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ANALYSIS OF THE STRESS-DEFORMED STATE
OF THE AIRCRAFT FLAP

3aKkpuIIKH JIiTaka BiAIrparoTh BAXKIMBY POJIb B €KCIUTyaTallii jritaka. Bonn BUKoO-
PHUCTOBYIOTHCS AJIs1 30UTBIICHHS M JHOMHOI CHJIM JIiTaKa Ha 3aJaHiil MBUAKOCTI, 110
JI03BOJISI€ 3[IIACHIOBATH MOBUIBHIMIKK 3JIT 1 MOCaAKy. 30UTIIYIOYH PO3Bal KpHIIa,
3aKpWJIKH 320e31euyloTh AOAAaTKOBY MiJHOMHY CHITY, IIIO OCOOJIMBO KOPHCHO TMif
4ac 371bOTY Ta IOCAJKH, KOJIU JIITaKy MOTPIOHO MiATPHUMYBAaTH KOHTPOJb HA HU3b-
KHX IIBUAKOCTSX. KpiM TOT0, 3aKpUIIKH TaKOXK JIOTIOMAraroTh 301IBIIATH OIip JIiTa-
Ka, [0 JI03BOJISIE YIOBUIBHUTH WOTO MiJ Yac MOCAAKH. 3aKPHIKU MAIOTh CKIaTHY
reoMeTpuuHy (Gopmy i TOMy sl OLIHKHM iX HampyXeHo-1e()OpMOBAaHOTO CTaHy, He-
00XiZTHO 3aCTOCOBYBATH YHCEIIbHI METOAM, HacaMIlepe/l METO]] CKIHYeHHHX eJeMe-
HTiB. B po0OTi Ha OCHOBI MeTO/1a CKIHUEHHHX EJIEMEHTIB Oyl BU3HAYEHHI HAIPy-
KEHHS MPU peabHUX €KCIUTyaTaliiHUX HaBaHTAKEHHAX. 3alIpONIOHOBAHA METOU-
Ka J]a€ MOKJIMBICTh 3[IIHCHUTH SIK MEPEBIPOYHI PO3PAXYHKHU MPU MPOSKTYBAHHS, TaK
1 OITUMI3AIIIF0 MAaCH 3aKpHJIKA JIiTaKa.

Aircraft flaps play an important role in the operation of the aircraft. They are
used to increase the lifting force of the aircraft at a given speed, which allows for
slower take-off and landing. By increasing the camber of the wing, the flaps provide
additional lift, which is especially useful during takeoff and landing when the air-
craft needs to maintain control at low speeds. In addition, flaps also help increase
the drag of the aircraft, which slows it down during landing. The flaps have a com-
plex geometric shape, and therefore, to assess their stress-strain state, it is necessary
to use numerical methods, primarily the finite element method. In the work based
on the method of finite elements, there were determinations of stress under real op-
erating loads. The proposed method makes it possible to carry out both verification
calculations during design and optimization of the mass of the aircraft flap.

Introduction

The flaps are designed to improve the take-off and landing characteristics

of the aircraft. Aircraft flaps play a critical role in aircraft operation. They are
mainly used to increase the lift of the aircraft at a given speed, which allows for
slower take-offs and landings. By increasing the camber of the wing, flaps can
provide additional lift, which is especially useful during takeoff and landing
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when the aircraft needs to maintain control at low speeds. In addition, flaps also
help increase the drag of the aircraft, which helps slow it down during landing.
This is critical for the aircraft to land safely on the runway. Therefore, the analy-
sis of the stress-strain state of this structure is a very urgent task. It should be
noted that the analytical calculation of flap structures is not always effective.
This is due to the complex geometry of the structure, load conditions and
boundary conditions of the boundary value problem that arises during the calcu-
lation [1 - 5]. Therefore, numerical methods for calculating the stress-strain state
of an aircraft flap are preferred in the work, namely the finite element
method [6 - 10].

Selection of materials for structural elements

The flap is attached to the wing with supports. The main link of the flap
consists of a caisson, nose and tail parts. The caisson consists of two spars,
strips, upper and lower panels and ribs. The tail part is made of a frame and a
lower technological panel. The frame consists of upper and lower panels and
ribs. All frame parts are made of composite materials. With the help of the
graphic editor Solid Works, geometric 3-D models of the flap claddingwere ob-
tained.

Fig. 1. 3-D model of the flap

Fig. 1 shows a 3-D model of a closed plane, created using the Sol-
id Works program. The choice of materials for the structural elements of the flap
is determined by operating conditions and strength characteristics. The spar and
front ribs are made of dural-aluminum alloy (D16T). The thickness of the spar
walls is taken as average 6=2,5mm. The rear ribs are made of polymer compo-
site material UOL900. The thickness of the ribsis 6=2,5mm.

Fig. 2 shows the model of the flap covering, taking into account the com-
posite structure of the material.

The casing of the caisson is made of D16T and has a thickness of 6=8mm.
The back paneling is made of KM UOL900 and has a thickness of 6=3mm. The
front cladding is made of UT250 carbon fiber and has a thickness of 6=3mm.

The main properties of the materials used in the working calculations are
listed in Tab. 1.
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Fig. 2. Model of composite flap cladding

Table 1.
The main properties of the materials
name c E G 1)
B 2 2
kef/ mm kgf/ mm kgt / mm
D16T 50 7200 2700 0,3
WAL300 120 4900 1200 0,19
UT900 55 2000 1000 0,28
The load mode of the flap was chosen as follows: loads P,” , P"  liein

a plane parallel to the front wall; loads P  is perpendicular to the proper chord

of the main link; loads P.”  is perpendicular to the own chord of the main link —
the load is directed along the own chords of the deflector and the main link, re-
spectively, the positive direction PZPD - is back from the nose point.

P° =424 kgf, ..P° =-264kgf; .. PP =-814kef .. g =0,3.

The distribution of the load along the span of the flap is taken in propor-
tion to the chords.

Calculation of the stress-deformed state of the flap

Consider the following boundary value problem
— the equation of equilibrium as a special case of the equation of motion, in a
generalized form:

V', =0 (1)
— geometric (for small deformations), in a generalized form:
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— as well as deformation compatibility equations:
&j = & (3)
— physical equations
& = CijmnCmn (4)

where Gy, is the modulus of elasticity tensor.
Boundary conditions on Sy and Sp are additionally involved:

Uils, =Us; (5)

GmnVn |5P =P (6)

To solve the boundary value problem, it is convenient to have its varia-
tionalstatement, which is what we use.
As a result, it is possible to obtain the following functional with respect to
variations of displacements and associated deformations,
F = [ 0mndemdQ— [ P,dULdS. @
Q Sp

In the Finite Element Method, Hooke's linear law is written in the form
{c}=[DKe"}, (8)

where [D] is the matrix of elastic moduli.
In the case of elastic isotropy of the material matrix

a b b 00O
b a b 00O
[D]:ZG- b b a0O00@ 0 | ©)
0 00c 0O
0 00 O0¢cO
0 00 O0OTC

where 2G = E/(l+u); a:(l—p)/(l—Zu); b=u/(1—2u); c=0,5;
E is the Young's modulus; p is the Poisson’s ratio.
All deformations are elastic, therefore

{e}={c"} (10)

Considering (10) and (9), let's write the expression (8) in the form:

{c}=[D[{=} (11)
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{8} = [ B]{q}e (12)

{a}. :{(ql,qz,q?’)l,...,(ql,qz,q?’)|\/l}T {0, 0p,...03y }' is the vector of dis-

placements in the nodes of the finite element; [B] is the differentiation matrix by
global coordinates; [B] elated only to the type of finite elements and the global
coordinate system.

Functional (7), taking into account the possibility of superposition of
works on finite element, is written as follows:

F=X | [B] {oak [D][B}akd- X | [o] {5ak{p}ds, (13)

e ot e qe

where the load vectors are marked {p}={p;, f)z,f)3}T; Sg there is a finite ele-

ment side facing SIO of the body; sign >, means the addition of all finite ele-
e

ments containing the considered degree of freedom of the node.

Let’s mark:
[K], = [ [B] [D][B]de, (14)
Qe
{P}. = [ [o] {p}as. 15)
Sp
Then
F =Y {5a) ([K],{od —{P} ) (16)

Using the minimization condition and taking into account the kinematic

boundary conditions, we obtain a system of algebraic equations in the form
[KHa}r={P}. (17)

As a calculation object, we use the 3-D model of the constructed flap,
(Fig. 2). The generated finite elements grid has 42,543 nodes and 45,328 ele-
ments.

Let's consider the results of the flap calculation using the finite element
method.

Fig. 3 shows the calculation of the stress-strain state of the upper and low-
er flap cladding according to Mises.

As we can see from Fig. 4, the maximum stresses occur in the supports
and the place of maximum deflection of the flap. VAT in the zone of maximum
flap deflection.
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Conclusions

Taking into account the complexity of the structure of the flap of a
transport aircraft, its load and boundary conditions, the work presents a method-
ology for calculating the stress-strain state of this structure based on the finite
element method. This made it possible to accurately model the load, geometry
and boundary conditions of the corresponding boundary value problem. Stresses
under real operational loads, which are necessary to solve important tasks relat-
ed to the operation of the aircraft as a whole, were determined.
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Fig. 3. Stress-deformed state of the upper and lower cladding of the flap
according to Mises

The proposed calculation method also makes it possible to optimize the
mass of the aircraft flap.
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Fig. 4. Stress-deformed state in the zone of maximum flap deflection
according to Mises
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