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Article history: This paper presents a Structural Health Monitoring (SHM) approach by addressing the
Received 8 October 2016 modeling based on Cessna 310 wing bracket to collect its baseline data. SHM is a novel

Received in revised form 15 November 2016 technology application in most engineering field including aircraft and aerospace field

Accepted 18 November 2016 for defect detection including crack and other damage area. The main purpose of this

Available online 6 December 2016 project is to assess their structural integrity due to designated loading and boundary
conditions using ABAQUS modeling technique application. These parts were selected
as its structures are specifically complex and considered as ageing aircraft parts. The
work can be also regarded as platform for CAD model database for ageing aircraft parts
investigation upon their structural analyses and design preference. The works begins
with a precise measurement using basic gauges and transfer to a 3-D solid modeling
using CATIA V6. The optimization technique introduces in this work will be of a novel
approach since the CATIA will be combined with the Matlab programming software
and Finite Element Analysis (FEA) model in order to predict the damage location with
respect to the prescribing boundaries and loadings conditions. The present works
shows the application of the FEA of Abaqus / CAE software programming to build its
graphical user interface (GUI) and Matlab software used to control its algorithms for
its structural analysis in relation to the components.
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1. Introduction

Modeling approach is nowadays can be considered crucial for designing engineering structures,
especially for complex structural parts and ageing such as aerospace related components. This
technique also being implemented on ageing aircraft for SHM structural design phase and it is very
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much concerned with the context of loading and boundary conditions, critical fail areas and the
damage monitoring aspects. This modeling result give the initial collection of data in which it serves
as a basis for comparison with subsequently acquired data. It is obvious that, many engineering
structures loading conditions have significantly changed throughout operational life. It is even worse
when these older components (25 years old or more) do not have detail structural design records
that can be utilized by engineers today in order to assess the current structural status using advanced
modeling technique. Prior to this phenomenon, the actual critical parts that susceptible to failures
cannot be made and predicted using FEA technique. Thus, the need to dismantling the overall
structural systems is highly recommended in ensuring the safety and reliability of these older
structures. This laborious process require manpower related and demand sophisticated equipment
will result in high costing, time consuming and delaying aircraft flying schedule.

The numbers of ageing aircraft are steadily increased in the world today as documented in the
National Transportation Safety Board (NTSB) report. It is statically reported that there was an
approximately 1.3% increment of civil aircraft ages more than 15 years in the two years’ time from
1997 to0 1999, and nearly 2130 units ranged between 20-25 years old [1]. Additionally, it is well known
that, the adoption of new materials, parts and technologies into aerospace structures is very
conservative and heavily dependent upon past design technologies. Therefore, by taking advantages
of these stringent regulations parts of the investigated structures involved in this research work are
most likely being utilized by the existing modern aircrafts. This work can also be regarded a platform
for a CAD model database for older aircraft parts that can be utilized by other interested design based
parties and structural analysis system.

There is a significant reported by other researcher that are related towards the parameters
setting for baseline data. A benchmark study, where some group of people participates by applying
some number of monitoring technigues with common action to attain the best result parameters on
the same structure thus help forward for a comparison of commonly used techniques [2]. The 15th
International Modal Analysis Conference (IMAC XV) known as the earliest attempt conducted and it
is successfully identifying the location and severity of damage in all cases of the benchmark problem.
[3]. Later on, the International Association for Structural Control (IASC) formed SHM task group under
the auspices of the American Society of Civil Engineering (ASCE) [4], aiming at studying various SHM
methods. This research work has been continuing under the sponsorship of International Association
of Structural Control (IASC) and Dynamics Committee of ASCE. As a result, a series of benchmark for
SHM problems starting from the simplest method to realistic approach has been developed by IASC
SHM Task Group [5]. The main point here is the modeling techniques also can be as baseline data
collections in SHM to minimize the related cost thus maintain the highest reliability and integrity
level.

Meanwhile, the very first FEA computer based program was called NASTRAN and it was originally
developed for NASA in the late 1960s under United States government funding for the Aerospace
industry [6]. The MacNeal-Schwendler Corporation (MSC) was one of the principal and original
developers of the public domain NASTRAN code [7]. NASTRAN source code is integrated in a number
of different software packages, which are distributed by arrangement of companies [8]. NASA
wanted some development proposals for upgrading the program and made an official proposal in
1965. After the technological advancements many new programs emerged started from this
evolution and innovation made by other researchers. Abaqus is one of the FEA software suites for
finite element analysis and computer-aided engineering, originally released in 1978 [9]. The name
and logo of this software are based on the Abaqus calculation tool [10].
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2. Research methodology

In the initial stage of this research work a wing aircraft bracket of Cessna 310 was selected and
modeled in order to achieve the first phase of the research objectives. The modeling phase will be
focusing in identifying the area that is susceptible to damage due to the prescribing boundaries and
loadings condition. Few case studies will be conducted here and the optimization technique
introduces in this work will be combined with the developed FEA model in order to predict the
damage localization occurring on the selected specimens. The findings of this research will have the
significant impact not only to SHM research towards extending the lifespan on the structural design
studies in minimizing the high stress and strain areas on the investigation.

2.1 Creating and analysing a model using the ABAQUS modules: Part module

A 3-D solid modeling of the investigated specimen was made using CATIA version (Fig. 1). The
measurement was made using radius gauge, steel gauge, and vernier caliper to obtain an accurate
and precise measurement. ABAQUS/CAE is divided into eight modules where each modules has own
tools and function to define the modeling process [11]. In the future the laser scanning and ball
probing for 3D modeling purposes in order to get accurate measurement.

Property module Part model

Fig. 1. Property Module and specimen
model

2.1.1 Property module

Exotic alloy is used, since most of the metallic structure for this aircraft parts is made for this
metal family. The properties are isotropic materials and details are as follow in Table 1.

Table 1

Properties of specimen material
Properties Value
Modulus of Elasticity, E 199.94 [GNm™]
Shear Modulus of Elasticity, G 70 [GNm™]
Poisson’s Ratio, u 0.29
Weight Density 2800 [kgm3]

The model is mesh using tetra element C3D4 or three dimensional element region where Cis the
continuum stress or displacement, 3D is the three dimensional and 4 represent the number of node
for linear tetrahedron (Fig. 2). Due to the difficulties to mesh using hex element which is the default
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meshing technique, this tetra element is using because of the model can be mesh on the surface,
easy to identified parameter and make analysis easier [11 and 12]. Node and element label can be
view after the part being mesh. Node and element label is the important detail because stress
and critical point can be localized or identified after the job is submitted for analysis. Node and
element labels are part of parameter that will be used in optimization technique using MATLAB.
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Tetrahedral Mesh Element set Node point Load Boundary condition

Fig. 2. Tetrahedral Mesh, Element Set, Node Point, Load, Boundary Condition
2.1.2 Job module

Job is created in this module in order to submit for analysis, and then after job is created the
input file is writing. The used of input file will be used for identifying fitness value.

2.1.3 Visualization module

The result of the analysis can be view in this module where it shows the higher point stress upon
loading and boundary condition given.

2.1.4 Fitness value from wing

The input file is imported from temporary file folder to ABAQUS CAE in order to assign element
set and node set to the sample part. ELEMENT SET is used to apply load and NODE SET used to extract
the fitness value. Thus, this model has 10 element sets (SET 1 TO 10) and 1 node set (SET 11). Another
two study cases created for this sample model where the different load ‘sequence’ applied on each
case according to the element set. The ABAQUS COMMAND used to run the analysis by running the
input file. The result can be viewed from. ODB file and the fitness value is extract from this file. Fig. 3
and Fig. 4 show the load module on specimen model and purple arrow shows the load applies while
purple and red is the boundary condition.

The red arrow indicates the set and 10 set created for this specimen. The load apply at every set
is to simulate the bolt load effect at every hole. This case study shows different result when the
sequence of load applies changed. The 1st sequence load apply is from set 1, set 2, set 3, set 4, set 5,
set 6, set 7, set 8, set 9, set 10 and the 2nd sequence load apply is from set 10, set 1, set 9, set 2, set
8, set 3, set 7, set 4, set 6, set 5 shown in Table 2.
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Set 1 Set 2 Set 3 Set 4 Set 5

Set 6 Set7 Set 8

Fig. 3. First sequence

i

Set 10 Set 1 Set 9
Set 3 Set 7 Set4 Set 6 Set 5

Fig. 4. Second sequence

3. Result analysis

The sequence load apply is done in MATLAB and ABAQUS CAE use to run the analysis and
generate DAT file, fitness value is view from DAT file. The first sequence show set 10 has maximum
displacement at node 260. The second sequence show set 5 has maximum displacement at node 260
(Table 3).
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Table 2
Comparison table
Set Maximum Fitness Value Node Maximum Fitness Value Node
1t Sequence 2" Sequence

Set 1 1.3391E-02 454 1.2318E-02 454
Set 2 2.2689E-02 456 2.0186E-02 454
Set 3 2.7633E-02 456 2.3472E-02 456
Set4 2.9599E-02 456 2.3830E-02 456
Set 5 2.8129E-02 456 5.7427E-02 260
Set 6 3.4679E-02 260 3.8461E-02 1253
Set 7 4.5448E-02 260 2.1864E-02 456
Set 8 5.2617E-02 260 1.8618E-02 454
Set 9 5.6056E-02 260 1.1022E-02 454
Set 10 5.7427E-02 260 4,5557E-03 454

The result is different when the sequence change, this indicates result optimization is needed in

order to get accurate result. The maximum fitness value and node point repetition is two data need
to be collect in every sequence. This data will determined the specimen behavior when sequence
change.

Table 3:
Node Repeating
Sequence 454 456 260 1245
1%t sequence 1 4 5 0
2" sequence 5 3 1 1

4. Conclusion

From this research, it shows that at this stage the optimization of the damage location subject to

loading and boundary conditions were done as a baseline data where it runs on several possible
sequences using MATLAB programming software. Simulation runs parallel to the developed
algorithm to predict the damage locations. Therefore, it can be conclude here this SHM modeling
approach may become a first step in developing another series of SHM methods.
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