,=-0.1 Coeficiente de momentos
Quax= 50.8 Ib/f?  Presion dindmica maxima

Ingenieria
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iWing Torsion - |

Table 5
Torsional
Torsion [Ibft] Moment [Ib-ft]

-298.65 -1810.79
-286.04 -1524.74
-269.33 -1255.41
-256.83 -998.58
-236.99 -761.59
-214.38 -547.22
-188.19 -359.02
-158.66 -200.36
-124.69 -75.67
-75.67 0.00

0.00 0.00

Table 5 symbolizes the Torsional Moments along the wing. The moments at each
section were computed by summing the torsions outboard of that section.

genieria
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Estudio Cargas Aerodinamicas — Ejemplol

12795 m

4153 m

\ L2735 m
—

METAL FEATHER WING ENGINEERING

o —— 12795m
-—-HE-_
4153 m
d_—-———""ﬁfﬁ_
____._ﬂ_,_.__-—-——'-'——'_'_ﬁ_r
| |
5.118m 5.118m 5.118m
Dato Valor
Factor de carga: n 2.5
Peso: W, [N] 340107.8
Superficie sustentadora: S [m?] 100
Peso ala: W,,ing [N] 111071
Peso combustible: Wrye; [NV] 12204
Envergadura: b [m] 30.71
Longitud de cada tramo de ala: [ [m] 5.118
Cuerda 1: ¢;[m] 4.153
Cuerda 2: ¢,[m] 3.045
ngerierta Cuerda 3: cg[m] 1.037
Aeroegeliavg{flf Célculo de Aeror:a{/ésﬂ(é gergid EsfeBan Rohcero, sesteban@us.es
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Estudio Cargas Aerodinamicas — Ejemplol

= Cortante y Flector
= Sustentacion Total del ala

Donde TOGW es el peso al despegue Wy, el cual se ha tomado el correspondiente a la

musion de ferry, va que es el mavor v con el que se obtendria el caso mas destavorable; FS

L = (Nyax - TOGW - FS)% = 637.7KN

es un factor de seguridad 7 su valor es 1.5.

Después de la sustentacion se calculan por separadm las fuerzas que afectan al semuala:
sustentacion del senuala, peso de combustible en el senuala v peso del semuala.

Ingenieria
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L
fiift = E - 12.75 KN

. M’}'ue!

fruet = = 244 N

W
fwing - % = 221N
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Estudio Cargas Aerodinamicas — Ejemplol

Una vez que se tienen todas las fuerzas a las que esta sometida el senuala se pro-::ede a 1111

calculo iterativo de la fuerza en cada division, esto se hace de la siguiente manera:
Lforce - Astrip ) fL

Total Force = Lfc-‘rce - [ffuei.' : Astrip + fwing ' Astrip]

Donde Ay es el area de cada division, y se ha calculado con la longitud de cada division,

la flecha ¥ la cuerda media de cada division

Y (m) Cuerda (m) Area (m?)
0 4.153 5314
1.2795 4.153 5314
2.5590 4.153 5314
] 3.8385 4.153 5314
Area Sem|a|a 5.1180 4.153 5314
6.3975 3.876 5137
7.6770 3.599 4.782
8.9565 3.322 4428
10.2360 3.045 4.073
115155 2.543 3.575
12.7950 2.041 2.933
14.0745 1.539 2.290
15.3540 1.037 1.648

METAL FEATHER WINE ENEINEERME
@ Ingenieria '
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Estudio Cargas Aerodinamicas — Ejemplol

Fujerzas Semiala

Lforce (KN) Fgyet (KN) Fying (KN) Total Force (KN)
67.77 1.296 1.180 65.294
67.77 1.296 1.180 65.294
67.77 1.296 1.180 65.294
67.77 1.296 1.180 65.294
67.77 1.296 1.180 65.294
65.01 1.253 1.141 63.117
60.99 1.167 1.062 58.761
26.47 1.080 0.983 54.406
21.95 0.994 0.904 50.051
45.59 0.872 0.794 43.928
37.40 0.715 0.651 36.035
29.21 0.559 0.508 28.142
21.01 0.402 0.366 20.250

METAL FEATHER WING ENEINEERMNG

@ Ingenieria
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Estudio Cargas Aerodinamicas — Ejemplol

Cortante SH = Z_Totai Force;

Donde en este caso 1 va desde la punta del ala al encastre (I3 es la division en la punta del

ala, Ifing s la division en el encastre).

Flector BM = z (Total Force; - v;)
Donde 1 vuelve a medirse desde la punta del ala al encastre.
SH (KN) BM (KNm)
530.578 3575913
485.283 3492.369
419.988 3325.280
334.694 3074.647
291.577 2751.614
232.815 2375.684
178.408 1958.002
128.356 1509.713
84.428 1060.066
48.393 645.100
20.250 285.012
0 0
METAL FEATHER WINE CHNEINCERME 0 0

@ Ingenieria
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Lonante

Estudio Cargas Aerodinamicas — Ejemplol

« 105 Cortante en el Ala

Posicion

METAL FEATHER WING ENGINEERMNG
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Flector

<108 Flector en el Ala

Posicion
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Estudio Cargas Aerodinamicas — Ejemplol

Torsor

Para el calculo del momento torsor se ha tomado una distribucion constante del coeficiente
de momentos, dato proporcionado por el departamento de Aerodinamica, ademas de

calcularse la presi{f:-n dinanuca maxima. Los valores de estos pﬂrzimetroa son
C,, = —0.0399

pv? = 11520 Pa

QT’TIQ.'X,‘

ra| =

Donde p = 0.9kg/m®* y v=160m/s
Introduciendo estos valores en la expresion

T = Cpm * Gmax * (cuerda de la divisién) - (Area de la disisién)

El momento torsor se calcula 1gnal que para los casos anteriores:

2.7
i

Con 1 tomado desde la punta del ala hasta el encastre.

METAL FEATHER WINE CNENECAME
@ Ingenieria — )
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Estudio Cargas Aerodinamicas — Ejemplol

Torsor
T (KNm) MT (KNm) M?mentn Torsor en el Ala
-10.143 -71.668
-10.143 -61.524
-10.143 -51.381
-10.143 -41.237 .
-9.478 31.759 g
-8.215 -23.543 A
-7.042 -16.501 E
-5.960 -10.540 —
-4.591 -5.949 a
-3.089 -2.860
-1.884 -0.975
-0.975 0
0 0 9 5 11& 1I5

Posicion

el Sigﬂo negativr:) solo mdica el sentido del torsor.

METAL FEATHER WINE ENEINEERME
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{Wing Skin and Spar Web Thickness - |

Solving for skin and spar web thickness requires the dimensions of the wing airfo1l at
root, mid-span, and tip. These airfoils will describe the areas of the wing cross section at
each segment of the wing. Correctly assuming the wing airfoil decreases along with
chord length then the area should as well. Based on the fact skin and spar web thickness
1s directly related to the cross sectional wing area and Torque solved for above. the
thicknesses will decrease as predicted.

Figure 5

Leading
Edge

Upper Camber Mean Camber Trailing

— — —— s ——
—— — —

—— Lower Camber — Chord "C"

»  Figure 5 embodies what a general wing cross section looks like. The airfoil
height will decrease as distance from the fuselage mcreases.

Ingenieria
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iWing Skin and Spar Web Thickness - |l

oy =47.000 psi Equations:
Figure 6 froot = 7.47 1n _, _
) tmia = 6.4 1n 1=2Aq Eqgn. 6.1
-_‘__‘ﬁ\——\___‘__‘_tti]_z-z-gg 111 q =T H t E{j”_ ﬁ_?
Cr
L
Ct
tiroot? {4

L+
Lr

» Figure 6 represents the general diagram used to visualize the cross sections at root
and tip. The same procedure was used for the mid-span section but was not
included m the diagram.

genieria
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i Wing Skin and Spar Web Thickness - Il

Solving for Area at each section of the wing: _
oy = 47,000 ps1

A =C*t troot = 7.47 1n

toma = 0.4 1n
Agoot=3.57 ft° Apia =257 ft° Ay, =363 £t tip = 2.38 In
Solving q at each section of the wing using equation 6.1:
Qroot = 253.39 b/t Equations:
Quia = 104.39 Ib/ft T=2Aq Eqn. 6.1
Qup = 104.25 1b/ft q=Tt*t Eqgn. 6.2

Using the torsional moment (Torque) solved above and the value of q, the thickness to
prevent vielding can be computed using equation 06.2.

Wall thicknessoon = .0089 m Cuidado unidades ft & in!!!

Wall thicknessmid-spany = -0037 1

Wall thicknessq,) = .0036 1n

@ Ingenieria — -
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i Wing Bending (flexure) - |

To approximate the wing sections at root and mid-span the cross section is represented by
a symmetric rectangle where A signifies the concentrated area at each spar cap. These
concentrated areas are required to be a certain size which will prevent yielding.

Figure 7

G 9 O

M O 4
O O @
» Figure 7 shows the cross section of the wing. At root and nud-span the
concentrated area, A, along with the airfoil thickness or height t will change based

on wing geometry.

Solving I, in terms of A gives the following equation: Iy = 6A(t/2)’

g7 U¥
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{ Wing Bending (flexure) -

To solve for A such that there is no vielding:

Cxx = Oy = 47.000 psi Cex— Myz /1 Eqn. 6.3

_ Cuidado Bending moment el [b*ft!!!
Using equation 6.3 and the previously solved bending moment from step 2.

troot = 7.47 1N Zeoot= /2 =3.735 1n
tmia = 0.4 10 Zod = 3.2 10
tip = 2.38 1n

Therefore to prevent vielding.

Aroot < 0.0362 in’ Awia £0.0302in° (= L=6A(12)°

To compute bending stress the known concentrated areas are used and substituted in to
equation 6.3:

I} "(toot) — = 3.034 1 ]Jl Iy(md) 1.843 111
Cxx(root) = 46,990.7 psi Cxx(mid) = 46, 993.1 ps1
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