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Rezumat. Articolul propune o vedere integiabsupra  Abstract. This article proposes an integrated view over
problematicii designului structurilorsaare, preocupare the lightweight design of aerostructures, a fundatale
fundamental a industriei aeronautice, care devine din ceproblem of aircraft industry, this becoming alsduat
in ce mai actudlin multe alte domenii. for other domains.

Realizat Tn urma unei experien directe 1n Coming out from a direct experience in aerospace
proiectaresi management de proiect pentru mai tinul engineering and project management, this paper is
produditori, acestasi propune 8 identifice cateva repere aiming to identify few historical milestones, basic

istorice, principiile de bag darsi obstacole intalnite. principles and problems.
In final este analizat modul actual de meare sub The end is an analysis of actual method of weight
controlsi de reducere a masei aeronavelor. control and reduction for an aircraft.
Cuvinte cheie:aerostructuri, design pentru mias Key words: aerostructures, lightweight design, weight
minim3, reducerea masei, proiectare conceptual reduction, conceptual design
1. Scurt istoric 1. Brief history
In mod tradjional, industria aerospgala este Aerospace industry is traditionally linked to

legati de structurile gpare. Primele aeronave se lightweight design. First aircrafts probably were
pare & au fost aerostatele, bazate pe tdor aerostats, based on Archimedes force, followed by
arhimedi@, fiind urmate de planoare. Ideea de masaliders. Lightweight idea was born together with th
minima s-a rascut odat cu inceputurile avigei, un  aircraft pioneers, a significant number of early
numar semnificativ din constructori fiind la origine manufacturers coming from bicycles workshop
fabricatori de biciclete. Materialele folosite tial owners. Materials used on that time were wood,
au fost: lemnul, péanza, “ferurile” din piele, bamboo, leather fittings, and metallic wire.
bambusuki s&rma metalit.

Caracteristic pentru acea peridaeéste un Characteristic for that time is an extreme
design Tmpins la extrem, zborul fiind considerat ma design, flight being considered more a floatingntha
mult o plutire. Perioada de pionierat a fost madircat travel. The beginnings were full of situations wer
de situai in care aeronavele fie nu se ridicau de laaircraft could not take off or broke in the air,
sol, fie se rupeau n zbor, ceea ce a dus la ddsto leading to a dramatic history. At the beginning of
traumatizart. La inceputul secolului trecut, pilotul the past century, the test pilot was also the desig
de incercare era adesea proiectafabricator. Din  and the manufacturer. For this reason, the entbtusia
acest motiv, amatorul carg tonstruia un aparat de builder of an airplane was considered an adventurer
zbor era considerat un aventurier, arareori acesta dreamer, only in limited cases receiving founds
primind sprijin pentru finalizarea proiectului. for his project.

Feedback-ul tragant care venea de la testele de  The bad feedback coming from flight tests led
zbor a dus la o proiectare iterdti@ aeronavelor, de to an iterative design of aircrafts, form one fligh
la un zbor la altu§i mai apoi de la un model la altul another, than from one model to another structure
apirand astfel o structérmai rezisterit pastrand  becoming stronger, keeping also the basic condition

condtia primordiaf de mag minima. of minimal weight.
La o analiz sumas, se poate etapiza evah To a brief analysis, the aircraft structures
structurii aeronavei in timp astfel [1, 2, 3, 4, 5] evolution can be structured as follows [1, 2, $}4,
- Perioada de pionierat caracterizgtin concepte - The beginnings characterised form a big varidty o
total diferite, utilizarea lemnulwi panzeisi un concepts, using of wood and fabrics and a big
numir mare de accidente. number of accidents.

- Perioada din timpul primuluidzzboi mondial — la - First World War period — under the pressure and
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presiunesai cu susinerea ministerelor deizboi,
aviaia a devenit dintr-o curiozitate o activitate de
un Tnalt pragmatism. Apar primii proditori
consacra si producgia de serie. Se stabilizeaz
grinda cu zabrele ca soie predominarit

Perioada de ddpprimul razboi - se imprina latura
utilitara si comerciai. Apar aeronavele din
aluminiu, construga de lemn coexi§tcu cea

metali@; Tncepe specializarea aeronavelor pe

misiuni si cursa pentru vitéz cu repercusiuni
directe asupra structurii.

Perioada din timpul celui de-al doile@ziboi
mondial: se dezvalt aeronave de mari
dimensiuni; placajuki panza las loc structurii
semimonocox.

Perioada de ddp al doilea #zboi mondial.
Duraluminiul catiga in faa lemnului, structura
nituita este predominadt fata de grinda cu
zabrele; apar primele structuri compozite.
Perioada de ddpanii '60. Datorii cercefrilor
teoretice structurile devin din ce Tn ce mai
rafinate; Tncepe cercetarea fenomenului
oboseal; fibra de stici cétiga teren si se
stabilizeaz ca soltie pentru aeronavelsoaresi
pentru structura secundarStructurile sudate se
stabilizeaz pentru aeronavelesoare.

Dupa anii '90 fibra de carbon Tnlocuiie treptat
fibra de stici, se fac eforturi mari pentru realizare
in propotie cat mai mare a structurii primare din
compozite. Apar probleme de obogseahentenara
si reparaii pentru structurile primare din compozit.

2. Indicele de reducere masit

Pentru a studia evaia n timp a rafidrii
conceptului LWD de dtre fabricatorii de aeronave,
se defingte un indice de eficieh masic i astfel:

M x10°

" NxRxS2’

unde:
M — masa maxila decolare;
N — nuniirul de pasageri;
R —raza de awne;
S — viteza de croazigr

Folosind date despre aeronavele de pasageri

incepand cu Junkers 13F (1919®)finalizand cu
Airbus A350 se preziat variaia indicelui de
eficiena masié@ in figura 1, cu o detaliere a
perioadei 1940 — 2020 in figura 2.

Din figurile 1 si 2 se obsey o scdere
importané in timp, rezultdnd o utilizare mai
judicioas a masei aeronavei in vedereairdrii de
performarne mirite. Practic, dup al doilea #zboi

de

financing of war ministers, aviation became form

a weekend curiosity a very pragmatic domain;

first specialised manufacturers and serial

production emerged. As a technical issue, the
latticed beam became usual.

- Post First World War period is characterised by
effectiveness and commercial interest. First
aluminium aircrafts have been manufactured,
both wooden and metal structures are used,
mission customised aircrafts and race for speed
has started, with direct implications on
aerostructures.

- Second World War period — marked by big aircrafts
development; plywood and fabrics are step by
step replaced by coque and seminonocoque
structure.

- Post Second World War period — duraluminium
definitively replaced wood, riveted structures tstar
to be used in more applications than latticed beams
first composite structures were manufactured.

- Post 60’s period — due to theoretical and experi-

mental researches, structure design started being

more accurate; fatigue problems occurs and started
to be studied. A Glass fiber was used especially
for light aircraft and for secondary structure.

Welded structures are usual for light aircraft.

Post 90's period — carbon fibres manufacturing
became cheaper and replaced step by step glass; fibr
efforts to manufacture a bigger proportion of pryna
structure from composites. Fatigue, maintenance and
repairing problems for composites still remain.

2. Weight reduction index

In order to study evolution of LWD concept
accuracy of the aircraft manufacturers it is define
the weight effectiveness indek ‘as follows:

(1)

where:

M — maximum take off weight;
N — number of passengers;

R —range;

S — cruise speed.

Using passengers aircraft starting with Junkers
Ju 13F (1919) up to Airbus A350 data weight
reduction index data are presented in Figure 1,
period 1940 — 2020 being detailed in Figure 2.

It can be seen from Figures 1 and 2 an
important decrease, resulting a better using of
aircraft mass in order to obtain better performance
After Second World War, the index evolution is
stabilizing, showing a significant improvement of
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mondial se obse#ivo stabilizare, ceea ce indio
maturizare a colectivelor de proiedian

the design teams.
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Figura 1. Evoltia indexului de eficiefdi masid@ pentru aeronave transport (1919 — 2013)
Figure 1. Weight effectiveness index evolutiontfansport aircrafts (1919 — 2013)
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Figura 2. Valorile inferioare ale indexului de redte masit dupi 1940 (detaliu din figura 1)
Figure 2. Lower values of weight reduction indeteafl 940 (detail of Figure 1)
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Se obser¥ 0 evoldie descendeatcu o tendir A decreasing evolution can be seen with a
de stabilizare. Graficul din figura 2 indid¢otusi 0 stabilising trend. The graph from Figure 2 indisate
posibik reducere a acestui indice pentru viitorula possible decrease of the index for the next
apropiat. Aeronavele actuale se realiZeaau  decades. Actual aircrafts are engineered with bette
metode Tmbuitatite de calculsi testare, ceea ce simulation and testing methods, leading to a agilin
duce la atingerea unui plafon; o imBtitire se mai  better results can be obtained through structural
poate face prin optimizare structdrabau prin  optimisation and new materials and technologies.
utilizarea de materialg tehnologii noi.

3. Abordarea LWD 3. LWD approach

Pentru dezvoltarea unei aeronave sunt necesare For an aircraft development design loops are
itergii de design (figura 3) satisfacerea cezlalor  requested (Figure 3) to satisfy both customer and
clientului, dar si pe cele ale unei autaiit governmental authority (the so called project
guvernamentale (proces numit “maturizarea”’maturisation process) [5]. The reality proved that
proiectului) [5]. Realitatea a demonstrat acest process depends not only of resources. For A350
proces nu depinde doar de resurse. In cadrybroject there was demonstrated that by increasing
programului A350 s-a constatat wipland nunirul ~ with 300% engineering resources, the time was not
de proiectanti nu se reduce la o treime timpul decompressed to 30%, even with better IT
proiectare, chiar dacacetia au la indem@&n o infrastructure, software of data bases. This apmtroa
infrastructud IT, software CAE sau baze de dateleads to a supplementary training, project
imburatatite. Din contra, 0 asemenea abordare ducenanagement, logistic effort and obviously to
la un efort suplimentar de training, management dedditional costs.
proiect, logisticsi, evident, la cheltuieli sporite.

De obicei dup trei itergii de design, se fabric
prototipurile si preseria, urmand ca aeronava s As usual three design loops are needed for the
intre intr-un program dedicat desware, avand prototype and pre-serial aircrafts, being folloviogd
feedback nu doar de la itée precedente, gii de  a structural lighting program with the feedback

la programul de testare in zbor. from previous design loops and static, fatigue and
Totusi, privind evoldia in timp a marilor flight tests.
produdtori, se obser ca procesul de dezvoltare al Even theory is clear, aviation development

unei aeronave noi nu reprezinin proces lipsit de programs remains a risky business. Because an
riscuri. O aeronav este privii ca o afacergi din  aircraft must be commercial competitive, in time,
acest motiv, dac parametrii realizh nu sunt many aircrafts programs were cancelled to the
satisficatori, riscul de abandonare a programului esteprototype status because its performances made it
foarte mare. not attractive for the market.

‘Weight
Reduction

Fuel Lift
reduction Reduction

Engine
Powveer
Reduction

Drag
Reduction

Figura 3. Ciclul reducerii masei
Figure 3. Weight reduction loop
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4. Factori care influenteazi LWD 4. Factors influencing LWD
4.1. Contradictia operator — autoritate 4.1. Operator vs. authorities

O aerona¥ este un compromis foarte strans An aircraft is a close compromise between
intre cerinele operatorului (sarcinutila maxing, operator requests (maximum useful load, minimal

costuri minime Tn exploatare) cele ale autoritii operating costs) and the governmental authorities
guvernamentale (sigurgirin exploatare 100%). (100% safety operation).
Tendinta este de a demonstra aeronava se The trend is to prove the aircraft only 100%

conformeaz doar 100% cerielor din regulamente. with the certification requirements. This condition
Acest lucru necesit o rafinare deosehit a  requests a special accuracy of simulation anchigsti

metodelor de calcyi de testare. methods.

In acest raport de fgr se mentioneaza cazul Within this balance between opposite requests,
ideal al autoriiti guvernamentale: Sigurgn100% ideal safety (100%) is obtained only when aircisft
se oline in situg@a Tn care aeronavdmane la sol. grounded.

4.2. Inginerii de calcule 4.2. Stress engineers

Inginerul de calcule are ca responsabilitate  Stress engineer has the responsibility of the
garantarea bunei companta structurii la ingrcarile  structure behaviour under loads for the entire
specifice pe toét perioada de via a aeronavei. aircraft operational lifetime. If the designer can
Proiectantul §i poate corecta ggelile pe parcursul correct his errors within manufacturing process or
fabricgiei si eventual al exploatii, insa pentru operational life, for the stress engineer the sreve
inginerul de calcule gselile nu sunt imediat vizibile, not immediate visible, structure failure occurring
cedarea structurii putdnd duce la evenimentgossibility being hardly foreseeable, leading to
catastrofice. Aceast raspundere, completat de  catastrophic events. This responsibility, together
raspunderea moralsi juridica, face ca acesta die  with moral and legal responsibility, lead to a
extrem de precautadaca toate calculele n ipoteze extreme carefully behaviour of stress engineer. All
cat mai acoperitoarg sa se simi confortabil doar in  the simulations are done in very conservative
situgia unei structuri robuste. hypothesis, feeling safety only for robust struesur

La paragraful anterior s-a m@nat néa To previous chapter was mentioned the trend
nevoia ca aeronava seziste exclusiv la raccarile  that aircraft to withstand exclusive to the loads
previzute de regulamente. Tagtutindnd cont de specified by certification regulations. Taking into
cele de mai sus, inginerul de stress doar ocazionaccount all this, is important to mention that stre
da feedbak in sensul ac o structui este engineers gives a over dimensioned resolution for a

supradimensionat structure only occasionally.
4.3. Controlul independent al masei 4.3. The independent weight control
Anumiti productori desemnedizo persoai cu Certain manufacturers assign a person with the

tinerea sub control a masei aeronavei — inginerul daircraft weight control responsibility — mass

mase. Acesta are ca roluri principale: engineer, having the following main tasks:

- Verificarea activiitii designerilor — datrespect - Designers activity checking — if they respect the
cerinele impuse de politicile LWD; requirements stated by the LWD politics;

- Verificarea rapoartelor de stress, pentru valori- Stress reports checking, for minimal values of
minime a coeficietilor de sigurars; Reserve Factors;

- Propuneri de reducere a masei la proiectarea deWeight reduction for local design proposals;
detaliu; - Weight reduction programs management.

- Gestionarea programelor de reducere a masei.

4.4. Materiale de densitate mig 4.4, Low density materials

In cazul structurii cu petiesuhiri, solicitarea For thin walled structures, bending stress lead
de incovoiere se traduce pe zona comptiniat in compressed area to local buckling. Buckling
flambaj. Comportarea la flambaj este prajworaki  behaviour depends of the cubic power of wall
cu cubul grosimii peretelui. Din acest motiv sethickness. For this reason is preferably to usesski
prefed Tnvelisurile cu per@ cu grosime relat&  with big relative thickness, having minimal density
mare, care au in schimb deagitat mai mici.
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4.5. Reconsiderarea caietului de sarcini 4.5. Technical specification re-evaluation

Cea mai simpl metodi de wurare a structurii The easiest method for weight reduction is
este aceea de a reducearndrile la care aceasta imposed loads reduction. In order to do this, fligh
trebuie 4 reziste. In acest sens se pot reduce factorimanoeuvres load factors can be adjusted by
de sarcid in evoluii de zbor — ndrirea razei de increasing turning radius, or decreasing radii and
viraj, pante de urcare mici, lindifi ale manevrelor slopes for vertical manoeuvres, being obtained

n plan vertical — rezultand reduceri alegimgrilor. consistent loads reduction.
4.6. Inertia colectivelor de proiectare — soltii 4.6. Engineering teams inertia — solutions

Adeseori aceste colective lucréazsub Many times this teams work under the time
presiunea timpului, proiectantul avand ca  pressure, the designer having as short term
obiective pe termen scurt livrarea la timp, dublat objectives — on time delivery, together with

de #@spunderesi sigurana. La antipod se afla technical responsibility and safety. Opposite his t
clientul, care §i doreste maxim de performai de  customer which expects maximum performances,
la viitorul produs. Din pcate, lagul ierarhic si supposing a very smooth design. The reality shows
administrativ intre client, trecand pe la managera long hierarchy and many persons between
proiect, sefi echipe, pam la proiectant este lung customer, project manager, team leaders up to
comunicarea funoneaz necorespurizor, ceea ce designer, with bad communication, leading to a
face ca obiectivele declarate de marketing s poor feasibility of marketing stated objectives.
ramari doar intr-o oarecaredsuia sustenabile. This paper propose a new working method
Acest articol propune o naumetodi de lucru, already successfully tested by the authors. Usually
testall deja cu succes deitee autori. De obicei, the designer pre-dimensions the parts after stgdyin
proiectantul se raporteapentru predimensionare la similar aircrafts of by harmonising with the close
aeronave similare sau la zona in care ludre@mx  structure and the stress engineer only check if
inginerul de stress se limiteala a verifica; aceast structure withstands the loads; this method means
metodi presupune realizarea unei structuridesigning a under-dimensioned structure — by
subdimensionate, aproximativ cuz3@%. Urmarea 30+40%. This leads to the fact stress engineers
a fost @ inginerii de stress au indicat cu exactitateprecisely indicated the areas where structure, fails
zonele in care structura ced#az s-a putut trece next step being the stiffening of these areas. The
punctual la rigidizarea acestora; rezultatele auesults indicated approx $30% weight reduction

constat Tn reducerea masei cu aprox2Bsb. vs. usual approach.

O alé soluie poate fi aceea a apel la An other solution can be working with
consultagi externi, lucru care dinggate se practic  consultants as external employees, solution wisich i
destul de rar in Europa, datéritrigiditatii only rarely used in Europe because of management

colectivelor de proiectan darsi a managementului. and design teams inflexibility. An external
Acestia pot veni cu solii reale, dator# unei  consultant can came with real solutions, because of
abordiri mai elastice, f@ de angajgi permanef, an out of box thinking vs. permanent employees
care trebuind & tina cont de o multitudine de which act respecting a lot of constraints, prefeyri
factori, prefek si se raporteze la ce adzut, sau to do what they have seen or directly use within

doar la experiega direct. other projects.

5. Principii in inginerie 5. Engineering principles

5.1. Principii de proiectare 5.1. Design principles

- Pastrarea la minim a structurii secundare; - Keep secondary structure to the minimum;
- Reducerea nufinului de Tmbirari; - Minimize number of joints;

- Reducerea nufinului de normalizate; - Minimize number of fasteners;

- Pastrarea Tmbi#rilor doar pe forfecargi nu pe - Keep only shear joints and remove bending joints;
momente de Tncovoiere;

- Distarta minima de la elementele de asamblare la- Keep minimal edge distance for fasteners;
marginea pieselor;

- Grosime minini pentru pergi pieselor; - Keep minimal the material thickness;
- Eliminarea surplusului de material prin raze,- Mill cut-outs, chamfers and radii to eliminate
tesituri, freziri de wurare; material from parts;
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- Eliminarea surplusului de cale, masticuri, - Keep to the minimum shims, gap fillers, sealants,

distaniere; spacers;
- Pastrarea la minim a nuirului de repere; - Keep to the minimum the number of parts and
- Contopirea de repere invecinate; subassemblies;
- Realizarea nvejurilor din table de grosimi - Join if possible neighbouring parts;
variabile. - Use skins form variable sheet metal thickness.
Cea mai mare reducere de thas face prin The biggest weight reduction is done by using

utilizarea chesonului (torsion box) care se condportthe torsion box, having better behaviour to
cel mai bine la fae combinate. Acesta se #sgste  combined loads. This solution is used for all the
la toate componentele structurii portante. primary structure components.

Torsion box este ideal pentru volume nchise, Torsion box is ideal for closed volumes, for
in practi@ cautandu-se fgstrarea unui raport minim practical applications the area of openings for
intre suprafea deschiderilor pentru geamusi/usi doors/ windows being kept to the minimum.
restul invelsului.

5.2. Principii de alegere a materialelor 5.2. Materials principles

- Inlocuirea eelurilor cu duraluminiu; - Replacing steels with aluminium alloys;

- Utilizarea de aliaje cu comportarea optifta - Using materials with optimum behaviour for
solicitarea predominait(stress/ fatigue/ crack prevailing load (stress/ fatigue/ crack initiation/
initiation/ shock absaobtion); crack propagation/ shock absorption);

- Utilizarea materialelor ultrgoare pentru piesele Using light materials for parts only with
cu rol exclusiv aerodinamic sau de farm  aerodynamic role or fairings (honeycomb, carbon

(honeycomb, fib carbon, spume); fibers, foams);

- Inlocuirea pieselor mari din tablcu structuri - Replacing of big sheet metal parts with compesite
compozite.

5.3. Proiectarea alternativi 5.3. Alternative design

- Se realizeazmai multe concepte de design; - Few design concepts are elaborated;

- Se auta dimensionarea echivalent(realizarea - The target is the equivalent pre-dimensioning
unui factor de sigurah identic); teoretic, la (obtaining identical margins of safety);

incarcari identice, conceptele studiatea sse theoretically for identical loads, will be obtained
comporte identic; identical behaviours for all concepts;

- Se face o matrice de compgea pentru analiza - A comparison matrix will be done in order to
criteriilor (tensiuni, deplasi, magi totak, nr de analyse defined criteria (stresses, displacements,
componente, nr de normalizate, mentenabilitate, total mass, no of components, no of fasteners,
coroziune, reparabilitate, costuri); maintainability, corrosion, reparability, costs);

- Se face o analiza criteriilor care pot descalifica - An analysis of criteria which could eliminate a
un concept (funonalitate, frecvete proprii, concept (functionality, natural frequencies,
tehnologie indisponibil, costuri ridicate etc.); unavailable technologies, high costs, etc.);

- Se stabilgte ponderea fiegui criteriu in calculul - Will be established the share of every criteda f
punctajului final; pentru un obiectiv de nias  final score; for a lower mass target, the mass
coborét, ponderea acesteia va fi sulysi) share will be big;

- Se calculearz punctajulsi se alege conceptul cel - There will be calculated the score in order tulfi
mai bine punctat; acesta va fi continuat cu the best score concept; this concept will be
proiectul de detaliu. continued to detailed project.

Experiena arad ca sunt foarte greu de realizat Experience showed is very hard to propose
structuri echivalente din punct de vedere alequivalent structures from the point of view of
comportrii sub sarcini si este o adeirati  under loads behaviour and a real challenge to
provocare alegerea unei swlugeneral acceptate. choose a concept. Every concept proposed by an
Orice concept propus de un colectiv experimentaexperienced team is well founded; for this reason,
este bine fondat, de aceea, metoda presupurthis method supposes meetings between specialists
consulari  intre  specialti din  proiectare, form engineering, purchasing, production and
aprovizionare, produi@, operaresi poate necesita operation. This may request dedicated studies or
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studii separate sau chiar programe de cercetare. research programs.

in cadrul proiectelor in care au fost imptica Within the projects they were involved, authors
autorii acestui articol au preferat reducereaof this paper preferred a pre-selection based by
conceptelor prin eliminare, varianta fiaafiind elimination, final concept being selected by the
aceea care permite o asumare a dezavantajelor. acceptable disadvantages.

6. Concluzii 6. Conclusions

Aspectele prezentate 1in articol reprezint Aspects presented in this paper resulted form
experiema acumulat in peste 15 ani de activitate in over 15 years of aircraft development and project
proiectaresi management de proiect in avea management experience.

Din graficele din figurile 1si 2, in timp se From graphs from Figures 1 and 2, in time, a
constal o utilizare din ce in ce mai judicidgag  better use of aircraft mass for performance
masei aeronavei pentru maximizareamaximising is observed. From the above presented,

performanelor. Din cele prezentate, se obseri it can be seen that from the engineering point of
din punct de vedere ingineresc rezultate mai bene sview, better results can be obtained only by
pot olyine doar prin optimizarea structutaki structural optimisation and using of materials with
alegerea de materiale cu caracteristici superioare. superior characteristics.

Din experiena, autorii au observat ca LWD nu From experience, authors observed that in order
este o prioritate pentru toate categoriile deto set LWD as a priority for all specialist cateiger
specialgti implicati in dezvoltarea unei aeronave, involved in an aircraft design, project managers
managerii de proiect trebuindi glepud eforturi  need to make efforts to implement structural weight
pentru implementarea politicilor de reducere asaving policies.
masei structurale.

Metodologiile LWD trebuie supuse continuu LWD methodologies have to be continuously
reevaldrii si imburatatirii. Rezultate superioare se re-evaluated and improved. Improving inter-
pot ohine prin Tmbugtatirea comunidrii departments communications and technicians
interdepartamentalg instructajul tehnicienilor. training superior results can be obtained.

Desi este o metadl greoaie, abordarea LWD Even seems to be a difficult method,
prin prisma designului alternativ poate aveaconceptual design may have good results, being
rezultate superioare, fiind o tehhidin ce ih ce mai  used in many engineering teams.
utilizata.

Ca direcii de cercetare ulterioare, se identific New research may be done in a weight
definirea unui factor al eficigai structurale pentru effectiveness index for other aircrafts categobiets
mai multe categorii de aeronave, dgr pentru also for components; other research direction may
elemente componentesi un studiu asupra be a study of hybrid concepts (combining more
conceptelor hibride (care combBinmai multe manufacturing technologies into a single one
tehnologii de fabricge ntr-un singur concept). concept).
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