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Abstract: Within the scope of the Extended Service Goal (ESG)
for the A320 family fleet fatigue tests (NEF) haween decided by
Airbus in order to support analysis/justificaticar fan extension of
the limit of validity (LoV) of the maintenance pn@gn to ensure
continuation of safe aircraft operation. Up to T80 SF have to be
performed to simulate the fatigue and damage toterdoehaviour
of the airframe. The concepts of the new fatigusstdave been
developed based on the experience and cognitioral dbrmer
aircraft tests for Airbus and in particular the A3EF tests about
20 years ago, when EF2 was accomplished by |IABBceSihe
new tests have been taken into Airbus® program emy \short
notice, the realisation of the test set-up requinadjue and very
time efficient solutions in all needs. The papeesents the test
concept for the A320 NEF2 & NEF3 and highlights som
improvements. The paper thus gives an overviewffidient and
state-of-the-art full-scale fatigue testing curhertieing practised
by IABG.
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1. HISTORY OF AIRBUS FULL-SCALE FATIGUE TESTS
BY IABG

Aircraft structural integrity must be ensured frdhe first to the last flight. The
comprehensive services provided by IABG’s aeromautixperts contribute
substantially to the safety of aircraft structur@suctural tests are indispensable for
the development and certification of aircraft, toagpantee efficient and safe
operation in service. IABG's fatigue and strengthting activities are based on the
experience which IABG has gained during more th@rydars of aircraft structures
testing. Especially the full scale fatigue testsalifmain AIRBUS types have been
carried out successfully by IABG meeting all requients of AIRBUS as
contractor.

The first full-scale fatigue test started 1973 wiltle A300. All following AIRBUS
aircraft A310, A320, A330/ 340, A340-600 [2], A38E] have been tested by IABG.
Currently, A320 is undergoing testing again in fteane of the extend service goal
(ESG) program. Thus, the A320 centre fuselage aimgjswill have been tested
twice (as EF2 and NEF2) in the course of 20 ydaws.the first time ever at test of
the A320 rear fuselage (NEF3) is currently beingrfggened by IABG
simultaneously with the NEF2 test. While these ttests are performed in
Ottobrunn near Munich, the test of the A380 is ingrat the Dresden site of IABG.
Moreover, the test for the A400M is under preparath Dresden.

A320: 1986 — 1988 | A330/ A340: 1990996
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A320 NEF2: 2007 — 2011

Figure 1: Airbus Fatigue Tests at IABG
2. BACKGROUND OF A320 ESG PROGRAM

On the strength of 20 years’ experience in monigrinore than 3,600 single-aisle
aircraft now in service, Airbus is looking to takee A320 Family further. Work

towards an extended service goal (ESG) for thelfaisinow well under way with a

development test programme, including major fulltecfatigue tests [1]. The

overall aim of the A320 Family ESG is to enhaneeniaintenance programme from
the current specification of 48,000 flight cycléZZ) and 60,000 flight hours (FH),
up to 90,000FC and 180,000FH respectively. Thieresibn will progress in two

steps referred to as ‘ESG1’ and ‘ESG2'.

ESGL1 is an initial step planned to become effedtiv2010 that will target a service
goal extension of 60,000FC and 120,000FH. This maomgne will achieve a
balanced development of structural potential antinoged maintenance activities
for the aircraft family through its analyses. Thevelopment test phase for ESGL1 is
being conducted until July 2009. It will involve @R0O0 simulated flights, each
characterised by operational data monitored andeateld to date. Subsequent
testing through to 2011 will aim to validate ESGalsmate goal of 90,000FC and



25" ICAF Symposium — Rotterdam, 27—29 May 2009

180,000FH, and will involve up to 180,000 simulafights and a total of 360,000
simulated flight hours [1].

To achieve approval for the Extended Service Gaekage, Airbus is carrying out
full-scale fatigue tests on specially manufactupedtial aircraft test sections. The
original A320 configuration will be taken into coderation, as well as the
specificities of each family type. All of the remilwill be compiled to show the
fatigue behaviour of the complete aircraft familjese tests will take into account
20 years of experience in A320 family operations.

3. TIMELINE OF THE A320 NEF2/ NEF3

The timeline requirements in the A320 ESG progrdnthe preparation phase for
the test set-up and fatigue testing phase poskdlkerge on IABG by the extremely
short lead time. After the project start in Mardb0Z with the engineering, design
and manufacturing phase the first major projectestiine was reached with the
delivery of both test specimens beginning of Jap@&08 by Beluga transportation
to Munich Airport. After the follow-on works for thfinal assembly of the test
specimens the two test set-ups were completed la@ddmmissioning phase was
started as scheduled beginning of July 2008 for NBRd September 2008 for
NEF2.

The NEF3 fatigue test was started in August 200®rider to reach the ESG1
milestone of 120,000 simulated flights in July 200%e NEF2 fatigue test was
started in November 2008 in order to reach the ESdlestone of 120,000
simulated flights in July 2009 as well. The ESG2estone of 180,000 simulated
flights shall be completed prior to July 2011 fothbbNEF2 and NEF3.

End of March 2009 NEF2 had reached 50,000SF whitlg-3Nwas progressing
already at 104,000 SF.

4. THE CONCEPT OF THE A320 NEF2 & NEF3 TEST SET-UP

4.1 Test Set Up

The test articles are installed in a test set upsisting of restraint systems, several
loading rigs, load distribution and introductionsegm (loading trees), inspection
rigs, the hydraulic and pneumatic loading systemsvell as the control and data
acquisition systems. Due to the fact that bothstemte using the same data
acquisition system, hydraulic and pneumatic potver.tests could be placed tightly
together in one test laboratory hall.
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Figure 2 — Isometric view of the A320 NEF2 and NEE& set up

The NEF2 test article is supported statically deteed by 6 hinged rods of the
restraint system blocking all 6 degrees of freeddire rods are connected at the
forward bulkhead constrained in X-, Y- & Z-direatio at the rear bulkhead
constrained in Y-direction and at each main landjegr dummy constrained in Z-
direction.

The NEF3 test article is rigidly fixed at the busldd. This was achieved by welding
the bulkhead to a steel ring, which is bolted t® filnselage end. It was necessary to
design the restraint rig considering stiffness neuents to avoid large deflection
of the 19m freely suspended tail.

A modern test and load introduction concept wastbped, which fulfils all given
requirements. In total 61 (NEF2) and 33 (NEF3) dagting servo-hydraulic jacks
are installed to the test set up to simulate aeraohyc and inertia loads of the
aircraft structure.

The loads will be applied directly either via loagitrees to seat and cargo rails,
fitting riveted to the structure, pads bonded dh®wings or they are introduced via
dummy structures.
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Scaffolds are used as inspection rigs. They progicieess to all parts of the test
article and test systems during inspection, maartea and repair works. The
advantages of using scaffolds instead of a dedigrspection rig are:
« minimal effort and costs during the planning (ot inspection levels
need to be defined)
e highly flexible rig adaption to the current requirents during the
installation phase
« fast dismantling and reinstallation to get accesgépair works at the test
article
» reuse for future projects

4.2 A Comparison between A320 EF2 and NEF2 Test

As mentioned above, IABG performed the former AR test during the late
eighties. The dimensions of the former EF2 testlarare equal to the NEF2 test
article. The past experiences of IABG were usedtfe dummy design and as
concept guideline for the NEF2 test

Therefore the design of the dummies for main lagdjear, engine-pylon, slat-track,
flap-track, aileron and the bulkheads are basedoomer EF2 design, taking into
account the actual load requirements. The manufagteosts of fuselage loading
trees could be drastically reduced by using weldieslgn instead of former casting
design.

There is a significant change in the support oftet article between the former
EF2 and today’'s NEF2 test. The EF2 test article suggported statically determined
in the test rig at both bulkheads and after test dbwn additionally supported in Z-
direction at the main landing gear by a separasalifg system thus avoiding
undesired specimen stresses. At the NEF2 the Zestipgds were moved from the
rear bulkhead to the main landing gear dummieghis way, no further support
system was required.

The wing box loading was adjusted from five jacksE&2 test to seven jacks at
NEF2 test per wing. Two additional jacks are lodas the inner wing area to
achieve a better torsion moment simulation. Themowing loading has been shifted
from the top wing skin at EF2 test to the lower gvgkin at NEF2 test. This concept
reduces the moving mass to a minimum at outer wirnich is necessary to achieve
a high test speed.

At NEF2 test the volume reduction of the fuselagestyrofoam blocks was not
realised. This gives now the flexibility to perfomuick inspection in the fuselage
without necessity to remove the blocks out of theefage for getting access.

4.3 Load Pad Arrangement

The arrangement of load pads has been customizestnts of structural demands
and efficiency. The pad groups had been defineth shat they follow spars and
ribs. Therefore rectangular pad groups were not@eable. Nevertheless, the pad
group still follow a certain standard in order tave time and maintain a high
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quality. The figure below shows a pad group withogmimized load distribution
onto rib and spar.

Figure 2: Customized pad layout at the A320NEF2

The tough time schedule of the overall project énalein a narrow time gap for pad
bonding. Therefore the time consuming turning oé tving and/or exclusive
provision of the wing at Airbus for pad bonding west possible. The bonding had
to take place after final assembly of the winghe tuselage and while the assembly
of the test rig continued in parallel. In orderfudfil the task the pad bonding had to
be done from below with an adapted bonding devicddst the individual pad
layouts with a high reliability and quality.

Figure 3: Pad Bonding at the A320 NEF test specimen

4.4. CONTROL & MONITORING SYSTEM,
DATA ACQUISITION SYSTEM
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For actuator control of the tests two different ttcoh& monitoring systems (CMS)
are used. Based on the complexity the NEF2 is tgperby an IABG developed
system (70 channels) based on Logidyn componermtsN&+3 uses a SmarTEST
Elite system (40 channels). These systems alsoratotite pressure inside the
fuselage. Each control channel is equipped witHouar monitoring features to
guarantee safe test operation. For additional ysatee NEF2 CMS monitors the
reactive loads measured by 6 struts and NEF3 CMSligplacements in x- and y-
direction of the tail cone.

Compared to the first A320 test, the loading prograas much more extended for
NEF2 and NEF3:

* NEF2: 165 different flight types with about 7,80€ferent load cases

« NEF3: 270 different flight types with about 10,0diferent load cases.
An FE-model for each of the test structures wasl usegenerate appropriate and
optimized control parameters for the load casekimihe flights.

Due to the introduction of the innovative IABG-CM$h A340-600 and A380
structural tests, which allows increased test spedA320 NEF2 is performed as
well with superior speed and excellent load repotidn accuracy. For both test
facilities extremely short commissioning times abble achieved, particularly for
the optimisation procedure to reach the final $psted.

The central data acquisition system (HBM MGCplu=jves both of the NEF2 and
NEF3 tests independently. For cost-efficient us¢hef DAS-Hardware, up to 3072
strain gauges can be connected via a 3-way conmiectod to the DAS. The DAS

itself is equipped with 1024 (expandable to 134#gis gauge inputs and 70 inputs
for deflection transducers. Changing between 3 igardtions — each of it can

contain up to 1024 strain gauges— is done by pables with multi pin connectors.

Data Acquisition is managed by the state of the saftware system catman
Enterprise, designed especially for multi channeppses.

The modern nature of fatigue testing demands comemsve measurements results
tailored on the requests of analysis. Therefordedint kind of measurement
campaigns can be performed. Depending on custoeagrests all patched sensors
can be measured simultaneously and automaticdlbyfimg a list of load cases and
load steps or following a flight cycle. Here, bayipes of measurement yield a data
file containing the measured peak values of eadwd lgase. For particular
requirements, a continuous measurement of all pdtsknsors can be performed as
well. Then, the data file contains not only the kpealues of the load cases but
includes additionally the entire information durirgmp-up and ramp-down of the
load.

4.5 Pneumatics, Hydraulic
IABG is using its in-house hydraulic power supplighatotally 4,000 I/min capacity.
A consumption of 1.100 I/min will be needed wherthbtests are running. The
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dimensioning of the hydraulic pipes was performedoading to the experience of
former Airbus tests (A300 — A380 EF), due to thet that the loading program was
not available during the conception phase of thalenging time schedule.

A complete new pneumatic power system for bothstests built up within three
months. In this time period the conception, thelifgqpurchase (compressor, pipes,
etc.), the build of a new hall, the installatiordahe function tests were performed.
Now the pneumatic system fills each of the NEF2 &lF3 fuselage up to 564
mbar differential pressure in less than 10 sec.

5. TEST PERFORMANCE

5.1 Test Speed
The loading program consists of 106 loading pdiotsan average NEF2 flight and

83 loading points for an average NEF3 flights. Aftgtimisation of the complete
test set up an average test speed of 700 flightstt&lEF2 and 640 flights/day at
NEF3 could be reached. Compared to the originalestgd test speed, the achieved
test speed is at NEF2 14% and at NEF3 even 38%rfadhe NEF2 test is a factor
2.1 faster compared to the former EF2 test.

5.2 Inspection Procedure

The schematic view below shows the basic proceditiee inspection process. The
inspection process is managed by the inspectionréstnation which is responsible
for the whole inspection process and the preparatiadhe inspection job cards.
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Inspection Process
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Figure 4: Schematic view of the Inspection Process

5.3 Non Destructive Testing
The aircraft structure of the A320 NEF2 and A320HSEs intensively inspected by
IABG (up to level 3/ DIN EN 4179) in regular intex¢ with latest inspection
equipment. The task is to find damages in an estdye and to monitor damage
propagation closely.
The inspections of the A320 NEF2 and A320 NEF3 amanized in the same
manner and are divided in four intervals with diffiet inspection focus:
- A inspection / daily visual inspection combined twimonitoring of
damages or special areas by visual inspection oF tébBhniques
- B inspection / in scheduled intervals with a mixwigual inspection and
NDT inspection
- C inspection / alternating with the B-Inspectionttwan increased NDT
inspection and visual inspection effort
- D inspection / intensive visual and NDT inspectarest end
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Figure 5: Eddy current inspection on the A320 NEfi2g

The used NDT methods have been selected basedeoingbection task and the

structure requirements. The following methods &iadppractised:
General and Detailed Visual Inspection (GVI & DVI)
Ultra Sonic Testing (UT) including Phased Array rd#fonic Testing

(PAUT)
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Figure 6: Ultra sonic inspection (PAUT)
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- High and Low Frequency Eddy current Testing (HFETRET) including
usage of four frequency eddy current testing fprjtants (LFET) and bore
holes with rotating probes

- X-Ray Testing (RT)

Figure 7: Lap joint inspection with Eddymax 4U (LFE

5.4 Damage Detection and Documentation

The inspection results are documented using theGABftware DamDo¢. The
SQL server based development is tailored for fatigasting and seamlessly
connects the inspection database with the inspecteults in order to provide a
complete damage documentation solution.

The database is multi user capable and generatearfd economic documentations
and overview of inspection results in order to ghisbus an early view for in time
evaluations and conclusions.
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6. CONCLUSION
For the Extended Service Goal (ESG) program of AB20 Family, two major
airframe tests for the center fuselage with wini&R2) and the rear fuselage
(NEF3) have been erected at IABG Ottobrunn, GermaMighin 9 months, the
entire engineering, design and a considerable gfamechanical test set-up build
was completed in order to integrate the two testichires in time. Further
integration, instrumentation and commissioning dobe completed in a second
compact time frame. Since July 2008 (NEF3) and Swper 2008 (NEF2),
respectively, both tests are progressing at arast Test completion is planned for
2011. The extraordinarily successful achievemendesfsely packed milestones up
to the current date was enabled by an efficient ofiyproven technologies and
procedures and newly established advancements.
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