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SUMMARY

In the preseat paper we are as a manufacturer of airliners, certified according
to the FAR 25 regulations, describing what considerations in terms of design,
sizing, verification, maintenance, etc. that are essential to ensure long tecm
structural integrity.

In the first part we are describing the main features of the design concepts of
Saab 340 and Saab 2000 aircraft with respect to structural iategrity and high
raliability. Secondly we are describing the approach we have adopted at Saab
Alrcraft to ensure structural integrity and high teliability of Saab Aircraft
products. We are describing the coacepts of global and local loads and sequeunces,
the fatigue and damage tolerance sizing and its verification. We are also
describing the quality assurance in production and the structural maintenance
programme according to the MSG-3. Structural repalr and feedback from operators
are also covered.

1. INTRODUCTION

When Saab Aircraft 10 years ago eantered into the commerclial aircraft business

1t was froam a background as a developer and manufacturer of military fighter
alrcecaft. Saab Aircraft has for more than 50 years beea the main contractor aad
has delivered fighter aircraft to the Swedish Airforce. With this long tradition
we realized the importaace of long term structural integrity and high reliability
bullt iato the product.

In order to reach high reliability throughout the service life of an alrzrvaft a
well developed and solid cooperation between the manufacturer, customers and
authorities is requirad.lt is also important that the maanufacturer has a thorough
and systematic approach covering all the stages from early design to the
customers use of the alrcraft with feedback to the manufacturer including means
of modifications and repair depending on field experieaces.

Long term high structural reliability is built up from a good and sound design,

high quality manufacturing and a professional use of the aircraft including
aonitoring of the usage and feedback to the manufacturer.
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The base for structural integrity and high reliability is set alrsady at the
design stage by souad engineering design concepts based upon requirements

of integrity, simplicity and maintainability. Important for high reliability

is internal load distribution, fatigue resistant materials, high quality joint
tachnologies and varified good corrosion protection systems. Very {mportant

and basic to all design is knowledge about conditions under which the aircraft
are going to be used - load levels and sequences, environwmental coaditions ctc.

It is thus, for the developer, important to have high quality enginearing design
and sizing methods. Important ia such a concept are methods to obtain internal
loads distribution based upon the knowledge of global load levels and sequences,
methods for slzing to static, fatigue and damage tolerance criteria. Access to
design allowables for the differeat matzrials under actual environmental con-
ditions is also important.

Included in this concept are also the verification procedures wherz the desizn
is verified by testing at different levels of complexity from simple coupon
tests to fatigue and damage tolerance testing of a complete airframe. Veri-
fication of loads on the aivcraft 1s made by flight testing and feedback froam
the usage of the aircraft. Internal loads are verified also by testing.

Quality assurance In production by qualification of processes and equipment

and control of processes and details 1s important to secure the final product
quality. Quality control in production by non—destructive testing and ianspectlon
methods 1is importaant, especilally when using new advanced technologies 1like
composite designs, honding technology etc.

To secure high quality throughout the service life of the alrcraft it is
necessary to have a well developed structural malantenance program. This shall
include analysis of the structure aund classify structural significant items
and fatigue, environmental and accidental damage analysis. From this analysls
a structural inspection programme is developed.

In order for the customer to be able to maintaln structural ilntegrity and
raliability it 1s important to develop a structural repair manual including:
descriptive iaformation and specific lastructions, material identification,
allowable damage criteria and repair design solutions together with procedures
and processes. This manual should be continuously updated with new vepair
schemes. In addition the customer should be supported by a product support teanm
at the developer for repair and special damages that are aot covered by the
repalr manual.

Feedback from the customers oan how the alrcrvaft are used and fazedback of
damage Ilnformation to the developzr is of utmost importance for heing able

to maintain structural reliability and also to lmprove future product quality
by influencing future design solutlions by experiences from the field.

Last but not least it is importaunt that the operator develop aand maintaln

high quality and skilled parsonnel that operate and maintain the aircraft
according to defined procedures.
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2. DESIGN CONCEPT OF SAAB 340 AND SAAB 2000

Aircraft structure should be designed for a low risk of fatigue crack
initiation throughout the desigzn life. However it can not be guaranteed
that fatigue cracking will not occur in at least some alecraft of the
fleet. Aircraft structure may also be cracked due to corrosion, incorrect
maintenaace or lmpact damages from accidents such as turbine disk des-
integration or propeller break-up.

This means that besides an overall high fatigue quality and a good corrosion
prevention system, the structure must be designed also with damage tolerance
capabilities. Such a damage tolerant structure should maintain sufficient
residual strength untill any cracks or damages are detected during scheduled
ingpections.

2.1 The structural design concept

Saab”s on—golag programmes dedicated to research and development of

new structural concepts, together with experlence gained on military
and other clvil projects, provide a firm base of advanced technology
on which the Saab 340 and Saab 2000 structural design are built. The
structural design is based on three wain objectives:

o Integrity
o Simplicity
0 Maintainability

The Saab 340/2000 makes extensive use of the PABST bouding technology

in the fuselage and the wings, and of advanced materials on coutrol
surfaces. Structural slmplicity 1is greatly enhanced by the use of bounding
in more than 40% of the structure.

2.1.1 The fuselage
The fuselage structure coasists of three major assemblies:

o The forward section (with cockpit)
o The centre section (cabin)
o The rear section including cargo compartment

The forward and rear skin are partly a conventional design which makes
use of chemical milliag techniques and partly bonded design.

For Saab 340 and Saab 2000 the centre cabin sectfion is built up of
top, bottom and two side panels. These single-piece panels consist

of aa outer skin to which the doublers and striangers are bonded.
Additional for Saab 2000 is that the top aud side panels are spliced
fore aand aft of the ceatre section due to its length. Plug type doots
are standard throughout the pressurized cabin.
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2.1.2 The wing

The wing 1s an assembly of left- and right-hand wing panels spliced
at the aircraft ceatre line. As this i{s the only splice for these
ma jor components, good weight efficiency and high durability are
achieved. The wiag box structure is of conventional design built

on two spars, with the volume between the gpars over a certain
wingspan used for an fategral fuel tank with access doors Ln the
upper panel. The upper and lower wing paanels are boaded assemblies.
Tralling edge panels are made of composite materials.

2.1.3 The empennage and control surfaces

Sandwich panels with metal honeycomb are utilized in the coastruction of
the fin and horisoatal stabilizer. Bonded assemblies of honeycomb are
used in order to reduce the weight and the number of parts. Furthermore,
these structural techniques provide a smooth surface finish and low drag
for Eurther gains in performance efficiency.

2.2 The use of structural bonding

Saab Alrcraft started to use adhesive bonding on the Saab 29 fighter
alrcraft "The Flying Barrel” in production in 1953 and has applied this
technique successfully over time to an increased extent in primary
structures of the aircraft Saab 32 "Lansen", Saab 35 "Draken", Saab 105,
Saab 37 "Viggen" and Saab JAS 39 "Gripen”.

Rationalization for metal to metal bonding are:

Weight optimal

Damage tolerant structure

Better aerodynamic performance due to smoother surface

Increased stiffness in thin gauges design

Reduced needs for using mechanical fastener holes which are potential
candidates for both initlation of fatigue cracks and corrosion

o Inherent corrosion protection in areas with doublers

Q C 0o 0

Saab has developed the bonding technology to bond large complicated
panels with skin, doublers, stringers, reinforcemeant frames aad

window frames in one or more bonding operations. Metal to metal bonding
1s sometimes used even for double curvature panels. Figure 1 shows a
aetal to metal bonded structure.

2.3 The corrosion protection system

Corrosion protection of the alrcraft (s among the most comprehensive

in industry. A fully automated facility ensures the anodization

of the different parts before assembly. This is followed by applying a
prlmer which ensures protection agaianst the various forms of corrosion
over a long period. The corrosion protection scheme is shown in figure 2.
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2.3.1 Painted exterior surfaces

Our approach to make inspection easier of the exterior is to have a semi-
strippable paint scheme. This means that we have chosen a system easy
strippable down to a transparent ocrganic film. The remaining coatings
conslst of phosphoric acid anodizing and a traasparent bonding primer.
There are a number of advantages with thls scheme over a conventional one:

o No grinding operation is required

o A relatively mild non—-phenolic stripper which does not degrade the
adhesively bonded jolats can be used.

o There is no need for acld deoxidizing and swabanodizing of the stripped
alrcraft prior to repalnting. Referred treatments may cause corrosion
Lf residues are left in crevices. Good adhesion 1s secured by the
bonding primer

o The adhesion between the boading primer and the phosphoric acid anodize
is unsurpassed. It has been found that this pretreatment resists filiform
cortosion better than any other treatments we have tested. Filiform
corrosion occurs more readily on clad than on bare materials overcoated
with polyurethane top coats. It has also been found that phosphoric acid
anodize plus bonding primer gives better reslstance agalnst exfolliation
corrosion around fastener heads than chromic acid anodizing does.

Hydraulic fluids are known to affect paint coatings. The hydraulic fluid
based on phosphata ester called Skydrol is found to be the most effective
paint stripper. A strippable paint scheme containing a wash primer does not
resist Skydrol. The removal of paint schemes that resist Skydrol requires
use of corrosive phenolic strippers, severe grindiang operations and chemical
brightening with an obvious risk for structural damage. Many airliners
therefore reapply a strippable system on all exterlor areas except for those
known to be heavily contaminated by the hydraulic fluld. We have chosen to
use a strippable palnt system from the very beginaning.

2.3.2 Protection of interior areas

There are a lot of crevices and fastenets in the iaterior area of an alrcraft
with a potential risk for corrosion. Our philosophy is to apply palnt in the
detail stage which also is desirable in securlag good adhesion. During
assembly, parts are fay and fillet sealed to standard praxis. After assembly

of the whole aircraft but before installation of insulating blankets we apply a
water displacing protective oil which effectively penetrates any crevice

left. Several visits aad interviews with airliners have indicated that

such a protective oil is highly desirable during manufacturiag of a new
alrcratt. It 1s now also requiraed iIn TATA doc. 2637, 1issue 2.
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2.3.3 Special design considerations

The design concepts are a determining factor for corrosion resistance. In
order to get adequate ptrotection, corners and edges on metals used in exterlor
locations or in areas exposed to a corrosive eavironment are broken prior

to protection. This procedure is also applied to metals prior to shot

peening. Items made of forging and plate product forms are protected as
follows:

o Cold working by shot peeaing or blasting

0 Polishing of critical radit

o Chromic acid anodizing using a process with good reproducability and
painting.

Considerable condensatioa takes place expecially inside the outer skin and
in the ventilation system therefore provisions are made for adequately

sized drainage paths. Contact between porous materials aud metals is avoided.
Thus, it is important that e.g. insulating blankets are not installed tight
and wrapped around stringers or in coatact with the skin.

All faying surfaces in exterior locatlons aad corrosion prone 4reas are
sealed unless not adhesively bonded. Special consideration is also taken
for Interfaces between dissimilar materials.

The use of magnesium alloys in alrcraft design needs special care. We have
some twenty-five parts of a cast alloy designated ZE 41A. These parts are
protected by surface sealing with a stoved epoxy resin prior to painting

and are not used lan areas exposed for an aggressive environment. Whenever
possible, this resin 1s applied also to tolerance surfaces in order to

avoid direct metal-to-metal contact. The magnesium castings are also protected
agalast galvaunlc corrosion by use of wet assembly practlce, aluminium

washers and sacriffcilal coatings on dissimilar metals.

Carboa fibre composite material also possesses potentlal risks for galvanic
effects especially in fastener lastallations. This is restrained by use of

:
fasteners of titanium, monel or corrosion resistant steels. i
In areas where galvanic corrosion may occur attention should be paid to the §
fact that it is better to arraage for dralnage from the less noble metal to :
the more noble one than reverse and that the anode area should be large I
velative to the cathode area. :
In highly cortosive areas such as beneath the lavatory, plastic materials,
corrosion resistaant steel or titanium are used and the area is enclosed from
other structures. Areas highly susceptible to corrosion are easily accessible to
permit cleaning and inspection.

i
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For metal sandwich structure it 1s fmportant to restrict transportation

of humidity into and within the panal. Square-edge designed panels with a
non-perforated core type and with all edges aand holes adequately sealed is
outr solution.

Additions to the fuel in order to suppress fungl growth In alrecraft operating
in troplc countries has been considered insufficient as a single means of
avoiding corrosion. The integral fuel tanks are therefore protected by a
fungi resistant coating per MIL-C-27725.

3. LOADS ANALYSIS
3.1 External loads analysis

The extarnal loads on the alrccaft are analysed for all conditions
specified in FAR/JAR regulations. In addition a number of states that
occur during final assembly, jacking up during overhaul etc. are
specified.

Determining the external loads requires analysis of e.g. structural
dymaanic response to specified extreme manouvres in flight, aerodynamic
pressure distributions at differeat speeds, angles of attack etc. and
gust loads, cabin pressurization, landing impact, taxiiag, braking,
turaing on runway, etc.

Several different payload distributions are coasidered to find extreme
loads for each state.

A large number of fail-safe conditions e.g. failure of certain structural
components, fallure of power assist devices, sudden engine stoppage,
loss of propeller blade, etec. are also analysed for each state.

The load analysis makes use of techniques like the Finite Zlement (FE)
method to predict dynamic transient response e.g. landing, Computa-
tional Fluid Dynamics (CFD) for prediction of aerodynamic pressure
flelds and 6 degree of freedom flight mechanics model with control
system logics to predict in-flight manouvres. Numerical predictions are
supported by wind-tunnel tests of wmodels and finally verified during
tests of complete alrcraft.
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3.2 Mission analysis

The couplete definition of external loads also iancludes the definition of
the load sequence. The usage of the aircraft throughout its design life
Is defined in a hierarchical way.

Basic information used includes the definition of the expected flight plan
which iavolves climb, cruise, descent, flight times, operational speeds

and altitudes, and the approximate time to be spent in each of the ope-
ratiag regimes. Operations for crew training and other pertinent factors,
such as the dynamic stress characteristics of the flexible structure
excited by turbulence are also considered. For pressure cabins, the loading
spectrum include the rapeated application of the normal operating
differential pressure, and the superimposed effects of flight loads and
external aerodynamic pressures.

The definition and handling of this sequence of load cases are described in
section 4.

3.3 Internal loads analysis

The internal loads distribution in the structure 1is then obtained by
solving the flnite element model of the complete alrcraft for all the

defined unit load cases.

The present status of the basic loads analysis process ls schematically shown in
figure 3. Not shown in this scheme {s the feedback from analysis to design and
the verification process consisting of component tests, grouad and flight tests.
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4. FATIGUE AND DAMAGE TOLERANCE SIZING AND VERIFICATION
4.1 The sizing and verification concept

The design criteria for service life and damage tolerance requlrzmeats
are met during the development phase through a fatigue and fracture
mechanics concept based on what we refer to as the Global Spectrum
Approach. This concept which is also a part of a global concept which
involves applied regulations, feedback from structural and flight testing
and follow-up of service experiences, etc. (figure 4). The method is
couputerized.

4.2 The computer aided system

The computerized system is handled by any stress eagineer involved in a
project and 1is used for both sizing and test planning work. A pre-
requisite for such fatigue and crack growth work is access to

local load spectra or load sequences for any part of the structure.

The information needed for this purpose are obtalnable in

each aircraft’s two project central databases; these contain:

o The design loading of the aircraft, defined as a sequence of
Instantaneus load cases defined for the complete alrcraft.

0 Solved unit 1load cases for the finite element model of the
complete airframe.

Tha system is in full production ia both the military Saab JAS39 Gripen
and the civil Saab 2000 alrcraft programmes. Work is also golng on to
implement the whole systam into a workstatlon based CAE system which
involves graphical laterfaces and transparent data communication links.

4.3 The loads spectrum handling procedure
4.3.1 Global sequence

The design loading of the aircreaft i1s defined as a sequence of instiaa-
taneus load cases defined for the complete aircraft and available in
the global szquence.

The efficiency of the system to handle and process load cases 1s based

on the hierarchic structure of information in the global sequence (figure 5).
Three levels for load case definition and three levels for the composition of
the load case sequence are available.

Balanced load cases are obtalned from linear combinations of solved unit

load cases for the finite clement model of the complete alrframe. The

current global sequence for the Saab 2000 airzraft coatalns 7824 unique load
cases which are composed from 224 solved uanit cases. Every unique load case

is also assigned a code number. These code numbers are used for identification
and are particulary important for the preparation of the structural testing.
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On the lowest level for sequence definition, parts of a mission arz defined.
load case sequences for ground conditions consisting of turns, bumps, breaking,
towing, etc., manouvre and gust conditions for differeat configuratioans of the
aircraft and landing conditions are defined as subsequences. Having this bank
of sub-sequences, a number of complete missions can be defined as sequences

of these sub-sequences. At the top level, the mix of umisslioas are defined. It
s not necessary to define a unique sequence for the whole service 1life. A
repetition sequeuce representing approximately 5 percent of the total service

Life 1s sufficient. For Saab 2000 a unique sequence of 3000 missions 1is defined.
For the whole desiga service life of 75,000 flights the global sequence consists

of more than 285 million states.

4.3.2 Local spectrum

Local sequences and spectra for aay calculated quantity for aay location
in the finlte element wodel can momentarily be created by the stress
engineer through the use of the system. For complex situations the system
has features to facilltate a number of operations on the finite element
results. Loads, moments, stresses, displacements, etc. can be factorized
and superimposed and principal stresses and effective stresses can be
derived.

When testing is plaanned or when cycle-by-cycle crack growth prediction

shall be made, it is somatimes advisable to omit certain small cycles

which from a fatigue viewpoint have no practical meaning. Interactive
facilities to remove those insignificant states are available. Rules and
guldelines for choice of truucation levels are based on spectrum test results.

As an example, a finite element substructure representing a part of a

wing attachment frauwe, skin and window for Saab 2000 is showa in figure 6.
A local stress sequence [or the marked portion of the lnner flange of the
frame is obtalned. Figure 7 shows this local saquence after an omission
operation. The onmission technique adopted works also when more than one
load sequence is considered through a lowest common denominator scheme.

For very long irregular sequences like this the rain-flow counting algo-
rithm that in a relevant way combines states into cycles is available.

The counting is performed on the subsequence level with iatermediate
states treated afterwards and has been proven to he very computer time
efficient. The distribution of counted rain-flow ranges for the above de-
scribed reduced sequence and the original sequence are shown in flgure 8.
The rain-flow matrix of associated peaks and troughs as well as the local
stress sequence ate linked to the fatigue and fracture mechanics processes

of the system.
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4.4 The fatigue sizing procedure

The laanding gear aad thelr attachments are certified as safe-life structure
and certification is based on fatigue testing. To minimize the risk of early
failures in the tests and associated burden of modifications, thorough fatigue
analyses are made.

Since all other structures ares certified as damage tolerant, fatigue analysis is

not a certification requirement. However, despite this fatigue, sizings are
made for the following reasons:

0o To set maximum allowable stress levels, in order to reach a low risk
for fatigue cracking throughout the design service life.
0 As one way to detarmine where, in a principal structural element, the
assuned initial flaw for the damage toleraace evaluation shall be placed.
o In order to avoid multiple sitz cracking within the service life.
Areas particularly prone to this phenomena are e.3. long splices,
lower wing panel at ribs and back-to-back fittings.

The system process used for thls purpose Ls based on a cumulative fatigue
calculation method of a "Relative Miner” type. This means that the allowable
damage sums are based on spectrum test results and depead on the type of
structural item and type of loading. Several testing based computer aided
procedutes for ad justments in order to account for various devlating
conditions in applied cases, e.g. size effect, surface roughness, surface
treatment etc., are available.

In the early phase of design, when the configuration is still open to changes,
it is of great importance and generally advisible to study the effect on
critical damage sum from a change in stress level aad coafiguration.

Several graphical aids for this purpose are available (figure 9).

4.5 The damage tolerance sizing procedure

Damage tolerance means that the structure, at any time duriang the
operational life shall maintain the required residual streangth with

an lan-service detectable damage present, while subjected to the expected
typical loading spectrum, until the damage is detected.

In the design and sizing of the structure it is therefore iuwportant not
only to generate damage growth and residual strength data but also to
consider the lnspectability of the structure in-service.

To ensure resldual strength in case of failure in an adhesively bonded
jolat some general and specific requirements exist. The bonded
structure shall maintain the residual strength with any reasonably
expected damage of a size that is likely to be detected by the in-
service inspection program.
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The principal structural elements and the damage critical areas where

damages are simulated are identifled accounting for the following factors:

o Review of static analyses to locate arceas of maximum stress and
low margin of safety.

o Select locations which by fatigue analysis are determined to be prone
to Eatigue.

o Select locations where the crack path Is short.

o Select locations fa an element where the stresses in the adjacent
structure would be the maximum with the damage present.

o Select locatlions whare damage detection is difficult.

o Select locations which, based on test or service experience on similar
designs, are prone to fatigue damage.

For each critical damage location the most critical initial flaw is
normally determianed considering:

o The initial flaw which will produce growth to a critical damage in
the shortest time.

Considerations are also given to:

o Initial flaws which will give the largest extent of damage before
detection is possible.
o Initial flaws which will lead to complete failure of one element in

the shortest time.

Multiple or secondary initlal flaws are assumed where the design 1is such
that multiple site damages can be expected to occur due to fatigue.

The size and shape of the primary initial flaws are selected to cover
manufacturing defects of what is generally known as a "rouge flawed
aircraft”. The secondary initial flaws are smaller since they are
supposed to be caused by fatigue and subsequently in reality not existing
at all on "day one" in the scrvice life of the aircraft.

It should be pointed out that these initial flaws are not normally used
to establish the inspection repeat iuntervals. The reason for introducing
the primary flaw Ls to get a starting point for the crack growth pre-
diction which accounts for manufacturing defects. The secondary flaw

is used to determine the size of the damage for continuing crack growth.

The damage tolerance analyses arz2 handled by €fracture mechanics methods.
The system process CAFE (Computer Aided Fracture Enginearing) is doing
this work and is linked to databases containing materials data and stress

intensity factor solutlions and has a broad range of methods and techniques

to build and solve fracture mechanics models.
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The principal rasult from the fracture mechanic analysis is a crack
growth curve beginning from the assumed initial flaw size and ending at
the critical crack size. This curve, figure 10, is used in the Maintenance
Stearing Group (MSG-3) procedure to establish at which time the noraal
in-service inspection programme for fatigue damages 1s initiated and the
iaspection repeat interval. The safety factors used to obtain the safe
periods and intervals varies depending on the desizn.

4.6 Structural test verification

The fatigue and damage tolerance sizing create the necessary conditions for
high structural integrity. This integrity need also to be demonstrated in
testing according to the sizing approach shown in figure 4. The tests

are made in order to:

o Verify freedom from premature fatigue cracks iun primary load paths.

o Identify any premature fatigue cracks in the structure.

o Generate crack growth and residual strength information for
artifictal defects to correlate analytical predictions.

o Verify calculated inspection periods for fall-safe structure in
the fail-safe wmode.

o Detarmine iaspection threshold and inspection repeat ianterval for
naturally developed cracks.

o Verify fatigue life for safe-life structure.

o Verify freedom from multiple site damages where applicable.

The load spectrum handling process of the system takes here a principal
part slnce it coutalus a large number of facilities which are necessary
in the test preparatioa work task.

Besides the testing for obtalning data for predictions, e.g. fatigue curves
for materials, lugs, joints, fastener systems and crack growth rates aad
fracture toughness etec, three maln levels of testing are identified.

Detail testing is mainly performed early in the sizing work. It is used
to verify detall desizgn of vital structural members aad to qualify the
application of prediction methods to typical structural configurations.

Ma jor componeant testing is done for early fatigue and damage tolerance
verification. The key point in these tests is that a critical part Is
tested while properly installed in its nearest boundary structure. This
type of testing will verify the structural fantegrity and the prediction
of iatermnal loads.

The final verificatlon of the fatigue and damage tolerance performance
is made with a complete alrframe tested for several service lives. This
test will spot fatigue critical areas aad demonstrate the stable growth
of those natural cracks that may initiate and of aany artificially made
cracks. The Saab 340 full-scale fatigue test has now exceeded 150,000
simulated flights. This test will coatinue to 189,000 flights before
artificlal cracks, of sizes which are in-service ilanspectable, are in-
stalled.

Examples of major fatigue and damage tolerance tests for Saab 2000 are
glven in figure 11.
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5. QUALITY ASSURANCE IN PRODUCTION

The quality assuraance of a product like a commercial alrcraft is of utmost
importance. The quality assurance task permeates all sub—woments in development
and production. From a production point-of-view, the produced items must

comply with the demands used in the design and sizing.

Flow diagrams for all work-shops are established and each sub—moment in this
flow {5 supervised by instructions and quality control documents.

Some production processes can not always be verified by subsequent coantrol
and testing and therefore need continuous supervision. Examples of such
processes are:

Heat treatment

Surface treatment
Adhesive bonding
Composites manufacturing
Welding

Shot-peening and blastliag
Forming

Chemical milling

C OO0 0 00 C o

These processes are cxtensively examined and qualified. Special requirements on
authorized persounnel, work-shops, equipment, environment, etc. exists.

Specilal routines for items produced in these processes are also carried-out
before series—manufacturing Ls started Lu order to qualify the process to that
specific item. Systematic procedures aad documentation of the process is done.
The item 1is checked against design and production iastructions, cortectness of
tools aund suitability of process.

For some processes, destructive taesting is done on the first item which has been
produced in the complete process. This item is cut In parts and tested in
laboratory.

A complicated process like the automated process for bonding metal panels
includes moments such as handling, cleaning, surface treatment, application
of primers and adheslve and curing, and are carefully supervised. Each panel
is followed through the complete process by specimens for destructive
2sting. Bach individual panel is also 100% scanned by transmission ultra-

sonic equipments.
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6. STRUCTURAL MAINTENANCE PROGRAMME
6.1 Structural maintemance concept

The Saab 340 structural maintenance programme was developed to satisfy

the requirements for damage tolerance that were new at the time for
certification. This required the development of new procedures for determining
the adequacy of the inspectioa program for timely detection of damage.

The major forms of damage coasidered during the program development were
environmental deterioration (corrosion, stress corrosion), accidental

damage and fatigue damage. The results of these analyses gave the initial
scheduled maintenance programme for Structural Significant Items (SSI) and zone
survelllance. The programme was developed according to the philosophy and logic
in the ATA MSG-3 document.

6.2 The MSG-3 analysis
6.2.1 Structural analysis logic

The structural analysis logic is shown in figure 12 and consists of the following
tasks:

o List per ATA 100 all structure

o Categorize items as Structural Significant Items "SSI" or as other
structure.

o Documeant each SST:
- Tllustrations

Function

— Stress characteristics/level

- Material & Manufacturing process

- Protection

Classify S517s as damage toleraunt or safe life structure

Check 1if SSI”s are fatigue, environmental or accidental critical.

Perform fatigue damage analysis for damage toleraat items

Select safe life 1limit for safe 1life items

Perform environmental damage analysis for damage toleraut and safe

life items

Perform accidental damage analysis for damage tolerant and safe life

items

o Summary of SSI inspection tasks on SST Task Summary Sheet

i

© 0O 0 0O

(=}

The considerations to be taken into account when selecting SSI candidates
are glven according to the logic flow diagram shown in figure 13.
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6.2.2 Fatigue damage analysis procedure

Fatigue critical items are items which are significantly loaded

in tension or shear. The fatigue damage analysis procedure follows
the philosophy and principles developed in the MSG-3 document.
Therefore the tasks necessary to ensure an appropriate fatigue damage
detection, are selected based on calculations and ratings of the
following main parameters:

o Critical crack length
o Threshold associated with the detectable size of fatigue damage

o Crack growth assessment for repeat inspection intervals
o Detectable damage size in relation to the various levels of inspection

o Target values for scheduled maintenance intervals

6.2.3 Environnehtal damage analysis procedure

Environmental critical items are only those items made of less corrosion
resistant materials. The environmental damage analysis procedure follows

the philosolphy and principles as stated in the ATA MSG-3 document. Necessary
tasks to ensure the appropriate detection of environmental damages are
gselected based on a rating system with the following parameters:

o Susceptibility to various types of corrosion
o Type of protective treatments
o Exposure to adverse type of environment

6.2.4 Accidental damage analysis procedure

Accidental critical items are those items which are likely to be damaged by
accidental damage. Manufacturing defects are considered completely random

and are supposed to occur on any alrcraft at any location. Therefore such
defects are taken care of in the damage tolerance analysis and are covered by
the fatigue damage analysis items. Accidental damages other than manufacturing
defects are also occurring as a random discrete event during operation and
maintenance and reduce the inherent level of residual strength. Large size
accidental damages caused by engine and propeller disintegration, bird strike
and major collision with ground equipment are covered by specific regulations
which require evaluation of residual strength capability for short periods

of time.

The tasks to ensure detection of accidental damages are determined using
a rating system including the following parameters:

o Kind of damage (Cargo handling, runway debris etc)
o Likelihood of accidental damage

o Exteat of residual strength.

o Crack growth rate

6.3 The maintenance review board report
The tasks that are results of the MSG-3 analysis are included in the

Maintenance Review Board (MRB) Report, Saab 340 Maintenance Programme, which
is the document that outlines the initial maintenance requirements approved

by the regulatory authorities.
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6.3.1 Structural inspection programme.

Tasks that according to the MSG-3 analyses are defined as directed

inspections (detailed or special detailed) are included in "Structural
Inspection Programme”. Examples of detail inspections in the Saab 340 structural
inspection programme are shown in figure 1l4.

For Saab 340, the threshold for first inspection i3 in general 16000 flights.
Other thresholds are 28000 and 40000 flights. Repeat intervals are 3000, 6000
and 12000 flights.

6.3.2 Zonal inspection programme.

Inspection tasks for which general visual inspectilons, were judged to be
appropriate are transferred to the Zonal Inspection Programme.

Threshold aad repeat intervals for enviroumental damage inspaction in
general are 6 and 4 years respectively. Accidental damage inspection,
in general, refets to LC, A, B and C check.
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7. MANUALS AND CUSTOMER SUPPORT
7.1 Structural repair manual

A structural repalr manual has been prepared in accordance with ATA 100
specification to include descriptive information and specific instructions
and data relative to the fileld repair of the structure of the Saab 340

alceraft.

It contalns structural material identification, allowable structural damage
critarlia and repair designs applicable to structural components of the
alrcraft that are most likely to be damaged. In additlon, it coatains
procedures to be performed during structural repair such as fastener
installation, protective treatment and sealing of repair parts and other

processes.

Based on field experience of fatigue, enviroamental and accidental damages
the manual 13 coatlnuously updated with new repair schemes

7.2 Corrosion prevention manual

In order to comply with the need to set up corrosion control programmes
to agelng alrcraft, a corroslon prevention manual is being prepared.
The manual will give complete coverage for:

o Identification and type of corrosion
o Corrosion preveantion

o Iaspection and detection

o Corrosion removal technlques

The manual {s planned to be released during the second half of 1992.

7.3 Customer support

For special repairs not covered by the structural repair manual, the
operators of the Saab 340 are assisted 24 hours a day by a Saab Product
Support Team with expetrience from stress eagineering as well as practlecal
structural repair. The team Ls also backed up by Saab Aircraft Division
Stress Analysis & Testing, Airframe Desizn & Engineering Techaology aund

Materials & Process Technology departments.

Saab personnel are also on site for assistance and training when the first
structural inspection, at 16,000 flights, 1s made for the first time for each

operator.

396

T T 1T Vi m————1 1 101 1 o ¢ e



8. FEEDBACK FROM OPERATORS
8.1 The age exploration programme - AEP

This programme is used to systematically evaluate {nspection tasks based on
analysis of collected information from in-service experience. The programme
can be performed by individual operators or by groups of smaller operators.

It is used for environmental deterioration surveillance and to assess an
Ltems resistance to environmental deterioratioan with respect to Llacreasing
age. Inspection of the oldest aircraft of the fleet will give the most rapid
data from in-service experience aand should lead to mainimizing of the total
nunber of required inspections.

AEP will only apply to eaviroamental damage having a systematical characte-
ristic. This means that damages occurriag on a random basis caused by stress
cocrrosion, corrosion from fluid spillage and other accidental damages can
not be evaluated by this program. AEP will only apply when directed inspec-
tions are judged as necessary. If no damages are found only zonal inspection
will be needed for those aircraft not subject to this program.

8.2 Reporting of structural damages

All significant structural discrepancies will be reported by the procedures
already established by the airworthiness authorities e.g. Service Difficulty
Reports.

Each operator is requestad according to the MRB document to report

to Saab discrepancies found during scheduled laspectlons. Where practical,
details of the damages found and the inspection methods used should be
reported as well as any other damage found by subsequent examination.

8.3 Special investigation of the operational usage.

The fatigue and damage tolerance sizing of Saab 340 was based on a usage
defined already in the project phase, early 1980. The missions, which were
considered to be conservative at that time, consist of flights dlstributed
on four cruise altitudes having an average flight time of 30 minutes.

It is supposed that the differeace in usage between individual operators
might be siznificant for commuter aircraftt. Therefore, in order to validate
the fatigue spectra for Saab 340A, an inquiry about the operational usage
amoug the operators was performed during Nov. 1988 to Nov. 1989. By assistance
of Saab Product Support, the following information was requested:

o Routes and cortesponding distance, flight time, cruise altitude, no. of
flights per week.

o Weight and CG:load sheets (weight and balance) from representatlve
airports.

o Power application at take off and use of reverse at laanding.

Settings for take off flap, approach flap and landing flap.

o Speeds for retraction of take off flap and for extenslon of approach
flap, landing flap and landing gear.

o Speeds for cliamb, cruise and descent.

o
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Information was received from more than 80% of the operators, thus formiang
a good base for the statlstics.

The investigation revealed a larger portion of flights at high altitudes,
aad consequently a more severe cabin pressurization spectrum, than anti-
cipated during the design phase of the alrcraft.

A fatigue investigatlon was done which resulted in an update of the cabin
pressurization design spectrum. This led also to an updatz2 of the cabin
pressurization of the full-scale fatigue test at 120,000 simulated flights.

Additional pressurization cycles were applied before the restart with the new

spectrum L1n order to simulate a more severe loading from the bezinning of
the test.

A review of all damage toleraace analysls which was affected of this change
in spectrum was also done. The damage tolerance analysis for Saab 340B was
done from the beglnaing with the new spectrum.

Referring to tha figure 4, this is an example of how the feedback from field
experiences is integrated in the fatigue and damage tolerance sizing concept
resulting in a preserved control of the structural integrity.
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Figure 2. The corrosion protection scheme

Chromic acid or phosphoric acid anodize
Bonding primer BR 127 (External skin)
Epoxy primer, in detail stage

Polyurethane top coat (Bilge areas and other
areas highly susceptible to corrosion)

Wash primer
» Polyurethane primer External surfaces

Customer polyurethano top cost

Fay surface seal (Bilge areas)

Water displacing corrosion inhibiting oil
{Dinitrol AV 25) (Bilge areas)

Fasteners mounted in sealing compound
or wet primer (External)
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Figure 6. A substructure of the finite element model of Saab 2000

401



Figure 7. A part of the reduced local axial stress sequence of the inner flange.

Figure 8. The distribution of rain-flow counted ranges for the original and
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Figure 11. Major fatigue and damage tolerance tests on Saab 2000
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Figure 13. The logic flow diagram for
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Figure 14. Examples of detail inspections.
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