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ABSTRACT
The software system for fatigue and damage The damage was assumed to be an impact damage from
tolerance sizing at Saab Aircraft Division is which a fatigue crack was initiated. This type of
demonstrated. The need  for fatigue and damage which might have been expected to produce

damage tolerance predictions in the design work
of a new aircraft is emphasized. Computer programs
for this purpose and for the loads spectrum
handling work are described through an example
from the Saab JAS39 Gripen aircraft, all from a

stressmans point of view. The sizing
approach including prediction and
verification of structural integrity through
testing is described.

INTRODUCTION

The sizing aims

Aircraft structure should be designed for a
low risk of fatigue crack initiation throughout
the operational 1life. However, it can not be
guaranteed that fatigue cracking will not occur in
at least some aircraft of the fleet. Aircraft
structure may also be cracked due to corrosionm,
incorrect maintenance or impact damages from
accidents, such as turbine disc desintegration or
propeller break-up.

One example of this, simple but illustrative,
emerged in the fatigue laboratory. Cupons with
edge notches were fatigue tested with a tranmsport

wing loading spectra. In one series,
which simulated a structural member of good
fatigue performance, the average time to
fatigue crack initiation was approximately
350,000 flights. Suddenly one specimen failed
after 37,000 flights i.e. approximately
one-tenth of the expected 1life. A closer

examination of the notch area of the specimen
showed that a damage was present at the most
see figure 1.

highly stressed point,

Figure 1. Specimen with impact damage.
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some compressive residual stress in the damaged
area, acted as a stress raiser and so reduced the
fatigue life.

This simple example shows that, besides an
overall high fatigue quality, the structure
must be designed also with damage tolerance

capabilities in order to avoid any catastrophic
failure due to accidental causes. A damage
tolerant structure should maintain sufficient
residual strength until any cracks or damages are
detected during scheduled inspections.

The damage
necessarily
initiation.

tolerance capability does not

imply delayed fatigue crack
Delayed initiation and slow crack
propagation. are sometimes contradictory. High
stress concentration and steep stress gradient
are usually very severe for crack imitiation but
the crack growth rate becomes slow as the
crack advances. This behaviour 1is amplified
if high compressive peak stresses are
present. 'On the other hand, a smooth member
with no stress concentration 1is usually not a
fatigue problem but if a crack or a defect
appears the growth rate is high and
accelerating. The conclusion of this 1is that
both classical fatigue and damage tolerance
sizing is required.

The sizing aim is to design the structure with a
low risk of crack initiation and with damage
tolerance capacity. This should be achieved at
a minimum weight. These two goals can not be
met independently. Accurate stressing methods
are needed in order to fulfill both these
requirements on an optimal design. The methods
and procedures must also be ratiomal and
easy-to-use since the sizing work of a new
aircraft, civil or military, is made on a short
time period. The analysis procedures ought also
to be robust so that predictions made early in
the design phase can, as an option, be reproduced
later despite of developments and modifications
of the design data.

The sizing system

The aims above are met at Saab Aircraft
Division through a fatigue sizing system based on
what we refer to as the Global Spectrum Approach
and computerized conventional fatigue and fracture
mechanic principles. A block scheme of that system
is shown in figure 2.
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Figure 2+« The sizing system

A prerequesite for all fatigue and crack growth
work is access to local load spectra or losd
sequences for any part of the structure. This
important part of the sizing work is in this
system c¢arried out by the program SPEKS. The
program requires a description of significant load
cases and thelr appearance 1in a global sequence
and numerical wvalues of the lcad c¢ases for
selected entity. This information, which is
related to & specific ailrcraft, is stored in
databases GLOBSEQ and ASKPUST respectively, When
this prework is done the stressman is able to
obtain local spectra for any wmember of the fianlite
element model for fatigue and fracture mechanic
analysis.

The sizing concept

For each sireraft project, the siging systen
congisting of SPEKS and GLOBSEQ/ASKPOST and the
programs CAFA for fatigue analysis and CAFE for
fracture mechanic -analysis 1s¢ also @ part of a
sizing concept which inveolves applied vegulations,
feedback from structural and flight testing and
follow-up of service experiences. This concept is
schematically shown in figure 3.

In the following chapters,; the use of the system
will be described from a stressmans point of view.
The development of the global sequence as well as
some applications will be shown.

694

Mission analysis

4
! Rsgulstions l { Qﬁg;‘ﬂ:ﬁg“‘l ?Praductmodﬂl
"D
ny
Mathods
Data
CET o S W e
Computer codes 1 Gilsts S R
Sizlng /Optimization
Fatigue | structunll
T tasting
WE>
tes!
Manufacturing
Coupon tests
mon?mﬁng Serles ‘ Tost
Service
[ servis | Peng

Figure 3. The sizing concept.
THE GLOBAL SEQUENCE

From figure Z it 1is apparent that the key to
the sizing system 18 access to iaternal loads
through the global sequence and the finite elemeént
golution. 'The global -spectrum approach implies
that the design loading of the airferaft is defined
as a sequence of instantansus load cases defined
for ‘the aieraft as a whole. The load ‘cases which
are expressed in terms of  -ordingary flight
parameters such as configuration, thrust, speed,
acceleration, .altitude etc have reference to
soived  unit load cases for the finite element
model of the complete alrframe.

Structure of the global sequence

The efficlency of SPEKS to handle and process
1load cases Is based on the hiervarchic structure of
information in the globsl sequence. Five mnain
levels plus one additional level contailning unit
load cases are avallable for definition of the
content of the global sequeénce. Bach 1tem on one
level refers to a nunber o¢f ditems on the next
lower defined level acecording to figure 4.
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Figure 4. Structure of the global sequence.
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Composition of load cages

Load cases which -are significant from a
fatigue vwviewpoint are composed from unbalanced
unit load cases (level UNITCASE). The balanced
design load cases (level CASE) are obtained as
linear combinations of the unit load cases or as
linear combinations of interim cases (level
SUBCASE) which also are combined from unit cases.
The balance is obtained through equilibriuvm of
forces and moments in all directions with regard
to boundary <conditions such as maximum roll
velocity, limitations of the control system ete.s
For the JAS39 Gripen,; the current global
sequence contains 1866 cases, each consisting of
50 to 100 wunit 1load cases. Every unique load
cagse of the sequence is slso assigned a code
number to & systematic scheme. These code numbsrs
are used for identification and are Important for
certain work tasks.

Composition of sequénces of load states

Onece ‘the load «c¢ases are -established the
mission profile defines in which ovder they shall
appear. SPEKS has three levels for sequences of
load cases. The lowest one, BSUBSEQ represents
parts of 4 mission. Load case sequences for ground
conditions consisting of turns, bumps, bresaking,
towing efc manceuver and gust conditions for
different configurations of the aircraft and
landing conditions are defined here. Having this
1ibrary of subsequenices; a number of complete
misgsions can be defined as sequences of SUBSEQ s.
For the JAS39 a/c 35 differenmt MISSION"s are
defined from a total of 60 uaique SUBSE( s. At the
top level (TOTSEQ) the mix of missions .are
defined. It 1is not necessary to define a unique
global sequence for the whole life time. TOTSEQ is
often a repetative sequence representing
approximately 5 to 10 percent of the total service
period. For JAS39 a total sequence of 313 missions
are defined.

Once it has been defined; the global sequence is
deterministic. This means that stochastic courses
of events such as gusts and missions mix etc¢ are
always the same once they are feed into the global
sequence data base. The lodding of the data base
is maintained by SPEKPR, & preprogram which
decodes a user friendly command language into a
fast access format for SPEKS.

THE LOCAL SPECTRUM

The sizing system is ready when the global
sequence and the finite element solution data
bgses are Cresgted. Local sequences and spectra for
gny caleulated guantity for any location of the
finite element wmodel can now be momentarily
c¢reated by the stressman through the use of
SPEKS.

Example for demonstiration

The features of SPEKS will be demonstrated for
a JAS39 application. Figure 5 shows the ASKA
finite element model of the aircraft and a
substructure of a half wing attachment frame.
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Figure 5. The finite element models

The structural member to be snalysed is the lower
flange of a frame close to one of the wing
attachments (note the marked position in fig. 5).
The flange is modelled by flange elements and
the quantity to be extracted iz the axial force.

Definition of a quantity

SPEKS 48 executed through a high level command
language. Below are the commands given for
allocation of databases and selection of the above
defined quantity.

SET GLOBAL SEQUENCE ID = 39SEK43

SET ASKPOST = 320NPOST

SET NET = 320 EGID = 9200 ELEMENT = 25
QUANTITY FLAFORC = QUANTITY (NODE = 555,K1)

This 1is an exanmple of the wmost elementary way Lo
define a quantity when it c¢an be extracted
directly from the finite element model. For more
complex situations, SPEKS has features to
facilitate a number of operations on finite
element results. ILoads, stresses, dilsplacements
ete can be arbitrarily factorized and superimposed
and principal stregses and effective stresses can
be derived.

Loecal spectra and sequences

Coming so far the local sequence of the
flange force.is defined and can be printed on a
direct access file for cycle~by-cycle crack growth
analyses or testing. For such purposes it is
sometimes advisable to omit certain small cycles
which from a fatigue viewpoint ‘have no practical
meaning. SPEKS contaids interactive facilities to
remove insignificant states. By defining omission
conditions contiected to the earlier defined
sequerices the Treduction of the sequences Is
immediately displayed. For the example above,



the original sequence consists of 5,843,925
states. By omitting cycles with ranges smaller
than 20 kN (approximately 107 of the maximus
range} the total sequence is reduced by approx
96 %4 to 236,685 states. The omission techulque
adopted 1o SPEKS works also when more than one
load sequencies considered through a lowest common
dencminator scheme.

Belected parts of the total sequence can be
plotted iun g wvariety of forms and on different
devices.In figure 6 a plot of the beginning of the
unreduced sequence is shown on a screen formatb.
The sequence shown In figure 7 has ‘the. above
defined omission condition applied. The
triangular marks shows where each mission ends.
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Figure 6. Part of the unveduced local flange forcse
sequence.

Figure 7. Part of the reduced local flange force

sequence

Another plot form which marks out the states that
can be removed due to a proposed omission
condition 1s also availlable and shown for a3
flight manoveuvre part in figure 8.
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Flgure 8. Bar chart showing states that will
be omitted according to a proposed

omission conditien.

For wvery long irregular sequences like this the
rain~flow counting algorithm that in & relevant
way combines load states into cycles is available.
The counting is performed on the subseg~level with
intermediate states treated  .afterwards. ‘This
procedure has proven to be very CPU time efficient
86 that almost dimmediate vresponse ‘has been
achieved. The RFC-matrix of assoclated pesks and
troughs can be printed on sequential files as
input to fatigue and crack growth calculations. By
connecting an omlssion vector, generated by the
above described omigsion procedure, to the
RFC-counting, reduced spectra can be crested.

Spectra c¢an be plotted in two forms, either the
distribution of ranges -or the distributions of
peaks and troughs. In figure 9, the distributions
of ranpes are shown for both the original spectrum
and the reduced spectrum.
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Figute 9. The distributions of ranges for the
original and the reduced spectrum.



The SPEKS software has features to facilitate
identification of load cases« This can be done by
retaining load case identification numbers all the
way through the vrain flow count operations,
omission procedures etc. This technique has proven
to be most important when planning for structural
testing. For JAS39 every unigque load case of the
global sequence has béen assigned a 9 digits code
number according to a ¢ystematic scheme. Below 1is
shown a part of & list from a RFC-matrix with load
case ddentification conditions added.

SPEKS  verdion F.1.1
RECDUMP  FLAFORC
GLOBAL SEQUENCE 1D

DATE 500408 3%
DATE SUO408:35
395EK43

*  Rows Hin ¥ax Service Total sumber
* N Trough Peak Pering of tyoies
. 872 “330867. 9192895406 3000 2739745
* Cyciss Range Trough Paak In=trough I0-peak
15 0.22556E+06 ~33087. 0132405506 FIBI0000Y 1HT002030
B0, O.R201IER08 <378yY. o. 192§§§*§ TOC00000.  IRTO02030
B0 Q:21967ER0E  ~2TA7E. O 1BZAIE+ SIBOL000T IOTOOR030
45 O 2I084ER06 -27617. ©.183038+408 ISO00000  IBTINNNEG
i85 0.2ZI02IEN0E ~2778. . TBI03ES0E JROD00SY 187102030
3% Q 208E3E+0E =27Y79. $.182858908 3 BIOO03T
30 LSOBOOESQE  -2B3SI, L. 182855408 3BTO000 I FOR0TT
75 G 20ETIEHCE. <27173. O 174835406 33800000 1RECO000T
120 OUIBBM3ER0OE  +ZY179. 0. 18195E+08 38000001 3I0BOR0AT
195 O.I87S4E406 ~27817. C.IBBEZES0E 10000006 185102040

The systematics of the code give the stréssman
direct dindiecation of the origins of the 1load
cases. When this 18 aot enough, SPEKS ‘has
facilities to track a load case ‘through its
hierarchic structure, back to basic unit load
cases and flight meéchanic parameters.

THE FATIGUE ANALYSIS

The program CAFA

The program CAFA (Computer Alided TFatigue
Analysis) has been used at Saab for fatigue sizing
for more than twenty years in several wversions.
See reference (1)« The latest version 1s a command
driven program with access to materials data from
commercial databases and compatible to the loads
handling program SPEKS. See figure 10
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Figure 10. The program CAFA

Materials data

The fatigue strength .data are formatted as
Haigh diagrams. TFour «<lasses of diagrams ave
available.

#Stress concentrations

*Lugs

sJoints

oVarious structural elements e.g. threads

The first type is used for stress concentrations
in general we.g. groves,; mnotches, open holes,
cut-outs, For each .combination of material,
condition etc & set of 3 or 4 haigh diagrams for
the stress concentration factors 1, 1.5, 2.5 and &
are useds Procedures to interpolate and
extrapolate between stress concentration Ffactors
are - available. Lugs data are related to a
reference lug and <converted to represent the
current lug through mapping formulas i.e. “the
Saab method”. A silmilar procedure for riveted and
bolted Joints is also available:. The ddea to
compare lugs with lugs and joints with joints is
that fretting effects which are difficult to
quantify are accounted for directly in the data.

Ad justment correction and scatter factors

Reduction is made ‘to account for scatter
between different populations of the same kind.
This "normal correction” to a lower quartile value
is wusually included in the basic curves of - the
database. Additionally; adjustments are often made
in order to account for varicus deviating
conditions In the applied cases, e.g. size effect,
surface roughness, surface treatments etes &
database of adjustment factors for simple cdses as
well -as combined ¢cases are available. The
adjustment factor; less or greater than unit, are
defined din the ‘high «<¢ycle regime. Smooth
adjustument of the factor to unit value in the low
cycle regime 1is made. The fatigue strength curves
uged for sizing are alsce reduced to account for
scatter within the population: A factor on life in
the low cycle regime and a factor on stress in the
high cycle regime are used. The numerical wvalues
of the scatter factors depends on type of element,
material, -environment etc and their use will
result in 4 low probability of failure.

Cumulative cdleulation

The cumulative fatigue caleulation method is
of some "Relative Miner™ type.

(/M =c<Dp; T=2
i T (a/N)y

This approach meéans that the allowable damage sum
D is not "always equal to one. Numerieal values of
D depends on both type of structural element and
the loading spectrum .and are obtained from
spectrum testing.



Executing CAFA

The execution of CAFA is shown through the
example outlined before. The local geometry of the
lower flange is shown in figure 1l.

vz
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Figure 11 Local geometry of the lower flange

The sgtress concentration facter at the mnotch ds
estimated to 2. The max spectrum peak load is
192490 N giving a net section stress of 148 Mpa.
The material is forged aluminius AA 7010-T73651
{Saab designation 3644-74). An adjustment factor
{P81) equal to U.80 is used to account for the
current surface condition (hole <teamed after
snodization 'and size correction) and scatter
factors 3 and 1.3 are used to reduce the fatigue
strength curves to meet a specified faillure risk.
This information and the RFC-spectra from SPEKS
are fed into CAFA through the following batch of
commandsg s

SPECTRUM. FLAFORG '= FLSPE.RFC
HAIGH 3644~74<FORG-L

PSI 0.80

STRESS 148

SRED 3 1.3

ALFA 2

CAFA present input data used and results on Iist
file and plotted diagrams. If extrapolations of
the haigh diagramg have been made during the
damage summation, the amount of damage from the
extrapolated cases will be listed as percent of
the total cumulative damage. Below is a part of
the list for the sezample given in which severe
load cases can be ddentified through their case-id
numbers.

HATGHDIAGRAM= 3644 74 WFORG_L (WMPA)
SPECTRUM = FLAFORC (Period: 3000 (hours) )
Load : 0. 192488406
ADD = 0.00
ALF2 = 2,00
ADJUSTMENT PSI = 0.800
REDUCTION fre 300 fs= 1,30
STRESS = 148.00
row - n 516 min  SIC max n/N cum{n/N}
1 15 -25.424 27.665 . 0..000000
2 15 -25.424 14B.000 0.000663 0.000663
3 510 ~21.885 31.208 0..000000 0.000683
4 1200 ~21.885% 52.439 0..000000 0.000663
5 890  -21.885 63.057 0.000004 0..000666
Ao e o e o e e o e o O E
*Ex L ist Cut of f kex
HEERHREERREERRR AR
189 720 87.828 101.991 0.000000 0046338
190 1050 B87.828 105.528 0000000 0.046338
191 1850 91.373  101.991 0..000000 0.046338
192 75 101.991 108.064 0..000000 0.046338
188 B30 101.891 123.227 0..,000000 0.046338
Cumulative Damage

0.046338

The calculated damage sum C is here 0.046338 which
ig less than the allowed sum, D = 0.7. Thug the
achieved fatigue strength 1is far on the safe
side.

It is often of great importance and ia general
advisible to study the effect on damage sum from &
change in the iaput data. Particularly is the
early phase of design, vwhen the configuration is
still flexible. For this purpose CAFA can produce
plot pictures which give the cumulative damage sum
as  function of stress lsvel and  stress
concentration factor. In figure 12 is such a plot
for our example given.

Cuauigt?}v_e ‘dsm}ags . fPet; l‘ad:i 330[6 %?c!turt

I WTTN CRITOS GO T DR RN S

Alfa= 3.5

C=0.046338

L0t

Stress= 2%
»G0L1 4 3

Figure 12+ Plot of the cumulative damage sum.
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THE DAMAGE TOLERANCE ANALYSIS

The program CAFE

In the previous section the fatigue
calculation showed that the analysed item has a
potentional for weight saving. However, besides
gtatic strength also damage tolerance capablilities
need to be fulfilled. For that purpose the program
CAFE {Computer Aided Fracture Engineering) is
available. Like CAFA this program is also command
driven through & similar langusge and has also
access to materials data from a database and is
compatible to the loads handling program SPEKS. In
addition to materials data the database contains

also nondimensional stress intensity factor
solutions. The structure of CAFE is shown in
figure 13,
o o S o S
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Figure 13+ The program CAFE

Like CAFA, this program is also supported by the
programs CAT and QTOOLS. CAFE is built-up around a
base mode from which preparation wmodes and process
modes can be ‘entered. The preparation modes are
used for construction of the fracture mechanic
model which means call for and preparation of
materials data,; stresgs lotengity factors and local
spectra of local wsequences. When this is done
appropriate fracture mechanic procedures can be
gelected. These are vesidual strength and crack
growth models. For residual strength prediction,
¢lassical models for plane strain and plane stress

conditions e.g. Klec, Ke and R-curves are
available. For crack growth predictions both
continucus integration wodels and incremental

cyele~by~cycie models like Willenborg, Wheeler and
erack clogure are available. Lug jolnts with the
load dirvection varying from load 'case to load case
¢an also be analysed through a special process.

Preparation of input data

Load geometry functions i.e+ non~dimensional
stress intensity factors can be constructed in
several ways e.g. from

s¥ormulas euntered directly dnd treatad by the
coomand interpretor

sPoint curves from externsl files

sPoint surfaces from external files

#Database call

sWeight function technique

sirithmetric operations on functions

Three dimensional c¢rack problems are treated in a
special way which medns that all iaformation about
the stress intensity along the whole crack froat
is considered. The local virtual growth of the
curved crack front is calculated by use of a Paris
type of power law. The error 1is then minimized
when constraining the c¢rack front to remain
elliptic. All this 1is doue when the call to the
database for the selected erack case is made and a
crack shape «curve and a shape dependent
nondimensional stress intensity factor curve is
created simultaneously. This load geometry curve
can be used for further compounding with other
CUEVES .

Fo¥ the current problem of an assumed corner crack
at the edge of a hole growing towards a thickness
step, the following calls to the database 1s made
in the GECOMETRY mode.

GLIB 3DIM 330 (A,1.27,295,9.25,4,2,Y1)
GLIB SHEET 410 (4,4,19,10,60,Y2)
GLIB SHEET 141 (4,70,¥3) ”

The final solution of the load geometry function ¥
i obtained through the following arithmetric
command {similarity relation)

Y=Y1%v2/¥3

The material data i.e. crack growth rate (da/dN)
aitd Fracturs toughness (KIe) are defined in the
MATERIAL wmode. Numerical values 1to - several
formulas such as PARIS, WALKER, FORMAN etc can be
set or data can be assigned from the dJatabase
usifig 4 materials code similar to the one used in
CAFA for fatigue strength data.

Executing CAFE processes

Having the dinput data prepared in the GEOMETRY,
MATERIAL and SPECTRUM modes, any process mode can
be selected. In our example, the simple continuous
integration model is selected for the crack growth
prediction. The crack growth time is ecaleulated
according to the following formulas.

To » da 4

_ ¢ da
4T = sT7dazamy « a] T= af ETVE)
i i i

mean
x

Entering commands to scale ‘the spectrum and to
give additional input data, the selected process
can be executed. The result is given on list files
and ecan be graphically displayed. A part of the
listed resulis is given below
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GEOMETRY: ¥

MATERIAL: 3B44. 74 DFG LT HHA;DADN

148,00

SPECTRUM: §3 Max pezk level =
Cycies Troughs Peaks
18 ~25.42 27.68
15 ~25.42 14800
530 ~21.B% 31.20
120 =21.88 52.44
98¢ -21.8% £3.06
&% SOECYRUM LISY CUT OFF %«
T20 87.83 10798
1050 §7.83 10553
180 8Y.37 101.88
I5 10Y.88 108.08
€30 01,88 123.23
CRACK GECNETRY PEAX STRESS CRACK 'GROWTH LIFE
LERGTH FACTOR INTERSITY {Hours)
1.2 1.3208 357. 1]
Y37 1118 380, 1422
2.27 1.037 A30. BT
2:78 0.978 Ly e 3544
3.28 0.857 454, 4388
3.78 1:045 533 #4877
*.28 1..146 622 5!
4,79 1,085 822, 5489
5.2¢ 1.023 817, 5728
5.78 0.8715 616, 5871
629 0.858 £30. 8204
6.79 0.838 8§41,
7.30 C.814 648 8630
7.80 0,886 649, 6835
B.30 0853 BAG. 7040
8,80 0.811 831, 7254
8.31 0. 758 504, 7493
8.8 D535 438 7884
10.31 0424 357. 9680
10.81 0.503 434 10805
11.31 0.583 514 11544
1182 0.836 573 11823
12.32 0875 522 12182
12.82 ©.708 865 12402
13,32 U738 707 12574

This prediction shows that the analysed section is
damage tolerant according to the slow crack growth
principle and need not to be 1nspected since the
stable -crack growth time d4s greater than two
gervice lives dl.e« 2 4000 hours.

TEST VERIFICATION

The fatigue and damage tolerance andlyses
¢reate the  necessary conditions  for  high
structural integrity. This integrity need also to
be demonstrated in testing according to the sizing
approach shown in figure 3. For ‘this purpose the
loads handling program SPEKS takes a principal
part. SPEKS contain a large number of facilities
which are necessary in the test plannlng work. One
of those options, elimination of insignificant
states, was shown wearlier. This procedure works
also when more than one sequence (hydraulic
actuator c¢hannel) are considered. A description of
the fatigue test planning work with SPEKS is given
in reference (2)-(3).

Besides the testing for obtaining materials data
for opredictions, three levels of testing are
identified.

Detail testing

Detail testing 1s wmainly performed early in
the sizing work. It is wused to verify detail
design of wvital structural umembers and to gqualify
the application of prediction methods to typical
structural configurations.

The lower flange configurations of {rames were
studied in that way. Six different crack/geometry
configurations were tested with the load sequence
having the small cycles omitted as described in
the second chapter: The specimen for our example
is shown in figure 14.

Copyright © 1990 by ICAS and ATAA. All rights reserved.
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Figure 14. lower flange test specimen

The results from the testing and predition are
compared in figure 15« The ‘outcome of this are
that the design has sufficient damage tolerant
c¢apability and that the prediction technique is
well qualified for this type of structure.

15 % i P i

Crack: length (o)

o y T i
g 1 2 3 4 8

Flight hours

Figure 15. Comparison between detail ‘testing and
prediction

Major component testiag

Major component testing is done for early
fatigue and dapage tolerance verification. The key
point in these tests is that a critical part is
tested while properly dinstalled 1n its nearest
boundary structures This type of testing will
verify the structural integrity and the prediction
of 4nternal loads.



An early design of the wing attachment frame,
examplified in this paper, has been fatigue tested
for four service life times. Figure 16 shows a

photograph of the half frame being rigged up for
testing.

Figure 16. Frame rigged up for testing.

This test will be followed by a second one with a
series version of the wing attachment frame. The
second fatigue test will consist of two parts.
First a conventional fatigue test will be made for
2 service lives. A damage tolerance test with
artifical damages introduced at critical locatioms
will then be made for an additional test period of
2 life times.

Full scale testing of complete airframe

The final check of the fatigue and damage
tolerance performance 1is made with a complete
airframe tested for several service lives. This
test will spot fatigue critical areas and
demonstrate the stable growth of those natural
cracks that may initiate or of any artificially
made cracks. The JAS39 a/c will be subjected to
such a fatigue test for at least 4 lifetimes.
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