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Abstract: Metal-composite joints, or hybrid joints are prevalent in aerospace structures due to their
high strength and low weight. Such structures are usually found in areas where because of the load
configuration, the use of composite materials is possible. Thereby, the analysis of such areas needs to
consider both components, the metallic and the composite part. In this paper a hybrid joint is analyzed,
consisting of a metallic stiffener, a multilayered honeycomb composite material, and joining fasteners,
which constitute the joint between the isotropic and orthotropic materials. The present article has two
main purposes: the first is to illustrate a pre-design procedure aimed to evaluate the load-carrying
capability of a hybrid joint structure, thereby giving an estimate if the structure can withstand the given
loading conditions; the second purpose is to present two types of finite element modeling techniques,
one that captures the real geometric structure of the composite material and another which uses a
simplified equivalent model, based on the desired level of evaluation of the composite material part. A
comparison between the two models is made, highlighting the advantages and disadvantages of the two
forms of evaluations. For the metallic parts — stiffener and fasteners, both static and fatigue analyses
were performed, as fatigue failure represents the common service failure mode for this type of structural
components.
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1. Introduction

Composite and metal joints, often named hybrid joints, are commonly used in the aerospace industry,
where weight saving, and high strength is necessary [1-3]. These joints are made of three main
components: a metallic part, a composite part and joining elements set between the metallic and
composite materials. Usually, metallic fasteners are used in aerospace applications, to obtain a more
ductile behavior.

The failure of any of these components in a hybrid joint automatically leads to the failure of the entire
assembly. Thereby, a thorough analysis is required to make sure that such assemblies do not fail under
structural loading. In the aerospace industry, such joints are used for example, for wings or fuselage
parts, where the outer skin is made of a composite material, and a local stiffener is required. A typical
hybrid joint for an aircraft skin is presented in Figure 1.

The considered composite joint is made of honeycomb composite material, usually subjected to
aerodynamic pressure resulting from the fluid flow around the aircraft. Aerodynamic loads are frequently
turbulent in nature and are dependent on many factors, not just the aircraft speed, but also on weather
conditions, a fact which causes such loads to be non-stationary — as a result, a complex analysis is
required for this type of structural components. The metallic part, in this case, has the main role to act
as a local stiffener, adding additional stability, and to transfer loads to the main structure.

The behavior of metal-composite joints under static or dynamic loads, the performance and failure
modes have been investigated both experimentally and numerically [4-6]. These studies have shown
that, in order to analyze the mechanical behavior of the structural components, the complete spatial
modeling of the composite part is not quite an acceptable solution due to the very high number of degrees
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of freedom of the finite element model, and therefore, these type of detailed modeling techniques are
preferred instead for local phenomena analyses. Consequently, a simplified numerical model that would
be able to capture the structural performance of an intricate hybrid joint would be desired for faster
analysis and design procedures.

Fasteners

Figure 1. Aircraft structure [7] and hybrid joint example [8]

In addition, for metallic structural components used in aerospace vehicles, fatigue failure represents
the most common service failure mode [9]. Fatigue failure embodies an important area of study due to its
prevalent and hard to analyze nature [10,11]. These characteristics are given by the nature of repetitive
loading and the parameters required to accurately predict fatigue failure. It is very important to carry out a
fatigue analysis especially on primary structural components whose failure can lead to catastrophic results,
even in the service period of highly complex mechanical structures.

In this paper, a reduction of the complexity of the multilayer honeycomb composite material has
been investigated by using the equivalent mathematical model given by Gibson [12], for the honeycomb
core, and a local preliminary comparative analysis is performed between the two distinct forms of
composite modeling. The two forms are represented by: a multilayered model, highlighting the spatial
geometry of all the layers, and a single layer model, considering only one effective layer for the whole
composite material, for a simplified analysis. With respect to the non-stationary behavior of aerodynamic
loads, both static and fatigue evaluations have been performed — the latter only for the metallic parts —
to assess the structural load carrying capacity for the given load case and the estimated lifespan under
cyclic loading.

2. Materials and methods
2.1. Assembly description

The structure analyzed in this paper is a part of an aircraft fuselage. Its components and geometry
are similar to the ones used in aircraft skin manufacturing.

The assembly consists of a square multilayered honeycomb composite material that is bolted on top
of a T-shaped metallic stringer, which has the role to transfer outside loads to the frames and ensure
rigidity. Figure 2 illustrates the geometry and dimensions of the structural assembly and its parts.

The multilayered honeycomb composite material is made up of five layers of materials, totaling 15
mm in height. The layers consist of two double-layered composite sheets made of woven fiber glass
(2.17 mm each), forming the outer faces of the composite part; and two Nomex honeycomb paper cores
(6 mm each) impregnated with polyester resin and separated by a single layer sheet (0.65 mm) of the
same material as the outer faces. The two paper cores overlap in configuration and have a network of
slightly elongated hexagonal shapes, aligned in the crosswise direction of the stiffener.
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The composite part is fixed to the top flange of the metallic part, on each side, with four titanium
alloy bolts that have a diameter of 4 mm, placed at a distance of 16 mm from the edges. The T-shaped
stringer is made of an aluminum alloy and has a thickness of 2 mm.
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Figure 2. Assembly geometry and dimensions: (a) assembly geometry — multilayered
composite model (MSC Nastran); (b) honeycomb dimensions and fastener hole positions;
(c) metallic stiffener dimensions

2.2. Material properties
To begin with, the mechanical properties for the metallic parts of the analyzed hybrid joint are
provided in Table 1.

Table 1. Mechanical properties of metallic components [13]

Part Material Elastic modulus [MPa] | Poison’s ratio
Stiffener Al 71,000 0.33
Fasteners Ti 116,500 0.31

The mechanical properties for the composite glass fiber sheets and honeycomb paper cores are
presented in Table 2 and Table 3. These material data were determined experimentally, by laboratory
testing, and reported by the first author in [14].
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Table 2. Mechanical properties of the woven glass fiber sheets [14]
Material property Characteristic Value Unit of measurement
E, 16,954 [MPa]
Elastic moduli E, 14,684 [MPa]
E, 7,122.9 [MPa]
Vey 0.129
Poisson’s ratios Vyz 0.109
Vax 0.33
Gy 5,942.3 [MPa]
Shear moduli Gyz 5,014.3 [MPa]
G 3,138.5 [MPa]

Table 3. Material data for the impregnated Nomex paper core [14]
Elastic modulus [MPa] Poisson’s ratio | Shear modulus [MPa]

16,357 0.35 6058.15

To construct the single layer model for the whole composite part, to serve in the simplified analysis,
an equivalent orthotropic material was considered for the honeycomb cores. The mathematical model
used to compute the elastic properties of the cores [12,15,16] is presented below, and the explicit
geometric data of the honeycomb cores, used in the mathematical expressions, are indicated in Figure 3
— where t represents the cell’s thickness, [ the length of the inclined cell walls, h the length of the cell’s
side walls, and @ the angle of the inclined cell wall.

Figure 3. Honeycomb cell geometric data — adapted from [12]

1. Transverse elastic modulus for the cell wall:

E
G= 2-(1+v) (1)

where:
E — material’s longitudinal elastic modulus;
v — Poisson’s ratio.

2. Modulus of elasticity of orthotropic honeycomb core on X; direction:
ty? cos(8)

i=r- ()
[ (h

7T siﬂ(ﬂ']) - sin?(8)

)

3. Modulus of elasticity of orthotropic honeycomb core on X, direction:

Mater. Plast., 60 (4), 2023, 61-78 64 https://doi.org/10.37358/MP.23.4.5687


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

K

h .
. (f)ﬁ . (T + 51?1(6']:]

E)=E-[-
. i cos3(8) ©)
4. In-plane Poisson’s ratio:
) a cos*(0)
Upp = (vyy) 7t = o ‘
(T + sm(e)) . sin(8) @

5. Transverse shear modulus on X;-X, plane:

o (E)s — (% + s:‘n(ﬁ'])
l (}—5) (a +%) - cos(6) ()

6. Elastic modulus in out-of-plane direction:

(7+1)

. cos(8) - (% + Sin(ﬂ'])

(6)
7. Out-of-plane Poisson’s ratios:
Upz = V3 = U @)
8. Transverse shear modulus on X;-X5 plane:
Gla=G- G) . cos (8)
(7 +sin*®) ®)
9. Transverse shear modulus on X,-X; plane:
G =G - G) . h% + sin(6)
(T + 1) -cos () )
6 < G- G) . %-I— sin*(6)
(T +sin (8)) - cos (8) (10)
Gia = G + =72 (G5 — 6l
I (12)

Considering that the honeycomb’s cell 6 angle is 20°, the following results were calculated and
introduced in the simplified finite element model for the equivalent orthotropic material. These elastic
properties are presented in Table 4.

Mater. Plast., 60 (4), 2023, 61-78 65 https://doi.org/10.37358/MP.23.4.5687


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

K

Table 4. Equivalent orthotropic material data for the honeycomb cores
E} E, v, V31 12 E5 v33=V]3 13 Gis
[MPa] | [MPa] [MPa] [MPa] [MPa] [MPa]
7.86 105 | 274 | 036 | 223 | 1133.32 0.35 231.66 | 201.37

The lay-up of the single layer composite model is presented in Figure 4. The stacking direction is
vertical.

Pl lay-up: Compozit fagure
Tatal number of plies: &
Taotal thickness: 14.99
Fly td aterial Thickness Orientation
T1 Degress
| 1 Cormpozit 117 0.0
[— 2 Fagure_ortotrop g.0 0.0
[ ] 3 Compozit 0.65 0.0
— 4 Fagure_ortotrop g.0 0.0
| 5 Compozit 117 0.0

Figure 4. Single layered composite lay-up

2.3. Finite element models

Two finite element models were created, one for each of the two composite material configurations.
The first model is a complex multilayered spatial representation of the composite material while the
second one is a plane, single layer equivalent model of the composite material. For the finite element
analyses, the MSC Nastran solver was used [17].

In both finite element models, the structure has three components: the metallic part, with the element
size of 1.4 mm, the composite part with a 0.4 mm element size, and the fastener joints between them
that are modeled with beam elements (CBAR). The multilayered composite material model contains a
total number of 828,641 elements and 797,210 nodes, while the single layer model, with only one row
of shell elements, contains a total number of 226,050 elements and 227,597 nodes, on which all five
layers are defined. All 2D element types are first order plate elements (CTRIA3 and CQUADA4). The
two finite element models are presented in Figure 5.

53

(a) Multilayered FE model (b) Single layered FE model

Figure 5. Finite element models for: (a) multilayered composite structure;
(b) single layer composite structure

Mater. Plast., 60 (4), 2023, 61-78 66 https://doi.org/10.37358/MP.23.4.5687


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro s
https://doi.org/10.37358/Mat.Plast.1964

The connection between the main components is assured using RBE3 type rigid elements around the
holes, linked with CBAR elements on the middle nodes, in order to constraint and distribute forces
around the connected nodes, for the simulated metallic fasteners.

For the material orientation of the composite layers, the global longitudinal X axis direction is
considered. The element normal direction for the composite layers is the positive direction of the global
vertical Y axis. This is important to specify, because this direction defines the stacking order of the
composite layers and, later, the load application direction.

2.4. Boundary and loading conditions

For the boundary conditions, two single point constraints (SPCs) were defined on the metallic
stiffener: one support with all translational degrees of freedom blocked (components 1,2,3), on the edges
of the metallic part, so as not to introduce reaction moments, and a second support with all degrees of
freedom blocked (components 1,2,3,4,5,6) on the lower four holes of the metallic part. Figure 6 shows
the constraints used in the finite element analyses.

) 5552 | @ spc_izase 10
8 B sPC_12s 2@

Figure 6. Boundary conditions set for the finite element models

Loading was introduced by applying pressure, using the PLOAD2 Nastran card, simulating a 2000
N distributed load over the top composite material area. The resulting compressive pressure value is
equal to -0.124 MPa. The minus sign indicates that the loading direction is in the opposite direction of
the global vertical Y axis. This pressure load was applied on the upper sheet of the multilayered
composite model or on top face of the single layer composite model. The loading scheme presented in
Figure 7, subjects the entire structural assembly to bending.

Figure 7. Pressure load application on finite element model and loading direction

2.5. Results evaluation methods

To evaluate and compare the results from the two finite element models, the following evaluation
methods are used for each of the structural components.

For the woven glass fiber composite sheets (layers 1, 3 and 5), the minimum principal strain,
corresponding to the maximum achieved value for the compressive stress is presented. This value can
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be regarded as a measure of the woven composite layers’ loading level, in correspondence with the
maximum strain failure criterium for laminated composite materials [18-20].

For the honeycomb paper cores (layers 2 and 4), the maximum displacements are shown. This
parameter’s value represents a reasonable measure to evaluate the loading state of the honeycomb cores.
Thus, if the displacement is relatively small in comparison to the core’s height, it can be considered that
the core is not loaded with a force that would justify other evaluation criteria for it. Studies have shown
that failure can occur for a 5-10% value of the compressive strain and for similar percentages in relative
vertical displacement for cores [21, 22].

In the case of the metallic parts from the hybrid joint, it is possible to do not just a static, but also a
fatigue behavior evaluation, given the material properties. The fatigue behavior is useful to be considered
if the nature of the loading is non-stationary and the service life of the components are evaluated.

For the fasteners, a static evaluation was performed using the resulting forces on tension and shear
components, by comparing these values with the static allowable computed values. For the fatigue
behavior, a symmetrical alternating load cycle was considered, and the maximum stress amplitude was
calculated. The maximum numbers of load cycles were estimated using the Wohler curve of the material
considered for the fasteners.

In the case of the metallic stiffener, the static evaluation consisted in comparing the maximum
predicted von Mises stress to the indicated yield strength of the material. For the fatigue behavior
investigation, a pulsating load cycle was considered as being more dangerous for the structural assembly,
and the maximum principal stress was computed. From it, the stress amplitude was calculated, thereby
allowing, by using Wohler curve, to estimate the number of cycles that the stiffener can withstand.

The mathematical models used for the evaluations of the metallic parts are presented together with
the results.

The results were calculated using MSC Patran software, on element centroid extrapolation, meaning
that the values were obtained in the element center and not averaged on nodal results. The results were
extracted from selected central areas on the composite part, avoiding stress concentrator effects caused
by holes, and poor-quality elements resulting from the proximity of hard modeling areas.

3. Results and discussions

After completing the preliminary analyses, the obtained results can be further used to assess the
hybrid structure’s load carrying capacity and to evaluate if it can withstand a given load case scenario.
The initial results are presented in a comparative manner, on both developed finite element models —
single and multilayered. The evaluations were carried out individually, for each constitutive part of the
assembly. Because in the case of the composite materials, the ultimate strain was not determined
experimentally, the following results are more characteristic of the static behavior and do not capture
the failure modes. Besides the static simulations, for the metallic parts — stiffener and fasteners, the non-
stationary fatigue load behavior is also considered in the analyses.

3.1. Composite woven sheets analysis

The composite woven sheets — top, middle, and bottom layers (layers 5, 3 and 1) were analyzed
considering the minimum strain criteria, given the fact that the composite material was subjected to a
compressive load. To avoid stress concentrator effects around the fastener holes, the strain distributions
were plotted for the central area of the composite layers [23].
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Figures 8, 9 and 10 display the minimum principal strain values for the three glass fiber sheets, on
both finite element models. The strain values are negative because the minimum principal strain was
considered for evaluation. These values correspond to the maximum compressive stress, equivalent to
the highest compression deformation. The variation of the strain presented above, on each layer, is
caused by the bending moment variation along the total thickness of the composite material, on both the
X and Z axis. In the multilayered composite structure, the woven sheets have the role to take the in-plane
stress corresponding to the X-Z plane.

3.2. Honeycomb core displacement evaluation

A similar procedure is followed for the honeycomb cores (layers 2 and 4), the difference is that the
maximum displacement on the global Y vertical axis is analyzed. In this case, the cores act as a flexural
stiffener for the composite material, loaded in compression along the Y axis. Because the maximum and
minimum strain criteria are specific for layered composites, the small deformations of the core were
evaluated. Hence, if the core deformation is small related to its height, it can be considered that no
significant compressive stress is registered, and the core can safely take the compressive load. Therefore,
this method constitutes a preliminary way to evaluate the core’s behavior, as seen in Figure 11 and Figure
12.

Single layered composite model

Patran 201 2 64-Bit 02-5ep-22 18:9404
Frirge: _JOINTHIERIDUNISTRAT SC1. Al Static Subcase. Displacsments. Translational. \* Component. [NON-LAYERED)

Core layers central displacement: -0.26 mm
Figure 11. Core layers central vertical displacement

Multilayered composite model

0288
-oast Patran 2012 84-Bit 14-Oct-22 11:56:19 . . oz
020 Fringe: SC1:. At:Static Subcase. Au g S . o 0,30
- -0.30%
0311
0.3
-0.32
-0.32¢
033
-0.33¢
-0.34¢
-0.351
-0.358
-0.38;

0,381
T

Fringe: SC1:, A1:Static Subcase,
Displacements. Translational,
¥ Component, (NON-LAYERED)

030! Displacements, Translational,
Y Component, (NON-LAYERED)

s aLtt_Fringe
Max -0.29 @Nd 796532
Min .0 37 @Nd 278158

ficfault_Fringe
Max -0.28 @Nd 25757%
Min -0.38 @Nd 285019

Top core central displacement: -0.38 mm Bottom core central displacement: -0.37mm

Figure 12. Honeycomb core layers central vertical displacement

Mater. Plast., 60 (4), 2023, 61-78 70 https://doi.org/10.37358/MP.23.4.5687


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro s
https://doi.org/10.37358/Mat.Plast.1964

The obtained central core displacements for the multilayered composite model are slightly larger
compared to the one obtained in the simplified equivalent model. Even so, the values are sufficiently
small compared to the cores’ total height of 12 mm, thereby confirming that the core can withstand the
given load.

3.3. Fastener analyses

The fasteners on the 12 holes which constitute the joint between the composite and the metal stringer
are analyzed only from the point of view of the joining elements between them. For these analyses,
conventional strength of material and machine element theory has been employed [24, 25].

3.3.1. Fastener static analysis

Considering the fasteners’ geometric data and the ultimate strength values of the employed material,
the shear and the axial capacity values were computed. For a typical titanium alloy, the ultimate strength
value can be considered o, = 880 MPa [13]. The ultimate shear strength is, therefore: 7, = 0.6ty = 528
MPa. Considering that the diameter D of the connectors is 4 mm, the admissible axial and shear force
capacities were calculated (F,, and ;). Usually, for commercial fasteners, this information is provided
by manufacturers, according to the standards used in production.

DZ
F,, =0, m-—= 11058 N
4 (12)

2

D
F., = -06-mT-—=6635N
su = Gu T (13)

Figure 13 and Figure 14 show the maximum axial and shear forces that occur in the hybrid joint’s
fasteners, calculated for both FE models, under the applied load case scenario.
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Figure 13. Estimated axial forces in the fasteners
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For both models, the maximum predicted shear and axial forces are below the considered allowable

values.

3.3.2. Fastener fatigue evaluation

Since the external loads can be caused by non-stationary phenomena, a fatigue analysis is
recommended to be carried out. For a preliminary evaluation of the fasteners’ lifespan expectancy, the
fatigue loading can be considered equivalent to a static loading repeated several times, equivalent with

the number of cycles that the part is in use.

To perform the fatigue analysis, a Wohler curve is considered for the titanium alloy [13], as shown

in Figure 15.
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The mathematical model used for the computation of the fatigue analysis has been presented in [26-
30]. The fatigue curve equation has been solved for two points on the Wohler curve:
1/b
aﬂ:a;'(z'ﬂf) (14)
where:
o, — stress amplitude;
o7 — stress curve constant;

Ny —number of cycles to failure;
b — Wohler curve constant.

Considering two points on the Wohler curve, illustrated by the red and green lines in Figure 15, for
a stress amplitude and an allowable number of cycles (10* and 10°), it is possible to compute
of = 2218 MPa and b = —0.118, and thus the Wohler curve equation can be constructed.

To carry out the fatigue evaluation, the maximum von Misses stress was considered. The stress
amplitude in the fatigue load cycle was considered as half of the respective von Misses stress. The last
was calculated using the following relation:

— .f 2
JPM—\.CFZ_FHJ'T (15)
where:
o — axial stress;
T — tangential stress;
F, — axial force;
F,;, — shear force.
Table 5 shows the results obtained from the fastener fatigue analysis.
Table 5. Fastener fatigue analysis results
Composite Fgp Area Oym .
model F; [N] IN] D [mm] [mm?] o [MPa] | T [MPa] [MPa] o, [MPa] o, [ksi]
Multilayer 474 298 4.0 126 37.7 237 60.6 303 4.4
Single layer 508 291 4.0 126 40.4 232 61.5 30.7 45

The stress amplitude is below the infinite stress amplitude in the Wohler curve, thereby it can be said
that for the given load case, the fasteners have a theoretically infinite life. Comparing the results in terms
of stresses or forces, the observed differences are relatively small. This suggests that the composite part
modeling technique and the introduced load on the composite model have a limited influence on the
forces or stresses maximum values.

3.4. Stiffener analyses
3.4.1. Stiffener static analysis

To evaluate the stress levels on the metallic stiffener, a yield strength of 520 MPa [13] was considered
for the aluminum alloy. The resulting von Misses stress is compared with the maximum value for both
models. The stress results are shown in Figure 16.
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Figure 16. Maximum von Misses stress values for the two FE models

Even considering the stress concentrator areas around the fastener holes, the effective stress values
are below the yield strength of the material. The von Mises stress on both models has an almost identical
value, leading to the conclusion that the stresses registered on the stiffener have no dependency on the
model type, single or multiple layer composite structure.

3.4.2. Stiffener fatigue evaluation

To evaluate the fatigue behavior of the stiffener, a similar mathematical model was used for the
fasteners, with the difference that in this case, the maximum and minimum principal stress were taken
into consideration. By eliminating the stress concentrator areas around the holes and plotting the
maximum and minimum principal stresses, the following results displayed in Figure 17 and Figure 18
were obtained.
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Figure 17. Maximum principal stress on metallic stiffener
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Figure 18. Minimum principal stress on metallic stiffener

From the comparison of the maximum and minimum stress plots of the two models it can be observed
that both stresses appear in the same area and have close values, indicating the same conclusion as of

the static evaluation case.

To advance this analysis, an aluminum alloy fatigue curve was chosen, illustrated in Figure 19.
As a less conservative hypothesis, the upper fatigue curve was chosen for the allowable lifespan

evaluation.

Two points were chosen to compute the 2 terms for the stress amplitude-lifespan. These points were
marked on the figure as P; (70 ksi/482 MPa, 11,000 cycles) and P, (27 ksi/186.16 MPa, 10" cycles). The
computed values for the fatigue curve equation are b = —0.137 and o7 = 1934 MPa.
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Figure 19. Wohler curve for Al 7050 [13]

The stress amplitude o, and the mean stress a,,, were computed using the formulas:

Mater. Plast., 60 (4), 2023, 61-78

75

https://doi.org/10.37358/MP.23.4.5687


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A
https://doi.org/10.37358/Mat.Plast.1964

Tmax — Tmin
Oy =———————
2 (16)
Trmax + Omin
Ty =
2 17)

where:
Omax — Maximum principal stress;
Omin — Minimum principal stress.
To correct the values for non-zero mean stress, the Gerber correction has been used:

Tac =

% (18)
where:

o4c — Gerber correction stress amplitude.

A mean stress correction is used to change a general stress cycle to a corresponding stress cycle with
zero mean stress. Using the Gerber corrected amplitude [13], the allowable numbers of cycles for which
the stiffener can be used is calculated using the computed Wohler curve equation.

After completing the computations for the single layered composite model, the maximum Gerber
corrected stress amplitude is 100 MPa, corresponding with a very high allowable number of cycles in
use. For the multilayered composite model, the corrected stress amplitude is 85.6 MPa. To consider the
stress concentrator effects, the 100 MPa value is multiplied with 3, and this stress amplitude of 300 MPa
offers an allowable life expectancy of 349,000 cycles. For the single layered model, a specially written
program for comparative evaluation was made in VBA. The results were similar, considering the stress
concentrator, and the allowable number of cycles obtained was 304,000 cycles.

These prediction values are for a predesign concept. For a final detailed analysis, all failure criteria
should be considered, but for such high values and for the given load case scenario, on a preliminary
evaluation, the intended structure can withstand the given load case.

4. Conclusions

The current study presented a pre-design procedure aimed to evaluate the load-carrying behavior and
capacity of a hybrid metal-composite joint assembly used in aircraft structures. Two numerical models
were created for this purpose and compared, one that replicates the intricate spatial geometry of a
honeycomb composite part and another one, equivalent to the first, that leads to a significant reduction
in the complexity of the initial finite element model. This reduction had the overall effect of decreasing
the number of degrees of freedom and halving the necessary time for analysis completion.

A static analysis performed on the hybrid joint models subjected to compression revealed close
values for the two FE models, in terms of minimum axial strains registered in the woven glass fiber
layers. The difference was more evident for the sheet placed directly under the concentrated compressive
load. For the honeycomb cores, estimated maximum central displacements showed an increased value
for the multilayered model compared to the single layer model, due to the more advanced internal
structure of the former.

The metallic parts in the joint were evaluated both statically and under fatigue, for both numerical
models. Thus, the results computed for the simplified, single layered model were similar in value to the
ones obtained for the multilayered model. Axial and shear loads on the joint fasteners were in good
correlation and under the predicted load carrying capacity for the investigated load case scenario. The
maximum computed von Mises stress values for the metallic stiffener of the hybrid joint assembly were
also comparable for the two proposed finite element models and were below the yield strength of the
material. A fatigue evaluation of this member indicated, as well as in the case of the joint fasteners, the
expected lifespan of the part when subjected to variable loads. The life expectancy under service was
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checked, in addition, with a VBA program written for fatigue analysis, giving a close but more
conservative estimate of allowable load cycles.

Given all these points, it may be stated that the single layer model may be used successfully for
global types of analyses on hybrid joints, while the multilayered model should be used for more local
analyses which focus on the explicit behavior of the composite material.
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