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MIJTUB EF OPUBBSJJ

R(t) Gvodbjb ef gjbcjmjubuf

F(t) Gvodbjb ef :;opogjbcjmjubuf

f(t) Efotjubufb ef qgspcbcjmjubuf b ujn
(1) Rata de defectare

Pr Probabilitatea evenimentului

yo Nasjnfb joufswbmvmvj <

m Nfejb ujngvmvj ef gvodbjpobsf <

D Ejtqfstjb ujngvmvj ef gvodbjpobsf

S Abatere standard
Cv Dpfgjdjfouvm ef wbsjbbjf<
Qbsbnfusv,mnqgéfd) gp Weabbtllgb suj bj f j
S Qbsbnfusvimged) g ddWedbblllpbsuj bj fj
Ar Factorul de accelerare
Ly Evsbub ef wjbbad 7o sfhjn opsnbm e
La Evsbub ef wjbba To sfhjn bddfmfshb
L(V) Evsbub ef wjbba tWeibdlj gj dd npef mvm
\Y Nivelul de solicitare specific modelului IPWeibull;
k Primul parametru caracteristic modeluluPIL- Weibull;
n Cel deal doilea parametru caracteristic modelului IPWeibull;
Gvodbj b; Hbnnb
B10 Qbsbnfusvm dbgséf dagae a(%ddi prodise sumt defecte
Ren(t) Gvodbjb ef gjbcjmjubuf T0o sfhjn o
Rsa(t) Gv o d b j Hilitate h regjm dzcelerat de testare;
A S GvodBjb ef bddfmfsbsf<
In Qbsbnfusvm ef gpsna To sfhjn opsn
[a Qbsbnfusvm ef gpsna To sfhjn bddf
on Qbsbnfusvm ef tdbsa To sfhjn opsn
Sa Qb s bnf us v meginfacctledakds tastaie;o s
G Dpotuboua efufsnjobdiagfdgfgyoadbub
q Dpotuboua efufsnjgbdpgfggfgyodbpub
L Lungimea specimenului sandwich;
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d Grosimea specimenulwstructurii sandwich;

b Mabj nfb t csfrudtyrirsdndwicimyv |

S Ejtubobb mg ousf sfbf{f

Y Grosime miezului structurii sandwich;

f Grosimeai o wuiunsfru®urii sandwich;

P Gpsbb ef 7Todadsdbsf <

g Qboub esfqufj dbsf bgspyjnfb{a ea
curbeicaracteristicetensiuneAe f gps;nbbj f

Ab Sf{jtufobb mb Todpwpjfsf<

Eo Modulul de elasticitate la incovoiere;

Zesu Sf{jtuf o)bmb fajoriegame a miezului;

Zey Tensiunea la curgere la forfecare a miezului;

As Sf{jtufobBfmb TodpwmpjBvmvj <

Pir Gpsbb nbyjna 7Tobjouf ef svqgfsfc<

Py Gpsbb nbyjna mb dbsf bgbsf efgpsn

R Coeficient de asimetrie;

acu Sf{jtufobb mb jngbduc<

Ec Fofshjb dpotvnbua gfousv svqgfsfb

UCL Mj njub ef dpouspm tvqgfsjpbsac

LCL Limtb ef dpouspm jogfsjpbsac

Ac Sf{jtufobb mb dpngsftjvof<

Ec Modulul de elasticitate la compresiune;

Pe Todasdbsfb nbyjnd mb dpngsftjvof <

Ac Tvgsbgbbb tfdbjvoj] usbot wf st bmf

Dec Dimensiune celulei hexagoale (fagure);

a Dimensiwnea laturiihexagorale (fagure);

te Grosimea peretelui celuleihexagorale (fagure)
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IPL Modelul Puterii Inverselnverse Power Law)
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NACA Dpnjufuvm ODbbj pobm Dpot Watioralu Adwisory
Committee for Aeronautic}

MEF Metoda elementelor finite



Tf { d& abilitare bfg mvdsasj es/ -Marian

A.Summary

The paper presets the author's scientific and professional results, published after obtaining
his doctorate in the field of Industrial Engineering in 2010, with the doctorate thesis
Theoretical and experimental research regarding accelerated reliability testijsgientific
advisor: Prof. Dr. Eng. lonel MARTINESCU).

The habilitation thesis, entitiedResearch on the reliability, the accelerated testing and the
additive manufacturing of industrial productsrepresents a synthesis of the scientific results,

publishedin two research directions the study of reliability of industrial products and the

fabrication of lightweight sandwich structuresby additive manufacturing processes

(selective laser melting and thermoplastic extrusion).

The current habilitation thesis, entitledResearch on the reliability, the accelerated testing and
the additive manufacturing of industrial productscomprises 3 sections. In the first section,
the scientific and professional achievements were emphasized, which represent the main
results obtainedby the author of the habilitation thesiver the course of the past 10 years.
In the second section, the growth and development plans for the teaching, scientific and
professional career were presented. The habilitation thesis ends with the third sectiohich
presents a list of the references used in this paper.

Section B1 entitled SCIENTIFIC AND PROFESSIONAL ACHIEVEMENSE®Ictured in two
subsections, as follows:

Subsection B1.1, Scientific achievements,structured in 4 chapters, as follows:

Chapter 1.entitled Theoretical aspects regarding experimental reliabilitgresentsbriefly the
current state of research regarding experimental reliability, applied on industrial products. In
this chapter the calculation relations of the reliality indicators, that were frequently used in
the experimental studies in this habilitatiothesis, were presented A couple of theoretical
aspects regarding accelerated testing were also included here (advantages, classification,
acceleration nodels).

In Chapter 2 entitled Experimental research regarding the reliability and accelerated testing of
industrial products two case studies regarding the accelerateddting of industrial products
were presented.

The first case study (subchapter 2.1) refers to the testing and statistical processing of data
resulted from accelerated tests. This tests were used to determine the life time and the main
reliability indicatorsof the radial ball bearings.
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The second study (subchapter 2.2) comprises an experimental research regarding the testing
of pitch linksusing accelerated fatigue testing. The data obtained from the accelerated tests
were statistically procesed, pointing out aseries of advantages provided by this testing
technique.

Chapter 3 entitled Experimental research on the accelerated testing and the reliability of
lightweight sandwich structuresmade from composite materialspresents four case stuids
regarding the accelerated testing of composite sandwich structures.

The first case study (subchapter 3.1) is dedicated to determining the mechanical
performances and the reliability indicators of the sandwich structuresith fiberglass skin
and foam core, subjected to thregoint bending tests, in static and dynamic regime.

The second case study (subchapter 3.2) describes the accelerated testing of the sandwich
specimens with carbon fibeskin and balsa wood ore. The results of the accelerated tests
were statistically processed and the reliability indicators of the sandwich specimens for
normal testing regime were determinedAt the same time, the failure modes of the
sandwich structures, subjeted to three-point bending point tests in static and dynamic
regime, were microscopically analyzed.

The third case study (subchapter 3.3) focuses on the testing and the processing of data
obtained from the accelerated tests of the congsite sandwich structures. The reliability
indicators of the specimens with carbon fibeskin and Nomex honeycomb core were also
determined.

The last case study of this chapter contains a research on the testing of sandwich specimens
with fiberglass skin and Nomex honeycomb core, to which accelerated fatigue testing
techniques were applied. The results of the accelerated fatigue testing were statistically
processed, pointing out a number of advantages provided by this type of tests.

Chapter 4of the habilitation thesis, entitledExperimental research on the manufacturing by
additive processes of thelightweight sandwich structures comprises three case studies
regarding the fabrication of the sandwich structures by using dalitive manufacturing
processes.

In the first case study (subchapter 4.1), cellular structures from stainless steel 316L, with
honeycomb core, were manufactured through the process of selective laser melting. These
cellular structures weee tested under compression (plane and on edgewith the purpose of
determining the mechanical performances. The cellular structures witlorieycomb core
were sectionedafter a specific direction (perpendicular on the manufacturing direction) and
the microhardness vas measured. In this case study the accelerated corrosion tests of
cellular specimens were also implemented, with the purpose of determining the mean life
time under normal testing conditions.
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In the second case study (subchapter 4.2) the feasibility of modecturing through the
process ofselective laser melting of sandwich structures with honeycomb core, with two
configurations (with perforated core and with perforatedskin), was proven. The two
configurations of sandwich structures, made from Incoh&18, were subjected toheat
homogenization treatment. The sandwich structuresvere compression tested, with the
purpose of determining the mechanical performances. The microscamalyds of both heat
and as fabricatedspecimens,after two directions (perpendicular, as well as parallel on the
manufacturing direction) was used, obtaing the microstructurestypical of the Inconel 718
material. The analysis of the specimens' microhardness showedabvious change with the
increase of the manufacturing height, both for thas fabricatedspecimens, as well as for the
specimens subjected to the homogenization treatment. The failure modes of specimens
subjected to compression testing were validated thugh finite element analysis.

The third case study approached the manufacturing of sandwich structures with three core
configurations (honeycombdiamond and corrugated) through the process of thermoplastic
extrusion from the PLAPHA material. The three spatien configurations were subjected to
three types of tests: compression, thregoint bending andtensile. The failure modes were
investigated using macroscopic analysis. Similarly, the tested specimens were analyzed from
the standpoint of the strength-to-mass ratio. Also, the experimental testsat three-point
bendingwere validated using the finite element method. The three core types (honeycomb,
diamondand corrugated) were used for the manufacturing through thermoplastic extrusion
and the impact testing ® someleading edgewing specimens.

Subsecton B1.2, Professional achievementsencanpasses the accomplishments of the
author of the habilitation thesisin the following three directions studies and professional
experience, teaching activity and scientific research.

Section B2 of the habilitation thesis, entitled Career growth and development plansis
dedicated to presenting the growth and development plans in the following three directions:
teaching career, scientific career and professional career.

Section B3,entitled References contains a list of the references used in this habilitation
thesis.

The scientific results presented in this habilitation thesis are based omp&pers (8 of them
published in ISl jourals), publitied by the authorof the habilitation thesisafter obtaining his
doctorate. The results obtained during the research projects, whéme activated as a director

or as a member, constituted the basis for publishing these important studies in ISI indexed
journals.
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B1.S F BMJ [ A SRICHD RRDBESIBNALE

BL1.SFBMJY{ WBSUOBJ GJDF

CAPITOLUL ASPECTEFRORETICREFERITOARE LA FIABILITAERRERIMENTAL

Epnf oj vm g deavgltame pa b jojf df t j uikdbsjriae pebfddap mdy pj b
tehnicic Bjgsf { pobg édwhat @fa qgs pc mf nf experimpentélal ga fcupring
principalelefaze de dezoltare ale unuiprodusindustrial; dpodgfsgpbjjffdubsf - gb
f y f jdfvuiilizgre - explodare.

Fiabilitateaj mv t wsgfub {ua&v ej of b v oV | gspevt ef b Toefqq
ef gvodbj p-@abusgul ureibperibadeledimp determinater(conform standardului

AFNOR X60500). 1n conformitate cu standardul 1ISO 898 ; 2 : : 2 - gj bcj mj ubu
gspcbcjmjubufb db vogwocdhRmifl gadbhwafigoj dp obe dBb
gf sjpbea efgjfojpbdd mbdfjf mvdifsvf tdw ef gjojbjb qsf
gj bcj mj ubuf b-oprébatilitatg.sj na gsj ous
Gjbcjmjubwvwbobbopousabepusef fwpmvbjf pebua dv
Todf gvuvs|j mf f yqmpbssafsh jf mfqdouds prorjvd j-j divj el {dwfpar
cu diversificarea aparatlor de uz casnic. Ca urmarefast realizatv o ovnas jnqgsft]
d f s d danmtvdjsdetgtateidg specialitated pot bdsbuf ejgfsjufmps b
aeepnfojj mps dpodsf uf ef bgmj dbsf -, cahfbrs f b q
gj bcjmjuabjj/ Ov To0o vmujnvm saoe-vinf tqpdpfyj t
Tobmua qfsgppnhbéba pbbbedf T o qsf {iproduselonb e f
industriale. In figura 1.1au fost descrise oserie de obiective importantecare sunt vizate Tn

studiile de fiabilitate MAR 6 - T83).A

Studiul defectiunilor (al cauzelor, al
g proceselor de aparitie si dezvoltare si al
~. - metodelor de combatere)
=3

Determinarea modelelor statistice si a
metodelor de calcul al indicatorilor de
¢ fiabilitate si de prognoza a fiabilitati,
pe baza incercarilor specifice si a
urmaririi comportarii in exploatare

FIABILITATE

E Stabilirea metodelor de selectare
! — achizitie si prelucrare ale datelor

S B privind fiabilitatea
Stabilirea solutiilor constructive, tehnologice
si de exploatare pentru asigurarea,
mentinerea si cresterea fiabilitatii produselor

Fig.1.1Qs j odj gqbmf mf pcyMAREU j wf bmf gj bcj mj
8
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Fiabilitatea produselor industriale t f t uubfc j méb Ba ej o gb{f
b d p Bidbilitatea deau joateaexpbneapiry mabd mudte

(proiectare)qsj o t pmv D]

moduri (Tabelul 1.1).

Tabelul 1.1Dmbt j gj d b EVIAROS,PANBE | mj u &b | |

Gj bcjmjubuf qgsf
) gsf mj nj owbau-a -q sqp

Sfgsf {j ouapcghjbocyjurd uejud bs
gvodbj pobsfb gs pedrt f mepis
specifice domeniului fiabiligc. Acest tip de fiabilitate
t f p c Dazaalé desigoa produsuluiindustrial.

Fiabilitate experini o u b ma
(de laborator)

Sfgsf{joua pgpphpdv arfpa lestdlob
realizatet o mbcpsbupbsf ef g]
dpoej bjj tjnj mbsf dv df
industriale.

Gjbcjmj pypobmaq)
exploatare)

Constituie fiabiltatea unui produs, e f uf s nj ¢
cb{b vsnasjsj|j tubujtuj
unuif Bbouj po ef (s qeardctéristigi
jefoujdf- qgf p qfsjpbea

Gjbcjmjubufb jo

Sfea gj bcjpmogus b bf{ b udmeaupea
ejoustf t pmj dj sb§fad prddogdhi
analizat. Acest tip de fialbnj u b u f ftu
d p o daf pgpBusului f | ftuf T ohmpd
gsfwj{]j pobmal/

Gj bcjmjubufb fy

Sfgmfdua gjbcjmjubufinve
ebuf mps ffrbouj pbof mp,sprin
intermediul indicatorilor de fiabilitate.

Gj bcjmjubufb op

~

Constituie fix j mj ubuf b i ot d sijet
tehnice (standarde, norme, contracte) afgodusului

Gj bcjmjubufb ft

Rf qsf {joua gj produmj udfud b
punctual sau pentru un interval de incredere dat, |
baza rezultatelor provenite din testele de laboratc
sau din exploatare.

intr-un universp ogsvoubu
optimizate,usf cvj f t a

sfbmj{bsfb vov]j

uj nqg\

dv 9§04 dpdspeoht sufsbv dralj wté fnrdejrbaif d p o
tf bdpsef pelodegepwitatdaeméeste f pt f
t p m{ZAH18a]. Acest deziderat este impus de variabilitateaspectelord b s f dp

gs pevt )ateh prdiest¢lgr, fattoriigehnolodici

odv s :

, T r

factorimf hde bonservargd | ef gp{j ubsfj-fghdppspmijetb.gf §f 0 bs

Epnfojvm jgj btcgimj

vabm dptujtjups- efpbsfdf qg:s
nbuf sj bproflusdorsu f it jubuf - naoa ef mvdsv dbmjgjdbu



Tf { d& abilitare bfg mvdsasj es/ -Marian

tubujtujda b ebufmps fpqgq@jispnhomud mbc dpimbadnb jy f /
tfbnb ef btgfdufmf fdpopnjdimhgbeffdédad efmaond md
b meungspevt gj bcj m-a dnvsapestemaslhh oa beff mwit @bt f qr
g virbla inceput, pentru uproduslafem ef gj bcj m- adwbp eédsbua-cet
gpbua gj Tompdvju dv bmuym opef sobhj dwmpdyil
un program riguros stabili{ZAH12].

Cu ajutorul indicatorilorde fiabilitate, se poate exprima cantitativ fiabilitatea sau o
dbsbdufsjtujid@ epnldfjtiupfofubglon ingustjake,arcinul dintre
indicatorii de fiabilitate nu poatel v bouj gj db upubm gj bcj mjubuf b-
acesteia. Prin intermediul indicatorilor de fiabilitate, se potf gf duvb vbdauywpsefhb
realizarea unor calcule privind fiabilitatea produselor comg b s b s f b ii diyefsabj mj u a
produse, g v o e b nf ou betof the fimbilitatg mnfuse produselor,b o b mj { bei j ogm
dives Bj mps g b du pisproduselofyMARID]. gj bcj mj uab

Gvodbj pbcgfmj gb ®RE)-sf gqpl/ppyaua gspcbcj mjudafb

Toefgmjofbtda gvodbjb tqgfdjgjdbua géadoa mb n
gsftdsjt- To dpoetfbjqs fetf prgpwsmlfdgbg tpuo bgsvft eibou fg v)o
u>1*/ Fyqgsftjb gv[MOR]:f|j ef gjbcjmjubuf ftuf

YO 0i°Y 08 (1.1)

Gvodbj b ef -o womrilsidysmcpuppquaf nf oubsb gvdBjgbjfftjufe
efgjojua db gspcbcjmjubufb @GfH)Bjefgvdubsd bwjgs
de fiabilitate a produsului supustests j j / Fb bsf Vv[a3An®a)pbsf b fyqsf

00 ULiY O "Q0Q8 1.2

Efotjubufb ef qgspchbcj mj whwfigst qg fndggvomvi e fegfj og
limita raportului dintre probabilitatea de defectare in intervaluldd Yo Bj nasj nfrk
intervalului, cand¥6° = Fj bsf v s [MAROP EAH2b sf mbbj f
EQ 10 \U( o Yo

Yo

"Q0 (1.3)

Jo
To tubujtujda- joejdbupsvm efotjubuf e f gs |
sbgqpsuvm ej edgff duvasgsvm efoj ubuf ef ujng Fj
experimentare

Rata de defectarepo p u b 8 f qsf {joua qgspcbe¢dgmgfublufdpv addbjve
ef gjf ] gaoa mbanphf edymduf {f 1 ota de defectaravb mv m
sfgsf{joua ebmogdswmme,legreeilgdirdunitate gémp, lamomentul t,

Bovnas elemedegcarebv nbj bv 2o bldare la acel moment.Expresia ratei de

10
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efgfdubsf f t[MARISSYAHA:UupbsTf b

,010 Y O Y¥Y o
v ®Y 04 (1.4

0 E o
Yo

_ J
y

o=

Nfej b wujngvmvj ef sgwoesdffjjmpabas fp- dobpsibpdarefarerp-t uj d
mbsha vujmj{bsf To gsbdujdb johjofsfbtdal |
fygsj naofangj obuosb mj uj da- wbmpbsfb nfejf] uj nqgv
s f miMBRO® MOR18 ZAHL2]:

. b aora 4 A
e :o7.Ye) (1.5)

Ejtqgfstj b ujngvmvj seffq sgfog dobuap ovbos fj-0 eoj pdubbuupds Ev-
ingsaBujf efj gujoaid jumeviplorii sale medii. In cazul In care timpul de
gvodbj pobsf qgqsf{joua p ejtusjcvbjf dpouj ova-
s f miMBR9S, MORS, ZAH17:

H
~ T

$ O IOA0 (1.6)
Bcbufsfb nfejf qgBugbaofdbapbbShegogmohba@&vo joej
gf ousv dpngbsbsfb mfhjmps ef e t us jabatebep f b
nfej f qadreiespbesigMARIS, ZAHT7A]:

6o ."° O A0 (1.7)
Inpractcasbuj t ujda- ef nvmuf psj- tf vujmj{fb{a-

g v o d b jop & hasid@mbatere standard

= bcbufsfb tuboebse tf fygsjna 1o bdf mf]
wbmpbsfb tb bct p mdadspesie al safiapileifakaioare dusdspectamea

valorii medii. Pentru a reflecta acestaspedt f v uj mj {fb{a vo ,jumej dbu
dpfgjdjfouvm ef wbs[zah2:f - efufsnjobu dv sf mb

i
#Gd—Q)nT[D (1.8)

P wbmpbsf nj da ebf dwhbfsgjjhbdhjffousvfrymf dua vo hsbe
bmf bupbsf- jbs p wbmypat sdicat dejineeyrtithdineld prdblentele et u v j |
inginerie, valoaread pf gj dj f ouv mv | e fie maibnicg de@BP% penirg €ac v | f
fBouj povm bobmj{bu ta gjf pnphfo Bj wbmpbsf
[ZAHL2].

intre principalii indicatori de fiabilitate, se pot stabili o serie def mb b j | ef efqgfoe
1.2).

11
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Tabelul1.2Sf mbbjj 1T ousf defiahlitatd[M@RBINj j j oej dbup:

Indicator Fyqsjnbu T0o gvodbjf e
de "00 "Q0 Yo _0
fiabilitate
"OO - . ‘ P Y b P Q - o}
Qo0 Mo
"Q0O Q'® . QYo _om- o)
Qo Qo
YO p "Oo0 - Q- o)
"Q0 MO
_0 p ‘ :)QGD Qo0 | p‘ ’Q"Yc“) -
p 00 Qo . Qo Mo Yo Qo

In zilele noastre, nu se mai pot fabrica produse industrigged s & b bwf b qgbsuf
severasupra carateristicilor defiabilitate B | dbmpupmf {doe ej wfstf uj
ejo fubgfmf ujngvsj | ef gbcsjdbsf/ T ouysef uf't
hatftd Bj uf t uf mf e f g j bhcstandyriude estarfe ma&ddrhetB g f mt
gf st pobm dbmj gj dbu Bj df sujgjdbu ta sfbmj{f
dpngbojjmps joevtusj bmf ejtgvo ef mbcpsbupb
fodadu ta pgfsf p uftaofbitateddu nbj sfbma b qgsp

|l o npe usbejbjpobm- bobmj{b @&pfoepelsanadsratglor T o
ef wj bba ab mpvcud dfqtsy ps v snasjos fdimormagleideuilizapeoid s j | -
ovnf spbtifl ottjauv bebf evdf s b be s Ipe b interfalsrezpnbbd u s

de timp,estedif dj ma t bv di jidutsdinjdifedtgnofive, cum areiZAHY®9a}: b

T evsbub aefgpitwvp hib cazovpooduelod v gj bcj mjcardia f S |
v o f mf ii, poateifimde dordnul anilor;

1 timpul foarte redus intre ppj f dub s f fj mbieo & prediselor T o (
industriale;

T tdijncbsf b dpiloradgtestarginbaredeuglejfbb{ a sf hj nvs]
e f gonaredekr.
Dincauzeb d f t u p s i, gradigigniddinrdm & b j v m iiqy demejato jseas @émetode
gsj o dabcsldrezepraducerea mecanismelor de defectare a produsel@yand drept
dpotfdjoba sfeudfsoshbhdf eBsbpEtphpjefsfb Bbbbdufly]
trecerea anilor, acestepractici sau materializat prin teste bine definite, numitd odf sd a s j
accelerateExisa p wb s j f u bcaré sut incluseduln gereumirea ddeste) T odf sdas

12
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accelerate toate avandca scop finaldeducerea indicatorilor (caracteristicilor) diabilitate a
diiharragle Metestare [ZAH 19a]

produselor,i o

Bovnjuf

gspevt f

joevtusj bmf
ef wjbba Bj b joejdbupsj mefs
indemvohbua ef T odfsdbsf/ Ef
efufsnjobsfb

bdffb-
joejdbups) mps ef

gsf{joua p gj bcj
wefft gl sbfc-j mj fubag $ £
ufi oj dj mf
gjbcjmjubuf - 1

uftubsf bddf mfsbua tvou sf Bmjt{fbufi ombd panjgvbfsmvbs
opsnbm ef uftubsf- dv tdpgvm joufotjgjdasj,|j
Uftufmf bddf mfsbuf efufsnjoa p sfevdfsf b e\

gspevtf mps-

dv dfpropeg DBjb mpgeowgjofefi jefbgf dubsf/

Testeleaccelerate de fiabilitatdKLY20] se potdivizai o epva dbuf hpsjj )gjlt

Teste accelerate calitative la care

practicianul este interesat sd
identifice modurile de defectare a
produselor fdrd sd evalueze durata
de viatd n conditi normale de
functionare. Aceste teste se mai
numesc §i HALT - Hight Accelerated
Life Testing.

Teste accelerate cantitative [a
care practicianul este interesat de
predictia duratei de viatd a
produselor sau a altor indicatori de
fiabilitate (functia de fiabilitate,
functia de nonfiabilitate, rata de
defectare, media timpului de bund
functionare, etc), deduse pe baza
datelor colectate din fincercdrile

R accelerate ale produselor.

Fig.1.2. Clasificarea testelor accelerate fiabilitate [ZAH12]

Bwboubkfmf 7T odfsdasj mp§fAHLedf mf sbuf tf qpu sb
1 reducera timpului de testarece bda mb vuj mj {bsfb deft ufn
testare,qf ousv ef gfdubsf b bovnj ugpfss jopsbpedavat fe ft
timp, testele accelerate pot reduce de-%0 de ori timpul de testare;
T ujngvm ef mbothbsf mgs wphpbbd bimjgeped- efp
pnpmphbsfb qspevtfmps ov tf nbj bFfufqua
T dptuvsj ef ef {wpmubsf F|j ef gbcsjdbbjf
e f gspupuj q- bdftufb tvouBupt alhewf fslked| e
dbsf qgpu gj dpsfdubuf qgsjo bdbjvoj ,dpsft
seftujnfb{a ] podsdutbstatef wj bba b
T dptuvsj ef hbsbobjf nbj njdj- qspewvtf mf

Pentrureo mj { bsf b vof]
c b {RELO7]:

Todfsdas) dfddysni Sbplhs f miuf]j

13
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1 g v dodabeaprodusuluii o  diipbodedjf bmf s b u f usffeaj ef t adfgn
procese dedegradare caBji o diife m@make. Altfel spus, mecanismel de
ef gf dubsf qs piwqrelebate fdeestare ud g @ & jj fieprezantatige] f
i j qf o uiknomdle detegtabe;

T dpoej bjj mf tastdrd b snf sbpuf €& gj f bdf nffjb db
efgfduasBiobkipof | dthsjanigf sf bmf ef

T sfhjnvs)mf ef bddf mf sbsf udof specifichte pria  t f
epdvni 0ulub ipredusuldir p tvc mjnjub ef et us vt
1.3);

Limita specificata

SOLICITARE

Fig.1.3 Mj nj uf mf t produsdrdustdafRE[j07]qf ousv vo

T ej t ujsh ces\bs b u fampreduseldr A pdfj (drdbability density function)A in
dpoej bjj ledtard, uyn fs b vpffekinetba f f pb§na gdv df b dpot
dpoej bjj tespare r(de raxempki fpentru s f q las\Weipui c ] gbsbnf usj
parametrule f g pwim ag | bdf mb¥fj - jhbadidigri)s bnf usvm e

Qf o u s v elbge prdcesil debextrapolare de la regimul accelerat la cel normatied¢are,

tf dpotjef s a-testetfj nfqgyfvn g mivo- wfoe ff s fold dif jgru@nrjdgij dv
deproduseb gptu tvgvt vofj tjohvsf tpmjdjuas)] mb
s-au colectat o serie de date privind duratele dej b PBedbaza acestora, prin prelucrare
tubuj tudjddadatqftf gpbuf e fi elev drdoabilisate g(B U Hj B o e
dpothdjopbtfsjf ef joejdbupsj feffsgjloé@j mjf elp bf /
ef gonared D

Pcjfdujwvnmdifodfsdbddsjov bftuf bid primrid coenportatea p c b |
produsuluiin regim acceleratgi la alte regimuri, in mod imperios, la cel normal tistare.
T odf sdashurf jbrdedmijnd 3 n & tevpsobusulubin aprid ibmai semebecd®

14
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solicitare, dec&in cazulu f t wdgssjnjb mf - mb ejgfsjuf oj wf mvs |
datemps ej o sfhjnvm bddf mfsbu- dpsftqvo{aupbs
modele matematice specifice,fs qp b uf ef uf s njao lprodasulsi im uelgim e f w
normal detestare,n b u f s j b mip{ beujatj dgssjggoaifist qvo{ aupbsf/
Pentuefduvbsfb Todfsdasjvmpsnj §ddf @f saibgf nvmuf np
accelerare permit conversia regimurilor deestare b d d f mia segimuiinormal detestare.

Apf dbsf b mps tf aghldf ofba v @grpduskigrstgnElgdud njgjf s buv s
wj ¢sjb bf ud/ Qf ousv dmbsjubufb eftgafvsasj|] i
sf{vmubufmps- 1T odfsdasj mf bddf mf sbuf tf fgf
parametru de testare/ Tota tflodvVepthes§ligpfdddvparanmeji, da v mb
fyfngmv ufBmudfosdhwwdafmfdusj dal

In figura 14 au fost descrise principalelecategorii e f t pmj dj u aiscercar&au | mj {
bddf mf sbuaindustriplse.pevt f mps

Curentul Puterea
electric ejtjgpbua
Umiditate Nf dbo i
Uf nqgf s s a SOLICITARE Di jnj|da

Fig.1.4.Principalelecategoriie f t p utijizate latebtel¢ accelerate[ZAH12]

Pentru determinarea valorilor indicatorilor de fiabilitate t f vV U | tesielg hdogjette
realizate pe prototipuri, serie zero sau produs de serie. In acest sctqebuie stabiite
vsnaupbsfmf d) sjobf )gjhvsb 2/6

pDvopbfufsfb tpmjdjuasj mps df usfcv]f bqmj

~\

pNpevm ef bgmjdbsf b tpmjdjuasjj F] bgbsbu

pujgvm ef efgfdbjvof dbsf wb gj mvbu 1T o dpg

p Proiectarea testelor accelerate

pSf mbbjjmf ef dbmdvm ofdftbsf gsfmvdsasj|j

J

) o CCodnd -4

Fg.19 Btqfduf tubcj mjuf mb[zAHImj { bsf b T odf

15
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Qf ousv pmfbHjof sdm s gbs ugaproduseldr,i e v slifpde Bgjiclhaeef W/
opsnbma- ftuf of dimeddldeatcélerarshuuvmug arfj fp f& ffb agdbmrf s ¢
dbsf ta qfsmj méhijfjt uphb sgfjii marpate] pommind de Taodatetep o e j
bdvnvmbuf 1To sfhjn bddf mfemddeldde &ygejertare @igura@,) n v n
fj b fNELD4A, KLRO]:

MODELE DE ACCELERARE
|

[ I I
Modele experimentale Modele statistice Modele fizice
|
[ | |
Modele parametrice Modele semi-parametrice Modele non-parametrice

Fig. 16. Clasificarea modelelaie acceleraréNEL04]

1 modele experimentalela care, pe baza unui plan de testare, se permite studierea
efectelor variabilelor aleatoare (factamp s * bt v q selorpeduselprp s nb o b

1 modele fizice care au in vedere modurile de degradare pleduselor,

1 modele statistice dbsf gf snj u ft ujpararetiice sabsobnf us |
parametrice.

Factorul de accelerarenotat A s f qs fh pusauv m e | o uasafprodesulsitmu b e f
regim normal detestare,L,- F ] evabidb ef hydetesmedd mf s bu

5 —g 1.9
5 (1.9

Wb sig fachorului de accelerare depinde de modelul de accelerare considerat (Arrhenius,
Invers p xf s Mpx - F z s jieode acéste dnbdelé, sd deduaydifevitd Bxpresii ale
factorului de accelerare. Dirs f mb b*% b s f) {2V mu aL.=ld, &aloayefa dagtsrvui de
bddf mf sbsf ftuf fhbmasgdy 2pmjQd| wid phvdasblorgew silh 0 b
sfevdf- jbs gbduwpfs/ivmTfefqgpudff md mdtsebvidld idnwv e i w
regim normal detestare, este mai mare decéat cea in regim accelerat tstare- Fj bovn
[YAN 07]:

0O 0 D38 (1.10
Modelele statistice de accelerardYAND7, NEIO4] t f v uj mj { €dbd{canexiuneas v o d j
ejoustf t pmj dj uatile jtinpflor de glefgctdrd aldprodiisplor smt mificil de
determinat, pornind de la principiile fizice de degradare ale acestora. In acestprarusele
sunt supuse unor niveluridet pmj dj ub s f - jab facestorasuntwfilinafe pemtfu wj b [
ad uf snj ob jpf edjptsu stjqteged de vepbbssuj/bj f b  dopamegirv mv j
regim acceleratde testare,u s f cvj f t & @ea din rggienil oounalddéestarer in
literatura de specialitatet f T ouamof f uf p nbsf ccelebase; definite u f e
pentru diferite categorii deproduser | nbuf sj bmf,kteleBp cuncsdute mabéle u f b
t vou Vv s nraadgubAsriiemds modelul Inverse Power Law modelul Eyring modelul
uf nqgf sumidaeanp e f mv m u ftengiunes b u v s a

16
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CAPITOLUL 2DFSDFUASJ FYQFSJNFOUBMF QSJ WJ O,
B DD F MF & BROBDUSELOR INDUSTRIALE

21.6JBCJMJUBTUEBBSHBB BDDF MF S B LIRADIALBCU BEEY MNF OB J MP S
2.1.1.Metodologiade testareb d d f nbf ssbvunéinf o bj mp s

lodf sdasj mf bddf mf sbuf ef gj bcj mjubuf fgfdu\
j ogpjsin bdbf gf sjupbsf mb dbmjubufb nbufsjbmfmps
Bj ufi opmphj da- mb nfupef mf ef qscfjnovd stdbsf fmf @
fiabiltateamps/ Bt ugfm- nfupepmphj lbjepbsubfagbsf | bdeé
complexcaresedesh Bpbsa 1o nbj nymuf fubqf )gjhvsb 3

Natvsbsfb Bj

elementelor geometriei Natvsbsfb Bj bo

Prelevarea lotului de ) . .
oj wfmvmvj ef wjc

—> exterioare

svmnf obj ) .

(macrogeometria ef svmnfobj
svmnf obj mps

Sfbmj{bsfb 1o

acceleratede fiabilitate, Analiza chimice :
e A . . Fmbcpsbsfb Bj fr
utilizand standurile de i nfubmphsbgjd . .

N R . == gj Bfj ef uftubsf
uftubsf Bj gqs svmnfobj mps e raport concluzional
tubujtujda b To ujnqgvm uf P

experimentale

Fig2lNf upepmphjb ef uftubgAH1IaJddf mf sbua b

In cadrul acestui studiude cazfco nbj | nq pfstudbfo usif aeblefgfdnardau i
valorilor indicatorilor de fiabilitate pc bj ov b j ej o gsf mvdsbsfb t
fygfsjnfoubmf )ej oEbwofdmk darsdxgeimenbet ddeatefate lsal f * /
fyusbgpmf b{a mdtestaréarg mmmt .cofpjsmpsm

212 . Standuripentvr T odf sdadasj bddf mfsbuf ef gjbcj mjubu

To gvodbjf efotdtipdimjmbnbddgbtmfsbpt ef; gj bdi s
fiabilitate,lo d f s da s j gsj wWj omef sudvasdjb jerpd megdsmpr pirgiedare, |
Todf sdadjpjgf PRBE'Wp npu df mbe vor prezensamdpdcte Egate de

T odf s dféabilifamfacestdafind,i o n b k p s u b criferiul pbngipalprioh babejsg mp s
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ef uf semy AU b ed v mnj f bablgl,mip colaborarecu Instiv v uv m ef Df s di
Qspj fdubsrft Svmnfobj A Bs b Pwedpurfe deesfand@itdd testarea s 1

svmnf obj mps- bv gptu eft gaBvdsfbbutfu au fdtpurib chpdsdofsr
uftubsf b lhriddtdeB s b ma fadieb ¢u bile de tipul 6205 2RS vsn&&sj oev
gsfmvdsbsfb tubujtujda b ebufmps sf{vmubuf

nfobj pobu gbquvm da bdfauddstcenujeqv spgaesf ugv sdj|
svmnéebbpsj bRkf mwbogf dbsfl mdflsapdeleritesda fiabilitatew u f b /
svmnf obj mps pgfsa epva bwboubkf implidtlo peducere t d v s
tfnojgjdbujwa b dptuvs)mps qsjwjoe uftubsfob

2.1.3.Realizareaexperimentelor acceleate

Principalul scop al testelor accelerate este reprezentat dstimareae j t u s juateifde f |
gVv ¢ ¢® b,gespecByj aduratei mediide wj biba diipnormalebdetestare. In multe

db{vsj - uj ngvm ef uftubsf gy f topp@rdiysgvimeercarp u b m
bddf mf sbwat f mf dubuf qgf ¢ b{ bentelesda testapedispopbde, g b d U
cvhfu- ujngvm ef jouspevdfsf b gspevtvmvj qf

in continuaresunte f t dsj tf f ubqgf mifi oaff dfdtdlsg fmps s fold&@d jmf s
[ZAH13a]:

T Tubcjmjsfb pcjfdujwvmyj Todf sdasspyor bddf
realiza teste accelerate cantitative;

T Dvopbifufsfb tpmjdjutapmnmpijsu dd, intagufustjtqudy sdpbgr
s v mn f ,edbejpragusea, aceastdn regim normal de testargare valoareade 8
bari, iar in regim accelerate testareestede30dec bsj < uvsbbjb ftu
are valoarea de 4000 rot/min.

T Ovnasvm efvgespéevibdbdffsdbad ) m@aialibcdimid m b |

1 Legea deej t us Weibubg jf g b s b .nB dufshy edpga u s seaqwhfujsfi wf Bu
studiilor experimentalev o ef bqgqbsf gf oparmatenalloref pcpt f

1 Modelul de accelerare?uterii Inverse

1 Metodade accelerareincd vm uftuasj | bddpmif shbubsbbstb
este constanta.

T DvopbBuf sfb nf dboj dare fomfplsate & fconmderagrd: thcdzd f
uftuasj j b ddf mtadidiwd bildgmecanismul fde defeatapeseste
oboseala materiallui.

Modelul puterii inverse(IPL- Inverse Power Lawgste uzitat in studiul produselomecanice
solicitatelau f t uf b d csff ifj sobudf vBjn aqu @f:sf b sf mbbjf \ SFI

p .
. 6 +—6—h (2.1
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in care LA durata dew | b\Anivelul de solicitare KA primul parametru caracteristic
modelului IPL-Weibull (K > 0); nA cel deal doilea parametrucaracteristic modelului IPL
Weibull

Modelul IPL-Weibull se v u j mjpéntrib testele accelerate, pe diversitate de produse
industriale, supuse fenomenului deobosf b .rRactorulde accelerare specific modelului 1PL
Weibullqgsf { j oua vsnREIQYosf b sf mbbj f

P R
.6 6 E§ 6A|8

LA 6 P 65

ER&

Densitateae f qgqspcbcj mjulafj gvomseoj gbgimBbyd) da bsf

2.2

o O
s s

Qpsoj oe iadf ontljdegEdmabiliiae,qgf ousv sf gbs wjbjf (X3 fdjac v n

I pbenj mWaseldV), se poate determina formula de calcul pentru indicatorii diabilitate

afereo b | npef mv mviPLA Wéibulb(tdbel@ll thi).s b s f

or
3]

XKs g 2.3

Tabelul 2.1 Indicatoii de fiabilitate pentru modelul IPiWeibull[RELO7]

1. Densitatea de probabilitate /E OF+660+ 801 PA *+60

3/ Gawde fihtlitate 2 Oh A +80

4/ Gavde mbififiabilitate &Oh6p A *+80

4. Abaterea standard C
. P S p
O +—6ri) 3 r p 3 . p

5. Media PP

6. Rata de defectare 1 Ohre 80+ 801 °

22/ 5/ Qsfmvdsbsfb tubujtujda b ebuécelemted yqf s
s v mnidr mdaji cu bileutilizand sisteme softwarespecifice

T o dbes v mexpefinsedtdleuadost jestgijn regim acceleratunf B b o format din 8
svmnf obj bilede épulle20p 2R8 Aceste experimentaccelerateau fost realizate de
dausf johjoflejtjuj eywv ndvbjesefm Df sdf ubsf Bj Qs
Asamblare-TD JDQSPB TB CsbBpw/

Sf { v mu binute laftestgmealdbd d f mf sbua b sv mrh62002RApentrus b e k
df mf epva o) wf mvs jaudtprezentat¢itabaldd 2.4ZAHL3lad f mf s bu a
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Tabelul 2.2Rezultatele testelor accelerarb s vmnf o b j mp 82052BRS4AH1Bg] dv cj m

25 25
27 25
28 25
30 25
9 30
11 30
13 30
15 30

Qf ousv ebufmf sf{vmulbufsvennd Db ibtmd kg bs Kiyd e fummin
modelul Inverse Power Lawdeoarece sunt cele mai adeate calculului de fiabilitate a

s v mn f .®atglenap st introduse irsistemul softvareB MUB 8 Bgjf ubfvs ng potbub j
trei parametri caracteristici modelului de accelerare I|PWeibull, utilizand metoda
wfsptjnjmjuabjj nbyjnf/

Cei trei parametriiagf s f oD j n pWeibubhvgre v j{ | 0 Q B =88) k¥®,98E81f ;
n=4,08. Efectuand produsul dintreu j n qj | e f efgfdubsf - To sfh
valorile determinate alefactorilor de acceleraret f efufsnjoa ujnqgj]j e f
normal de testare(tabelul 2.3 - gf ous v Iscu bie6206 PRS[ZAHS3R]e | b

Tabelul 2.3 Determinarea timpilor de defectare in regim normal de testd@AH13a]

Nr. | Timpii de defectareid p 0 e| Factorul de Timpi de defectare n
accelerak de testare [ore] accelerare cp o e nobnple de
testare [ore]
1. 25 105 2625
2. 27 2835
3. 28 2940
4, 30 3150
5. 9 221 1990
6. 11 2432
7. 13 2874
8. 15 3316
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215.Determbbsf b Fj joufsfgsfaepebbf ef qé pdtbprpjsd jj u aesf
aplicate

Principalii indicatori de fiabilitatev s na s j b | To dvstvm Todfsdasj
svmnf,abfosnp sC2 1 - nfejb ujngvmv,j e f gvodbj pob:
nonfiabilitate, rata de defectare, densitatea de probabilitate uj nqvmv .&& gvo

dvopdBu-f gf c b {dxistente intse indidatorbde fiabilitat§tabelul1.2),ad f uj b g p L
g ] ef evr i ji[ZAHD3ja] ej o b mb

Vuj mj { aoe sf mbbj | mfsperifce modduluipR\Weibpllqtaeduf 2.)gau b ¢ j mj
gptu efpbeppgdbbppj) ef gjbcjmjubuf )gvodbjb ef
defectare, densitatea de probabilitatepentru nivelul normal de testare. Aceste valqgrale
indicatorilor de fiabilitatet f d b md v o fe ldgtinpiiide defectargin regm normal de

testare (tabelul 2.4.

Tabelul24 Efqfoefobb ejoumjupotj Bpupppfj pfetjb
gf ousv svmnf oAGROp 2RS[BAH|I3AMj dv c¢j mf

Timpii de defectare Gvodb Gvodbj Rata de Densitatea de

in regim normalde testare fiabilitate = nonfiabilitate = defectare probabilitate
[ore] R(t) F(b) T (Ao ft)) At o
1990 0,086
2432 0,799 0,201 0,069 0,110
2625 0,679 0,321 0,126 0,110
2835 0,560 0,440 0,229 0,081
2874 0,440 0,560 0,256 0,014
2940 0,321 0,679 0,305 0,057
3150 0,201 0,799 0,522 0,111
3316 0,083 0,917 0,781 0,041

Gvodbj b e, pentgujnibetulnonmaldd tastaresed b md vdmf bsgthmtabelul 2.1

Aceat u a iesdf bombdov mf byd fab g1l i depwmm@B v mp s f gaoa mb ef
oj wfmvm tpmjdjuasjj To0o sfhjnvm opsnbm ef uft
sfgsf{foubuf Iimnfgwage2d ,MsBectiBjnfigdr&2.2 c/ Qbsdvsihaoe
etape, s-a calculatB j sfgocsbfgpudbuwyvodbj bfiged2.3a B,pegpedivc j mj b
figura 2.3b). Ef ot j ubuf b ef gspcbcj mjubtbfds) fuwigsgfvdmnm
rembuj wf b mfi oe fggifoddfa sy jmrpcsj jdeted mjed jguf kdsufbks f b g mj d |
Resf {foubsfb hsbgjda- cj ejbnf eft g tggopb@@dilitafep U S |
ujngvmvj ef gvodbjpobsf,bggpugvfggwmndobpjgjshe
2.4.b[ZAH13a].
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RETESOUALTA T i RSOt
Fiabiitate vs Timp
eabily

1000

\ .

3200000

1600000

B8 035307 K0 D000, = DEASAT0 L

Fig.2.2Gv o d bgjjbb cejfmj ubuf ;
sfgsf{foubd4aAH1@d j ej nf ot j pob ma

c*

b* sfqsf{foubsf «c]j e

RelaSaf ALTA - i ReliaSof.oom
Nonfiabiltatea vs Time
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—

JiabilyLine

1000 Unrelabilty
Daia1
Imerse Pone aw
I

II ,;uflj;ﬁfmw»
i

L

f

i llf”" ”l’l III

a)
Fig.23Gvodbjb ef opogjbcjmjubmid<s b* sfqgsf {f
c* sfqgqsf{foubdgAAHIBa3j ej nf ot j pobma
&
T -
a) b)

Fig.24Ef ot j ubuf b ef

gspcbcj mjubufshgquff pifomvsf edj @]

sfgsf {foubsf [2AdI1Ba8j nf ot j pob ma
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Rata de defectares f @& n a s e h g € ftarddas joc in unitate de timp, la un moment

ebu- Dbjoadoe tfbnb ,dbsbdbvhéswnimjeh aetinfabetiniommdni. g v o d

To gj hvsj mf , a3fodh /qis f (Bfou®dl@Ffc tvece gpsna hsbg

usj ej nf ot j po@dmtée-timpé degdfeatard, in regim normal de testare,j sbub e
defectare.

ReliaSoft ALTA 7 - wwnu ReliaSoftcom

Rata de defectare vs Timp
0,010

Faiure Rale

Daa
Inierse Pover Law
Weibul
8
P850
—Falure Rae Line 0,0

0008 38583

C.030a05
. U026 2685
s 0.0235503
20006
o

02018y

B.016834,

0913453,

de d
Ratz de defectare

u’olﬂug-,s
000673

0.00335582

a
sebasian zaharia
Universitatea Transivania Bras

0000 1000000 2000000

3000000 4000000 5000000

Gjh/ 3/ 6/ Sbub ef efgfdubsf; b*

sfqgqsf{f
c* sfqsf{foubd4ZAAHIBa3 j ej nf ot j pob ma
Scopul testelor accele buf - bgmj dbuf svmnfobj mps sbejbmj
wj b ba- nbrmal deftdstpre. Durata medies f w(figrd &.6) in regim normal de
testare, b

svmnf obj| mpagprezeitat yalbamrep de® %75 arfz ArI3.a].

Al Quick Calculation Pad E

QCP#

Basic Calculations l Confidence Bounds ] Parameter Bounds ]
Options for Calculations

" 5td. Prob. Calculations " Warranty (Time) Information
" Conditional Calculations " BX Information
¢ Mean Life

" Acceleration Factor
" Failure Rate
Results Options

{+ i

Required Input from User

Presiune hd 3
Results - -
Mean Life 2775.9737 gose |
Report...
Help
| Folio: Folio1 (Data 1)

Fig.2.6.Determinareae v s b u f j n fZaH1Ba]be fs vwrj nihdiadin regip siormal

(la presiuneade 8 bari)
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Qf ousv efufsnjobsfb ujngvm ef redinmlticharbabkde ) C2
testare (presiune- 8 bariyb gpt u vuj mgdphpda néepréa imgomabts f /
joejdbups ef gj bcj mjubuf - To tuvejjmf gsj w
Joejdbupsvm C21 sfqgsf{| drefav mn fnagljmjn caddtédnuinbbj d
f Bbo,uf pef gf dwatbrbl BH ke pdateagtedmina grafiatilizand figura 2.7a, prin

trasarea unei drepte, prin timpii la care 10% tlens v mn f o b j-au defdctatupbniry cele

2 niveluri accelerate (25lec bsj dég b s4j1* / Mb | oafefente ihdit&iqulbi e s f ¢
B10, cu dreaptad p s f t g v onjveéluwipddtestare normal @ bari, seh a t f vBloafea
indicatorului B10 =2273 oreJ oej dbupsvm C21 )gj h/ 3/ 8/ c* tf
casetei de dialog Quick Calculation Pad dsistemul software ALTA7 [ZAH13.a].

ReliaSoft ALTA 7 - www.ReliaSoftcom
Durata de viata vs Solicitare @ Quick Calculation Pad L&J
5000 e
QCP#
Data 1 L
Inverse Pover Lay >
i i R Weibull
Indicatorul B10 pentru tipul de rulmenti testati - 6205 2RS 5 Basic Calculations | Confidence Bounds ] Parameter Bounds ]
are valoarea de 2273 de ore F=8180 X
10 Optians for Calculations
{" Std. Prob. Calaulations " Warranty (Time) Information
" Conditional Calculations {+ BX Information
" Mean Life " Acceleration Factor
{" Failure Rate
©
< Results Options
>
o C o
o
< Required Input from User
©
= Presiune - 8
o
BX% Information At 10
{P Results ——
*> Time 273 g
10
V sebastian zaharia Report...
Universitatea Transil vania
5 Help
8 1 25 30 100
Presiune |Foho: Faliol (Data 1)
oG9 KT E- B0
e

Fig. 2.7Determinarea indicatorului BlOpans v svmnf objj sbejbmj dv
b* nfupeb hsbgj d@AH13a]* nfupeb bobmjujc

Evga fgfduvbsfb uftuf mps b dddféctarke,sSnbragimndmaldey us b
uftubsf- tf qpbuf medipeofd mvj{lj pdo bb dsav newBROHEREp s s
a fost de 2775 ore.Pentru studiul de caz analizat, prin utilizarea o d f s dasj mf bdd
gj bcj mjubuf bt vagca bile7svinen f 29T mpeg g p e jediamjfde v B
aproximativ100dep s j / Ejnjovbsfb tfnojgegtibtsradacerd uj n
importante ale cheltuielilorb g f sf ouf uftuéasj j .dnvwomolizie &hpicips s b
de incercareb ddf mfsbwaj mj {fb{a gsfdwfou To uftubs
produselor industriale. Testele accelerate sunt utilizate pentru a scurta perioada dintre
gspjfdubsfb gspevtvmdajBjBjqfwjursqyvnb eifncmob@tuldadf
fibcj mjubufb gspevtvmvj/ Efiutfdspng vonb snf¢ostyrdor[B{j apsbj ej
dsf Buf sf b t buj t gh ébnfrefopiecti/eretestedobgcanlprate] ZAHL3.a).
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3/3/ NFUPEPMPHJB EF FTUJNBSPCBT FEBASMBLUWAREA EF W
TESTELORCCELERATE

2.2.1. Introducere

Dpodvsfobb bdfsca b gspwpdbu gspevtd@d@aupsfji{ij ot
gjbcjmjubuf sjejdbua- dbsbduf sj t-unjtichp catgnaiod b r
scurt. Testeleaccelerate de fiabilitate impun anumite constrangeri, cum afZiAHL9b]:
T obuvsb ef pgehtrd ginwolg acoelerate déestare,t & g j f culwedef f b ¥ |
pcbjovuf ejo uftufmf To0o sfhjn opsnbm

T tgfdjnfofmf tvqvtf 1 odf s didikre cupcsle ublidatef mf s
la nivelurile normale de solicitare;

~

1 adoptarea modelului de accelers f usfcv) f ta gjf i 0o dpoc
g v a@odabe aproduselor incercate;

T gjfdbsf ffboujpo Todfsdbu mb vmogdndin nj u
punct de vedere statistic;

T sf{vmubufmf 1T odfsdasj mps alidelrlenparantemiér o v
t j uwn bffra limitelor de aplicabihte a modelelor de accelerare;
T npefmvm ef bddf mfsbsf e caugfj-pt drpjodjpwskedfo
tusvduvsbma T | gvodbj pobma qgqfousv qspev!
T sfhjnvsjmf ef bddfmfsbsf ov usfcvjf ta |
dpoej bjj opsnbmf ef uftubsf )ov tf npej
bejdd odifjnca gpsnb efotjuabjj ef qgspchb
Testele accelerate de fiabilitate sunt dezvoltate ifr o ovnas gpbsuf nbsf
Fiecare companie are libertatea de a alegentru produsele saleo j wf mvm t pmj dj u a
deoarece acestea sund pot j ef sbuf Todf sdas| ef v {-sej ouf s

numai rezultatele echivalente (indicatori de fiabilitate)determinate prin extrapolarea
acestoradin regim acceleratin regim normal de testare.

2.2.2. Detalii experimentale

Jowf teli & bdlh § yworaduseforaaionguticet dpu T o fwj efoba ofdft
Bj j ngmfnfouasj|j vops nfupef npbfsdofo af hdhbm
dinamic. Uf t u f mf mb pcptf bma b v p | o g mnoduselbra i p
bf spobvuj df Bj usfcvjf mvbu 1To0o dpotjefsbsf
bdftu hfo ef tpmjdjuasj- | odAHOb]lj w dbsbdufsvnm
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Ebda qfousv gspwpdbsf b aeronajticestéogff wdpujafs jef bp veow
testare de 10-107 cicluri, prin implementarea testelor accelerate, durata de testare se va
reduce la 16- 10° cicluri[ZAH19D].

in studiul de caz (bieleta de pas din structum@torului elicopterului) analizat Tn acest
subcapitol,a fost aplicau @ t pmj dj u pirsregimncicidDpn gi@o f ouf mf F |
metalice sunt frecvent solicitate Tn regim ciclic, iar principalul factorulegradator este
oboseala.

Produsele aeronautice (palele elicopterelor, bielete de pas, specimemeie o qgmbuj ob
bsjqj mf- mpokfspbof mf - usfovm ef bufsj{bsf*
uf tubsf - gasa ef gf dub s f Astfelg@io inplemdntareaj testelgrb o f

accelerate se reduce timpul de testare aj s p e v t ,furppu 9, siBte¢maul de testarese
fgjdjf ZAHLE b{ a

Bieletade pas(figura2.8a)s f gqsf {j oua v,db ¢ inf nf petngaiate Bcozbor

de tip elicopterWb s j bbj j mf ef jodjefoba bmf gbmf mps
intermediul unei servocomenz[IAR04]/ Tfswpdpnboeb bdbjpofb{a
dpnbodepiof dubu mb nbofpbofmf lgbmgmpbeskmsBb9licg f
butucul rotorului anticuplycompusdintr-vo dpsq ) 3* [ ] dn oan (3)bot bn
carepenj u; nj Fdbsf b whbbsy booby ab be fqg bgnbftmpos -g b mf mp s -
dpnboea )2* Fj cjf mf ukNleviprseppsys). ef mf hauvsa mb

a)
Fig. 2.8 Produs aeronautic: a) bieletde pas b) ansamblul butaului rotor anticupluIARD4]

Ejtgqp{jujwvm uftubsf mb usbdbjvof b cjfmfufn
(figura 2.9)

26



Tf { d abilitare bfg mvdsasj es/ -Marian

i dispozitiv de fixare a bieletelor de pa8), cu rolul de a permite incastrarehieletelor
depas(2,bt f na o a u ealds de elidopterd

1 dispozitiv de tensionare a bieletelor de pd%)- prin intermediul unui electromotor(4),
care, prin curelele trapezoidaleb ousf of b{ a@a nf dboj t,qmemodwmbop
cinematic j ngsj nampcsj f pnf mff Bdbsf -4ldmu f sBdfub twaa enfj
bmuf sobuj wializind uo élesmerivdladticpo gpsba ejobnjda 1o
un contor de cicluri (5rarej o e jda@as wm ef dj drhelstgidepds pcpt f I

T jotubmbbj b ef dpo,s3$ gmfdBoparte @ dtangdutuibexperimensaf ) 7 *
dbsf bsf spmvm ef b gpsoj npupsvm f mfdus,|
buvodj déaoe bgbsf p gjtvsa- qgsjo efdvgmbs

2 3

|<—!“ e —

2!

Fig. 2.9 Standul de testare a bieletelor de p#&AH19b]

Standul experimenta] qf ou s v uf tubsfb mb pcpttff bmat fbf ud |
Mbcpsbupsvm ef T odf ,seddos jdbteusbvum dd p nBjjb o¢ jf ¢ b nTj/c
Qspjfdubsfb fygfsjnfoufmps bddf mfsbuf lopfdft
ef pbsf df bdf fujb wusfcvjf ta tf e tackjaetéebuid v q
gpmptjuf F] bt vgsb owradv mwsjf cesf] fladifgite mpeltfi Wbifnmpu
de solicitare.

Planul de testare prevede detalii asupra rtedei e f bgmj dbsf b tpmjdj
solicitaf - ovnasvmyj efmbggpéedbsf obdiwt msef tpmjdj
testare accelerafd b s f ta gbda dpofyjvofb 1T ousf sfhjr
testare.
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223.Metodagvodbjfj ef bddf mfsbsf

Fdijwbefjobbf Todf sdasj mf b d drfesupuseb tndepliniza df

vsnaupbsf (RAN3l:dpoej bj |
T tpmjdjuasj mf bgmj dbuf ov usfcvjf ta ng
efgfduf mps; To0o dbasowm UesdéedBsjt@mpshglbd @1
defecte sau defecte ngimf hbuf ef qspevdfsfb efhsbeas
T dpotfswbsfb mfhjmps ef sfgbsuj bjf b uj
)ejtusjcvbjb evsbuf mps ef \irgbpibtad < &rfaga
b df mduleeBjdin regimurile normale dv dpoej bjb dsf Bufsj .
defectelor.

Qsjnvm gsjodjqgjv tua mb cb{b bepquasj|j oj wf
ftuf p buftubsf b gbgqulvtmypj ddjau acsjj wfomw me fbodaf B fu
[PANO3]/ Bobmj{b tubujtujda b sf{vmubufmps 1T odf
cu datele din regimul normal deestare dvopt dvu ) ej o grodddulu).e f u:
Interpretarea rezultatelortestelor, T o  d paocelgrdigj sp face Tn raport curezultatele
testelor,T o d pnormglesquji o dpoej bj j ef gvodbj pobsf dv
of df t bsa dearacteristBilofprvihdifiabilitatealad p oej bj j mdminalgh s n b mf

In cadul acesui studiu,7 odf sd&asj mf bddf mf sbuf t f wWps w
sfgbsuj bjf ) Xfjcvmm* b uj ngj mps ef efgfdub
npef mbsfb tf s f gf s aWeildl, a timipitof de dedettareg¢ jf t 4y snjgovwoldj ft
fyjtuf p wbmpbsf b bagspaqll, heazul tesarivisréegimgnbrsid (i u s v i
g p @ testare a produsului),ddro db{ vm uf t uatsingchimbparamdtrili den b d d
t d bwshas j[ZAKI18b]

Cel mai important aspegtd f  wj { f b{a bdftuf uj gvs]j gete T odf
fdijwbmfobb ejousf bdftufb Bj Todfsdasjmf 1o
gpbuf pcbjof qf cb{b gptuvmbuvmvj gj bcj mju
fodf sdasj mps bddfmfsbuf/ Ebda qfousv wf)uf wt
Rs,(t) atunci $>S.

Qptuvmbuvm gjbcjmjuabj mps fhbmf fyaogéd&pomal gbqu
FfjaADddf mf sbu* bf wgjvtowdd j § mpwmj ebufgj bcj mjubuf -
[PANO3]:

200 205 8 (2.4)

Bdf btua fdvbbjf bsf p dps2flo Bpog¢fmagmngig d & s lpg jsdf
momentele (t,¥), printr-o fundie de accelerare:

O A8 (2.5)
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R()

Rsy(t) = Rsy(w)

® t t

Fig210/ Gvodbj b [EAHIOb]ddf mf sbsf

incazuls f b mtesfefrsagcgf s buf - g v o d bg@pf teuff bndpdofpnufpsob®sif d s f
bsf vsnaupbsfmf gspgsjfuabj
A Tt
I EG ©h (2.6)
Fdi j whimfeabbuf mf bddfimfegnbnormaltBff @bdfufdn bkvups
accelerarea(y* / G v ) gdate th exdrinad analitic, daca se cuno&e legea de distriblie
a variabilei aleatoriiln cazul legii des f g b $VaipubbGiphrametri&, se otan relafile:
Yi O0Q 8
' 2.7)
Yi 5 Q 8
Ej o sfmbbjj mf ) 3/ 5* Bj ) 3/ 8gf osufs{vv muafah f sbf nmebfb j
Xfjecvmm cjgbsbnfusjda;
6> -8 00 & F (2.8)
incarenasj nj mfvou Biport ubouf )qfousv dpoej bjj mf
fygfsjnfoubm/ Bt ugf npet deglice valbri{e variabifeloabedtqriifBjj )b 3n/f 9
joejdbupsj mps mf hgwmp § a legdb sdj ttupsmjcdvjby & s j dppssf to
wbmpsj mf sftgfdujwf qgfousv tpmjdjuasjmf bddf

3/3/'5/ Bobmj{b tubujtujda b ebufmps bddf mfsb

Evga df fubqgf mf gsfnfshaupbsf sfbmj{asj]j [}
gbsdvstf-sjifbmwmbpyjsmavm ef qgsfmvdsbsf tubujt.
accelerate,care a fost prezentat in figura 211 Bdft u bmhpsjun ef gs
ebuf mps qgpsof Buf ef mb bdij{jbjb ebufmps f
indicatorilor de fiabilitate pentru regimul normal de testaj@Z AHL9b].
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Realizarea testelor
accelerate de
fiabilitate

Achi zi "Hi a Determinarea timpilor
experimentale de defectare

Val i dar ea

statistice : .
(Arrhenius Legea Calculul factorului de

(TestulKolmogorovi puterii inverse Eyring, accelerare
Smirnov, Testul Temperat r-t

Andersoni Darling) Umiditate

Determinarea timpilor Estimarea ] :
de defectare Tn regim (e indicatorilor de Deterngngreavdlijr%tqH
normal de testare fiabilitate

Fig.211Bmhpsj unvm ef qsfmvdsbsf tubujtujda
ejo TodfsddzHied] bddf mf sbuf

Stf{vmubuf mf pcbjovuf mb u f t,ypdnsuf cble Iredichdridé s b u a
t pmj dj u b sdu fobtexdnipiifiate in taBelul 5 [ZAH19b].

Tabelul 2.5. Rezultatele testelor accelerafAH19b]

Ovnasvm Ovnasvm ef dj dmv Gpsbb ef u
specimenului testat )dpoejbjj bddfm [kN]
1 321518 17
2 384320 17
3 415470 17
4 423218 17
5 453514 17
6 214012 20
7 256080 20
8 276980 20
9 282012 20
10 302076 20
11 71437 22
12 85490 22
13 92327 22
14 94164 22
15 100891 22
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Pentru a se verifica ipotezad @ mf Bf lgpfeeaby b as v mvj ef dj dmvs]

este Weibul] t f gpbuf vuj mj {Db

statistice. Pentru verificarea repgtu j b j f |
s-a utilizat testul de concoe b o BralersonDarling. Uf t uvm ef dpodpsebo
Darling sa aplicat asupra datelor experimentale (din cele trei regimuri accelerate de testare),
considerand cele mauzitate s f gbsuj bjvujtmy jutfujidd tuvejvm ¢

industrj b mf ; sfgbsuj bjb

tub

v 0 v m deevplidare wafigotezelon f ef

ujjowvjudf ep oelbd ft mps f

-ooppssnnbbrmaa--  ssff ggbbssuujj Bbjjbb  Xnfpj

sfgbsujbjb Tfoyaqupsonfbo b dbmij/ { f j Bj gsfmvdsasjj

pentru cele trei niveluri de solicitareb d d f mf &b udipottubu d &ibuls f g b s
cjgbsbnfusjda qgfsnjuf
accelerata bieldelor de pas.in figura2.12 au fost reprezentatee f ot j de JrioGabilifate

pentru cele trei regimuri accelerate.

npe

f mbsf b dv bdvwvs buf b

Probability Density Function

0,00005

0,00004

0,00003

(1)

0,00002

|

20 KN

17 KN

9,60000E-6 J

/

N

0,00000
0 110000 220
Folio1\Data 1: B=11.619. n—=4.186E+5
Folio1\Data 2: B=11.622, n=2_789E~+>
Foliol\Data 3: p=11.581. n=9.311E+4

000

330000
Time, (L)

440000 550000

Fig.2.12Sf q s f { fhesbags jdmf b

mf

ef ot jpantiulglerBrpgimuredcceleratep c b ¢ j mj

[ZAH19b]

Cel mai adecvat model de accelerarg f o u s v

gbdupsvm ef hsbebups

acceleare s f gqsfdhopusauvm

aproximativ 9[ZAH19b]
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ebuf mf pcbj olacdre e o

f testd modelulolpverse Powar LawRLyp c pt f
Weibul,Qs f mvdsbsfb tubujtuj d-aredizatech ajdtonusisteméloy qf s | |
software Weibull & ALTA PRO. Astfel,gap t u
Bj gsjodj gbmjj j oejdbups|
pas. Parametrii modelului de accelerare IPR Xf j cvmm byv gptu dbmdv
wfsptjnjmjuabj ] pobjeyef gfftowfsmf etbdid frrhf sbuf -
valori: = 3,73; k=2,18E12; n= 4,86. Factorul de accelerare pentru bieletele de pas

utilizand modelul IPEWeibullb s f vseadgpth$§f oubsf h 9. Bagtprdde ) gj h
ejoustf
normal B j e v s b u ba nigelul devtedtabeaccelerat Factorul @& accelerare pentru
studiul de caz analizat, f p pdntfjuo§ psbb ef

efufsnjobu ovnasvm ef

ee(F=14gkN)bpertrunhieletelede- 1 o

e v s b,uabnivetillfde tesjale b b b

u s bBlpgovaloarerf b yejf n & 3e fL
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Fig. 2.13

Evga dvn
dbmdvaus bfmBbj b
efufsnjobuf

Acceleration Factor vs Stress

10

/
/

o

/

/

Acceleration Factor

=~

S

//

0
10 14 18
Beta=3,7293; K=2,1780E-12; n=4,8609

Tensile force

22 26 30

Wbsjbbjb gbdupsvmv ef unefZAHI®f]sbsf T o g

tf qpbuf pct

fswb ejo ubcfmvmse8/ 7-

npef mviRyWeibudl)fiar rezdltdtélerecestbraat fost
i o ogpvsobdfbjj fe,bplf W dvabdafpjbysd ifpAAHIBOhp s e f

Ubcf mvm 3/ dinhtre Bdicqtéride fiabiliateByvb mpbsf b gpsbfj ef us

Gpsbb
[kN]
14
15
16
17
18
19
20
21
22

bgmj dbua cj[ZAMIObif mps ef qbt
ef uc¢ Factorul de accelerare Abatereastandard
A) (s)

1,000 332521,584

1,398 237777,906

1,914 173750,704

2,570 129402,939

3,393 98011,964

4,412 75359,802

5,662 58729,505

7,177 46329,456

8,998 36953,067

Indicatorii de fiabilitate in regim normal de testare (F=14N), pentru bieletele de pas &
efufsnjoa dv sfmbbjjmf tqfdj gAjWkibulhpe fgmombj f

ovnasyvmy,j
Bj o,podidf elfua

ef ujng

ef djdmvsj
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Fig214 Sfqsf{foubsfb hsbgjda usinegmrfomnaldepestarenda b g
pentru bieletele de pa$ZAH19b]

T o gjhvsj mfbaB fo frézbntatBgub @p 238 us | e flensitateq jdg o b ma
g s p ¢ b c jraig da detfedtareBg bieletelor de pas, in regim normal de testpgf&H19b].

VAV

A\

Fig21y% Sfgsf {foubsf b hadndicpjordoideusj ej nf ot j pob
fiabilitate pentru regimul normal de testara
bieletelorde pas: a) densitatea de probabilitatb) rata de defectar¢ZAH19b]

Valorile principalilor indicatori de fiabilitateai bieleelor de pas@vodbj b edv gd bijclh n
de nonfiabilitate rata de defectare efotjubufb ef gspcbcj mjubut
pentru regimul normal de tetare (L4 kN),au foste f t d s j Bj JIDetermibacé doraten 3/ 8
mediief wj bbb b c difsrdcuk nprslui,.e ff g gfb{tj oua vovm ejo
principale alestudiului de caz S poate observa, din figura 2.1& a@wnasvm nfej v
cicluri, pentru regimul normal de testare dieletelor de pasdin structurarotorului, a fost de
1112257.Vuj mj { @aoe nf upeb chrkebdgh sdfa -f tmibj njfobu{fas tnffdebjjb
nivelului normal de tes b s f ) gpsbd4kpt fu siibadfbfjovvorfa sem nf ej v
Bj ef ot j ubuf babieldtelomds pasit regimnmmprond deftestar€ZAHL9b].
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Tabelul27 Ef qf oef obb

ejousf joej
bgmj dbu aZA1196lmf uf mp s

dbupsjj ef gjbcj

Ovnasvm edodjmdmve Fo) | 1)-10° | f)-100
)dpoejbjj opsnhk
642824 0,954 0,046 2,617 0,469
769280 0,890 0,110 4,223 0,704
826192 0,825 0,175 5,133 0,811
830803 0,760 0,240 5,212 0,820
847333 0,695 0,305 5,504 0,850
907866 0,630 0,370 6,672 0,954
987571 0,565 0,435 8,468 1,067
1067616 0,500 0500 | 10596 | 1,139
1087526 0,434 0566 | 11,180 | 1,149
1165376 0,369 0631 | 13688 | 1,154
1211718 0,304 0,696 | 15360 | 1,130
1449903 0,239 0761 | 26367 | 0754
1568237 0,174 0,826 | 33557 | 0501
1596728 0,109 0891 | 35480 | 0443
1710329 0,045 0955 | 43949 | 0248

Qf ousv b efufsnjob sbdy,Hdfgjdaj dpt eapttirptbpa) )
nf upeb b obmj b) atasta pregzentnds/dloar8a/d@ 77228193 de cicluri.

Al

Qui

Basic Calculations 1 Confide
Options for Calculations
" std. Prob. Caloulations
" Conditional Calculations
" Mean Life

Results Options
o~

Required Input from User

Tensile force A

BX% Information At

ck Calculation Pad

QCP&)

nce Bounds ] Parameter Bounds 1

™ Warranty (Time) Information
+ BX Information

(™ Acceleration Factor

" Failure Rate

Results

Time

’W‘ Close |
Report...
Help
|

| Falio: Falio1 (Plot of Data 1)

b)

Fig.2.16. Determinarea indicatorilor de fiabilitate in raginormal de testare a bieletelode pas[ZAH
19b; b* nfupeb hsbgjda
determinare a caracteristicie f wg) b b
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2.2.5. Metodologia de validare a testelor accelerate de fiabilitate

Validaf b uftuasj|j b ddf mfssabrealizat dstfeld4AHLAL]: dif pupcs de e f q
vedere statisticgsj o f di j wbmfobb ejousf 1Todfsdasj mf b
testare a bieletelor de paautilizandh s b gj d g v o d b Peptm f/aidarda tegtgldpsej mj u k
impunef yj tuf obb vofjowégmpagbhs bnqgfk,piscaan westliingegis n a
normal, precum B in cazul teshrii in regim acceleratGv od bj j mf ef gj bcj
reprezentae grafic, pentru numarul de ccluri, pana la defectare determinge utilizand

inceras j mf bddf mf sbuf Bj oV nas-vmpcedf odgudprervsd a uq
bieletelor de pasind b e s v m 1 romnalesdd aohatorp s E wiop 8e polate observa din

figura 2.17, parametrul deforma r, pentru numarul de cicluri @na la defectare determind,

utilizdoe 1T odf s das, jarmfvalodea defSmfls6i3wifqBs b nf u s,vpentrue f gr
ovnasvdanmwes) dgaoap omhbjecdv uyfs ¢ e biedelorples pagrare valoarea

de 4,0526 [ZAH19b].Bt ugf m- tf qgpbuf bgjsnb da uft uf mf
bmvsb gvodbjjmps ef gpbbpmpebmyp) d&8ugBpnégsjo
TN

LN
A\

Fiabilitatatea obtinuti din
testele realizate de producator

1-F(t)

(=)
=)

0,4

Reliability, R{t)

Fiabilitatatea obtinuti
din testele accelerate

A

0
100000 680000 1260000 1840000 2420000 3000000

- - . Time, (t)
ofol\Data 1: B=4.0526, n=1,4615E+6, p=0,9615 ’
Fom\gata i Eﬂ,os:s. 1=1,2178E+6, p=0,9615

Fig.2.177 Sf qsf {foubsfb hsbgjwlidlarch tegjeloradcbiktg [DApiOb]ef gj bcj

T odf sdasj mf e f gj bcjmjubuf - sfbmj{buf To S
Toefmvohbua Qfeduswf thub$§ fomauytsftb jbrdd mfun f ofuld b\ Gt
accelerate de fiabilitate. Deoarece componentele elicopterului sunt sspusimultan la

ejwfstf tpmjdjuasj- qgf,ouswpd jsbefvdf | gj algvindfe
determina defectarea elementelgrg &8s & b n p e | dg fedrbdare $npadfult avestu
studiu, validarea testelor accelerate a fost reflibua qgqsj o | oeupf vpandipd:j vm

nfdbojtnvm gj{jd ef gspevdf sf b efgfduf mps
s f g b s wiglwilprfde defectare.Qs j o d v n v mhisde bicluo gim r@gnv monal

) pcbjovu ef jmbongrelégpe dhas pisp c®fj mjvm bddfprh sbu-
vuj mj { bsf laccdlemtt fasuptabislgteiopde pas a fostt dapvmasvmief d
gaoa mb efgfdubsf ef 5-6 psj/ Bdf btua sfevd
S a o e - redcloeHuelflor materiale aferente procedurilor de testajf@ AH19b].
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CAPITOLUL 3DF SDFUASJ FYQFSJNFOUBMF QSJ WJ O.
GJBCIMJIJUBUFB TUSVDUVSJ MPRBBRICAPE DX
MATERIALE COMPOZITE

3. Fwbmvbsfb gjdatej mjedabwjjbbBj b t usspuskdestaor mp s
accelerate

3.1.1. Introducere

|l o npe usbejbjpobm- bobmj{b dpngpsuasjj To
cb{b evsbufmps ef wjbba bmf bdftupstieloripcbj o
dpoej bjj opsnbmf ef pgf sbsf/ To ovnfspbtf
produselor aeronautice,intv o j ouf swbm sf {pobcjm ef ujng- f

p ¢ b j anvdiferite motive, cum ar fi[ZAHl9a: evs Wei@bd gpbs uih camul o h a
sistemelor foarte fiabilecare 7 o v o f impoate fj de erdinbol anilo;, di j ncbsf b dpc
b dpoejbjjmpsdbéf uffubsaf mj{ ftestirg tinpdl fogrta scut] 0Op S
Tfousf fubgb efbgflpjifdubgbEsfdbibpfdplnj dspasi mmy
ef wbsj buf, imiuse poguselprraérgnaiuticeau condus la studii experimentale, cu
tdpqgqvm btjhvsasjagjcbvcojfmj ugavbg d bdguopf pdéiptpbj sB§ sij o nsbf
cpoej bjjmf vovj algonobt ovpng fesfa nnbjuofjsnj/b MNfBijpef mf ef
gspevtf mps bf spobvuj df jbv 1T0o dbmdvm wupu n
materialelor, din care sunt fabricate pe de o parte, iar ped f b mb mu se ingpins u f
efectuarea unor teste intrvo t gf dusv ef t p mpuddjpuodesj jbj ¢ and s 1
gvodbijzadidcjsffngmf nf oubsf b 1 o dfos dedpsnjfnop sv nd fdbtf f snpft sq
j ngf sj pt,denérecé mdjostdea componentelor, preou trenul de aterizare tijele

ef dp npaldeda@elicopterg mbuj odsft{vjgonda p evsbua ef wj bi

Scopul acestui studia fostef b j owf t uj hb dpnqpsintegnsatior m Bj
Bj e j, @ unor jspecimene destructuri sandwich. Aceste structuri au fostdecupate din

inima lonjeronului principgle ] o dpnqp o f o bfdbricat dirvmaterglen tomposzite.
Structurile sandwichd v 7T o wd jm¢ 8a e ¢GBRPtGlagsd-ilmei Reinforced Plasti® |
miezdint qv haa fostuf t ubuf To sfhjn tubujd mb; Tod
determinate principalele caracteristici mecanices f { j t u finedvdiere, rmodulul de
fmbtujdjubuf mb T o depforfpgaré a miezuligiéngiyneéadaf cargebda v mu |
forfecare amiezului,s f { j t uf obb mb 1 ¢ ®entupr¢gimal dinaimicad fosivf mj B
jouspevt f ufi oj dj mf bddf mf sbuf e f gj bcj mjut
tusvduvsj mps t boexj di - gsj o joufot | cdjtdubas f b
metodologie de accelerarese poate determinaintr-v o uj ng tdvsu- evsbub
indicatorii de fiabilitate pentrt qf dj nf of mf t boexj di dv 1T cmwf mj E
t q v [ZAH20a].
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3.1.2. Detalii experimentale

Structura planoului experimentajd pot usvj u mb CsbBpw- b gptu s
compozite. Specimenelecare au fost testate in cadrul acestui studiu, au fost decipate din

lonjeronul principal & aripii planorului. Aripag s f { j oua p t usfacdsujvdsbau ad pii
gsjodjgbm ejo gjcsa e(figura 31) Mipmodk f Bjp osvarBjqosdg ouwfj
tusvduvsa tboexj di dv ,bvdop gnfjsfj{u eeff qgenpbvtau jido wifqr
lonjeronului este realizat dint qv na Ej wjia aldafacestuia@Stelfabricite j o gj ¢ s
ef tujdma spwjoh/ TowfmjBvsjmf jojnjj mpokf
tujdma )Joufshmbt TufZaAHROa. 3251* Bj saBjoa fqp

Tesdturd de flbrd de stlcld/ Rasing epoxidicd L285

[
\ | - T
Tesdturd de flbrd de sticld/

LY ’E(
L 5 1
J
‘ Rowing fibrd de st[E
Rasina epoxidic L285
\ / Spuma Divinyeell F
H
Roving fibra de sticla
- Jt

Il
\ ‘7
I = 1
L J
Tesdturd de flbrd de sticla/ Rasing epoxidicd L285

Fig.3.1. Structura lonjeronului compoz[ZAH204

7

Pentvt. uf t uf mf t u b,lajindovoief® jin trenpuncpecspetimdanair Sandwich din
gjcsa ef t ujgdvimaa -Bjb vn jdf p{tlespgaoiedewdig structura tbrijeronului
dpngp{j u/ Bt ugf m- 21 tqgfdjnfof inbte pgngd, in  uf t
dpogpsnjubuf dv tuboebsev nairRdvhide Dt puscte all o d f s
gptu fgf duv e festagge WDWIHES o bl b s f t f hat f Buf To0
df sdf ubsf Uf i opmphjj Bj nbuff sy pmfdpbogpadi bbf
Institutului de Cercetare- Ef { wp mu b s f bm Voj wfstjuilebajde Usb
Tfodasdbsf b gptu tubcjmjua mb 3 nnOnj o/ Tqf
epva rmff-b{mb p ej t ub o b Reatidrea elor smatice |4 lacowwiére Th mf /
trei puncte,aavut ca principalofiid uj w ef uf snjobsfddbagfdigprabpjpf
incovoiere, modulul de elasticitatda incovoier@ de structurilor sandwich compozite.
Dimensiunile specimenelosandwich testatei o s f hj n t u b ulaitcovBigre imb pc
trei puncte, au fost prezentate in tabelul 3.1.
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Tabelul 3.1. Dimensiunile specimenelor sandwjtbstate laincovoiere irtreipuncteet o sf hj n t ub
dinamic[ZAH204
Lungime | Grosime | Mabj| Ej t ubobl Grosime| Grosime
Material (L) (d) (b) reazeme (S) miez(c) [T o w(f)1
[mm] [mm] [mm] [mm] [mm] [mm]
Gj csa €
.| 150 10 15 110 9 0,5
-Tgvna

Modelul fizig utilizat la testareala incovoiere in trei punctea specimenelor sandwichdin

fibs a teuff d ma Bjqvmpddste fe jdsj t T o gj hvsb 4/ 3/ b/ Gj
To tfdbjvof b tuswvwduvsjj tboexj di uf tubuf
lincércare
invelis

f

c)
uftuhbha)fsjhdtj g wdnu v 0jdihsedpacswe § q pr{bj U
etfq vtyosd dlrbff vuos bot wf st bmaghcsesgf@fnt af

Fig32.Dpoej bjjmf ef
specimenelordig j ¢ s a
t q v jchtestarea la Tncovoiere in trei puncte a specimenelor sandwfalbricatee j o

t g v [iZAH204

gjcsa ef t
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Vujmj {aeB2% @8BpbBj) mej nf ot j voj mf sidgteqmdl doftwafealf mp s
nbBj o] ef uftubsf ef uf[AST93]pancidale la incovoiere thires b d u f
gvoduf )sf{jtufobb mb Todpwpjfsf Bj npevmvm
ov Y

” ?0\5

V0

TQ

(3.1)
(3.2)

in care P estel o d a s)dgops i punct dat pe curba de deviere & o0 d a $\J, & egtej
ejtubobb nmg) ansf- «<f O {$pacimenumadandwidhifmm), d este grosimea
specimerului sandwich (mm)B j esth pantadrepteid bsf bgspyjnfb{a ,ebufr
gf qgps bj waourbki daepsiwnebesfagps.nb bj f

Tuboebsevm BTUN D4: 4 gsf wf ef fdvbbjj mf qgf
mecanice, specifice structurilor andwich, testate la incovoiere in trei punctes f { j t uf o b
v mu ) mj tajforfetare a miezului U, (3.3), tensiunea la curgeria forfecare amiezului-

Uy) 4/ 8t { Bt ufobb mb 7T ed@B%Npjfsf b T owfmjBvmy,j

Uy

T o 5o (3:3)
5

Lo 3.4)
0 Y (3.5)

incareP:f t uf ndop/g tndiinte de rupere;c este grosimea miezului (mm),Bsteg p s b b
mb dbsf bgbsf efgpsnbbj Bieh oppgi ald)i T b wh mj

Tusvduvsjmf tboexj di dfp nufpt{y ud f qgmld {iproméed kpmae-v
de solicitare, Indelung u a - e fin dadiul &cestui studipse vor utiliza temicile de

Todf sdbsf Inbdadrl mehsiclon &l¢ testare accelerat structurile sandwich
dpngp{juf tvou tvgvtfinbyopgd wdpde]j Hrveludmpfma i fsto b
de testare, v s n a s-$eodescoperireamecanismelor de defectare a indicatorilor de

fiabilitau f B b e v s bunftijmp c& fmai wyrthQof d0-u sivo wsf t u b,finb  mb
incovoiee n trei puncte s-au decupat 20de specimene, din structura sandwicly j c sa e f
t uj dma v halonjeronului. Metodologia de testare a acestor specimene a fost in
conformitate cu standardul MIESTD401B.Tf t u f mf bddf mf sbuf mb pcp
bv gptu sfbmj{buf mb gbusv sflljnwvs |l {tdif8dl &d d d
nbBj ob e WDWIS0Sulbfstfuf mf e fn regirm pctelefatanafost realizate la
temperatura camereimb 3 | { - 4 | {- 5db§f Bfgj & mjl daaumtb] cov
coeficient de asimetriede R=0,Eb uf mf b ddf mf, aespecimemdlor gardpichf b ma
ej o g c shit gevfradtfoatjgehenadte la un nivel dsolicitare de 50%dinT o d eea d b

t ub mj d[AAHZDa].
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4/ 2/ 4/ Sf{vmubuf Bj

ejtdvbjj

3.1.3.1. Teste in regim static la incovoiere in trei puncte

Testele in regim staticla Tncovoiere in trei puncteau fost realizate pe zecespecimene
decupate din structura lonjeronului planorulug bcsj dbu ej o nbuf sj bmf
bgbsj bj b s vUlizdng gisterbud doftware alm b Bj o] | ef -1bOSt aub s f
fost determinate B | sfgsf{foubuf hsbgj d- gsjodj gbmfm

incovoiere, modulul deslasticitate la incovoiere) B structurilor sandwich analizate(figura

3.3.9. Cele trei caracteristici principales(f { j t uf obb v muj na
tensiunea la curgerda forfecare amiezului- Uy B f { jt uf obb mb 1 ed)pwpj f
t u db md tatmbrafi€ in Byra 38.b BWjs f { f

descrise in standardul ASTM C39B v
figura 33.c.

gp

= Rezistenta la incovoiere [MPa] — — Modulul de dasticitate [GPa]

.

L
i

L

Rezistenta la incovoiere [MPa]
1
=

5
Specim

a)

Tensiumea la incovoiere a

invelisului [MPa]
N -

Specimen

b)

f{jtufobb vmujna mb
Qf ousv gj fdbsf tfsjf

sf{jtufobb vmujna

sf{jtufobb mb 1 ¢opmopmpdnftestéle ldbincovoiew inmginctenaujfost

mb

Rezistenta ultima l1a forfecare

Modulul de elasticitate [GPa]

6
en

& Rezistenta ultima la forfecare a miezului [MPa]

mbs, gpsg

—— Tensiunea la curgere la forfecare a miezului [MPa]

1.2

0.09

=
o

e e
=

amiezului [MPa]

=
2

= 3

Specimen
c)
Fig. 3.3. Rezultatele testelor la incovoiere in trei punaetspecimenelordig j ¢ s a
Mf{jtuf obbs mbBj odp &p nlaimcoeoferel) terisitnaajbd jT wkpfwp j f s f

- 0.08
- 0.07
- 0.06
- 0.05
- 0.04
- 0.03
- 0.02
- 0.01
-0

Tensiunea la curgere 1a

forfecare a miezuhu [MPa]

gpsgfdbsf b nj fui{2AM204

ef e b u f elagtisithté¢ l|a incovomie,b
gpsgfdbsf b njf{vmvj -

efufsnjobbj jorf ddjpbupshpebtfudbfuh t updpebse-
tgfdjnfof mf tboexj) di - dpogpsn sfmbbjj mps
Pentru seriile de date de maisyd® gpt u dbmdv mbu ,dentrigg avgafoo u v m
e b u f mpudtatleydepdrisejimtbemlBRsaf / E|

imagine asupraap hf oj uabj j
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gpbuf p c vabasead p fdggj dj f o u wenpreg f olwdu s jf b Rj3f4.2B59%3 & B
Astfel, t f gpbuf bgsfdjb da nfejb ftuf sfqgsf {f
expermentale [ZAH20a].

Tabelul 3.2 Indicatorii statistici specifici testelor la Tncovoiere Tn trei pun¢BAH204

Su s v dsandwich Media | Abaterestandard | Dpf gj dj f ouy
ffcsa esfgvnaj ( (m) (s) (CV)%
Sf{jtuf obb (MPB)| 26500 3,300 12,452
Modulul de elasticitatela
R _ 2,800 0,400 14,285
incovoiere(GPa)
Sf{jtufobb vmu
, , 0,843 0,105 12,455
miezului(MPa)
Tensiunea la curgere la
, , 0,069 0,009 13,043
forfecare a miezulu{MPa)
Sf{jtufobb mg
92,800 11,600 12,500

T owf niIPB)V mv |

Analizele microscopice au fost realizaia cadrul centrului de cercetaredenumitUf i o p mp hj j
nbuf sj bmf bwbot buf nf ub mj d utdizind MmerbsnopuldNikon ¥ | d
Eclipse Testele la incovoiere in trei puncteale specimenelorej o gj c staqwyada t uj d
joejdbu da 1 owf ngfByvfsd unif nobvk plsv - t wdfloshjp BEe ey o
caracteristicilej o j BfigularB#.a). Modul de defectare ®ntregii structuri sandwich a fost
determinat, in principajde fenomenuld gpsgf dbsf sbggeadaab adhsf v
vsnbu ef tusj wj xgbluiBp eff de mbed bs jguedp a@dopaded f o u s
tensiune din miezuldint gvna- qspqgbhbsf b,pgejbtuvas jdmgd d diisBfd s (f
Bj - T o dfemfufegnfpuofdsjin@isbsf b tusvduvsbma b T ous

La majoritatea structurilor testate lancovoieresb pct f swbu ef { mj gj g Io s
ef tujdma wdqvmi/f {vem @&fffob df qsj wf Breaf pentrypp e v m
specimeneletestate,s-b pct f swbu da tgvnb befsa mb 1 owf
joejda gbgquvm da mjqjsfb ejousf njOgj Bh g mow
(figura3d 5/ c* dpotua 1 o supefid,imgogginscardagip ¢ wf rggdBsy baob juedf
incovoiere. Astfel, b wf mj Bv ma fostvsydus gfopttdui de compresiune in timp ce
TowfmjBvm jogfsjps b gptepvbgyb{Bgppovma T e
miezuldint qv na B/g5/hd/*s bBj gspqgbhbspreibo wfmmjf B{figurajs @ g fbs
3/ 5/ e* |/ Ef pbsf df bv gptu vuj mj{buf bdf mf bBj
sfbmj{bsfb tusvduvs) mps tboexjdi - prézéntatqup b uf
comportament de defectare similgrin urmai odf sdasj mps mb 1 @dpwp]j f
modul principal de defectare (forfecarea miezului) a structurilor sandwich, se poate deduce
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da TowfmjBvs)mf tvou cj of deguterhicetageptesbaun & o & oveg j
of bgf dubuf evqalamdowierglZAR8d].b uft uf mps

al b)
d d)

Fig. 3.4. Imagini macroscopice @ s PSX)fdeq s pgb has,J p gj hgqs maifcevdidresid & s ] mj
trei puncte aspecimenelor b * 1 owf mj Bvamb)dedigjréa® jwp suijsdpérienflinngfjscjspa e f
t uj dma eeff tng yimphagared fisuriloprinmiezul dint g v n &ezlipiee& miezuludin
tqgved T owf m[ZzBN2Gd j ogf sj ps

3.1.3.2. Teste accelerateg s | wj oe evsbub afigfwmbdaompspawt i
g/ csa ef twujdma B njf{ ejo tqgqvnda

T o dpoej bj felmftatitedile stinatufiler sndviich compozite trebuie duble de

teste dinamice. Deoarecet us v duvsj mf tboexj di dpngp{juf

T o ef mv o hebtstadiu s-auautilizatdteste accelerated v t dpgvm ef udesnj oa
wj bba mbAstek gutfdstbhpropuseteste accelerate asupra specimenelor sandwich
compozite dbsf dpotubv To0o joufotjgjdbsfbHzywf dwf ¢
dpngbsbmgodj @Mjvj nf o p s B Haptu seopul de & intansificd procedele de
degradare.Sf hj nvm opsnbm ef uf tubsf - brilomshnaviich j b mf |
compozite,ses f bmj { f b{a mb p gsf dwbrobrastudiilor afitevichr@ s d b s
[MIY0O6, MIO8, NAK)9, RA16]. in cadrul testelor accelerare20 de specimene au fost
fodfsdbuf mb qgbusv ojlawfsmaaujp beff mdf tgeh dfwf o dd f n
4 | {- 5 |iq tab@yl 3.36au fost descrise rezultatele testelor accelerateprivind
ovnasvm ef djdmvsj Tgagaodbj fef gf gentlhoditcared b s f b
specimen sandwicHZAH20a].
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Tabelul3.3. Rezultatele testelor accelerateq s j wj oe e v s bmbb pefpt wjbbn@a
a speémenelor sandwich{ZAH204

Ovna| Ovnasvm ef dj dmv Oj wfmvm ef gsfd
specimen )dpoejbjj bddfm (Hz2)
1 20756 2
2 22321 2
3 24759 2
4 26098 2
5 27479 2
6 14389 3
7 16342 3
8 17743 3
9 19902 3
10 21872 3
11 2763 4
12 3473 4
13 4093 4
14 5764 4
15 6034 4
16 1234 5
17 1456 5
18 1789 5
19 2021 5
20 2341 5

3133 Bobmj{b gjbcjmjudbjj ebufmps sf{vmubuf

Jodpowfojfouvm qgsjodj gbm b mnregimdrorsma destestaggs e f
ftuf mf hbu ef evsbub Toefmvohbua b bdftupshb
bddf mf sbsfb tpmjdjuasj mpiso bsqgfnbp ndjb{ubfs/f bV of ,oldtf gsfd
ftuf bdfmb bm fdi owhmfoeb Bjj j ejbpaddd fimf sbudf ff iu
Sfmbbjb ef fdijwbmfoba tf pchbj,edrecqnktituie bagab qp't
uf psfuj diaqbsjbdéft ZABWUG thdrasJ.5at f d p otteijniedus de

solicitasf T o dpoedBppsbddf miepblit qgvoe dfid)fRdte)sf | g
BjadtS* Bj o wimhomdefoet dimj djobsndpwd d jf b udj). udijsth c
Qptuvmbuvm gjbcj mjuabga&s fhbmf tf fyqgsjna ¢

Y 0 Y 0 Y 0 Y 0 (3.6)
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R(t)
1[ws e Densitatea de probabilitate in
\\ \\ \\\ ~ conditii accelerate de testare
\ NN ~
\ \ N\ N\
\ \ \ N\
\ \ \ \
'i‘ “, ‘\\ \ Densitatea de probabilitate in
A A
'l| | \ \ conditii normale de testare
RAC(ta);,RAC(tZ) ' Rac(tify  Ru(to) \ i
A
[ "‘ \
v \
1 A
\ \ N \
\ N Y N\
III\ \\\ ‘\\ \
‘\-.._, \\s. \‘\-. ~ [
t3 =] t1 to t
a)
Fig.35.Bcj wbmf obb uf t udsjpbsb jbld dg wndf difiguffd;p abd* fgyj jb cg fmj wfbtu
Bj To

dpoej bj jc *e fwagsfjdhifljs ff j deompdbabiliiqwaf bou fd mpleotesiarb j j
accelerateBj 1 o dedgstarenpringlejzAH204

Osf mbbj f ef fdi jwbmfoba tf gpbuf

qsj wf Bu fea def prabgbilitéteu Tn ifura 35.b t f gsf{j oua gbusv
probabilitateet qf dj gj df sfgbsujbjfj Xfjcvmm- voef qgb
r>3* - gf ousv wupbuf ej t us jscva Bveg valbri- difefitdr pentyib s b n
condfile accelerate de tesire (3=100,d.=200 B d.= 300), iar pentru condiile normale de

testare (o = 400). Astfel @, pentru validarea testelor accelerate, densitatea de probabilitate
T o diipaccel¢rdie de testareus f cv | f

tubcj mj q

ta qggepg$ndufbdv btdufdb birdgp o
cone ji mormale de testare. Altfel spus, pentru echivalarea testelor accelerate, parametrul de
gpsna usfcvjf ta qgsf{jouf

ef uftubsf/ To dffb df qsj wjfdBwd whmphbnjf usjvgnf s
accelerate, comparativ cudpoej bj j ops nimniura 8.6 a fostted b sifsf t &

nfupepmphjb ef gsfmvdsbsf ttubgujttfujidoad fbs dtagsfj djj

[ZAH20a].
|
| Realizarea testelor accelerate
\
S
|
| 2 Stabilirea modelului de accelerare

" |
Determinarea factorului de accelerare si a numarului de cicluri
pand la defectara Tn regim normal de testare

bdfd&®B) Bjwbimp bdgoejb

Determinarea indicatorilor de fiabilitate (functia de fiabilitate, {
functia de nonfiabilitate, rata de defectare, media timpului de
buni funcfionare)

Fig. 3.6 Algoritmul deprelucras f t ubuj tujda b [ZAHROH] nf of mps t |
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Testde bddf mf sbuf j ngmj d a elon@rddwssldr sdramautigefa sdidepte n b o b
niveluri de accelerargaltelee f dadu 1 o dbo{ vihnmoum§lebBdjfslp § ua deuf i 0]
acceleraree f uf s nj osaf bs feewwsdofuf j ef wj bba b gspevt f mp
nfdbojtnfmps ef efgfdubsf b mf bdf tupshb/ Ev (
dpsftqvo{aups ejgfsjuf mps o) wf mv s | ef bddf |
(modelele de ad f mf s bsf * - t f gpbuf efufsnjob evsbub
sfhjnvm opsnbm ef uf-pudjstfusjnbdbubjsfj2AtEpd.btugyv gqf

Pentru a realiza conexiuned o u s f ebuf mf ej o sfhjn bddf mf sl
normal de testare b gptu vujmj{bua ufiojdb ef fyusbaqg
accelerate au fost extrapolate pentru nivelul normal de testare de 1.5 Ha cele patru
sfhjnvsj bddf mf sbuf ,Hhv3 dp{t-u 4u flt{ufrinShcovoferdBjp ch t
trei puncte, cate cinci specimendatele din testele accelerateo(lv nasv m e f dj dmv
defectare) au fostintroduse insistemul software ALTA 7 Accelerated Life Testing Analysis

iar acestea au fost extrapolate, utilizand modelduterii hverse B | ejtusjcvbjb
nivelul detestare normal de testare de B Hz.

Qf ousv gsf mv dasfdstsufilibat modelullPL A Xufj jdcav mm/ Bdftu npef
cel mai bine pentru tehnicile de accelerare a produselor aeronaytioade modul de

efgfdubsf ftuf sfgsf{foubu ef gf opnfovm ef
modelului de accelerare IPMeibullt vou ef uf snj obbj gsjo nfupe
gf ousv ebuf mf bddf mf sbuff=2496 bF 2366, n=8IWB upbs
Ovnasvm ef dj dmyisg dgpaocoedj bmbj edfpgsadmenéorfsahdwichf t u b
(Tebel 3.4), t f pcbjof db qgspevt Tousf ovin@sdmo ejfb
bddf mf sbuf ef uftubgdAH2®G]. gbdupsvm ef bddf mfs

Tuvejfsfb gprobus @geropautiadbpjojt uvaovijo t uvej fsa¥ ot & vet ul
gvofsfb 1 oabgdvfotdubvjjpbo bBsjf G aBadf mbuafegiésbbafef wj
aleatoare, iar caracteristicile numerice ale acestgjagp b sua ovnf mf ef joej d
Joejdbupsjj ef gj bcj mj ub wafprodideleraedonaiiticg.if acdst{ & d k&
studiu- t f dpot | ef, deda20 deospe€imeheosarjdwighcare a fost supus unei

tj ohvsf t prmiethjrei guscie)laun nivel pomstafnt de accelerare, pentru careas

colectatoseriefl ebuf qgsj wjoe ovnasv @AHRG. dj d mv s | gao

Qf cb{b ovnasvmvj ef dj dmvs] g & o,prinmrelucrare g f d u
tubujspajj gjada- tf qgpbuf difffe vagd p st ogjbmsjuy daj-fb plejf -c
tfsjf ef joejdbupsj ef gj bcjenubwh / efl owjnipke:
Pcjfdujwvmdf mt 6bdaisjojv btuf b grivimbompoftaméntulp ¢ b j o
produsului aeronautidn regim accelerat, ci la alte regimuri, Tn mod imperios, la cel normal de
testare [ZAH20a].
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Tabel34 Ef ufsnjobsfb ovnasvmyjo afpockj iy s jopsadanf mke f
ef 1 oda $did)sspecimdneld compozitfZAH204

Ovnal|Ovnasvm ef Nivelul de Factorul Ovnasvm e
specimen|] mb ef gfdubl gsf dwf de gaoa mb ¢
accelerate de testare) accelerat accelerare | ) dpoej bjj

(Hz) testare)
1 20756 51973
2 22321 55892
3 24759 2 2,504 61997
4 26098 65349
5 27479 68807
6 14389 131415
7 16342 149251
8 17743 3 9,133 162047
9 19902 181765
10 21872 199757
11 2763 63190
12 3473 79428
13 4093 4 22,870 93607
14 5764 131823
15 6034 137998
16 1234 57522
17 1456 67870
18 1789 5 46,614 83392
19 2021 94207
20 2341 109123

Intabelul3.5b gptu eftdsjt ®dvefigfvarefedb Wl jajmvisgf gaoa

normal de testare,B | df j nbj jngpsubobj joejdbupsj ef

de nonfiabilitate,gvodbj b ef ot jubuf ef qs paebpdiBnj usbowfb be
defectare) ai structurilor sandwich.ndicatorii de fiabiltate T o dpoej bj j opsnbr
) ojwfmvm opsnbm ef uf t ubs f, aigspetihgnalousandmrh g s f d
dpngp{juf tveuj mf § &§caj tcdlPlpb mpdelunWeibullg fod jgovjod b j f
ovnasvm ef dj dmv s gaoa mb efgfdubsf/ Qf o
fiabilitate, s-a alesmodelul tridimensional, pentru care<b pcpj awwygsbgbba df

efqgfoefobb ej ouscfij mjadjudb upgsvvond bg fb jfb gj bcj mj
gvodbj b efot jubludf befujqguankvajg gejfBj g vsoodubdy tipepf b seff g
A nivelul de solicitardZAH20a].
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Tabelul33 Ef qf oef obb jbilitagej T dob ugpestj dnbpysh fiesfad pgdjnbv sj dgrdoa mb
dpoej bj | testggedaAH2DF e f

Ovnasvm ef ¢ . . Densitate de Rata de
Fabilitate Nonfiabilitate .

efgfdubsf R FO) probabilitate defectare
normale de testare) f(t)-10® a(t)-10°®
51973 0,965 0.035 5,670 21,698
55892 0,917 0,083 6,154 23,796
57522 0,868 0,132 6,347 24,688
61997 0,819 0,181 6,850 27,197
63190 0,770 0,230 6,977 27,880
65349 0,721 0,279 7,196 29,133
67870 0,672 0,328 7,437 30,622
68807 0,622 0,378 7,522 31,182
79428 0,573 0,427 8,291 37,807
83392 0,524 0,476 8,480 40,408
93607 0,475 0,525 8,701 47,434
94207 0,426 0,574 8,702 47,862
109123 0,377 0,623 8,324 59,007
131415 0,327 0,673 6,613 77,548
131823 0,278 0,722 6,574 77,909
137998 0,229 0,771 5,957 83,458
149251 0,180 0,82 4,796 94,021
162047 0,131 0,869 3,533 106,741
181765 0,082 0,918 1,950 127,820
199757 0,034 0,966 0,992 148,622

Reprezentarea tridimeng o b ma - b efgfoef digfsjf dewff ob Hf g | b ©]j
timpul,afoste f t d s jgurad3.7a@6vgdbj b ef gj bcj mjubuf sfqgsf
gsf{joua p vujmjubuf d odd sjddad | mpPgnpirbachiediund s b o

sfgsf{fouasj|j hsbgjdf - usj ,s¢ padteoestimpovbmd sev b e
cicluri, in regim normal de testarea unui produs aeronauticqf ousv p bovnjua
gj bcjmjuabjj Bj b tpmjdjap]] )gsfdwfobb- 1o

Gvodbj b ef opogj bcj mjubuf sfqsf{joua espcbc
fnainte de un timp prestabilitDin graficul 3D &4gvod b j f e f (figurad3g.p) becpptmj u b
pcbjof jogpsndbvbnp §s wm j,énffregid) jaarmay de jeestarea structurilor

tboexjdi- To gvodbjf [2AH0a&.pogj bcj mjubuf Bj tp

Comportareaproduseloraeronautice in jurul unui momentdatf t uf eftdsjta ef
e f gspcbcj mjubuf b uj nqgvmva Bjef wjguvfo{dbb j pots Ib

a7



Tf { d abilitare bfg mvdsasj es/ -Marian

defectare.Sf gsf { f ou b s f de fhostbj gujadbg | 4 Eedf strugtwilpresdndwicmj u b u
(figura 37.c.) se face pe bazaddtmps qgsj wj oe npnfouf pifo egfv obddgph
ef mf hf b jeff debjstfushvewfbs of bfzZ@&R20gs pdf tvm sftqgfduj

Sbub ef efgfdubsf ftuf p db esomgbtamenjultpnoquseldr v uj n
aeronautice Rata de defectare, th punct de vedere statistict f efufsnjantie db s
ovnasvm efceapdrigttpd uvasjjubuf ef produselgrcdrgb ovamadsv m
g v dodabela acel moment[ZAH12].

in figura3.7.d, a fost descris comportamentul ratei de defectatea structurilor sandwich in

g v o d bojvfn aesfv m ,ia fegind ponad destgstardj] o j wf mvm ef t pmj dj |
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Fig. 3.7. Indicatorii de fiabilitate ai specimenelor sandwiahfundd j b ef gj bcj mj ubuf <
nonfiabilitate; ¢ g v o d b j de prebabilitatgbu buy fn q v mv j ; @ fata dedefeddiej p o b s f
[ZAH204
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DvopbBufsfb dpngpsuldqgépevmimpsnbbfhpspadold bumjad fb-
wj bba- f ttwfa alege monientely fcadle mai potrivite pentru Tnlocuirea acestora,

gf ousv b tf pcbjof vo dptu ef nfoufoboba d
nbyjna T o Bwbobppdbs fdbs b dsx632) at stryctdrijoj sandviich wj b b
compozite, s-a realizat cu ajutorul calculatorului rapid, din cadsistemului software ALTA

7, aceasta avand valoarea de 11586de cicluri (figura 3.8.a) Fwb mvbsf b evsbufj
pentru specimenele de tip sandwichompozite s f gqsf { ] o u a iectovelepringpale u s f
ale acestui studiu Pertru a determinaduratamediee f wtj dfod¢ gj d&j cv b fj X
autilizatn f up e b [HAsADa/j dMb | dinieicareésfbf b{ a evsbub nfe
(50%), cu axa de la nivelul dep mj dj u b ssff dowpbisofifbddda ) § hat f Buf C
nfejv ef djdefettarsij o glpa@e jmbj | 0, @ ecimemelorsarfdwich,f t u b s
caregsf {j oua wbmpgora38bef 213925 )g

(4] Quick Calculation Pad H 150000 Life

QCP

Basic Calculations I Confidence Bounds | Parameter Bounds 1
Options for Calculations
" std. Prob. Calculations " Warranty (Time) Information \
" Conditional Calculations {+ BX Information
" Mean Life " Acceleration Factor

\
" Faiure Rate I
Results Options
= g 3
Required Input from User
Frequency - 1.5

BX% Information At 63.2
Results

Calculate
Time 115867.743 dose |

Report...

Hel w0 ¥ S
T : 3 p
|Fo\|o: Folio3 (Data 1) e ~
Beta=2 496; K=2 356E-6; n=3.191

Fig.3.8. Determinara indicatorilor de fiabilitate aspecimerelor sandwich compozite:
b* dbsbduf g¥ujcdb oefmdawjivimbafej v [PAH20dj dmvs| qa

Qspevtfmf bfspobvujdf tvou tvgvtf vops uftuf
Toefmvohbua e f uftubsf/ nfBfj{vimef BWwpbimj fgsj oflj
dpngpofouf dv p gj bcjmjubuf Bj p dbmjubuf
regulamentele impuse [ZAH19a]. Utilizarea conceptului de fiabilitate Tn domeniul

nNbufsjbmfmpsdppaopoed & ©jf jdBiod iy diwvy § ] gooraplexgatemf n a
Bjoimportaoba ef-pttdapbjfb | t f bdpsea p bufobjf

fiabilitate in inginerieT o hf of s b m- Bj T 0o , id ppedialy songlithi¢ 6 e f
of dftjubuf upus nralsjtd & wjbeufédouu aej ov dpotjefsfou:
dpotjefsfouf fdpopnj df - usbotgpsnbsfb opbjv

caracteristici ale unui produs aeronaut[ZAH19a].
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3.2. Performanb f sirficturilor sandwichd v 1T owfcmjaB edj a bgjc p, supuBg njf
testelor accelerate

3.2.1. Introducere

Structurile sandwich compozitesunt formatee j o epvb tvqgsbgfbf fyufsj
) g f, Epite*cu un adeziv dein miez) j o jdrb & ¥ bsf spmvm efpf{a nf ob
sfmbujwa b df mps epva Towfmjfvsj/ Tus,gateuvsj r
gs f { jfigditete s ] e j Mbfuvau b u fp g f{epwmibds-f uf s nduhilitatt ) g p o]
sf{jtufoba cvoa mbtehdgiogieodejfwgdfs bBj.brgd psiglm@d - g
tda{vua [Lld4)/ bMfanovm ef cbmtb qgsf{joua,; p sf{
sfevtf e f bdijlfjpeptf M |j suépdhBhua- vVBvsjoba:a
bt bncmbsf - qgfsgpsnibeh fpsitcbq Btsugtypile safdyigh@anaizateo e

in cadrul acestuistudipv nj f {vm ej o mfwmm ejfo cojmtsha ABgf 1 dl
Carbon Fiber ReinforcedPmz nf s * - b df t uab fostlipite au afutanfl uméi Gim f
adeziv (figura3®* / Ebupsjua bwboubkfmps gf dbsf mf d
ejo mfno ef cbmtb- f mf t f cvdvs ab wejfbabtp, f mb st
nbsj Wjprod u energiilbepgnerabildJOV14, TOB].

Invelis — fibra de
carbon

Adeziv

Miez balsa

Fig39 Tusvdichdad Tt bwkemjB ejo gj dqAAEI7Ef dbscpo 1

To fygmpbubsf - bdftuf tusvduvs] tusbujgjdbuf
dpngsftjvof - usbdbjvof- T odpwpj f s,fcareBgpar imb | n
utilizare, f t u f of df ereascampdrtantentutui mecanical structurilor sandwich in

ej wf st f dpoejbjj e f tpmjdj ubsf )tubuj df t ]
utilizarea testelor in laboratoare specializateScopul acestui studiu este dex investiga
dpngpsubnfouvm- To0o sfhjn tubujd Bj mb ,ggcpt f |
structurilor sandwichd v 1 dimvg jng sBa e f mied dindetnp de bdbsa. Pentru regimul

static, au fost determinate caracteristicile mecadif mb T odpwpj fsf T o0 us/i
ale structurilor sandwichcompozitd Ef pbsf df bdftuf tusvduvs] t
uf tubsf T oef mvohbuf , senimpunef utilizdreamtehnicdor de gestaré f b ma
bddf mBdfbhudfdiaamptidéad y us bgp mbsf b o wWimé&gim acegratdef dj
testare, T o sf hj n opsnbm ef u f t udetsriihareaFpuntipahlor g j o b
indicatori e f gj bcjmjubuf )gvodbj b ef gj bcjmjubuf -
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densitateade probabilitate,e v s b u b  énfregim pdonfielde testargla incovoiere in trei
puncte, a specimenelor sandwich compozifgAH17Db].

3.2.2. Detalii experimentale
3.2.2.1. Teste la incovoler@ regim static

O sere de specimene dintp t u s dedipsarsldichdv T owf mj B ej o gj csa
din lemn de balsa au fost investigate. Tusvduvsb tboexj di b gptu
tusbuvsj mps ef gjcsqf edj dils s og lgDint-m g jhihé & me
sandwich, cu dimensunile 300mm x 160mm, au fost decupate specimenele pentru testele
To sfhjn tubujvduj Bj { inbe picpdpwmjaf sfb T o wusf]j
sandwich este fabricatdin b f t a devtip282,dingj csa efNj dbesmpobmtb q
v s noarele caracteristici: densitate 0,16 g/c/a hspt jnf 6-9 nn- sf {1t
1-123 NQb- sf{jtuf o8Bpcimanele djnpstrugctiird basdwictadi fol Qb /
decupate dintrp g pth djdtorul Maxiem 1530 Abrasive Waterjet System. Speciméne
sandwichau fostdecupate avandv s nau p b s f mflungmed@0oangvmabj nf 27
grosime 6 mm, conform standardului ASTM C393.estele la incovoiere itrei puncte au fost
efectuate pen b Bjde kestare WDW150S, avandp wj uf {a ef T drdna s d b s
Metoda de testare la incovoiere in trepuncte a specimenelorsandwich e f uf snj oa
caracteristicile la forfecareatat aleg f b f mp $ m@zului strBgturildr sandwichAd f bt u a
nfupea tfqgVvoapumy{bb{ awf tekejmedanic®jletracfurdog sarsdwitho b
)sf{jtufobb mb fi ot miwpypf df u b i adten Bspdote Bkgaww dg f s f
sf mb @jd & s deptasard. In abelul 3.6, au fost descrise principalele caracteristici
dimensionale ale specimenelor testate la Tneoierea in trei puncte. Au fost testatela
incovoiere in trei punctel0 specimene, iar dimensiunile acestarsunt in conformitate cu
df sjobf mf t ub o e[bAsllEM.mv | BTUN D4: 4

Tabelul 3.6 Dimensiunile specimenelor testatéa Thcovoiere n trgpuncte[ZAH17b]

Material | Lungime Grosime MabjnEjtubob| Grosime Grosime
L (d) (b) sfb{an miez Towf n
[mm] [mm] [mm] (S) (€) ®
[mm] [mm] [mm]
Gj c s @
carbon- 160 6 16 110 55 0,25
balsa

in figura 3.10a,afosts f qsf { f oubud p mid db$pearetelorgiizate lavf st b
testarea la ncovoiere in treipuncte. Schema testelor la Tnewiere in trei puncte a
speg nf of mps Bj n paeexperimatelor pust hedatejn figura 8.10b.
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;invelis fg

1
a) b)

Tusvduvsa téjoe xgjdds a ve fi odviitshgdiBoj vBg f
structurii sandwich; b)stabilirea parametrilor detestare la incovoiere

n trei puncte[ZAH17b]

Fig. 3.10 ny sf b{ o tcvbfn

Pentru calcululcaracteristicilor la Thcovoiere in trei punctes f { j t uf obb vmuj na
miezului- Uksy B sf{jtufobb mb - s goacimerelsrfsandwictis-aw f mj B

vuj mj { b(33)Bjréspebtd, {3.p)m f
3.2.2.2. Testareda impact

P nfupea jenfqpuwfutbwhisifa stragtuoldr sgnawieh f t u f sfgdef { f ou
incercareala impact a specimenelorcrestate sau necrestate. Testul de impact Charpy este

folosit pentru a determina comportamentul materialelor la viteze de deformare mari. In cazul
metodei Charpy, factorii principald b s f j ogmv f o b fulf {san |, sofd:{grpsmed u f mf
tgqfdjnfof mps- gpsnb dsftuauvsj | idBgozitiwlpi{dg bj po
testat. In timpul testului cu ciocanul Charpy, sjgecd f ovm f t uf bBfmMemla qf
batiului, iar ciocanul cade de laioo &a mbmmwf By f t pg tadejide,cconsumand
btugfm p gbsuf ejo fofshjbergefobt) d@ mpt jgd ® e &
gf ousv b tf sj ej dATAbSpecimbnelstugtudld sahdwidhnublizate f

la testareadeimpactt vou T o dpogpsnjubuf dv ej I8Od70j voj r
1 (tabelul 3.7.
Tabelul3.7. Dimensiunile specimenelor testate la impaZAH17b]
Material Lungime (L) Grosime (d) Mabjnf
[mm] [mm] [mm]
Gjcsa ef
150 6 10
Balsa

Structurile sandwichcul owé mpBgj csa ef d,ausfosptestatBjaimpgctf { c b

ciocanul lovind specimenul pe dicebj b 2 - b Bb oloserva in tfigura §.plh. u f
Dispozitivul utilizat pentru testarea la impact a structurilor sandwicha fost ciccanul Charpy
(Fig. 3.11.piare b u f mf al¢ ace¢sfuipan fostv snaupbsf mf ; h784f kg,u b u f

mvohjnfb csbbvmvj ftuf ef 491 nn- |Jbs fofshj
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a) b)

Fig.3.11. Testarea la impact a specimenelor sandwichpeocedura de testare
a specimenelorb) dispozitivul Charpy utilizat in cadrul testelor la impf£AH17b]

dsftuauvsb- sf{gtafygbh nitbBedaj haob

sfmbbjb )4

Pentru specimeneleg a s a
efufsnjoa . Qv

O .
X — Qo 3.7
A R Qi (3.7)

ihcaregef t uf [d]; O grasimea specingehutuif bt

[mMm]; bf t uf

fofshjb
mabjnf pmj.qf dj nf ov mv j

dpot vnbua

3.2.2.3. Teste la incovoiere in regim dinamic

Tusvduvs) mf tboexjdi
determinareaunor infp s n bgbsjjjwj o e

depf n qupf{tj wbfs fqbsif o g fomvaa b e
evsbub ef wjbba- tf qpt
cicluri. E f bdf f b- df b nbgf th ngmaf snnfjuopbe aqf sgpsnb
sandwich, in regim dinamic, o reprezina uf i oj db ef uftubsf bdd
ufiojdj mps bdd,(ftmf sgopubfufmbf tpug ptbf benvas bub ef wij |
dpnqgp{juf - gsjo jouf ot | 4AdLbE Procedgrs de destére I f | e
oboseama b t g f apdwidhdf ngopst ut sf bmj { bua d-SOOgPIB N t u
Tf dbj v gMILB1]. 8pecimenele sandwicbh v gsf { f oubu vsnaupbsf mf

3.8).
Tabelul 3.8Dimensiunile specimenelor testatdn regim dinamic
la incovoiere n trei punctfZAH17b]
Material Lungime (L) Grosime (d) Mabjnf
[mm] [mm] [mm]
Gjcsa ef
160 6 20
Balsa
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Uftufmf mb pcptfbma mb 1T odpwypjj fesff dwbd il wuBdE c
3 Hz.Au fostrealizateu f t uf e f,la neoywiert in igin accelerait vc p t bsdj oa
tjovtpjebma Bj vo dpfgjdjfou ef btjnfusj f
dpngpofoufmps bfspobvujdf*/ Ebufmf bddf mfsbu
de solicitareai o d a statiéedimj j u Rezultatele au fost extrapolatgpentru nivelul normal

ef uftubsf- mb pgadmfdepobBaoeiwf@vif | Bddad mf §bi
uftubuf - mbn npowotete firb tmeéd puncte (figureé8.12), cate cinci specimene
sandwichev T owf mj B ej o gj cs dasm[ZAHti7b]scpo Bj nj f{ e

Fig.3.12. Testarea specimenelor sandwigcla incovoiere in trei punctén regim dinamidZAH17b]
4/ 3/ 4/ Sf{vmubuf ®Bj ejtdvbj|j
3231Qf sgpsnbobfmf tusvduvs| ingpowierehwweepurjctdi t vqgvt

Dvscb dbsbduf sj t i deplasarébo dgapstdb sd p O tgupssvbjara q s ¢
valorilor, g f ousv tf uvm e\feplasdedg c b)jTioovduafs dojsd uf t uf mf
Bdf bt uafostysfc{af oubua tda §pEgpaphtusbg

160

140 ——
120

—. 100 //

= _~

wg 80

- rd

2 60 /

40

20

0 0.5 1 1.5 2 25 3 35 4

Deplasare [mm]
Fig.3.13. Mediavalorilorcurbeig p s\ deplasare a specimenelor sandwich
supuse la Tncovoiere in trei puncfgAH17b]

Comportamentun ej o qvodu ekfymhgpengiusceldlOspegimen®in regim
static laincovoere,gs f { j oua epva f ubalinibgesgBqg wdffj ghbmébb dis§
deplasare, cu un oarecare comportament nelinjar q s f nNbyjnvm dvscf | B
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csvitmba gps b,a morbentjl rugerii specimenelolTf qgpbuf pctf@Bwb gl
nbyjna- qgé&oa 1To npnfouvm To0o dbsf b bgasvu e
sandwich, a fost de aproximativ 140 NDe asemenea,deplasarea la care a avut loc

ef uf sj ps b s fib matesidlulvdtriscturji sapdwigh a fost de 35 mm. Testareg la
incovoiere in trei pocte, a structurilor sandwich a permis determinareav s nau p b s f my
dbsbdufsjtujdj; sf{jtuf ol vEjuj s ta{ijoubaergopbsbg f d
T owf miy).Bwpm\Aiainf de rupereau fost deteminate experimenta) pe baza testelor

la Tncovoiere pentru cele 10specimenetestate. Valoried f mps epv a ,adfostb duf ¢
expusein tabelul 3.9[ZAH17b].

Tabelul 3.9. Caracteristicile specimenelor sandwishpuse testelor
la incovoiere n trgpuncte[ZAH17b]

Nr. Gpsbf mf Sf{jtufobb vm Sf{jtufobb
specimen de rupere[N] a miezuluifMPa] b 1T owi{MRg BV
1 141 0,760 16,858
2 137 0,740 16,380
3 134 0,720 16,021
4 144 0,780 17,217
5 139 0,750 16,619
6 142 0,770 16,978
7 145 0,780 17,336
8 137 0,740 16,380
9 139 0,750 16,619
10 142 0,770 16,978

Pentru structurile sandwich CFRPalsa, sistemul software aln b Bj oj j caiptld nj uf
Vvsnaupobamftangiicg:is f { j t uf obb mb 1 o d pstqitgteflasihcov@gre n p e
(figura 3.14)

I Rezistenta laincovoiere [MPa] - Modulul de elasticitate la incovoiere [GPa]
35 7

w
=]
o

[GPa]

incovoiere

Modulul de elasticitate la

Rezistenta la ihcovoiere

Specimen
Fig4a/ 25/ Sf{jtufobb mb 1 odpisgoyoiere f Bj npevmv
ale specimenelorsandwich[ZAH17b]
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E v g @am se poate observa dinfigura3.14 f { j t uf ob b wimk j b § d MRa®Bj & § f 32
30 MPa iarmodulul de elasticitate laincovoiere f T odbesf b{a T o 6Ranf oj \
Bj 7PH®pbbhsbna ef qgs p c mlosindygisterhul doftware Mjntatb 46, d s f b
gf ousv ebuf mf mlsj Wpde wgslyiuf de felasfiftabe bh Tncovoiereale
specimenelor sandwich.Pentru verificarea ipotezei de normalitate a datelompentru
sf{jtufoba mb T odpwp]j f,sdva Rijiza testulnsfatestic Andgrsole f f m
Darling[ZAHL7b].

Analizdnd figura 3.15se poate observa @ qvagagdbfsif sfqgsf{joua eb
sf{jtufobf] e nodulwuddp elgsiicitate fa ind@yoierd)t f b gimexiorul T o
celor 2 curbe d b s f sfgsf{]joua fmjitaa j 0o lg f sgvypEffsstgqprbos] & u (B
intervaluluide increderg95%. Acée u gbqu bsbua da ebufmf tvou
gpbuf qgbsdvshf vyasumg vepfibaseh datelbor ecibteptal st®igtic Anderson
Darling.Valoarea Ra testului de normalitate Andersork Darling este 0,541. Ambele serii de

ebuf )wbmps)jmf sf{jtufobf] mb T odpwpj fsf Bj
normalitate AndersonA Darling, deoarece valoriléui P, pentru testul de normalitate sunt

mai mari de 0,09ZAH17b].

Probability Plot of Flexural Strength [MPa], Flexural modulus [GPa]
Normal - 95% ClI

0 2 4 6 8

Flexural modulus [GPa] Flexural Strength [MPa]
Mean 26.6
StDev 2.119
N 10
AD 0.288
P-Value 0.541

Flexural modulus [GPa]
Mean 4.3
StDev  1.059
N 10
AD 0.288
P-Value 0.541

Flexural Strength [MPa] =

Percent

20 24 28 32 36
Fig.3.15. Verificarea datelor cu &ul de normalitate Andersork Darling[ZAH17b]
Dpfgjdjfouvm ef wbsj bbjf ftuf VO joejdbups
dispersia variabilei aleatorii, raportat la valoarea mede. wb mp b a doeficightdlid de

wb s jsbfbg mvfod uhas be t da{vu ef jodfsujuvejof b wbs
bdftuvjb efufsnjoa vo hsbe sjejdbu ef jodfsu

Tn studiile de caz, din domeniul ingineriealoaread pf gj dj f ouv mv | f®efmaiwbsj &
nj d a30%.f
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Evgandsf {vmua e ¢ae ay fosggrezentaté jnjtabefiul 3.10, incertitudinea

df mps epva tfuvsj whfmpehumf fydffsjudfoddh mfmb) T o
elasticitate la incovoierg f t u f sfmbujw tdaf{vaovar,/6&8 (pemptauf { j o
sf{jtuf obb)BA¥24162y% (penpunddwul de elasticitate la incovoie)e

in cadrul acestui studiu de caz-a calculat limitae f dpouspm tvqgfsjpbsa
dpouspm jogfsjspggaduj MDbM* inpgntrd moduuivdp gldsticitate B
Todpwpj f sf(3&8Bd3WW). sf mbbj j mf

Y6 04 o (3.8)

060 oJ (3.9)

in care:n  Bj t sfqgsf{joua wbmps)mf ftuehb@dsnpmbb
prin metoda momentelor
Tabelul 3.10.Adicatorii statisticipentrurezistelb b mb T odpwpj f sf Bj
modulul de elasticitate[ZAH17b]

Indicator statistic | Media | Abaterea | Coeficientul | Limita de Limita de
(m) standard de control control
(s) wbsj bl tvgfsj inff sjpl

Dbsbduf sj CVY % (UCL) (LCL)
Sf{jtufobb
R _ 26,600 2,119 7,966 32,956 26,361
incovoiere[MPa]
Modulul de elasticitate

R _ 4,300 1,059 24,627 7478 3,561
la incovoiere [GPa]

Laspecimeneletestate, mj qj sf b nj f fiuvamprejentat problenewdr mpeia a

produs g f Tousfbhb tvqgsbghbDbRuperba sd psevvdtuv efjj mbbde
superior d specimenului sandwich, fisura-@prog b hbu qgqsj o 1 o ussafoprivim nj f
gbsufb jogfsjpbsa- voef b (figufa@li6d nj obu p ef { mj

c) d)
Figa/ 27/ Bobmj{b nbdsptdpgjda b {pofj ef
b* tgfdjnfovm tboexjdi< c¢c* svgfsfb TowfmjBvmyvj
ef{mjqjsfb T owfI @ABvbinvj ef njf{vm cbm
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3232 Qf sgpsnbobf mfich supusevedtelodssijmpach s t b o e x

Cele 10 specimenetestate la impact au avut ca principal mod de degradareuperea
dpngmf uagf obutswg fdib md v mv m s f {, ge potfconbideija renubbatele n q b d
wbmjef/ Vuj mj-pladetermiafsrid g jtu f ob f 8 tpeltru jcabeqld d u D
tgfdjnfof dv TowfmjB ej o g¢j3disantdescrisdiealaele Bj
sf{jtufobf mps ,carb suijt cupribseé intreDvaldrile g8 Km? B | 8unt* 6 |
[ZAHL7Db].

80.0

70.0
E 60.0
%‘ 50.0
E 40.0 -
% 30,0
§ 200 -
o
100 -
00 4
1 2 3 4 5 ) 7 ] 9 10
Specimen
Fig328/ Sf{jtufobb mb jnglEAHa7bp tgfdj nf of mp
Pentru specimenelesandwich uftubuf mb j ngbdu- libndicatgrpt u e

statistici (tabelul 3.1%* / Ebda dpf gj €\ dsteapropiatde Vialoarebzerp B\B<j f )
30%), ainci datele studiate statistic (pentru rezistemle la impact valoarea IUC\=16,706%
sunt omogeneB media(m=55,86) este reprezentati\a pentru acest set de valori.

Ubcfmvm 4/ 22/ Joejdbupsjj [ZAHABblj tuj dj qfou

Indicatar statistic Media | Abaterea | Coeficientul Limita de Limita de
(m) standard de control control
(s) wbsjb|tvqgfsj jogfs
Dbsbduf st CVY % (UCL) (LCL)
Sf{jtufobl
55,860 9,332 16,706 83,855 55,359
[kJ/m?]
Specimenelesandwich testate la impactbv gsf { f oubu 1T o { pmibzulef s\

balsa care sb g s p gilahdbtermin® o dezlipire a ind mj Bv mv j | struetgrif sj p s
t boexj di ) t vgs bgb inbcontadd cufciochnul iCloarp@d alungine jen3b
mm (figura 318).
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b) 0) d)
Fig.3.18. Modurilede defectare sspecimenelor sandwichu f t ubuf mb j ngbdu ) na
a)vederembufbstm&@ dj nfovmvj < c¢c* ef{mjqjsfb njf{vm
c)gspgbhbsfb gjtvsjj mb o) wAdmbalsgZAHLTOf mj Bvmvj t

3.2.3.3. Teste acceleratla incovoiere in regim dinamic

Metodologia, qspgvta To ,0dbébtua tiueejjwufotjgjdbsfobhb
incovoierein trei punctei o d p n q migseulmgrrhal dd testare,cu scopul de aamplifica
proceselede defectareat usvduvsj mps tboexj di dpngp{j uf/
To dpotpbjbpdhismpadirief ef gf dubsf / Df s dauefectwgt mf
pe 10 specimenedecupate dintrp  q mdot duas v damdwehicuinvelB ej o gj csa e
Bj nj flefon dejc® mt b/ Tgfdjnfof mf bv ggedelaratefld t u b u
gsf dwfoebfl {efBj3-4 | {*- | bs s f{pentrmredgimulfnornal dev gp1
testare de 15 Hz.T o mv d s & s | rtef [MI¥0B, MtY©QS8f RAB] injcadoul éstelor

bddf mf s buf aewstuctyilorpconiptzieavb mpbsf b gsf dwf obf | ef
sfhjynvm opsnbm ef uft ub $\f2Hz Avand ip vederetsjrustwrile u a 1
sandwich analizateB | gnfbsogbpfsmf s f evt f mlale mipzoigi difj lemi sig ntf
balsa a fost ales nivelul de solicitare norm&dlm gsf dwf obf j5Hzf T odasdbs

Datele experimentale au fost prelucrate statistjcutilizand sistemul software ALTA 7A
Accelerated Life @sting AnalysisPentru a realiza extrapolarea datelpdin regim acceleraa

fost utilizat un modd de accelerarecare face conexiuneintre durata dewj BB g mj dj uas
accelerate. Pentru studiul de caanalizat se pref b { a n geeaéceteranenverse Power

Mb xj Bejtusj cwojbq tbs bXnA¢estsvhodedi de accelerare se u j mjpéntrb { a
investigarea proceselor e f efgfdubsf - gsj o pcpt fmaterialec mb
plastid f - n f icdmpgzie.Pent® determinarea factorului dexccelerare, pentru modelul

Inverse Power Lawh Weibull, sb v uj mj { b &actsrfil debabceldrared 8 ¢ Bt gv o { au
modelului Inverse Power LawA Weibull, se d b md v peftdo ffietare nivelaccelerat al

gsf dwf obf j[ZAHL7b]iDateleirazditdtesdin testele accelerateau fost extrapolate

Bj fosbf t uj nbu ovnasvmyvj ef dj dmvsj gadaoa mb efg
opsnbmf ef uftubdéasHHgsf d¥df obb ef
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Ej o bobmj {tbv taufb{uymwhuw av s n dasamdtrdof mddelulwi binngrse | b n
Power Law- Weibull:; =4,718; k= 0,0000005; n=4,239. Realizand produsul dintréactorul

ef bddf mf sbsf - tgfdjgjd gjfdasv]j oj wim bddf
dpoejbjj bddf mfsbufm bfggdgidmesuyigapgdpomhodeghdgt
de testare (tabelul 3.12), pentru specimenele sandwich compoZ&H17b].

Ubcfmvm 4/ 23/ Efufsnjobsfb d¢@AHLZ$ivanvd p ceefj Bdjj jd my

normaledetestarey gsf dwfoba ef 2/6 1 {
Ovnas Ovnasvm e| Nivelude | Factoruide| Ovnasvm e
specimen gaoa mb e gsf dwf accelerare gadoa mb e
)dpoej bjj accelerat ))dpoej bjj
testare) (Hz) testare)
1 30056 262148
2 34536 301223
3 37576 2,5 8,722 327738
4 44678 389682
5 55672 485571
6 12087 228384
7 14065 265758
8 19983 3,0 18,895 377579
9 21898 413763
10 24567 464193

In figura3.19.a, se poate observgrincipiul de extrapolare a datelor, din regim accelerén
sfhjn opsnbm- telhicilerfacceleta® Sunttreprezertale, cele p wieluri de
tpmjdjubsf 6 bdflf MBfsplbhsal {8} oieida dceelerfirpasniotteluls f mb b
Inverse Power LawA Weibull, se pot extrapola rezultatele diregim acceleat, in regim

normal de testare.Tehnicg de extrapolare a rezultatelarf t u f vsnssaephéshjoa
ovnasvm ef dj d mv peantru gdee ® vnindluri éef sgliCitdrebbdsdff -mf s b u a
gsf dwf of rhf{ eBff p3lf tl § cardctdsyjptsuj d | §=63&f¥p wg sbfbbaq u)a
us bt prin pcste puncte;prin extindereadrepteiqédoa mb wbmpbsfb ojw
testare @ s f d wf dbHA) s-edf Rf-snj obu ovm&@sa mmie fiaddy ddehuis)g jf
normale de testare, ale specimenelorsandwich compozite dpsftgvo{aups dbs
wj bdr83,2)Qf ousv efufsnjobsfb evsbuf]j e f wj bba-
utilizae pwmd& upef ; bobmkwhma@b 8Bff pb hiodvlpdjdiwjhvg & ej v
bb{f b{ a qniediesd pndb B {§ dparcor{odelulpi de accelerardPLA Weibull. Pentru

f wbmvbsf b dbs bigufa8.joa)sibdjvjuj enff { Wiub B ubmbp Hjsbmg)
extrapolarea rezultatelorn f obj pobu boufsjpsjdsmvEymgaoa mbn
in regim normal de testargmb g s f d vbfHa).lEly s®dfu b 2 € f awvgpdribeadelon f e | f
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(figura 3.19.b)detes nj o b ua d v sisteimutudsoftiwareiALBAV/ mfost de 352216de
cicluri[ZAH17Db].

------- Quick Calculation Pad
QCP#
Numdrul de ciduri pand la defectare
= cCorespunzdtor caracteristicii de viata Basic Calculations | Confidence Bounds | Parameter Bounds
> P 3
[n=63.2) este de 384871 Options for Calculations
’ {" Std. Prob. Calculations " Warranty (Time) Information
" Conditional Calculations " BX Information
¥ Mean Life " Acceleration Factor
— " Failure Rate
% Results Options
o
'.T,' ol i
i)
= 1 \ Required Input from User
S 3
z 4 ) Frecventa A L5
5 3
= 4
[a]
8
Results -
Lo Calodate -
/ MeanLife 352216 gose |
Repart...
Help
Frecventa [Hz]
Sata=4 71854500, K=0.00000047; n=4 T3904326 £ |F0\|0: Foliol (Plot of Data 1) (Changed by RS Draw)

Fig.3.19. Deterninareaindicatorilor de fiabilitate &specimenelorsandwich:
a) duratae f  wdj bbsbbad u dtilizgndnufjudpde b ; hsbgj da
c* evsbub ef wjbba nf dJAH17bjuj mj { aoe dbmd:

In tabelul 3.13afosteft dsjta efgboprféiobm efhods thinvef gf di
sfhjn opsnbm ef uftubsf - Bj df j nbj jngpsub
gvodbjb ef opogjbcjmjubulbuf ghvodpndv migoetge UBy g ¥
rata de defectare) ai structurdr sardwich,dv. T owf mj B ej o gjcsa ef db

Tabelul3.12 Ef gf oef ob b jbilitadeji dob ugpvsoj dnbpj sé feeftl jodjmim A f v i o & mlk
dpoej bjj op sperruspecimdneleusintiwiciZaHL7b]

Ovnasvm ef a¢ _ .. e Densitate de Rata de
Fiabilitate Nonfiabilitate .
efgfdubsf RE) F) probabilitate defectare
normale de testare) f(t)-10° a(t)-10°¢
228384 0,933 0,067 1,616 28,637
262148 0,837 0,163 2,497 45,821
265758 0,741 0,259 2,598 48,045
301223 0,644 0,356 3,598 74,726
327738 0,548 0,452 4,221 101,351
377579 0,451 0,549 4,579 171,295
389682 0,355 0,645 4,447 193,004
413763 0,258 0,742 3,929 242,654
464193 0,162 0,838 2,187 379,626
485571 0,066 0,934 1,458 453,683
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Indicatorii de fiabilitateind poej bj j opsnbmf ef uftubsf )oj w
gsf dwfioddia sedltb $1f) ai spEcimenelorsandwich compozite au foste f uf snj ob b
vuj mj { aoe f dmobehlui]PoX¥ Wetbulfi @] gjvabfdbj f ef ovnasvm
defectare. Qf ou s v sfgsf{foubsfb hsbgjsaalebmodelale j d b L
tridimensional, pentrud bsf tf pcbjof p tvgsbgbba df qgsf{
ef gjbcjmjubuf )gvodbj b ef gj bstgtende prdbabilitate g v o d
b ujngvmyvj efqgegv @d Db jspbobbs A enfpul & hiveluldde Isdiditare.
Sfgqgsf{foubsf b,bu sgjveojdnbfjoftjjil ppoflgmmad dbej fmj eifo ud Bf d wf
de timpul de defectare (ciclurj)a fost descj t & T o gj hvsb 4/ 31/ b/ S
usj ej nf,dt jgpwaddta] f | efh fuogpjgff b e jf mjdaplomg fdd wfbs G b B
i odasafstg § f { fiofigbra320.4ZAHL7D].

R
“’qtf;‘b"h"

n‘,‘ * 0 o '.'f*e.;ou:f::;f:ff'f:
i w 'o‘:""'"‘;;?*"*?"":?"?

NMQ'N l ” ,‘" Y
\\ m’t’# i

W) 'ﬂsl‘l il Ml'J

.1‘ .

W\ b N
\‘“‘:“ il me .

c) d)
Fig. 3.20 Indicatorii de fiabilitate aigf d j nf of mps t boexjdi; b* gvodbj I
opogjbcjmjubuf< d* gvodbjb efotjubuf ef qspcbcj
[ZAH17b]
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Sfgsf{foubsf b hsbbgjedfao tujsujaebjjn fastd¢tysdosspmBbichpa mj u b
fostqsf {foubu&d 10 gj hvs,a fog Helctid arhportaroentyy jateivde b 4 /
defectare, a structurilor sandwicht o gvodbj f ef  inoegima@mahde edtared j d m
Bj o) wf mv iZAHLTb]. t pmj dj ubsf

Mj gj sf biédjowf gnj By aevreidzul itbBagyspg d V @ usip m laftestreabaj b m

p ¢ pt falstracurior compoziteef uj q tboexj di /ov@fa snvanvy,s be fd s
la testelemb p c,@lé dpdrimenelorsandwicht f | o41ps & uiba i spe garcunsplb b a
dasfjb bqgbs gjt vdezipmiemidzuuyde pgrnBseim specialBe la rhagdpi |

t bv ej o | ouitrsdezdipsrii,i oD bjvn{fbe jjboujbb wf dj odaubuf ,b gj
ftuf tubsfb dpngm¥ya ef sfefjusjevijgsjpmref mp d
uftufmf bddf mfsbuf sardwichg pft fjbom@aa q lgd o inairfew b gnff
d svqf sfiguraB.2lfu/b mA 9 gj na denlipirgad o dvih gifh MEa e mijloc

a specimenudui- voef b gppubbbgmyfdbioé@wf mj Bsupns la vgf s
compresiuneAepvb fubga dpotua To jojbjfsfb gjtvs]
qaobd Tmowf mj/Bvino jdobgefssvinp sbdf t uf j dézlipbegld 12 mm pet v s b
tvgs hopwlhbnmj Bvmwujs fjf bgffsibg@mijdgjos uld 7 oadsrdciuyv mv |
sandwich pep g p s b3aproanfativééGmm [ZAHL7Db].

e) f) g
Fig.322 Jnbhjoj nbdsptdpgjdf )nasj sf b al3pechienelgrsj wj o e
sandwichuf t ubuf bddf mfsbu; b* tqfdjnfovm bobmj{bu< ¢
gspqbhbsfb gjtvsjmps gsjo njf{vm cbmtb< e* ef {mj
spreT owf mj BYenf § mjgdjs$s pb nj f { vm chddedlifireapd a7 smyf iy Be mn j
specimenuluip T owf mj Bvmvj |jREAHLA] ps ef njf{vm
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33.Fwbmvbsfb qfsgpsnbobfmps nfdbojdf Bj b joe
cuind mj B ejo gjcsa ef db,supysetesRlpraccelefale ef gbhvsf

3.3.1.Introducere

Structurile sandwichcompd j uf tf dpngvofejfouépybbsigsbghhp
vojuf ef vioowgff {dfvmfp ssepet introdlucew & mgankle stricturi de

miez: lemn(balsa, mahon, brad, pin, molid), fagure (hartie, aliaje de aluminiu, aliaje de titan,
bmj bkf ef dvqsv- bmjbkf qgqf cb{a ef ojdifm-
kevlarr Bj t qv nf ;g bdove bgbpj mj nefj pom | qipgnijiilé]oj j sdf ao -\

In cadrul acestui studipa fost investigat cel mai utilizat miez de structura sandwicku
nvmuj qgmf b g mijirdjibebigi B antinee:fagupele timhartie b s b n jjen gdsaf h o b u a
cus a Bj o b ,cgnoszyt sulp rdirele de fagure din hartie NOMEX fenolic.

Gbhvsf mf Opnfy gsf{j oua; g slgp p s pf béxterente;f mf d
deformabilitatec voa< sf { ] t<ufsofyf jmbu f gorbbad agsbdp g paxdelgded js u f

de izolareBfere{ j t umhio DEGLE]. Bgq mj d b b j | b mf tcumiezdNomveg | mp s
sunt des intalnitei o e p n f o |, l& componentdprequrit g pef mf - v Bj - g mbq
pentrvu. tusvduvsb [GKl2]g] mps Bj obdf mf

Pentru a putea utiliza aceste structu | t boexj di T o ejegehaymaifa b gm
gspgsj fuabj mpsowmpfstufi ot djhdjnf awduBjd-ftuf ofw
dv qgqsjwjsf mhspwpgej g@apnmbvmpef pcptfbma B
Aceststudiugs f {joua sf{vmubufmf vag$jwjoafdpppbphp
gf sgpsniboobsffnf) n t u,l@wnpodstru@yri ssegwhpchyy di owf mjdéB ej o
carbonB miezde fagure Nomex[ZAHL17c].

In continuare, Tn acest studitse va utiliza, pentru specimenelet b o e x j d i dv T owfn
ef dbscpo Bj n j ,fadrevierdg spgdmtenesandwich [CRNorypex.

Specimenele sandwiclCFNomexau fost testate la: incovoiere in trei puncty compresiune
g mb B@a impdct. Pentru cele trei tipuri de teste au fost determinate principalele
caracteristici mecanice (s f { j t uf o b b , mddululi dedefastigtatd k& fincovoiere,
sf{jtufobb mb dpngsftjvof- npevmvm ef) fmbt uj

Pentru regimd dinamicb gpt u nmewdolggatgd j o dbsf t f bddf mf s
uf tubsf b tusvduvsj mps ttooladogiex ded acceleravesg pot { 4 o e
determina, intr-un timp scurt, indicatorii de fiabilitate pentru specimenele sandwichCF
Nomex[ZAH17c].
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3.3.2. Detalii experimentale

Structurile sandwichCFOpnfy qgsf {joua ®@®@Bjaoa ofwe pnpBaljsdia e g
de carbonBj rd¢ fagureNomex T o wf mj Bv dgbrivdte dih B f tgPpdirugsjic s a e f
dbscpo gsfjnqgsfdvo s@a8Bj ) taMiezugdpucirésandwaichet uf b md a u v
din fagurihexagonali Nomex, cu dimensiunea celude2 5 mm,densitatea acesteiafiind de

48 kgm:.Bdf bt ua ,gpswbuastkke| o dnpbvfa didivggjfaoms Bvef db
gsfjngsdwvodba®B| oaB nfieqgeyggegNdniex b gptu tvqgvta gsfy
bt bncmbsf gsjo qsfthbsf mb dbme - sf{vmuaoe p
[ZAHL7c).

Specimenele utilizate la teste statice, la Incovoieretiei puncte, au fost decupat din panoul
sandwich CFNomex. Zece specimene au fost testate la incovoiere in trei puncte, acestea
sftgfduadaoe ejnfotjvoj mf Bj qspdf eviddfesdauwsfjt
statice, laincovoiere in trei puncteb v. - gpt u f gf d u vtéstare WOQW1508hidBj o b
vitezaef 1 o dasgdpbtsuf t ubcj mjua mb 4 nnOnjo/ Tdpqyv
gf sgpsnbobf mf nfdbojdf )sefjttunbdulh dmbbabdbdm,
bmups bt gf duf md dh d s+ ddepkesdre), spécifide Btjudiurilor sandwich
fabricate. Tn tabelul 3.14 sunt descrise principalele caracteristici dimensionale le
specimenelor testate statigla incovoierea in trei punctZ AHL7c].

Tabelul 3.14 Dimensiunile specimenelor ENomex, testate
la incovoiere in trei punctfZAH17c]

Material Lungime | Grosime | M&bj| Ej t ub o b| Grosime| Grosime
sandwich L (@) (b) reazeme (S) | miez(d) | T o wfn
[mm] [mm] [mm] [mm] [mm] [mm]
CF- Nomex | 160 9 16 110 8 05

in figura 3.22se poateobserva modul de organizare testelor statice, la incovoiere in trei
puncte, pentru specimenelesandwich CFNomex.

Fig.3.22. Realizarea testelorla incovoiere in trei punctén regim staticlZZAH17c]
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Uftufmf mb dpngsftjvof gmboa bv gptu sFbmj{b
Nomexvuj mj { aoe nbBj o-b50Sqfigurau3i2d. DimendiunilX &pEcimeneloyr

testate ladpnqgsftj voyoumboadp o dnpadalbVil-BED40E. Scopul
acestortestef t uf ef b efufsnjob qgqspfpjbtabpmmbmbpd
modulul de elasticitate la compresiunede specimenelo sandwich CFNomex.Specimenele

bv gptu uftubuf dv p wjuf { @dimendiunile ded érsxdblera f e f
[ZAH17C].

Fdvbbjj mf ) 4/ 21+* Bg penfryt A 2&ermind valoripp t U] tvuuf jonijf {]
compresiune (i), B, respectiv, alanodulului de elasticitate la compresiune {E

(3.10)

O=| § O=| CR

O (3.11

in care Pceste T odasdbgjf ha mb diMn =éted § wop$ btgfodj v o |
transversale a specimenelor sandwicimm?); g este panta p& b j v o | | mj oj bsf

T o d a gleplasare(N/mm); deste grosimea specimenului (mm).

Fig.323 Uftubsfb mb dpngsftjvof -Npmelx[dAdl7b] t qf dj nf

De asemenea, au fost testate zece specimergga s a d s & impa&twizad ciocarul
Charpy. Specimenele supuse testelor la impact au fost decupate in conformitate cu
dimensiuneat q f d j dgjstandandél ISO 17491 (tabelul3.15).

Tabelul 3.15 Dimensiunile specimenelor testate la impafZAH17c]

Material Lungime Grosime Mabjnf
sandwich [mm] [mm] [mm]
CFNomex 150 9 10

Specimenelesandwich CFNomex testate mb  p c ,@au réspectat metodologiee f t dsj t a |
standardul MIl-STD401B B jau prezentatv s n a u p b s f mf(tabelyl 1ilig.ot j v o j
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Tabelul 3.16Dimensiunile specimenelosupuse testdor dinamice la
ncovoiere in trei punct§ZAH17c]

Material Lungime Grosime Mabjnf
sandwich [mm] [mm] [mm]
CFNomex 200 9 20

T odf swddf mff s b u f, utilidénd pesteletlaf Mcovdiere au fost realizate la trei

niveluri accelerateb mf gsf dwf oRQf j3-&f | { & dHADalkhfsekBtate dih-

testele accelerate au fost extrapolate pentruregimul normal de testare de 5, Hz. La ele

usfj o wfmvsj b ddFHnfbsyb wfp t )Ju3 -ud t lufaiocovbierenifbtrePjc p4
puncte, cate cirti specimene sandwich GNomex. Au fost realizate teste la incovoiere in

regim acceleraft vc p tbsdjoa djdmjda tjovtpjebma Bj
(raport utilizat frecvent in testarea componentelor aeronaute). Datele accelerate la

p c pt fab fost generate pentru nivelul maxim desolicitare a1 o d a stdtidesmjjnj u a
Rezultatele au fost extrapolatepentruoj wf mvm opsnbm efdedbHubsf -
[ZAH17C].

4/ 4/ 4/ Sf{vmubuf Bj ejtdvbj|j
3.3.3.1 Teste statice la incovoiere in trei puncte

Zecespecimene prelevate din structura sandwich GRNomex au fost testate la Thcovoiere in

usf j gvoduf - qgaoa mbsistemquisofthgreb dpgf gy o{ dup bk
testat WDW-150S, au fa u efufsnjobuf Adfvgsmebitntfs f7 oRljasdbs
mecanice ale specimenelor sandwich analizate. Pentru specimenetampozite a fost
dpotusvjua dv 3§ ol asddpabaéeprinsrgalizavep dnadieivalorilor pentru

setul de date (id a s ddeglalsare) p ¢ b ] div testele experimentalé Bdf btua d
dbsbduf 9jdtkddple8afe b gpt u qie figurh 824,bpendru specimenele
sandwich CFNomex.

Curba fortd - deplasare pentru specimenele CF-Nomex
180

160 N
40 /N
120 \
100 \""-

o0 / N

0 / N
w ./

Fort&[N]

0 2 4 6 8

Deplasare [mm]

Fig.3.24.Curbamedi b wb mp slgplaspret ogf pdsgpegimenalorCFNomex[ZAH17c]
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Din punct de vedere alamportamentuluig p s baf g f qByb t azecggpecimehétasthte

in regim static la Tncovoierein trei puncte,au prezentatp d s f Bu f s fg pnsjbobj bbsgamjic
Bj ef gmbt bof t dAasi s iInambneefgup raperfi §pecimenelor.g-b nbyj na
medie, mb dbsf b bgasvu ed spécwngnpler bandivibh, aj fest def st j
aproximativ 170 N.In urma testelor, la Tncovoiere in trepuncte, e f q mb maxkisg am fost

de aproximativ 3,5 mm pentru specimenele sandwich GRNomex [ZAHL7c]. Au fost
analizate specimenele sandwichtestate la Tncovoiere in treq v odufb TRljpot ububu
lipirea, ej ousf djoowf gnj By &@Bje f n jdH bfeyangp Momex nu a prezentat
probleme. A u g f specichénenf t boe x| di bv qgsf {-f ogudbsua pe fsnvbgn
bmf 1T owf mj By ms BSistenul sdffvareegnob Bj o] | ef Todfsdbu
baza dimensiunii specimenelosandwich CFNomex B | b seffmbdlh mampm , ) 4/ 2
caracterisicile mecanice:s f { j t uf obb mb T odpwpj fsf Bj npev
(figura3.25).

I Rezistenta laincovoiere [MPa]
70 12

&0 - 10
50
40
30

20

Rezistenta lafncovolere [MPa]

10

(3]
Modulul de elasticitate la Tncovoiere [GPa)]

Specimen
Fig. 3.25 Rezultatele testeloyla Tncovoiere Tn trei puncte specimenelor
sandwich CFNomeXx[ZAH17c]

Qf ousv wbmpsj mf s f { |p mad@lwub de jelastititate Taortqvaiepeplef s f E
specimenelor sandwich ClRomex bv gpt u dbmdv mbb|j gsj odj gbmj
4/ 28 */ Ebda dpf g¢\Vdgste mproape de feroGY480%), babuipct datéle
prelucrate statistic (valoareadog j dj f o u v nGVjestednire 5v688%0B bl klj5%) sunt
pnphfof Bj nfejb dbmdvmbua ftuf s[EAHEE.{ f oubuj

Ubcfmvm 4/ 28/ Joej dinurmastgstelor laindowojere i fredpuncteif uf snj ol
specimenelor CFNomex[ZAH17c]

Tusvduvsa Media Abaterea standard Dpfgjdjfouy
CFNomex (m) (s) (CV%
Sf{jtufo
- . 54,500 3,100 5,688
incovoiere [MPa]
Modulul de
elasticitate la 8,250 0,950 11515

incovoiere [GPa]
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4/ 4/ 4/ 3] ms pdpr d ufatigjspedinhenejomdaraiich BRomex

Celezecet qf dj nf of

t boexj di bv gptu

t vgiatifumaodf s

testelor, au fost determinatecaracteristicile mecanices f { j t uf obb mb dpngsft
de elastictate la compresiune (figura 3.26 Valorile s f { j t uf obf j ,rmint

1-13 Bj [AAHITE. Pedt@ kxelezece valori, b mf

modulului de elasticitate b v
(tabelul 3.18).

gpt

mmm Rezistenta la compresiune [MPa]

4.5

u efufsnjobbj

——Modulul de elasticitate la compresiune [GPa]

0.045 &

4

0.04

w
in

/\

0.035

w

/

N\

[
in

/
N/

=
- [

Rezistenta la compresiune [MPa]

2
in

1 2 3

4

AN
N/

5 6 7 8 9
Specimen

- 0.03

- 0.025

- 0.02

- 0.015

- 0.01

Modulul de elasticitate |la compresiune [GPa

- 0.005

10

Fig. 3.26 Rezultatele testelormb d p n q s f talg spexifenglanb o a

Valorile determinate ale coeficientului @
gpbuf dpodmv{ | pfarbat dinacelefz&#b specjmpne \sandwich,testate la
dpngsftjvfotf ufgmboam, ugpnmpthefba a&8grilar fatelorbexperimentale
ftuf sfqgsf {f odetvedejewtatisti4Abl7a} v o d u

sandwich CFNomex[ZAH17c]

dpno
cuprinse intre 24 MPa, iar valorilemodulului de elasticitate la compresiunevb s j b { a
sf{jtufobfjlemb d
joejdbupsj ]

T o0

wbaijfbjjfuvf b{a tvc wbmpbsf

Tabelul 3.18. Indicatorii statistice f uf snj ob b j
ai specimenelor CANomex[ZAH17c]

vsnb uftuf mps m|

Tusvduvsa t| Media| Abatereastandard | Dpf gj dj f ou
CFNomex (m) (s) (CV%)
Rezisteb b mb dpn
2,600 0,699 26,884
[MPa]
Modulul de elasticitate la
_ 0,028 0,006 21,428
compresiune[GPa]

3.3.3.3. Rezultatele testelor la impact

Qf ousv b bqgsfdjb

teste, utilizdne dj pdbovm Di bsqgz/

sf{jtuf obb +Nbmex audobtdealizate
S, B §pedimerielorbsandwich €F f mi
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Nomex a fost de 54,4 kJ/M. Specimeneletestate la impactbv gptu bobma{buf

pctfswbu da wupbuf bv t deglipisal w wi negj By fngvdpcbeddp negfmf
de miezul Nomexin figura 3.27 t f gpu pctfswb wbmp,pgntmufceles f { ] t
zecespecimene CFNomexg a s a d sd ft wfasunvjsaabuf .dv sf mbbj b ) 4/

80.0

~
o
o

@
o
=]

un
o
=]

=
o
(=]

w
o
(=]

]
o
(=]

Rezistenta la impact [K)/m3]

iy
o
o

o
o

1 2 3 4 5 6 7 8 9 10
Specimen

Fig. 3.27 Rezultatele testelora impactale specimenelor sandwich GRlomex[ZAH17c]

3334 Uftuf bddf mia®dowitreiafreipprectpt f b ma

in cadrulacestui studiub gptu gspqved ofupbp hapshedmehanli s b u i
sandwichCFOpnf y- dbsf dpotua 1o bddf cdps qubegitmdd pf wf
normal de testare § s f d wf dbHa), ce dcopd de a inteifica procesele de degradare a
specimenelor sandwich compozite 1 o d b e s Vaincdvaierk finstrdi Pungteapfest

testate 15 specimenela trej sfhjnvsj bddf mfosdbausfd bBmb g éf d wWf
3,5 Hz[ZAH17c].

Utilizand metodologia de accelerars-ap ¢ bj ov u - 1 oaccelsratdia Tnedvdietefinmp s

trei puncte,in regim dinamicovnasvm ef dj d mypeitru fieéaespecimbn e f g f
testat. Aceste rezultate) ovnas ef dj dmvs| gaoa mb efgfdub
au fost extrapolate pentru regimul normal de testare) gsf dwf oba 16fH2, T od a:
vuj mj {doe gsfmvdsbsf b t upbnuintermediulisitentului sditwmafemp s f
ALTA7ABddf mf sbufe Mjgf Uftujoh Bobmztjt/ ,Qf ous
s-a utilizat modelulde accelerardo wf st f Qpisf gb &Mbxb Beibul.ubuj t uj d:

Datele experimentale au fosintroduse insistemul software ALTAA Accelerded Life Testing
Bobmz,ejobob Bjpobmj,ply tsdifwjmubjudd& snaupbsf mf wbmps
IPL- Weibult=11,18; k=0,0000007;n=4,105.0vnasvm ef dj dmyirsrggimgao a
normal de testare al specimenelor CH-Nomex se deff s n jc@ @odus dintreovnasvm ef
dj dmv s g a oA regimbnormdl deftabtartlB§ f gbdupsvm ef 3.19)ddf mf
Bdftu ovnagawed i denfegm douralsdé testard gsf dwf obb ef
ftuf dpsft qvolPLA Wpisull[2AP1Ed]. mv mv |
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Tabelul 3.19Db md v mv m o v n a s la defegtarepéntruchivaluhmersgl dededtenfa ) gs f d wf o
ef 1 oda $dd)sdpecinénel®d CANomex[ZAH17c]

OvnagoOvnasvm ef Nivelulde | Factorulde | Ovnasvm e
specimen mb efgfdub| gsf dw] accelerare | qadoa mb ¢
acceleate de testare) accelerat )dpoej bjj
(Hz) testare)
1 31826 259032
2 32015 260570
3 34699 2,5 8,139 282415
4 35798 291360
5 36619 298042
6 15052 258940
7 15301 263223
8 15471 3,0 17,202 266148
9 16730 287806
10 16999 292434
11 6199 200779
12 7237 234399
13 7360 3,5 32,388 238383
14 8556 277120
15 9867 319582

Ovnasvm nfejv ef djadgpecisngnelar EMNamexnd e gd dujbjs f o |
detestasf ) gsf dwfoba6ef{tfodhsdbst efufsnjobu qp
din experimentele accelerate Principiul e v q a dbsf t f sfbmj {fb{a
sf{vmubuf e jcelerafe pehfrussgegismgnah fCFNordex a fost reprezentat n

figura 3.28. Utilizande b u f mf  p c btieimivelufi de sdlicitadefaccélerat ) 3 - 6 | { -
Bj 4 - prin utifzérea ®@ii de accelerare a modelului Inverse Power Law, au fost
extrapolate rezultatele din regn acceleratde testare in regim normal de testarg15 Hz)

Tehnica de extrapolare arezultatelor,d v gsj oef v s n detgnhimareadfiratefou b q f ;
medii dew j bdbegente celortrei regimuri de testare b d d f mfrasapea @nei drepteprin

valorile medii ale celortrei regimuri accelerate prin extindereadreptei,gdoa mb wb mp
nivelului normal de testargg s f d w f 1g60Ha) seepbateestima durata mediee f winb b a -
regim normal de tetare, a specimenelorCFNomex [ZAH17c]. Ovnasvm nfleij v ef
gaoa mb , &fregimdnorina e testare(@ s f dwf obb efl5HJdasdbsH
determinatd v b k v uiei snediaj aferéntelmbdelului Inverse Power LawA Weibull B j

g s f {\aloarea de268682 (figura 3.28.
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:Numdrul mediu de dduri pani!

ladefectare, al specimenelor | | =%
CF-Nomex, afost de 268682 |1='=15 S=0

Durata de viata [cicluri]

g
0

1, 25 3.5
Beta=11,18; K=6,74E-7: n=4,10 Frecventa [Hz]

Fig. 3.28 Determinareagraid b ovnasvmvj nfejv,ef dj dmvsj
al specimenelor sandwich GIlomex in regim normal de testar¢ZAH17c]

Ef qf oed jodbs f ovnasvm ef dj dmvsj gaoa mb ef gf

nbj jngpsubobj | aiesjrudtlrilompsandwiced v gij dwfi mjj B beijff o g

Bj njf{ ef afbshgussff{ f@pabEiuyd-20i o u

Tabelul3.20 Ef qf oef ob b |jbilitaeej T dob ugpvsoj dnbpj sé feeffl jodjwim 8 p vmmaoa m
To dpoej bjj oppnrinspatiinenaef sandwiclLrENDmex[ZAH17c]

Ovnasvm ef ¢ _ e Densitate de Rata de
.| Fiabilitate | Nonfiabilitate ..

defectare) dpo e R F) probabilitate defectare
normale de testare) f(t)-10© a(t)-10°®
200779 0,954 0,046 1,269 12,980
234399 0,890 0,110 5,505 62,790
238383 0,825 0,175 6,359 74,540
258940 0,760 0,240 11,590 17,304
259032 0,695 0,305 11,618 17,378
260570 0,630 0,370 12,004 18,458
263223 0,565 0,435 12,635 20,450
266148 0,500 0,500 13,272 22,885
277120 0,434 0,566 14,672 34,524
282415 0,369 0,631 14,539 41,890
287806 0,304 0,696 13,742 50,749
291360 0,239 0,761 12,844 57,538
292434 0,174 0,826 12,526 59,697
298042 0,109 0,891 10,496 72,480
319582 0,045 0,955 2,183 147,366
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Principalii ndicatorii de fiabilitate, aspecimenelor sandwich Glomex,i o dpoej bj j C

ef

uf t ubsf 1)oglsifsdiMbisid)ausoseff uf s vjugmgj{ aoe fdvbbj

modelului de accelerardPLA WeibullT o gvodbj f ef ovnasvm. ef d

Ind

icatorii degj bcj mj ubuf b v g pridimensorialgBjf { b pghpRhjov lhs b

tvgsbgbba df qs ftfejindiaatarul deffigbflitategf voobdbb j ebj oe(figurg j b c |

3292 gvodbj b effigurad20igy] baecy ad ujblu f e f oitate atbmpuiui e f ¢
ef g v o dipgf@iguta 8.29c) rata de defectare (figura 3.28)A timpulAgs f dwf obb
T oda ZAHL &I
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Fig 3.29. Indicatorii de fiabilitate ai specimenelor sandwicdNomex b * gvodbj b
de fiabilitate;jc * gvodbjb ef opogjbcjmjubuf< d*
ef qgspcbcjmjubuf b ujngvmv[gAHAAx] gvodbj pobsf
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3.4.Studiu comparativ privindj f sgpsnbobfmf nfdboj dfistrfBcturigroej dl
sandwich cu diferite tipuri e f 1 o wdfn nmjatBriaks gompozie, dv nbusj df gpnm
sbogpdy bmfat &gy wssada @jfo njuff dmaf gbhvsf Opnfy

3.4.1. Introducere

Qbopvsj mf t boexj di tvou gsfdwfou vujmj{buf
industriale,datof ua sj hj ejuabj | mps sjejdbuf T o0 sbqgps
dpogif@eadpnqgbsbbjf dv tusvduvs ) mf nf ubmj df d
laminate [MAT14]. Tn cadrul acestui studiu structurile analizateq s f { j o B& sji o wf m
materiale compozited v nbusj df qgpmjdnf Hjfd@uylsag eBjobngjgfc{s
din fagure Nomexenolic. in aceststudiu, au fost investigateq f sgpsnbobf mf 10 s
dinamic de unorstructuri sandwich cue p viguride ® wf mj Bv s | ej(GFBgj as b {e
Nomex. Structurile sandwich GFNomex au fost testate in regim statig la: ihcovoiere in trei

puncte, lad pn g s f t j vBdafimpacinin aréa testeloyau fost determinate principalele
caracteristici mecanice(s f { j t uf o b b , mddululi dedepstigtatd k& fincovoiere,
sf{jtufobb prbpedvpmmvgns fefj viorhbt uj dj ubuf mb ).dpngq:¢
Pentru regimul dinamicb g pt u teprscabgdvd famd sjba ad b s f regimuljdeo uf ot
testare a structurilor sandwich, priramplificareag s f d wf o b f j Utliftandiaced @ 88d b s -
uf i odg dcéelerareau foste f u f s miincpalib indicatori de fiabilitate ai specimenelor
sandwich GFNomex[ZAH18b]

3.4.2. Detalii experimentale

Primaa s v dsandwich GF1IOpnfy qsf {joua epvadngpwbcmmj BV sij
Bj agure{Nomex. Structura GFOpnfy ftuf sfbmj{bua ejo ep
dngj csa ef dbscpo gsf,dnqevfoh dpwd | otvwzvedzul &8 IBJ
structurii GFXNomexa fost realizat din fagurNomex hexagonali, cu dimensiunea celulei de

5-9 nn Bj efotjiBdfubtbudfgmMBndbhiNa] o epyasaowf
tuj dma qs Bj n ge faglireNomey a fost supusi procesului de asamblargprin

presare la cald, rezulttnd ogrosimgj obma b t usvduVZa18of boe x| di e

Ceadeb epvb tsandwichi @GR2NMotnex e uf dpngvta ej ccaimpva 1
ej o bfdhguoesa ,dv fPpujhdm& udedd0 g/m?PBff djngjfda Opofy i f
dv ejnfotjvofb df mvmf]j ef 5. -PéntrunfabricdBga acesteo t j u |
structurii, a fostnevoiedep gmbda ej o mbfa- pqfgp dpebtiuandlah | b b L
tusvduvsjj p tvgghbgbeadvdadw us bdingg jcaaf efich tt auy v
ajutorul unei pensulet f bgmjda vojgpsn safjob fqgpyjejda
bgpij tf bebvha df mf dmgy as & u,pinaWicujeadrmbstratud t a u v
uniformedes aBj oa fgpyj ej da/ Qéft uf sejpunemd@foienimni Dpba ¢
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un material textiid v p hsptjnf ef dfm qvbjo Jttuamn/ NbDb
se lipi sacul de vigvacuum)e f t usvduvsa T|j pff swanw elj ot fs aif g m«
t usvduv s &intgogusenirirurdsactde viBBj] t f  spblimerizafebcbrfpéazitului,
sf{vmuédoe p tusvduvsa[ZAHA8ble xj di ef hsptjnf
Pentru testele statice, la incovoieren trei puncte au fost decupate catezece specimene din
panourile sandwich GF1IOp nf y 2BNomex Gele zece specimene au fost testate la
Todpwpj fsf tubujda 1o usf j gvoduf -. Pénou dp o ¢
efectuareatestelotbh gptu vuj mj { b WOWD5DBIp ot { &fl eulfats b ssff

3 mm/min. Realizarea testelorla incovoiere in trei puncte a avutca principal obiectiy
efufsnjobsfb mffcslgpjschfbop $ impjst uf obb mb T odpwpj
T odpwpjbf sd§f mB b jifojd a slepblasar fale structurilor sandwich fabricate.
Principalele caracteristici dimensionajeale specimenelor GF:tOp nf y  2BNomek G

testate Tn regim statigla Tncovoiere in trei puncteau fost prezntate in tabelul 321.

Tabelul 3.21. Dimensiunile specimenelor tes&in regim staticla incovoiere
n trei puncte[ZAH18b]

Material Lungime | Grosime | Mabj| Ej t ub o b| Grosime| Grosime
L d b reazeme (S miez(d)| T ow@n
i | Q| @ | ® () (@ Y
[mm] [mm] [mm] [mm] [mm] [mm]
GFXNomex 160 8 16 110 7,5 0,25
GF2Nomex 160 9 16 110 7,5 0,75

Modul de realizare aestelor statice, la inhcovoiere in trepuncte ale specimenelor GFX
Nomex, a fost descris in figura 3.30Th modsimilar, bv gptu sfbmj {buf u
specimeneleGF2 Nomex.

Fig. 3.30 Testarea specimenelosandwich la Tncovoiere in trei punctZAH18b]

Djodj tqgfdjnfof- ejo df-@pnépvBlpnel QFfabttestatg t b o
la compresiung vuj mj { aoe n b B WBW- 1506 f (figutaf 33 MDsnensiunile
specinf of mps Bj npevuni teuff nmpossh brobj {dhpsmfqg gkpt pvod d mb
cu standardul MIESTD401B Sec.5.2.4. Aceste tipuri de testu fost realizate, cu scopul de
b efufsnjob db s Hackadlifitar¢atdaeicordpyesiines(é { j tbhb{ abb mb dp
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Bj n p e elasticitate la Compresiungaled f mp s
Op nf y 2Blpmex).®imensiunilspecimenelorsandwich testate la compresiuneau fost

de 5cmx 5 cm[ZAH18Db].

e p \s[ecinepegandwich (6FL

Fig. 3.31 Testarea specimenelor sandwich la compresiune®IgZAH18b]

Pentru testarea specimenelor sandwich Glomex la impact a fost utilizat ciocanul Charpy
dbsf qsf {]j ou aacteristici:yneyiate ibcarf 6& & b O -
g p u f odngliza sp&cimjerejorfajinpatiu f t u f
qiOpmV g |

491 nn-

bs

fofshjhb

fost testate cate zece specimeng ej o df mf
Nomex) utilizand ciocaml Charpy (tabelul 3.22).

mv o h jestefd®

Tabelul 3.22.Dimensiunile specimenelor testate la impaZAH18b]

Material Lungime Grosime Mabjnf

sandwich [mm] [mm] [mm]
GFXNomex 150 8 10
GF2Nomex 150 9 10

Qf ousv uf t ub,&aintovorre in pes gunctesbamdecupatcate 15 specimene, din
-Q pbnof eyx 2WIpmexfXdBH218b] Metodologia de testareB |
dimensiunile acestor specimene a fost in conformitate cu standardul MIL-STD401B

celedpva gbopvs]

(tabelul 3.23.

Tabelul 3.23Dimensiunile specimenelor supuse la teste dinamjd@incovoiere
n trei puncte]ZAH18b]

Material Lungime Grosime Ma Bej n
sandwich [mm] [mm] [mm]
GFXNomex 180 8 20
GF2 Nomex 200 9 20
Opvubufb bdftuv]j tuvejv dpddéa af

-

qspqvt a

Bg s jwdb mg kesbfu at- f
joufotj gj dbesff bl ogdsa sddnf sofb/f j Vuj mj { &
jngmfnfoubua-

T0

gsfnjfsa-

76

bddf mfsfb{
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a sfhjnvm
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tinhqg tdvsu- e v s b u pentrm $pecimenele sandwigh lGINamex [ZAH18Db].

Utilizarea experini o uf mps b dd fgmpfrphtyfs f jon qumejvdga sf hjn jou
scopul de a reliefa principalii factori degradatori, rezultand o serie de date experimentale,
intr-un timp cat mai scurti o f ub gf mf uj nqvsjj b mf dgied mv myv
dpoevdf mb fwjefobjfsfb qgqgsjodjgbmfmps npevs
nfdbojdf Bj mb p fwbmvbsf sbgjea b ehesdeteuf | e
bddf mf s b uf aufobt reglicate faftrdd mgimuridena s dbsf b gs fsSdHwvf ob f
Bj dutilizafpdn b B] ob e WDW I50Su Dhasele rezultate din testele accelerate la

p ¢ pt fale std@cturilor sandwich au fost extrapolate pentru regimul normal de testar

) gsf dwf obb e f5HZ badck $rel teginiuti aceeferat (2 Hz, @, | { Bj 4 1 {
gptu uf t ub u,flaincandiere pnectpeit podiemmeate cinci specimene diffiecare

structura sandwich (GFIOp nf y 2BNomeyJBv gptu sfbmj{buyk uft.
incovoiere inregimaccelat,t vc p tbsdjoa djdmjda tjovtpjeb
R = 0,1. Dateleb d d f mf s b u f, aurfost genenate fa miwedul maxim dsolicitare a

T od a statiée§ jnjj [DARILBD].

4/ 5/ 4/ Sf{vmubuf Bj ejtdvDbj]
3.4.3.1. Teste staticela hcovoiere in trei puncteale specimenelor sanawich

Testele Tnregim static, la Tncovoiere n trgiuncte, au fost realizate pe céate zece specimene,
prelevate din celeepva tusvdu@EEDprtfby e 8)pdiiHl §3 gaoa mb
ruperii acestora. Prinutilizareasistemului softwarealn b Bj oj j e f -15GSfaufogf XE
efufsnjobuf d vise ff qgnhb tThosdfa s®Bjb s fd b s b tk wtrustyriboru j d j m
t boexj di bobmj { b uAdeplashe law fpst donstfuite iprin dealizadel mddiei
vapsj mps ej ousf 1 pedrd satimenéle @G-jiNoneek (@jgurh 8.32 sbf* B | HG
Nomex (figura 3.32.b).

GF1-Nomex GF2-Nomex
120 400
350
100 /
/ \ 300 /
— 80 / )
= g = 250
® 3 \
W0 © 200
(¥} w
150
PL=} £ / \
/ 100
20 / \
50

0

0 05 1 15 z 25 . 1 2 3 4 5 5 7

Deplasare [mm] Deplasare [mm]

Fig4a/ 4 3/ Dv s c-fdepfasarie:@)bspesindebhede {lGRlOmMeX;
b) specimenele GFNomex[ZAH18b]

Dvscf mf Adepladasegpdns $ v df tpbri de gpecémenet f nbojgftua t
ebs upuvij- 1o bosempdgtabservaph {gff sth mfof ufi tou apjnjgp s u
ejgfsfobf tvou;-Nombxttdegfed jsrffbo ffmidu fHG20tf & b gp s

1



Tf { d abilitare bfg mvdsasj es/ -Marian

in schimh la specimende GF2Nomext d aef sf bmjff o &f @e@fogf snj odoe di
us bo {Bdofjbft/ua ej g,fis fpamularandb g bpbsf df ef hsbebsfb
specimenelor GFINomex t f ef dmboMBé b hdj sfqfef [ gsf {]
tda{iwmepaqbsbbjmj spgecmenélos BA2ZNomex[ZAH18Db].

Fp @b nbymmadbsf b bgasvu a btudtuslgr gandivishf abalizatsaf wf s t
fost de aproximativ 100 N,pentru specimenele GENomex B,jrespectiv, 350 N, pentru
specimenele GE-Nomex. inurma testelor la incovoiere in trepuncte,s-bv. e f uf snj ob
ef gmb tmaxeme.m& u g f, maloate@ e f q mbrmadimg & fost de 2 mm,pentru
specimenele GE, iar pentruspecimenele GR2, a fost de 6 mm. La ambele structuri sandwich
(GFXOp n f YGRBpmex) testate lipirege j ous f 1 Bjwf mijadBfe Momék@u a
prezentat probleme, ci ruperedpecimenelors-b gqspevt gf Tousfbhb tv
sandwich gasa ef ¢ wi mipeBbpzaviineffsiunii specimenelor sandwiclB j b
sfmbbjj mps ef adiosndetemminatedpfin2ipalelégaraciedsticBriiecanice ale
structurilor sandwich:s f { j t uf obb mb T odpwpj fsf Bj/ rEpwegvamyv
cum se poate observa didigurile 3.33.aB 3.33.b- sf{mbufio@pwpj f sf Bj
elasticitate la incovoiere ale specimenelor sandwich GEFNomex a fost de aproximativ3,5

PSj nhjongdaqgbsbbjf dv df mf p @-MNenmex. Analizandf o u s \
wbmps) mf qgspqsjfuabj nimenele@FaCponjfdyf -q sbf {sjfo{uvam udbbu:
mult mai bunet o dpnqgbsbbj) f d@pnfgy d| @bponpubnfind go&mii

T owf ngarBestmde 3 ori mai marejds Bj b npev hacgstuiglZAHIGH.c s ) db Db

Rezistenta la incovoiere GF1-Nomex m Rezistenta la incovoiere GF2-Nomex Modulul de dasticitate GF1-Nomex M Modulul de elasticitate GF2-Nomex

70

60

50

40

30

20

10—

Modulul de elasticitate [GPa]

o s N W o@D

Rezistenta la incovoiere [MPa]

0
1 2 3 & 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Specimen Specimen
Fig.3.33. Rezultatelgestelor la incovoiere in trei puncte: a) specimenele GRdmex;
b) specimenele GFANomex[ZAH18b]

Principalii indicatori statistici au fost calchibgf ousv wbmps | mf sf{jtufc
modulului de elasticitatela incovoiere, in regim stat, d specimenelor GFAOp nf y Bj HG
Opnfy )ubcfmvm 4/ 35*]/ EVY) dsée aptoage glg¢ zkjo f(QVu<v3a%0),e f
buvod),j ebuf mf gsf mvdsbuf t ubu jCVesiedr domerbump b s f
7,746& BH@6&*- 8 vou pnptthf adfbo mBjvmbuea ftuf sfqgsf{fou
de valori. Tn urma testlor statice, la incovoiere in tr@uncte, sau determirat caracteristicile
mecanice &t usvduvsj mps tboexjdil/ Qf s g pNoméxpla f mf
testele statice la incovoierein trei puncte, au fost superioarei o dpngbsbbj f dv
structuri GF:tOpnf y- ebupsjua hsptjnjj TowfmjBvmvj E
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Tabelul 3.24 Indicatorii statisticie f uf snj obbj ,imb V ®dlip wyltkipdnorgeas buj da
specimenelor &-Nomex[ZAH18b]

Tusvduvsa t | Media | Abatereastandard| Dpf gj dj f ou\
(m) (s) (CV%)
GFXNomex
, 17,000 1,414 8,317
Sf{jtuf obb [MRh]
GF2Nomex
_ 61,300 5,458 8,903
Sf{jtufobb mb
GFXNomex
Modulul de elasticitate la 1,704 0,132 7,746
Tncovoiere [GPa]
GF2Nomex
Modulul de elasticitate la 6,105 0,595 9,746
Tncovoiere [GPa]

4/ 5/ 4/ 3/ Qehhd/sp Ffadmp snft boexyj di mb dpnqgsftjvo

Scopul principalal testelor la compresiuh  q mduprastrulsturilor sandwich a fost acela

de a determina capacitateb d f t upsb ef b tvgmsdulp mfehypbpaaf
uj ngqu pBj p,géntriadeterminarea caracteristicilor mecanigespecifice acestor teste
)sf{jtufobpvamb ®Bpngpekvmvm ef fmbtuj dguiostuf ml
reprezentate grafic valoriles f { j t uf ob f | mb dpn®pgf tomi ofn plegjmiv
elasticitate la compresiune (figura 3.34)bpentru celezecet qf dj nf of uft webuf /
poate observa th figura 3.34.arezt uf obb mb dpnqgs3foti mai onbre &t u f
structurile GR-Nomexio dpnqgbsbbj) f ldNomexusvduvsj mf HG

Rezistentala compresiune GF 1-Nomex Modulul de elasticitate GF1-Nomex
s M Rezistentala compresiune GF2-Nomex o4 B Modulul de elasticitate GF2 -N omex
@ 45
— 035
= . T
@ 8 o3
£ 35 @
g 3 g 025
E 25 E 0.2
o @
T': 2 L 015 | —
il S o1 |
R 3
E os || = g05 |
0 0
1 2 3 4 5 1 2 3 4 5
Specmen Specimen
Fig.3.34. Rezultatele testelor la compresiune: a) specimenele @f¥dmex; b) specimenele GFRomex
[ZAH18b]

Qf s g p s nabcorbpfesilingale celore pva t posvv dqusvis{jj oua ej gf sfob
precum in cazul testelor la incovoiere in trei puncte, deoarece comportamentul la
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dpngsftjvof f T rimul jraodentv f b 0 b v dewaractristicdlg miezului
Opnfy- dbsf ftuf bdEZAHSB)} mb bncfmf tusvduvsj

Analizand din punct de vedere statisticezultatele determinate din testele experimentales-

a constatatp wb mpbs fdpsffgejvdtjaf olu v fiGVk30%) Aceastale § jull s jnfj o a
omogenitatea datelor experimentaé B | p sfqgsf{foubujwjubuf cCVvo
j 0 g p qtabblid3.2p).

Tabelul 3.25. Indicatorii statistice f uf snj obbj Rhdop veg nhbt juypichednppso a

GFNomex[ZAH18b]
Tusvduvsa t | Media | Abatereastandard| Dpf gj dj f ou
(m) (s) (CV%)
GFXNomex
Sf{jtufobb mbH 1,820 0,192 10,549
[MPa]
GF2Nomex
Sf{jtufobb mbl 4,160 0,358 8,605
[MPa]
GFXNomex
Modulul de elasticitate la 0,150 0,032 21,333
compresiune [GPa]
GF2Nomex
Modulul de elasticitate la 0,310 0,023 7,419
compresiune [GPa]
Mb uftufmf ef dpnqgsftjvof- hsptjnfb TowfmjBv

jngpsubouf- efpbsfdf p nbsf qgbsufiezeldeofagur®@ d as d
Opnfy- dbsf qgsf{joua bdfmfbfFj dbsbdufsjtujdj
compresiunet f qpbuf fbnyfj senpbv ad at uds v dQupvnsfjy tpbgofesxa dpi sH
cvand dpngsft ) vioAHI8EH].] gpsgf dbsf

3433 Pegpsnbobf mf tqgfdjnfofmps tboexjdi mb uft

Qf ousv b efufsnjob sf{jtuf ob;u fosbrealizate testieu b 1
utilizand pendulul Charpy. Rezultatelacestor testej o d mv e ; sf{jtufobb m
mecanismul de defecta f B fybnjobsfb njdsqNonmepTestadleda b t c
impactt f sf bmj {f b{ & jgsdjboo varbvmb obti thssfqgbz - ef mb p 1
djpdbovm Dibsqz ftuf matbu ta dbea- bdftub
cu specimenul sandwichEvga svqfsfb tqfdjnfovomsvgjz tthfo esjj:e
gaoa mb @p{bjelvijigff/lefobb e ous fd jfpodfbsohvjnbv jg p uifoo bg pb
ingp{jbjb gjobma- dpotujuvjf foWbmpb ef sV §f s
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impact Charpypentru specimeneleGFL-NomexB |

experimentle, au fost descrise in figura 3.3ZAH18Db].

Rezistenta la impact [kl/m?]

70

60

50

40

30

20

10

Rezistentala impact GF1-Nomex

M Rezistentala impact GF2-Nomex

Specimen

1 2 3 & 5 5] 7 8 9 10

Fig.3.35. Rezultatele testelor la impadZzAH18b]

2-Nd@nex determinate Tn urma testelor

Din calculul indicatorilor stastici, s f { v mu b b j enpact, stbf tquvfunfu ntbpot u
dpngbs bNopeik. dv |

structurile GF2Nomex au prezentat valori mult mai ridicaté o
S-a concluziond faptul, d a
determinant, T o

tusvduvshb
tubcj mjsfb

pentru structura GFANomex sunt de aproximativ 6,75 orimaimici o d p n q
structurii GF2Nomex (tabelul 3.26) Din valorile calculate ale coeficientului debvs | ,I3-B | f

T owdamdyidds mg § f § gdbd@g n¥ o
gf sgpsnbobf mps

mb jnqgbd
bsbbjf d

gvuvu pct f gemitateddin tesgtdbedafinmpéctt vou pnphf of Bj nfejb
sf gs f { fpenirbiotjeguidset de datdZAHL8b].
Tabelul 3.26. Indicatorii statistice f uf snj obbj To0o v,snb uftuf mps
ai specimeneloiGFNomex[ZAH18b]
Tusvduvsa t | Media | Abatereastandard| Dpf gj dj f ou
(m) (s) (CV%)
GFXNomex
_ 7,971 0,818 10,262
Sf{jtufobb db
GF2Nomex
_ 53,826 3,723 6,916
Sf{jtufobb db
In cazul testelor la impact, mpgjs j ubuf b tgqfdjnfof mps bv qgsf{f

ef{mjqjsfhb

tusvduopafyHBomelJ@gsf { f oubu
sandwichcareasr qgqsf {f

T owf mj Bvmyj

Di bsqgz/

Dij bs

oubu

ebda

T owf mj Bvmv|j HG ef

P

t us v d,dinBebaren f { \

svqgf sf

j odpngm

p ,auwfastfasafizate co djytanubpioréscopului
Nikon Eclipse MA 100. Structur&FL-Opnf y b qgsf { f ou b(figurgp3.36aepal s f ¢

tvgfsjps Bjf pupdjutav stbvsgfs bloidednblf {ev my

tgf dj nf ov naolmservatio digtrsigerfg & o u b u
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nj f{vmv]j Opnfy Bj -bn pbedvdni staqudphdes@Eb gmve olsvbmtt vgs
de contact cu ciocanul Chargigura 3.36b,c,d). De asemeneg;aputv u pct f swb da
dngj csa efv thujgarfa{ f oubu ef {fignjad3j3&h,d) in imnediate f mb n
wf djoaubuf b tvgsbfAHBYE.) ef svgfsf qbsbj bma

Structura GF20pnfy b qgsf {foubu p 4s8v/gbf*s fb @ lposviafjjahij s, bk
miezului de fagure Nomexqédoa mb dbgauvm #448)] hfbviw,j p)
nbdsptdpqgjda b TowfmjBvm tvgfsjps )dfm dbsf
supust p mj dg candpeegiune)s-b  gv uv u dp o tswabupthpe @pEob jbvdd ft urbj d ¢
Ef mb bdfhbjodpsadjtevadvduvsb T owfmj Bvmyj t vg
desprindere a straturilorunde s a produs delamimarea (figura 3.37 d * / Ejo bdfbtu
svgf sf b 1 o w(fstajprBpagavfisurapria miézsl Opaf y Bf mb bkowf m
inferior (figura 3.37 e * / T owf mh Bem{ mjogjfsj ps njf{vm Opni
ef mbnjobsf b tusbZAKIgbmps ef gjcsa ef tuj dma

a) d) e) a) d) e)

Fig.3.36. Modurile de defectarela specimenelor Fig.3.37. Modurile de defectare ale specimenelo
GFL-Nomex: a) vedere de sus; b), c), d) imagir GF2Nomex: a) vedere de sus; b), ¢), d) imagin
nbdsptdpqgjdf ovehds$jam nbdsptdpqgjdf dv n
specimenuluf{ZAH18b] e)vederemb u fasgeciméEnulu[ZAH18b]
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in cadrul testelor la impact gf sgpsnbobf mdndwithgofvd j qnf tod mp ® g mv
semnificative f hsptjnfb T owfmj Bvmyvj ejo gjcsalef t
structurilor sandwich este diferit, ad t u b efufsnjoaoe npevs,j ef
dbouj ubuj wf ejgfsjuf b mf sf{jtufobf] mb | ngq
Nomex a prezentat,in mod constanfd f b n b | nbsf sf{jtufoba mb
structura sandwich GFANomex[ZAHL8D].

4/ 5/ 475/ Uftubsfb bddfmfsbua mb pcptfbma b t

Pentru determinareaindicatorilor de fiabilitate B | b nfdbojtnfmps ef ef
tboexj di dpngp{ ] uefv scbfudaf tijbuedf @Ffotbusfu aebf t fid pc bj
btugfm eftfj] oogugsmb{bBjbj{a nfupepmphjjmf ef uftul
structurilor sandwich compozitef t u f upubm ejgfsjua ef gebihsbel
tusvduvsa nfubmjdal Tf,dimqgalzaidbosth, gpbuob Ha bpba
sfgfef Bj nbij gsf dwfou Mmoo tdpanwgdbswdHjj hf divb d ansjy
compozite[SHI18, ZEN1, BOW4].

Evsbub efuswjdoubvass jbmps t boexjdi wbsjb{a To gvo
de dspunerea laminelor in materialul compozit utilizat, de adezivul ugiizde tipul de miez

vuj mj { bu Bj ef u f Tnocazol et studifiau st bealicatebtaste /
bddf mf sbuf,laéntovoee intiréi puncéeg f e pva t dwschdiferite €GF t b o
Opnfy BlpmedyG3l owf mj Bvsj mf tusvduvsjmps tboexj
distincte B | g shkf & fj nobuEj degjgdb heefs f n jOfpinf y/ Mb T odpawvpj f s
structurilor sandwich bgbs tpmj djefisj dpphogsmupoodf ) gf T C
Toujoefsf )gf TowfmjBvm jogfsj pEAHI8HE] ef gpsdg

Structurile sandwich analizate in cadrul acestui studipau fost testate in regim accelerata
ejgfsjuf gsfra:®@f 6b1 { e b A2 Datklgegdd 4s-f hj n bddf mf sb
dj dmvsj qaoqakfoshbxtrapdiate indegiim sdrniade testaremb p gsf Bwf ob:
Hz. Pentru extrapolarea datelgra fost utilizat sistemul software ALTA 7B j npef mvm
acd f mf sbsf Jowfstf Qpxfs Mbx Bj ejtusjucdebj b
modul principal de degradare este oboseal@AH18b].

Uf t uf mf mb pcptfbma bv gpteu os fgojnijdbbsuff tqufs vddéa
(GF:Opnfy 2BNpn H®BG* / Sf {vmubuf mfutlizhridtinecdvoiepea in tndd p C [
puncte a specimenelor GFODp n f y 2®Bpmekldb fost descrise Tndbelul 3.27. Factorul

de accelerare a fost determinatv uj mj { aoe sf mbbjb dvoptdvua q
LawA Xf j ¢ v mm/ Qsjo Tonvmbj sf b ej odesitluri lmbvegiomp s v m
accelerat a fost determinato v n a s v m , enfregimh podnrmalvastgstare, al specimenelor

GF1Op nf y 2BlpmexIAHL3Db].

83



Tf { d abilitare bfg mvdsasj es/ -Marian

Ubcfmvm 4/ 38/ Ef uf dunjnoebim fobnal destestarsalksperimenetof sandwich
GFtOpnf y -BpmetZaH18b]

Nr.| Ovnasvi] Ovnas v| Nivelul de|Factorulde Factorulde|Ovnasvm |[Ovnasvm
djdmvsjldjdmvsjgsf dwaccelerare| accelerare |[gdoa mb [gadoa mb
defectare GF1 |defectare GF2| accelerat |GFL.-NomeX GF2Nomex|) d poej bj j|) dpoej bj
Opnfy )|Opnfy ) (Hz) testare) de testare)

accelerate) accelerate) GFL-Nomex GF2Nomex

1 15307 38826 64840 197236

2 16404 40015 69487 203276

3 18854 41699 2,500 4,236 5,080 79866 211831

4 19578 43798 82932 222494

5 21776 46619 92243 236825

6 10363 20752 73494 188324

7 10573 21071 74984 191219

8 11053 22801 3,000 7,092 9,075 78388 206919

9 11759 24373 83395 221185

10 12236 24599 86778 223236

11 4366 10199 47873 151159

12 5105 11237 55976 166544

13 6892 13360 3,500 10,965 14,821 75571 198009

14 8012 14556 87852 215734

15 8431 16867 92446 249986

Prin metodologiadeb d d f mf sbsf b gsfqwfqoh faj atestfuisibieedéd sd b s
gptu pcbjovuf j 0gps nbbBn regimgnerinalde destared(p,; lgzpla u b n f
specimenelor GFAIOp n f y 28pmeX Brincipalul scop al testelor accelerate a fost acela

deb ef uf snj ob ,é&nvegilm nopmaledétestavg- bbnd p gsf dwdedba ef
Hz,pentru specimeneleGF:Op nf y 2®jpnH G/ Df b nbj wetgrmnag b ua |
b evsbuf fintesfele acgelertaf-t uf nf upeb hsbigjida/ naVup end
fost extrapolato v n a s v m , diffi regiim adcelerat jn regim normal destare B | bv gpt
efufsnjobuf evsb(tigursmB38makeeepjs epvewj bhgvsj-ef t
Opnf y 2BlpmexBn figura 3.38s-b d p ot u bmenek: &E-Nanéxdau pezentat

p evsbua eB9 pwjjbbrah jredp p3d-b s bdpgcimenalevGE-Nomex. De
asemenea, sa putut observa 1 o uj ngvm uf t, uofcomppeu bnsbf pccvpotaf b B
specimenelor GE-Nomex. Acest avantaj se traduce prinfaptm da bdft uf uj gqvs
jogmvfobbuf Bj ef tusvduvsb njf{vmvj- ov ovI
Qsjo jngmfnfoubsfb wuft,bf ngps ubddfvmesfusbbuafdegrbs j P
6,35 ori, pentru specimenele GENon f vy, reBgectiv, de 7,9ori, pentru specimenele GE

Nomex. Cedaea structurilor sandwich t vc j kdbb tpmjdjuasjsps n
ebupsfb{a bgbsjbjfj - ds afedf{amjjqjad g impe s pigja b & s
Comportarea structurilort boe xj di mb p cgét deb nadura mdtedglelore f
componentelor,d & ude fBrjma materialului de ranforsaref | e f  osplwitbreutilimat e f
[ZAH18D].
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300000

Numdrul mediu de cicluri pand la defectare, al

\4'- |
specimenelor GF2-Nomex, a fost de 205598

Numdrul mediu de cicluri pand la defectare, al
specimenelor GF1-Nomex, a fost de 76408

g

Durata de viata [cicluri]

3
Frecventa [Hz]

Figd/ 49/ Ef uf snj ob sspdrimenelssandviich[zA¢iI8b]wj b b d b
in tabelul 3.28 afostef t dsjta efqgfoefobb efpod@smboehnhdsdr

sfhjn opsnbm ef uftubsf - Bj df j nbj jngpsub
gvodbjb ef opogjbcjmjubuf- gvodbj bnare-fqoetgj UBju f
rata de defectarepentru structurilet b oe xj d i dv TowfmjB ejo gjcsa

Ubcf mvm 4/ 3dintre iktlicaofiide didbititdfieBj o venfa sdvimimvsj ¢grdoa mb
dpoej bjj op sperruspecimdénde sahdwichbG~INomex[ZAH18b]

Ovnasvm ef dj _ .. o Densitate de | Rata de
Fiabilitate | Nonfiabilitate .
defectareGFXNomex) d p o R F) probabilitate | defectare
normale detestare) f(t)-10° a(t)-10°¢
47873 0,954 0,046 2,377 2,411
55976 0,890 0,110 6,832 7,185
64840 0,825 0,175 17,050 20,069
69487 0,760 0,240 24,512 32,539
73494 0,695 0,305 30,897 48,124
74984 0,630 0,370 32,910 55,358
75571 0,565 0,435 33,605 58,433
78388 0,500 0,500 35,967 75,481
79866 0,434 0,566 36,373 86,011
82932 0,369 0,631 34,985 111,896
83395 0,304 0,696 34,504 116,302
86778 0,239 0,761 28,926 153,532
87852 0,174 0,826 26,548 167,220
92243 0,109 0,891 15,336 236,547
92446 0,045 0,955 15,038 238,721
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Joejdbupsjj ef gj bcj mjulywsff-dwilioddjp sedlipbif),jae fop s |
specimenelor sandwiclGFNomex au foste f u f s mtjlizérd b f m bspegificermhodelului

IPLAXf jcvmm- 1To0o gvodbjf ef ovnasvm ef djdmvsj
a indicatorilor de fiabilitate s-b b mf t npefmvm usjejnfotjpobm
tvgsbgbba df gsf{joua efgfoefobb ejousf j O
gvodbjb ef opogjbcjmjubuf- gvodbj b e-fqoetgj UBjuf
rata dedefectare)A timpulAoj wf mvm ef tpmjdjubsf/,bSOgedpif od
de fiabilitate, T o gvodbj f ef gsBjdwh jomdpv nefefirpgefogtidddsth s
eftdsjta i/ d/gjShiwysh {4/o4:bsf b, thsdwedgethfiabilgajc®j nf ot
gvodbj f e fdefteqven b dfostebfstfd sBjt a 1.bdZAlLgbh v sb 4/ 4:

T
~.~

ey

Q

ﬁ\\\ﬁt\m ""3

l|'

b

e

q' i
Wi

u_gnooﬂl’

D_noEID?D
o.00008°
0.000%

g o.oﬂoow

n.Dana

200007

Fig. 3.39Indicatorii de fiabilitate ai specimenelor sandwichFXtNomex b* gvodbj b ef gj
gvodbj b ebfufo<p odg*j bgcviodjbuyj b ef ot j ubuf ef qgspcbcj mj
defectare[ZAH18b]
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Densitatea de probabilitate a structurilor sandwich GFINomex b gpt u sf qgsf { f ou

tridimensional in figura 3.39c. Utilizand sistemul software ALTA7b gptu sfsgbsf {f o

gpsna hs b g39.d,aatadegdefactaeb o 4gv odbjdeg ff dwffonlgbh Bgf 1

[ZAH18D].

Dpsf,m)mjusf ovnasvm ef dj dmvsj gaoa mb efgfd

jngpsubobj gjobecjjdnbjuupbsuif efgvodbj b ef gj bcj mjul

efotjubuf ef qgspcbcj mjudbad B ug hgly meffi eff gfgdu

t boexj di dv 1 awfjRjnBdgefdgiore Npinex §GNoenéx), afostded s j t a

in tabelul 3.29[ZAH18b].

Tabelul 3.29D p s f dirirdindizatoriide fiabilitateBp v n desfv md j d mv s j ¢ &o & pnobe j ebfj
normale de testarepentru specimenele sandwickF2 Nomex[ZAH18b]

Ovnasvm ef dj _ . e Densitate de | Rata de
Fiabilitate | Nonfiabilitate N
defectare GF2Nomex) d p o R F) probabilitate | defectare
normale de testare) f(t)-10°® a(t)-10°
151159 0,954 0,046 1,907 1,966
166544 0,890 0,110 4,247 4,594
188324 0,825 0,175 10,389 13,477
191219 0,760 0,240 11,388 15,403
197236 0,695 0,305 13,431 20,212
198009 0,630 0,370 13,674 20,900
203276 0,565 0,435 15,208 26,321
206919 0,500 0,500 16,013 30,733
211831 0,434 0,566 16,630 37,762
215734 0,369 0,631 16,630 44,272
221185 0,304 0,696 15,796 55,092
222494 0,239 0,761 15,443 58,046
223236 0,174 0,826 15,224 59,728
236825 0,109 0,891 8,789 100,254
249986 0,045 0,955 2,608 160,834
Principalii indicatorie f gj bcjmjubuf- To0o dpoej bjj opsnbmf
gsf {joua p gsf{a spécmbneloresandwzlcF2NoméxFau foste f uf snj obb
utilizand s f mbspegificanrhodelului IPIA Xf j cvmm- T 0o gvodbjf ef ov

defectare. Qf ou s v sfqsf{foubsfob hsbgjsa aleb mofetue j d b L
tridimensiono m- qf ousyv dbsf,df f gpthjotiapetgfisbfybbh
ef gjbcjmjubuf )gvodbjb ef gjbcjmjubuf- gvod
b ujngvmvj efqgegv @d b jspbobbs & enfpul & hivelulde boficitare.

Sfgsf{foubsfb usjejnfot,jpobmadbj § vdeiinipy &f d &f o

87



Tf { d abilitare bfg mvdsasj es/ -Marian

defectare O v n a s cicluricdoa mb ), afosid < fufpfsih tigora &40a.Dpsf mbbj b
ej ous f degnordiabibtygtddAh o v n & s wialuri & frecveo b a fostef t dsjta 1 o
340b,vuj mj { doe sfqsf {foub[4AHbBblhsbgjda wusjejnfot

Gvodbj b defprolalilitat® B stjucturilor sandwith GF2Nomex a fostqs f { f ou b u ¢
tridimensional in figura 3.40c. In figura 3.4Qd, a fost descris comportamentul ratei de
defectare, a structurilor sandwichGF2Nomex i o gvodbj f ef ,ovegi@dsvm
opsnbm ef wuftubsf Bj ojwfmvm ef tpmjdjubsf/

N'“*,’N"ql*qt'

\ ? 0" m o, o,"

i

0
mm' mmcunm,'c'm'h

—--lll"'F

Fig. 3.40 Indicatorii de fiabilitate ai specimenelor sandwi@2-Nomex b * gvodbj b ef g]
gvodbjb ef opogjbcjmjubuf< d* gvodbjb efotjubuf
defectare[ZAH18b]
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CAPITOLUL 4D F S D F ERRERIMENTALE PRIVIND FABRICAREA PRROCEDE
ADITIVEASTRUCTWRRS TBOEXJDI VbPBSF

41.Df s d privicdgpricareagsj o upqj sf tdamekzulistjustusilor dandwictb t f s v
vBpbsf

4.1.1. Introducere

P nf upea ,depabricare & miezului structurilor celularer uj mj { b u f T o dp
panourilor sandwi@, f t u f sfgsf{foubua ef ufi opmphj b k
dbgbcjma ta sfbmj{f{duformp eomphexeparrsnd dg la mMaouelelep o b m
tridimensionale digitale beavhaoe tusbuvsj tvddftj wf ef r
jouf swfobpd e@&j o qgqbsufb gbdupsvmvj vnbol/ Qs |
sunt [ROWG]: stereolitografia (Stereolithography- SLA),f yusvebsf u(fused p g mb
Filament Fabrication- FFP,t j ouf s j { bsf t(Semdtivk lgsev Sintativg Slosh, t f s
upqj sf tf mfSdlaciiver Based MeltinmgistM),gb csj dbsf b tusbuj gjd
(Laminated Object Manufacturing LOM).

In cadrul acestui studipse va utiliza procedeul de topire f mf duwlgsevd prin care se
gbcsj da cdluas wiltistragificate prin consolidarea unor straturi succesive de
nNbufsjbm ef ujg qves,@§fogsyvyobvuwjpmij { Bgf &t pwg wjj
pornind de la un model tridimensionalProcedeul e f upqj sf t f mpedmitg wa d
fabricarea unor structuri celulare sau componente uj mj { aoe p hbna mbsha
aliaje de titan, aliaje de cobald s p n - pbf m gefpyo je dlap oe- aBribimu b k
[ZAHL7d].

Studiile recente privind structurile celulare fabicate prin procedeule f upgj sf tfmf
laserult f qpu T ngasbj 1 o jdagmube el fsud djbmp asupesf] oglh a
gf sgpsnbobf B16,n"CHEShH fahricafea unor implanturiutilizand structurile

celulare [WAN16Ga, YANL5], fabricarea B optimizarea geometrilor structurilor celulare
[GUM13, YAN?2], testarea structurilor celulare FENL6, USHL1, XIQL5], analiza cu elemente

finite a structurilor celulare EMI13, TSQQ].

O mare parte a studiilgrprivind structurile celularesv ou e j s f d @jbreslh wibos d du sBI
determinarean f dboj t nf mps edaraceefisgciiod mebasiteurBgte dé diverse
bobmj {f njdsptdpqjdf/ B orbzoijaté din teptels expesnmebtaded f mp s
a structurilor celulare,realizae qsj o ej wf st f gspdfeff ef gbcs
gspwpdbsf gfousv tqfdjbmjBuj,j fo epnfojv/ |
caracteristicilor mecanicela diversetipuri det pmj dj uas|j ) dpngsftjvof -
impact), de structurilor celularep c bj ovuf qgs | o[ZA#lsgj.df ef f mf T MN
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To dpoufyuvm Bujjobjgjd bduvbm- 1o dbsf dpnc
nbsjujn- gfspwjbs Bj bm fofshjjmps sfhfofshb
joevtusj bmf ) bf spobwf - nbBj o] e f dvstif - usf

dpngpof ouf ,rgalizatd frinppooedemléb e j uj wf - g b c suynorlassfdl b B
de structuricelulares f qsf { j ouda vo epnf ojnsstibt[ZAHLADf ub s f

Scopul acestui studiu a fost de a detmina comportamentul mecanic alinor structuri

celulare, de tip miez fagure, fabricate prin procedeul de topird mf duj wmdt f s v m/ P
fubqga f yqf jsatfincardotenidared mecani a b tlar seluldreide sig miez

fagure, utilizand testele de microduritate[ZAH17d] in aceststudiu,se vorext oef df sdf u
experimentaleB tf wps efufsnjob qf s§ps blddorbpbebiine mb d
Bj npev mv m)ddstruttunlortcelylacs deutip miézfagure, fabricate prinprocedeul

e f upqj sf t f mdidph w@d jdop yhjbetRf csbvani clRj7iM acertigd t f C |
testelor accelerate la coroziunea structurilor celulare de tipfagure, © wf ef sf biief uf :
evsbufj ef wjbba Bjf b oqjffsg eofbejaj i[@felfi7odhsfovnbhulaf e

4.1.2. Detalii experimentale

Structurile celulare de tip miez fagure au fost modelate utilizand sistemul software
SolidWorks 2016 B | bgpj fyqp s upenfru fabrcareg meestobau utilizandm
echipamentul SLM 250 HLla compania SLM Solutions Germanigabelul 4.1) Pentru
generarea datelorprivind procedeule f g b c s j, dlistiugturilor Telildre de tip miez
fagure, s-a utilizat sistemul software AutoFab.

Ubcfmvm 5/ 2/ Qbsbnfusjj ef[ZAHAT]sj dbbj f qgf oL

Parametru Valoare

Puterea laserulu{w] 100

Grosimea stratuluideg b ¢ s jjechp b j f 50

Viteza de scanar¢gmm/s] 150

Ejtubobb ejousf epva[mml0175

Dimensiunea particulelodin pulbere[e m] 20-40

Structurile celulare de tip miez au fost fabricate prin depunerea unor sttarit vc bj s | e

gvmcfsf eaffabmpbdan |dpsyfifebepm tvddf t,jlavnivaipqj u
microscopic Aceste structuri au fost fabricatei o0 j ouf sj psvm vof ] dbn
T odjdjft ad p o b j qde tiphabyén lajcanfpaniaSLM Solutions Germani&ulbereade

pbf m | opy,juizat@ jpentru 4edlizdvea structurilor celulare de tidagure, are
vsnaupbsf b C{plB%pvj B3&;08p K O}2 583 XIIART &Np LI3 &
48&< T 1l 1-14< Qwiwonl.- 156< Gf cbmboba

Pentru acest studiy au fost fabricate 20 de structuri celulas f e gl moxigabil 316.
Specimenele fagure sunt de ®na i1 fybhpobma Bjgj lgeslh | duR Vv
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dimensiuni: lungime de 70 mm imeade 50 mm,7 o & mBg I2f mm. Elementele
dimensionale specifice ale mieailui fagure, au fost descrise in figura 4..b. Astfel,
dimensiuneacelulei (D), e f gj o¢ uAuldbb ej ousf e p jfaguyef asef b j P
valoarea de 14 mm; lungimea undéaturi a miezului hexagonala)este de 8 mmla o grosime
a peretelui(t;)) de 1,5mm.

=

a) b)
Fig4.l/ b* Tus v,datp miez faguremb mb § id fracedeulSEM,
ejo pbf m j o)para¢teridiicilg dimensi@ndld/adeelutei fagure{ZAH17d]

in cadrul acestui studiu, pentru structurile celulare-au realizat trei tipuri de teste:la
microduritate, mb dpngsf kjceraziune. By determharea valorilor privind
microduritatea structurilor celulare s-a utilizat metoda Vickers6 Bd f bt utaf nd bu{pfelba{ ¢
qf natvsbsfb nasjnjgc bejobvhup ocpsnjfqg jdrAqhsgpvomeigf b ¢
piramide de diamantt o hsavobjgnalizatbuf sj b mv mv j

Pentru testele de microduritate B t usvduvs) mps df mvmbsf - tgf
transversal) ej o gmbovm qf sqgf oej d-vmibchmgcbkeyfs fidd j va B
apoi sa realizat oBmf glbvj tif t upsb dv,prj dsujdfi j bcbhbb{ pwa:
hsbovmbbj fj ) 2,661 -mj 3 A rBriBfbgBfj6uh) BUU CvFii mfs Q
Grinder. Estefas uf j ngpsubou db qjftfmf uvuapbBhef t&nqbé
sanbt f e v qde dgbitpfe,sdedarpdecaf t uf j nqgf sgf dbj voj gpu
bdvsbufbfb uftuf mps ef,primipddnicroduntadep s+duefectuat Buf u f s r
ejtgp{jujwvm ef nat vshbsf b njdspevsjuabjj
specimenelortb gpt u bgdjj dduaf p41db hg-Mieau faggre este de 6 t f
intalnit,T o gpbsuf pompbfal tpBisfulvbm jef d p n qirdcipglav o f ¢
t pmj dj ub sGate ansi Stractuoi wce&lulare e j o pbf m jopyjebcjm 4
procef vm ef wupqgjsf tfmfdujwa dv mbfiduav.ta)B,jbv g
respectiv, la compresiune pe muchie(4.2.b} vuj mj { doe nbBj-b50S. e f L
Dimensiunile structurilorcelularg testate la compresiungin acest studiy aufost fabricate
btugfm Toddpod@sghdba dv HASTMECE6D sdepfnnmgfs fitg vwijf h p
B ASTM C364 (compresiune pe muchidjoate testele la compresiune au fost efectuate cu o
wjuf{a ef mothiasdbsf ef 3
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a)
Fig4.2. Tests f b mb dpnqgsftjvof b tusvduvsjmps df mvr
b) compresiune pe muchizAH17d]

Qsjodjgbmb dbv{a b efuBsj psamipgiludfagorenmdtbaliccos | mp s
sfqgsf{joua dpmpmép v dfulidecbedjbisd / Bdftuf tusvduv
supuse T 0 ujngvmvéepgmpbedmpp tpmjdjuasj ; dpnqgs
impact. Structurile celulare sunt supuseinu j ngv m f, mig mp b p taénfpactul cB |

nfejvm To0o dbsfeffwpmvfibd{a @f dbdbsdlf nbj gp mvb
salinitate). Gf opnf of mf | eofobopte puafjrésivitatea mediuluin care structurile

celulare sunt exploatated poevd mb bqgbsjbjb gfopnfovmvj ef

Structurile celularedio  p ibokkidabil 316L, fabricaprings pdf ef vm e f upqj s f
laserul, au fost supusda teste accelerate la coroziune. Testebrcelerate lacoroziune au

fost realizate h laboratoarelelnstitutului de cercetareENEA(Italian National Agency for New
Technologies, Energy and Sustainable Economic Developmanifalia,v uj mj { aoe p db
df bba tbmjod/ Tobjouf e fstruttwidricgulas bubfostarfalizated s | |
procedurile de testaredin standardul ISO 9227Corrosion Tests irArtificial AtmospheresA

Salt Spray Tegt Deoarece procedeelee f g b ¢ s | d buntj récentb, efgante] mufte

j 0 g p s adinbdxgloptarea componentelor fabricate prin topire selective cu laserwdunt
necunoscute.

Ebupsjua gf sj pbef mgate, od fdf tulf & fu b pfc b jT ofed jmv 0o | 0
structurilor celulare, se impune implementarea testelor accelerate la coroziune. Prin
utilizarea acestor tipuri de teste accelerate, asupra mai@elor fabricate prin procedeusLM,

se poatestabili comportamentul la coroziuneUpupebua- gsjo vujmj{bsf
t vou sfevt f dpt uvsj mf gsj wj oe uftubsf b Bj
structurilor testate. Testele lad ps p{j vof indd dfbraf stbburg -o acelulake t u s v
fabrf dbuf qgsjo gspdfefvm ef upgjsf tfmfdujwa
estimareae vsbufj ef wj bbdeniBfjfaboBwmjdgmphpt q) $cemjsf huf
la careau fost supusecéte cincistructuri celulare avand un timpde expunere de 240 ore.

Primul set de specimena fost supustestelor accelerate la coroziunkap dpodf o5%s b bj f
NaCl) d mpsvsa ef -dlgodepsemb jpb s pdfd@oRHEEIbb ) f ef
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5/ 2/ 4/ Sf{vmubuf Bj ejtdvbjj
4.1.3.1. Teste la micradfitate

Nfupeb Wjdlfst tf qgqsfufb{a gpbsuf <c¢cjof mb e
pieselor cu straturi supeiff d j b mf e ft viedp tsjj mtingmagmd @b ud 1T o, bdf t

devineej o df T o df nbj nj d a {ui. Ferdru tgstele debrjicfoduetdte h s p t
au fost prelevatetrei probe @in planulperpendicular pee j s fed b jghb c, din structirilef *

nj f{vmvj gbhvsf - gbcsjdbu gsjo gspdfefvm e
determina caracteristicile de neroduritate.in tabelul 4.2 au fostdescrise rezultatele testelor

de microduritate.
Tabelul 4.2. Microduritatea structurilor celulare fagufgAH17d]

Nr. Microduritate proba 1 Microduritate proba 2 Microduritate proba 3
[HVo 4] [HVo 4] [HVo 4]
1. 218,90 220,30 223,80
2. 216,80 21350 235,80
3. 216,90 209,60 231,00
4. 231,00 234,50 226,00
5. 228,50 234,50 216,00
6. 210,50 217,50 227,00
7. 232,50 226,50 218,00
8. 224,50 231,40 214,00
9. 236,50 228,00 237,00
10. 235,60 225,00 234,00

Principalii idicatori statistici v gpt u ef uf s n jtreilpdoje amglizateupsivind d f mf
microduritatea (tabelul 4.3 / Bipd &j dj f o u este amdape webzerp (CV < 80%),

buvod] ebuf mf gsf mvdsbuf t ubuj t ulptrd 3,7 Whénp Bjs f
3997&* tvou pnphfof Bj nfejb dbmdvmbudadtuf s

Tabelul43 Joejdbupsjj tubuj t ujmijodunddie(ZAKIAd] obbj 1T o

Nr. Media Abaterea standard Coeficientul de vah b j
qspg( (m) (s) (CV%)

1 225,170 9,002 3,997

2 224,080 8,641 3,856

3 226,260 8,295 3,666

l o vsnb wuftuasj|j mb njdspevsjubuf bprotedesulv d uv s
ef gbcsjdbbbpe€eEbTMNu p awalsrijobpbvind midrodidtdtea @RAa5+15
HVo.s) probelor analizate.
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4.1.3.2 Teste la compresiune a specimenelor faguebricate prinprocedeulSLM

in cadrul acestuistudiu, au fost testate céte cincistructuri celulare de tip fagure, fabricate

prin procedeul de topire selecty d v midtpfnsgw -t | nBpdmprepiome peamuchie

Scopul acestoteste a fostde a determinag f s g p s dacampresinfieq mboa Bj, qf n
ale structurilor celulare de tip fagurefabricateprings pdf ef vm ef upqgj sf t 1
[ZAHL7d].

Wbmps ) mf sf {]t upeatiuteje zevsspectinernetgssate, tay fostpfezentatein

figura 4.3.a Rezultatele testdor la compresiune auindicat d aspecimenele supuse la
dpngsftj vqgosff {grmoludadd j t uf onBidareihcoR@s pbBj f dv df mf
compresiune pe muchieDe asemenea, m figura 4.3.ht f gpbuf pctfswb
modulului de elasticitate pentru specimeneletestate lad png s f t | yvesté magmakeo a

de 22 de ori, decat valoarea modulului de elasticitafepentru specimenele testate la
compresiune pe muchi¢ZAHL7d].

M Rezistenta la compresiune pland [MPa] B Modulul de elasticitate la compresiune plana [GPal
Rezistenta la compresiune pe muchie [MPa] Modulul de elasticitate la compresiune pe muchie [GPa]
= 70 2
o
= &0 8 = 18
= o g s
= w
5 0 ﬁ R
] =
a 40 a =
E 2 e 1
8 30 — a
") 3 08
= ER
Bl B z o133
| = E -_—
a 04
n 10
N 0.2
Q
e 0 0
1 2 3 4 5 1 2 3 4 5
Specimen Specimen

Fig.4.3.Rezultatele testelor la compresiuneale structurilorcelulare b * sf {jtuf obb mb ¢
modulul de elasticitate la compresiungZAH17d]

Pentru o caracterizaree f u b engoriporéamentului la compresiune bstructurilor celulare

gbcsjdbuf gsjo qspdfefvm ef upgqgj sf tfmfduj w
tensiuneAef gpsngbd/f g fdapc tdipsrmgas fdtd vrnobf qapbdapirbj b¥
p esfdobgsufa sf gsf {joua saftgjviorawmv jd pgphluh, dnacest bgnp N
caz e f g p s nspeificgtmfo u g s p q ptenbignite d ly ra fs [AHL7d]/ To qgsjwj
comportamentului lacompresiune pe muchie (figura4.4»pt f dpot uboZonadda baqgb
propp s bj pobomp s bu feld gppcdiceBP j ju f- 0 t ¢ pagodrgerea palieruui de

dvshfsf- dv s caprezehiat b gps Sp ¥ offi o @dusaregf j bs dsf Bt
e f g p s n d$pécifige inpaseastaq p s b, jestecefb u p s fb B & fersdigjilor [ATAB2]. La
atingerea punctul maxim s-a produsindesarea nj f { v mv j df mvmbs - j bs

gsf {]j oua descernsldnf, d & w Fdetapdfareau pub ma b nj f {vmvj) dfr
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Figb/ 5/ Dvscb dbshdbatsgvobaj datmbvduvsj mps df mvm
b) compresiune pe muchiZAH17d]

Utilizand microscopul optic Nikon Eclipse MEOO, au fost analizate modurile de defectare

ale structurilor celulare de tip fagure, fabricate prin procedeul Sldlo pbf m j opyj eb
tvgvtf uftufmps ef dpngsftjvof qgf nvdcajef/ E\
j o e jerulatele testului de compresiunepe muchie- t us v du vas firezedtdét mv mb s :
ef gps nbs fmulie pomdrunfauri.Bjelenai multe fisuri s-au produs in zona f o uas b ma
specimenuluifagure, ceea ce a provoca f g p s n b s 4 deestuiglaAHLAdd

Fig.4.5. Analiza modurilor de defectardestructurilor celulare[ZAH17d}
b* tgfdjnfovm bobmj{bu nfisaighnpits@@K); d< c* {poa
d* {pob joghsappoe§a dv gjtvsj )
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4.1.3.3. Teste accelerate la coroziunéeatructurilor celulare de tip fagure

Mecanismele proceselor de degradare prin coroziymde structurilor celulare,t v c iuted b
factorilor agre | wj tqgfdjgjdj nf ejvmvj nbsjo- sfgsf.
componentelor utilizate in diferite domenij o h j o. fLas Un@eustructuri metalicela care

fiabiltate g s f { ] o u a s jp e jveddimgrdadufatei dew | bifbrégim normal, nd f t ¢ u a
evsbua nbsf ef uftubsf/ Ej o bdft uastuguwilorj ef s f
celulare, din cadrul acestui studiu-au utilizat tehnicilede testare b d d f mf sbua mb d
Btugfm- bv gptu fyqvt f,curdamvebp vfa ¥ objdvpfordvf oju s fb |
O b D mespBqtiv10%NaC| cele zece structuricelulatd o gqgspdftvm ef dpsp{]j
structurilor celulares-b  vuj mj { bu nfupeb efufsnjoasj mps (
evga df bv gpnfus bf ytubsmhjtda -ejlov dgopt u dvsabbuf ¢
gspev Bj sfgsf{joua tasvsj mf bdvmw mb o fma v s btu
dvsabbsf) dtoq fug digiverpsej bsf )evqga gj f[dAHs78], 59 e
au fostdesd s j t f gj f sef ] mfwe ehfpyl debexpunere,de pet vgsbgbbhb
miezuluicelulargf ousv df mf epva oj wfmvsj)ef bddf mfshb

0.008

0.007

0.008 /.

LT

0.005

0.004 +

/ = T NaCl
0.003 <

== 10% NaCl

0.002

Pierdere de masd [mg/cm?]

0.001

0

0 50 100 150 200 250 3200

Timp [ore]
Fig5/ 7/ Wbsjbbj bt aqjdwedisjjfi eff wmbhrdvm ef fy
al structurilor celulare[ZAH17d]

Qf ousv bobmj { hrezultate din tdstel¢ atcelerateede aofoniale structurilor

celulare au fostintroduse insistemul softwareB MUB : / Mb qgsf mvds,gsfb t
a utilizat ca model de accelerare Inverse PowerxLa ) d b s f ftuf bef-dwbu
uf snjdf* Bj mf hfb ef e t us jdnvtesielé accelerpte gemm/
coroziunebv gptu bobmj {buf t,gbouswvj & Bjf pghpj of ye
structurilor celulare in cond b j | opsnbmf ef uftubsf ),1- 166
determinat la aceste tipuri de teste accelerate la coroziunet u f evsbub nfejf
Pentru structurile celulares-b  pcbj ovu p e v s49688 de bre (jadroximdtiv wj b |
dj odjj kownaBbuf */ Bdf btua evsbua ef wjbba ft
celularei o bgspqj f abckanetoe s v me$ £ jp mj anp redimurormal des f { j ¢
0,05% NaQEZAH17d].
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4.2. Efectul tratamentului termic de omogenizare asupra gpes j f uabj mpk nf d
structurilor sandwichg bcsj dbuf gsj o updnjinednel 18 mf duj wa dv

4.2.1. Introducere

Qspdfefvm ef u p g juls($LM)tarfe rodpacitajeavde aealiza combpbnierde

metalice, cu geometrii complexe, care surdificil de fabricat prin metodele degs pevdbj f
dpowf obj p o b mfpfoced@dlui SgM, patticutele \danpulbere metalice sunt topite
tfmfdujw ef vo gbthdd fdtvunf bmbttff s s & defvtgdin] slfpgpjif e &
solidificare, un nou strat deq v mc f s f f t u us dm nap dat fascBRplul lasgropst
gspdft tgfd osaf dfawae qj ft b f tHOB19,dMARBO mf u dpot usvj

Fabricarea superaliajuuiqg f ¢ b { a Adriconal 71§ prifh procedeul SLMs f qsf { j ou a
domeniu intens cercetatB | s ated pesjfudf nvmbj gspevdaupsj| e
acest tip depulberenf ub mj da/ Ebupgsfj udab s fb wibfo udbkd gnffpssa bt
)sf{jtufoba fsyfdfjnfuofuodbxiare; caymamebmi- uf ngf sbuvsj|
evsbua <jfe jwpboupad Jf adesta este utilf { bu gf tdbsa mbsha 1
[POLO6, POP17a, PARb]: b v up - bf sptqbbj bma ) gebfmf sl dieffua
ovdmf bsa )sfbduplbsbtubmBfouwffrufs pdf § pgntdifdncothg o wf o
829 - dvgsjoe pnphfoj{bsfhb Bj b g ptilizateu’a modb n f o u
pcj Bovju gfousv tqgqfdpptiovspgmbkbtf iodeam{yysbbi
repetate, ale pieselor fabricate prin procedeul de topiré snf d u j w a audleternnimat{ de s v m
btfnfofb- vo ojwfm sj ej d,inuzoneld sugenoang. Brin urtnarg, u f
specimenelefabricate prin procedeul SLMau nevoie de tratamenttermie v muf sj ps gb
pentru a se omogenizamigrt u s v d u v s kelinf®atensgidnite vegidualehy cu scopul de a
pcbj of njdsptusvduvsb BjProcedeplgf | fgbxsjjdfbbpf dir
pgqpsuvoj uabj dedabricagedptj uf sdvudbusvis jBpps t boexj di dpn
a dructurilor celulare. Din analiza studiilor recentd f gpbuf dpodmv{jpob
structuri sandwich cu miez fagure fabricate direct prin procedeul SLMAceste tipuri de
structuri sandwich nu pot fi fabricate deoarece in inteorul celulelor fagureb s @ n a
pulberenf ubchpd& ov gpbubstfaps fenfuofesbuab Bp dsf Buf
maseit usvduvsj mps/ , pGipocded BLMfa lstructuriler Sashdwich cu miez
fagure, se poaterealizai o e p v aZAROE:v s |

T pimvm npe dpotua 1 &bglh owfdnjasBivdsujuitféggre, B u

v s n lapoede lipirea acestora;

71 al doilea mod de fabricare a structurilor sandwicleu miezfagure, d pot ua 1 o
gspj fdubsf b t us\pehtmunedminargasulbdrivnataliee. hav s |
inacest studiybv gptu qspjfdubuf epyvXumi¢zipgusjavarelf t u ¢
gsfwa{vuf h asaudn miez, ipentruiacehmiingylbBrean f ubmj da dv v Bv

bobmj{ a dpngbsbuj wa b njdspt us v dcompse$iyne, Bj
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microduritate), intre structurile sandwich netratate B | tusvduvsj mf t bo
tratamentului termic de omogenizare,a fost investigatd In acest studiu Testele la

compresiune au fost validate prin analiza cu elemente finitepentru celee pva t usvdu
tboexjdi )Ydv njf{ qf sfgbpcatbprinp®¢ededlSLMiZAHZObIM] B qf s

4.2.2. Detalii experimentale

4.2.2.1. Modelarea structurilor sandwich

Structurile sandwich cu miez fagure au fost modehte in sistemul software SoldWorks

2016. Modelarea structurilor sandwichcu miez fagureb qgqpsoj u ef mb mj r
fabricarea prin procedeul SLMa acestora.Structurile sandwich nu pot fi direct fabricate prin
procedeulSLM, deoarece interiorul miezului hexagonal fagura f plin cupulberen f ub mj d a/
Pentru eliminarea acestui inconvenient, in acest studis-a optat pentru perforarea

T owf mj Bvmyj t bv b nj,fcdsecopulf jmj tnypsihadsnpejatice. Pgtfel, t b o e
bv gptu npef mbuf e gandaich udengioe,spentruechre dau Uastvirdarates |
havsj] e f ej bnfusv 3 nn To TowfmjB )gjhvsh
Tgfdjnfofmf bv ejnfotjvojmf ef 41 nn y 41 n|
mm. In continuarea studiului, cele pva tusvduvs,j wabreviet striickurav s n a
tboexjdi dv TowfmjB qfsgpsbu )TTI Q* InBgestt usv
studiu, structurile sandwich cu miez hexagonal (figura 4.7.¢c)au fost fabricate folosind
procedeul SLM, wd oe v snaupb s fcehfla fagujelnif(ly) tegtev de 8,98 mm,

lungimea unei laturi a miezului hexagonéd)este de 5,19 mmgrosimea peretelui () este de

0,6 mm[ZAH20Db].

(9 D.
DirN Di%
de fabricatie de fabricatie
L
a) b) c)
Fig.4.7. Modelele CAD ale specimenelor sandwjoim]: a)t usvduvsj mf tboexjdi dy

(SSIP)(b) structurile sandwich cu miez perford8SMP)c) detalii asupra miezului hexagor@AH20b]
4.2.2.2.Fabricareastructurilor sandwichps j o upqg/ sf tfmfduj wa dv mb

Structurile sandwich au fost fabdate, folosind sistemul SLM 280HL, la compania SLM
Solution (Luebeck,Germaniain pulberede Inconel 718, in cadrul contractului de mobilitate

gf ousv df sldRPLULA-MB2OL7-1GBQR 9/ Dp n q p {ajpudopribmetdlicgda j d a
Inconel 718afostdf t dsjta 1.0 ubcfmvm 5/5
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Ubcfmvm 5/5/ Dpngp{j bj b ,uilizgtén j ndb& gbbtreodujimickbesfyibh e f J «

[www02]
Ni Cr Ta+ Nb Mo Ti Al Fe
50A55 | 17A21 | 4,75A5,50 | 2,80A3,30 | 0,65A1,15| 0,20A0,80
Cu C Si, Mn B Co P,S c bmb
0,30 0,08 | 0,35 fiecare| 0,006 1,00 0,015fiecare

in tabelul 4.5 au fost desd s j Bj gsjodefgbogb¢esjgdbsbjnff ugmin mj { bl
gspdfefvm ef upqj,a dtructurflomfamtwi¢h®entrudheest studiu, fas fosm
fabricate 20 de stucturi sandwich s f bmj { bu f ejo Jodpofm 829 )
specimene SSMP).

Ubcfmvm 5/6/ Qbsbnfusjj ef [£Ab208]j dbBjf qfou

Parametru Valoare
Puterea laserulu{w] 200
Grosimea stratuluideg b ¢ s jjfchb b j f 30
Viteza de scanardmm/s] 300
Ejtubobb ejousf epva[mm b0120
Dimensiunea particulelor th pulbere[t m] 10-45

4.2.2.3. Tratamentultermic de omogenizare a specimenelor sandwich

Structurile sandwich fabricate prin procedeul SU,bv gpt u wusbubuf uf snj
gsphsbn; usbubnfouvm dv pnpinéaeojdfabng fsf ) 219 1gv o
t pm@BY €, 1hs adipnksffs * - e v crm@20Cn&cliA u s andejjpsorf la 55°C/ h

gaoa mb B3 dih@Eef), in9corormitate cu tratamentul termicstandard pentru

Inconel 718 [RAQD3]. in figura 4.8 a fost reprezentati grafic planificarea tratamentului

termic de omogenizare a structurilor sandwichBo b mj { b njdsptdpqj da

t boexj di b oy pjutonul nsickobcopulgi metadografic Nikon Eclipse MA 100.

L 3

oy
a2
=1
[=]

) [ 1080°C/15h
?‘;‘ 1000 AC\980°C/1h
=
B 800 . i
= 720°C/8h FC/1h 50min 620°C /Sh
Ty —
o 600 ! ! T
3 : - :
1
ﬁ 400 i ! i
1
200 : : :
1 1 !
! i !
0 T T T T T T T T T 1 T T T T T T T T T T T >
1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25
Timp [h]

Fig,4.8. Schema tratamentului termic de omogenizare a structurilor sandwjgA\H20b]
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4.2.2.4. Teste la compresiune

Epva{fdj ef t ucemigzdagwejdinindooek7tdbididate pin procedeul SLM

au fost supusel o d f k& dadnprésiuneutilizandn b Bj ob e f ulbASHfigusafd.9)X E X
Upbuf uftuf mf ef dpngsftjvof bv gptu fgfduyv
Dimensiunile structurilor sandwich testate la compresiune au fost fabricate conform
tuboebsef mps; B T.B.Rentudtestéle dB compiesivheab fbst introduse in

sistemul software aln b Bj o] j enensiunife tstoutturilor sgndwichUtilizand £ mb b j j mf
de calcul (3.10) Bj@3.11),t qf dj g dl& compresiundaujfost determinate valorile
sf{jtufobf] mb d p nlguws fde jelasbcitate Bj compresiune, nppnérw
specimenele sandwichg bcsj dbuf qsj o gspdfef JyzaaHebl. upqgj sf

Fig.4.9. Testarea la compresiune specimenelor sandwic§ZAH20b]
4224Ndt vsbsrfb njdspevsjudabjj W dl fst b tqgfdji

Pentruanalizamicrevsj uabjj tusldugpimpusajitbwfexgspef mf

-paralelcuds f dbj b ef gb ckPrabbldafdst inglgbptdi vos bs aSBj20l1a f g p )
bgpj Bmf gvj uf ,dbvs fi agssufj {fj obucas bh s bweav mb b j f ej] o (
2611 - 31umiza®ipbBpabh*ef Bmfgvju Cvfiimfs Qipfo

g 3d >

pecimen —

Directia Vedere de sus
de :
specimen
fabricatie ® €]

Rasina
epoxidica

Fig.410.M ef s f t d suprazoneifedudde &u fostlecupateprobele pentru determinarea
nj ds p e Vickgrs[ZAH2(b]
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Qf ousv ef uf snj obauf fbst regjizdts peenijt washBjujp s j - qgf ou
tgfdjnfo- gpmptjoe ejtgp{jujwvm ef nraarevas bs f
gptu ef 211 hg- mb vo UJjAHfbl.ef T odasdbsf ef 2

5/ 3/ 4/ Sf{vmubuf Bj ejtdvbj|j
5/3/ 472/ Dbsbdufsj{bsfb njdsptusvduvsbma b t

Qf ousv bobmj{b njdsptusvduvsbma- df ntfatate pv a
ufsnjd* bv gptu wuvajbuf ejo gbsufb jogfsjpbs:
gptu usbubufgfdushgd $swhlemdbBj b tusvduvsih | oul
figura 4.11, au fost descrise planurile specifice fabbcb j f j t usvduwvesbjjmmsu ft bo
procedeulSLM[ZAH20D].

Plan paralel cu

directia de fabricatie

T

Plan perpendicular pe
=

Directia de
directia de fabricatie

z
Depunerea straturilOr — ¥y
de Inconel 718

Fig4.11/ Efubmjj bt vqs blstruguslersengwicigZAH2bh c sj dbbj f &

fabricatie

Nj ds pt us v daumateraluluulpcgneld7d8,gb csj dbu gsjo upqj sf 1
[KAR19, POP3, TIA18, YAOLl7, ZHA], netratat termic, in plan g b s b mf m dies ej s
gbcsj dbbj f -ainbigurg4ll.a. Deeabemensg, in figura 421b,b gpt u qsf {f
njdsptusvduvsb dbsbduf s¢t w$ bab daniplantperpemlippdtbrmy j  J
qf ej sf dbj bMiceoktructuta speginteihelr, hetate termic din Inconel 718a
qsf{foubu hs&v oubbpzineede topird @ j hwymbb &f/ 23 /. lmurBga gj h
jowftuj hbbj f] njdsptdpqj df - uildermtc ¢ dmogehizafe mp s
[ZAH20b], sb pct f swbu da jnbhj oj mf pcbjovuf tvou
ef dfmf epva gmidgolsh mfbrobany { & ju $fifudaiejph o & f Bp b g s}
gf sqf oej dvmbs qfefigujadi2d)pj b ef gbcsj dbbj

Njdsptusvduvshb nNbuf sj bmvmyj Jodpofm 829- €
microstructura specimenelorinainte de aplicarea tratamentului termic. Cu toate acestea,
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evga qgspdftvm ef p n p hd migrofttucufii matgriatlubuininpcanél 18 p q u j

jmvtusfb{a p tusvduvsa sfmbujw pnphfoa- ebs
412 d Bj419 jer*rv sbB gptu fwjefou da wusbubnfouvm
Inconel 718, a prezentat un efect semnifigatw bt vgshb T ncvoauabj s

njdsptusvduvsbmf/ Evga wusbubnfioceudv mujugf schp mp be
traiectoriile laserului, nu se mai pot identifica, ddn schimhbb v b g @ s vduv htsvagvusobbg f
ef tfgbsbbj f - efdjejBjf onp ylogovqmrbstp-Bjjevga usb
omogenizare dspecimenelorb v. b qhhassaww bj,db mephf 6§ ] wosjf dg,jgg fusj
adunate, in principa)in zonele da& f q b slbhbsj & v JZAH261). s

Ejsfdb
gbcsjd

d)
Fig.4.12. Imagin microscopice ale specimenelaiin Inconel 71§ZAH20blb* gmbo qbsbmf m d
gbcsjdbbjf b tqfdjni@fs@smwj* <ofcdshmumbw wyfsmjfde) dvmbs
specimenului netratat termicrf & s P0SX); c)planparalelv ej sfdbj b ef gbcsjdbt
tratattermic(n & s p08X);e* gmbo qfsqfoejdvmbs qf ejsfdbjb ef
(n a s ROSX)

4.2.3.2. Comportamentul la compresiund specimenelor sandwich

Pentru testele de compresiungau fost utilizate patru seturi a catecinci specimene fiecare,

evgad dvn cindstrdctor{ sandwichd v 1 o wf mjpeBatateftesngcp(SSEPNT);

cinci structuri sandwich cu miez perforat netratate termic (S$P-NT); cinci structuri
sandwich cuT o wf mj B tratpfe segnic $SSIPT tratat termic); cinci structuri sandwich

tratate termic, cu miez perforat (SSMP).Dv b kvupsvm nbBfp206 1 TprieB] uf f
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intermediul sistemului software integrat al acesteia au fost determinae curbele de

T odasedimantbt bsf Bj dbsbdufsjtujdj mf nfdbojdf
elasticitate la compresiune) la structurilor sandwich din Inconel 718Dvscb dbsbduf
fodadehbgfmbt bsf - mb d p n qusilizénd valarile medibprogepite din d s f b
testarea celor cincispecimend Bdf bt afastqgdsvis{cfap vbu @ psntfignrabgj d
4.13a/ Dpngpsubnfouvm- ej o ¢eodmbadfsnwifse fespfv alf m
specimene, testate la compresiung o eqrdkdb j f mj oj bsa 1 deplasdreBg ps bt
bgpj p tdaef s flaniomanptple b h § bsaubtgrij sanflwich.E v q a adostn
gsf{foubu T0o gjhvsb 5/ 24/ c- sf {MRaYSSMROW* mIBj d i
139,4 MPa (SH-T), ia modulul de elasticitate la compresiune-a situat in intervalul 2,2 GPa

Bj 6 -[AAH2EKQ b

-SSMC-NT -SSIP-NT -SSMP-T -SSiP-T M Rezistentala compresiune[MPa]l ~ -=-Modulul de elasticitate [GPal

180 7
120 g 160 . 'g‘
— 100 ‘@ 140 Q
= S s @
X 80 S o z
o T — g f .G
T a 100 S
T 60 £ @
3; /______.——--—‘ 8 80 3w
E 40 o 60 %
= [ —
20 / g 40 i %
ko 18
0 - N =

0 05 1 15 2 25 e 0

Deplasare [mm] SSMP-NT  SSIP-NT SSMP-T sSip-T
a) b)
B Flambajul miezului
fagure
Fig5/ 24/ Sf{vmubufmf uftufmps mb dideppsafet j vof; b
b) caracteristicile meanice; c) modul de deforare d specimenelofZAH20b]
Qf ousv tusvduvsjmf tboexj di uftubuf mb dpnqs

statit uj dj )ubcf mBm /5/DpsBjt gubfmpm Bbuf mpgms qgsf
tabelul 47,la celepatru seturid ebuf fyqgfsjnfoubmf )sf{jtufo
elasticitate la compresiune)\ wb mpbsf b dpfgjdjfodafmvpuaeDWwbs |t
) gf ousyv sf{jtufobb mIB63% fpantyis Madylw def élastiddqte laD W >
compresiune)Sepoar f dp o d nowf{g wsow daHeaTtéristiej paloarea coeficientului

dewb s jfaujff tda{vua- | bs [ZABRB.uj povm ftuf pnphf
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Tabelul 4.6 Indicatorii statisticifZAH20ble f uf snj obbj T o vsnbauftuf mps
specimenelor sandwichs f { j t uf obb mb dpngsftjvof \ N
Tipul de Media(m) Abatere standard(s) Dpfgjdjfouyv
specimen [MPa] [MPa] (CV)%
SSMRNT 56,650 1,780 3,142
SSIRNT 95,600 2,920 3,054
SSVP-T 84,800 4,000 4,716
SSIRT 139,400 3,710 2,661
Tabelul4.7. Indicatorii statistici[ZAH20ble f uf snj obbj T o0 vsnbhauftuf mps
specimenelor sandwicth modulul de elasticitate la compresiungsPg
Tipul de Media (m) Abatere standard(s) |Dpf gj dj f ou
specimen [GPa] [GPa] (CV)%
SSMRNT 2,200 0,140 6,363
SSIRNT 3,800 0,220 5,789
SSMRT 3,300 0,100 3,030
SSIRT 5,400 0,308 5,703

Analizandrezultatele testelor la compresiune la specimenelornetratate termic, se poate
bgjsnb da dwogf dpwfmf Bf-NTf sgfp{sjbaiu &) Tqrfl aligguesim b o b f
d p n qb s segimenete \cu miez perforat (SSMRT) in plus, din figura 4.13.bse poate

observad & t gf dj nf opdenfofat, tchtate termiev@©SRT)Rau prezentatq f sgpsnbob
nbj cvof )ejo qgqvodu ef wf &fjs fbmb m esdsoiatenafj o bef |
compresiuneimb  uf t uf mf e f d p n gaufspegimenefecu mieod pertbqatn q b s b
tratate termic (SSMRPT) Wb mp s j mf nfejj b mf s fpgRjudwvouff mgfs c
tqf dj nf of mfperrfl agpecimenblaufs bBjbuf - qgat usf pi{oa qogssj pwg pos
rezultatelor (pentru ambele structuri)Bt ugf m- wbmpsj mf sf{jtufobf]
epva tusvduvsj t boexj di ) T T 1d@onBgenizarg, WQridicat e v q &
odsf Buf sokimaevf50%Sgf { j t uf obb mb dpngsft jdwo fi-o wif onj
perforat- b gpt u,T bv dpsqpls & dppcimentlorcu chiezoperforat deoarece
njf{vm gbhvsf qgsf {],eadruldesteior la tcomprgsiondfiipdsagnmlat u s pr
dv p t usvdu casedpreig sea ondijntpre mparte a sarcinin schimb, 7 o wf mj Bv |
structurii sandwich este asimilat unei structuri secundareeqsf j b tbsdj ob Bj
miezului fagureBt ugf m- sf {j t uf o b,bn modrordagy mag wdretin cazmlf b
njf{vmvj ,gasdphqbshbbjf dv nj f { v mlordnf miegg s b u/
structurii sandwich e f u f scorjcemt@atori de tensiuneB | {pof dvfebgpsdbsij
la flambaj. T f gpbuf dpodmv{j pmveichdla ; T ¢ @ff mjjn@&ratatd snf p ¢
uf snjd- qgsf{joua p sf{mamafed a diplmgbEmdg fft dwof
sandwich cu miez perforat, netratate termitc Ev ga u debmicbde énwgenizare, se
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poate & e v df da; t gf djdnvf off onwf mjbBs bgfpdd p subfus-nj d -
sf{jtuf olksunencb65dnpimgrs o d p n q lsmEednienefe satdwicttu miez

perforat, tratate termic. Toate structurile sandwich testate la compresiune au prezentat

bdf mbBj nf dbog ft nBje fllan@ddul fiezulub fagure (figura 4.13.c). Astfel,
tusvduvsj mf t boexj di bv tvgfsju p dpngsjnbs
prezentat niciun mod de degradare Tn acest studiu, structurile sandwich au fodabricate,

pentru a putea observa comportamentul de compresiune al ambeldrp o g j -h vBjb b b ¢ v n |
njf{vm gbhvsf dpngmfu Bj njf{vm gbhvsfh eft
pctfswbu bdf mb Bjlaamipek stedturijf gpswmrbfs;f gmbncbkvm
To gmvt - t f gpbuf pctfswb p efgpsnbsf nbj
sfejtusjcvjsj] t bsdj oj | qf njf{vm gbhvsfmvj.
[ZAH20D].

4.2.3.3. Microduritatea structurilor sandwich fabricate prin peedeul SLM

Ejousf qgspqgsjfuabjmf nf dboj dffabricaté prion precddbul nj d <
SIMsfqgsf{joua vo epnfojv |jouf][GRL6 HOIXIGPKONGY/ T c
STR7N - b gptu sbgpsubua p ejgfsbobadaoadbhimj ebc
gbcsjdbbjf )gbsbmfm t gw cof) dbdpegndepetor reabzate pyifi e | <
upqjsf tfmfdujwa dv mbtfsvm ejo Jodpofm 829
njdspe,i®j g&bjdpj hf lefef odinc s[$TRLE, ZHAL]L Tb scljmbf atef mp s
jowfthbhyhbbpjfujap b us pmesedojscabewpfebbua dv dsf Buf sfb
g b c s j[LU®2B, V\ANGD], a pieselor fabricate prin procedeul SLMin Inconel 718.

Pentrutestaf b nj ds p e v sgu tost énpligate pejrudprobesdécupatedin structurile
sandwich, fabricateprin procedeul SLM, cu scopul de determina caracteristicileprivind
microduritatea acestora. Testele la microduritatau fost efectuate pe d & u f eopev a Qg s
(netratate termic B | us b uptuffd buj feosompiiuglang b s b mf m dgbeppt Hbj
Qs pcf mf byejgoptqub suuafjbb utfv qf s j p b destruByriloresgndwicly b s u f |
gf ousv b baobhrdjs{ple,pwipujadpgvibbd sifoBtmidg jnd h b j f

Sf{vmubuf mf uftuf mps bv | oej dmlorilodnd dbs pfewjst wla
pebua dv dsf Bufsfb Toambjnj|j e f gbcsjdbbj f -
pentru specimenele supuse tratamentulutermic de omogenizarein cazul specimenelor

of usbubuf wufsnjd- wbmpbsfb nfejf b njdesgpevs]
gsf{foudoe p dsf Buifi of dehhgbgdpyfnbuvj woehpdsuul
To tfdbjvedeb teqtisfpm tqfdjnfof mps- vaoarepvt f
nfejf b njide ptefva b juyaddptide 21, 15kW-t gsf {fouadaoe p d
aproximativ 14%f o dpnqgbsbbjf dv ,wkmhmphoyfuld ndjodsdeabygjvwo
Wbmpbsfb nfejf b njdspevsjudbjujput gqfdjnpfde v mpv jo
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de jos a fost de 521,15 HY.Bj - sftgfduj w- gf o,a$ost det4b66J0kh ] v o f
HVo1. Prin urmare, sb dpogj snbu gbquvm da -trata® j termic,0 db |
microduritatea scade(13,5%pebua dv dsf Bufsf bSfT gambjf nijpjct &6
wb mpbsf b ngpecenpnelor srgtate ddinjic, a crescut cuaproximativ 40% pentru
specimenelebob mj { buf 1T o t f d bgproanfativ 4186\penfrusspegitnengle B
bobmj {buf 1o tifdbd modudpednieigénstiatatédterdic[ZAH 20b]

Wbmpbsfb nbj nb,tsb bbeaptibpepogfafppbs ag pbt ut ubsuvsdjL
evsjgjdasjj,dggpej uasfdjdmubpmpmb sdiygfubbf get u
tvgsbgbbhinjimpyd ssp dpfbesfav mv j T MN/ gTbvcoss] bdghlabBtriofctujiio g f s |
sandwichb gptu tvqgvta vov]j djdmv ef Todam{jsf s
termic,cdf efufsnjoa p njWbmphsfihbbmjbgd snpog,hpgbesd O | |
de sus a structurii sandwichg p b uf g ] dbv{ bua dufificape In parieeades f b
t vt b tusvduvsjj t boex| doaro simhlvtsfas verb udj sBd v noav
tratamente termice ulterioare[HOS19, STE17, TI®.Dbsbduf sjt uj dj mf nfdb
dpngsftjvof Bj nj d,salp specamenelbruwdih mconelt 7¢8ptate fermio, s f

T o dpn g smdnrenefenetdatate, au fost atribuite, in principa) procesului dedurificare

prin precipitare pchjuornabgmj dasj | gmwipfdd jt {vbm/fj - edvga d
n f o b j Bjoakiewstudiile anterioare[CHLL5, KAR19, RAL].

in tabelul 4.8 au foste f t dsj Bj catgri estdtistigi,berhjujf siigp @nbabanalizei

njdspevsjuabjj taqfdj nf préocadpuSLM, dindneongl dlB. Vgldrie s j d b
dpfgjdjfouvmyv,j ef wbsj bbjf - itgté, audacstwcupsnse{intrenu b u f
2-42: MR- 6&d-f fb df efufsnjoa pnphfojubufb ebl
b gptu sfgsf{foubujwa qf oUlzAM0blvbmps mf fyqfsj

Tabelul4.8. Indicatorii statisticie f uf snj obbj To vsnbauftufmps m
specimenelor sandwih [ZAH20b]
Medie Abatere Coeficientul de
Tipul de specimen (m) standard (s) wbsjbb
[HVo.4] [HVo4] (CV)%
Specimen netratat termick
_ 324,900 4,287 1,319
tfdbjvof twv
Specimen netratat termich
_ _ 369,590 9,066 2,452
tfdbjvof j o
Specimen tatat termic A
_ 456,010 12,685 2,781
tfdbjvof twv
Specimen tratat termicA
_ _ 521,150 26,778 5,138
tfdbjvof jo
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4.2.3.4. Analiza cu elemente finite a structurilor sandwich din Inconel 718

Analiza cu elemente finitea structurilor sandwich dininconel 718 b gpt u f gf duv
modulul static al sistemului software ANSYS Workbench 19 R3. In modelul de simulare,
ejnfotjvofb tusvduvs jmateraluldi lncorelx7i8d i ¢ mbgdsbp qtsy o fusa
ceaj ogf 9j mbsB3 o jau feststahilifeind p o d p sce testefe & compresiune.

Modelul elastc plastic a fost utilizat pentru analiza cu elemente finite arscturii sandwich

cu miez fagure. Contactele j ousf qgmbdb tvqgf s| pabfesistaBilitect us v d
p q b jarictionless support (figura 4.14.a)Bdf bt ua pqgbj vof oV gf sr
ef gmbt bsf bgt bej spdbphbbopsnbma )[*- dj eapbs e
mvbu To dpotjefsbsf vo dpfgjdjfouowfmjgBYymbtsy
al structurii sandwich.ntre placaj o g f sBjjp btsuds v d u yls bg ptbw ew y jernj { b u
fixed support- incastrareb ovmbsf b uvuvsps deslsdfompabodrgaf sp
coeficientului de frecare pentru contactul dins f gmbdb tvqgfsjpbsa Bj

sandwichb gptu bmfbta 1-26- efpbsfdf qgmbubovm t
gmadij j bv g p tpentrdammicndiidaivetared[XAHROWf |

Sb dpotjefsbu da feadixdterde Biezuljfagire, decareap gttuaturile du s
gptu gbcsjdbuf ej s fddvu nopstjfos v mp q jgsats gptodedet tdfu j
suplimentare de asamblare. In plus, viteza de deplasaelatanului superiorh gpt u t ubc
la 2 mm/min,iarg mbubovm jogfsjps b gptu Todbtusbu-
ale structurilor sandwich[ZAH20b].Gj hvsb 5/ 25/ ¢ qsf {joua ejtdsi
cu miez fagureej o Jodpof m 829/ Df mf e piNzand ejemdnte | bv
hexaedrice cu 20 de noduri, cu dimensiunea elementului de 2 mm. Elemente tetraedrice, cu
zecenoduri, avand o dimensiune a elementului de discretizare de 0,5 mm, au fost utilizate

gf ousv nj fpeatrmi gwhms Bv 8) mf [FZAHROblduvsj ] tboexjd

Static Structural
Time: L.s

b)
Fig.4.14. Analiza cu elemente finite a specimenelor sandwich cu miez fagure:
albgmj dbsf b t pmjdg aiei)ijf pmspus strudtwilds sandwighs f b
b) modelul discretizafZAH20b]
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Analiza cu elemente finitea structurilor sandwichb gpt u ,ée$bhas { beavsnau
sf{vmubuf ; bobmj{Db dpngbsbuj wa d jspeaingefielord p nq
uf tubuf mb dpnqgsftjvof Bj df m sf{vmubu &ej o
ejtusjcvbjsfy{ vuniuobtujfv og jmp su f wWindnaliza cd gteqénte jfimté; o u b I
studiu comparativintre gpsbf mf,bgbBg yvof mb uftuf mf mb dpn
sf bdphguaosfvuf 1T o q dirbmddeulcu el¢gmemgef fimifePdf bt ua b o b mj
elemente finitetb gptu sfbmj{bua qgfousv tgfdjnfofmf t
of usbubuf ufsnjd- qfousv dfmf epva npef mf;
specimen sandwich cu miez perforat (SSMB.t ugf m da- 1 o pecimenélor j o wf
supuse testelorlad pnqs f t j v o flor @jelententebfinietmi { §pbuf bgj snb
npevm ef ef gps nbs fcazbrig#o midzul structurii ffigura f4.15eBfiguia
4.15b).Bt ugf m- t f gpbuf pct f sugtdsi samdwichnapalizhteprin d f mp
metoda cu elemente finitge gqsf {j oua bdf mbBj, comn pede testéte l&f gp s
dpngsftjvof, flamfAjul miezaulvui fagure. Deplasareau pub ma qsf {j oua
n b y j,in Zona demijloc amiezului structurii[ZAH 2].

Total Deformation Total Deformation

Type: Total Deformation Type: Total Deformation
Unit: mn Unit: mm
Time: 1
Max: 3.1881
Min: 0

b)

Equivalent Stress Equivalent St
Type: Equivalent (von-Mises) Stress Type: Equrn
Unit: MPa Unie MP
Time: 0.18 T

Custom Obsolete

ws
I 995
f—{ 870.64

(—{ 746.28
,‘ 62193
497.57

H 37321
248.85

I 124.49
0.13464 Min

Fig.4.15. Rezultatele analizei cu elemente finitestructurilor sandwich netratate termic:
b* ej tefggjnmbuvt Bjsh mps up ubomff mh Bt off dsj gnef §dof umopt s& sdj venp 5 u s
specimenelor cu miez perfat;d * e j ttemssupiloredhiyalente Von Miss a specimenelor cu
T owf mj Bd)gjf ts g gpgeshmilbrijedhivalente Von Miss a specimenelor cu miez perforat
[ZAH20b]

c) d)
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Mecanismul dedegradare a structurii sandwich din testele experimentaleafosti o t us aot
mf h a auves & u s tensiunfioj dchivalente din analiza cu elemente finiteStructurile

t boexj di dv T owf4as® byf gqesd{dwupg) hwbdegsionsi f b n
echivalente mb T ncjobsfb ejousf mdffdt ulj tiuswfdmjvB-a
sjhjejubuf cvoat i jnicf-{ vimvptj vofb nbyjna fdi
tboexj di dv njf{ gf sgpshiue {gpdk | dbad& s jwhpmp b &
Uf otjvofb nbyjna fdij wbmf figuréa 415/ beg-ds v u & ebup
concentratorilor de tensiuned bsf bgbs To {pob GRvBffmpsemnjd$HL
ale structurii sandwich au fost studiate folosind sistemul softwaree f bobmj { a dv f
finite, ANSYS Workbench 19 RBezultaelet uv ej v mv j dpngbsbuj w- 1Tou
sf{vmubuf ejo uftufmf fyqfsjnf oubgmfs viudp mgos fq
jogf sgjpobsbaobmj { b dv fmfnfouf gj bptfwbeaiohle f mv m
relative, care apar intre aceste rezultatess-b v T odbesbu 1 o usedelele3cu8 2 &
elemente finite au oferit rezulb u f cvof - j bs g pakculatencimeteda s f b
elementelor finite, au prezentat valori apropiatee f g pd b fsmfhpdh jvdoMastéle
experimentale[ZAH20b].

Tabelul 4.9. Analizd p n q b saerojilovr@lativee j ous f g p s b fremitatealihtesele bd bj v o
f yqf sj namlizeéocindlem@hje finit§ZAH20b]

Tipul de Gpsebff sf AdD Gp sebff s f bAd g Eroarerf mb u j
specimen | teste experimentale[kN] MEF[kN] »
SSIRNT 86,06 83,20 3,32
SSMRNT 50,06 48,70 2,71

in figura 4.16 au fost comparate d v s ¢ f mf -diepadaiesrdzbltaté din testele

f yqf s n fdio anblizaf cu éemente finite. Se poate obsérv dexistdip dpodpsebo
bv ol@aousf dvscf-deplasarép ci bojdoavsudfb sefj o uftuf mf fyqfs
din analiza cu elemente finiteale specimenelorsandwich[ZAH20b].

100

a0

80 i i
= 70 i ——— SSIP Experimantal
= 60 // - —— SSMP MEF iy
@ e’ - o .
ﬁ 50 = o——0 SSIP Experimental
L0 A = —— SSMP MEF 4
o Iz,/ L -
< w0 A

10 ,,"

0 /

0 05 1 15 2 25 3 35 4

Deplasare [mm]

Fig.4.16. Studiu comparativ ntrecurbde caracteristiceoc b j o vtastelela gompresiuneB ¢gele
p ¢ b j dimanalizacu elemente finitefZAH20b]

109



Tf { d& abilitare bfg mvdsasj es/ -Marian

4.3.Designul, @ b mj { b q f Bg p s 1f drocthkiahshrsdwich fabricate prin procedeul
ef fyusvebsf ufsnpgmbtujda

4.3.1. Introducere

Metodele clasicee f gbcsj dbbjaket B v dabjcmbs fjtnboonejxd ad i n wr
etapedbsf gbd db gspevdbjb ta gjf tdvnga Bj db
Bj vof psj hsfv ef vuyugfmjdhbad| dPb bnffu pbe &t Bupspvedf usvos
sfbmj {buf ejo nbufsjbmf gmbtujdf- dpngp{juf
gbcsjdbbjf bejujwal

Procedeule f g b c¢opg jdd bfffusvebsf uHusedRepgositon Modaliry sau) GE N
FFF - Fused Filament Fabrication)repreziua v ovm ej ousf prddeded nbj
efpbsfdf; g svesfaj] eeda npp utlilsnp & mf - | etpot produce abfecteb | p t
Bj dpngpofouf vuj mj { bcj mf - g spfobedeme f j glgs s nd b
este simplu de utilizat [SIN18]. Cu ajutorul procedeului de fabricare prin extrudare

uf snpgmldft wjpdua sf bmj { b hfpnfusj|j dpngmfyf Bj
us b ej Pringnbebmediul procedeului FFF  qpu g sfbmj{buf- wuftul
rapid, prototipurile de produs.

Df s d f, pri&irsd jfabricarea structurilor sandwichutilizand procedeulGGG- t f qgpu 1 n
daufwb ejsfdbjj qgsjodjgbmf; uft ubpPaN1B, PIBIf bobn
fabricarea prin extrudare termopla u jBja b o b mj lorbcelutane BJOWI1d, vVMOH 1B
gbcsjdbsfb tusvduvs)mps tboexjdi- qsjo mjqgj s
prin procedeele aditive [LUC18, ELO18, HOU18, GAL1®rintarea 3D a unor structuri
sandwich, Tnscopulu f t uasj | gf s gp (BAGRO, BRIIBpRAILS, SARLS | d f

Dv upbuf bdftufb- To vsnb jowftujhasjj tubej
gs pwpda s jcu @ragtegr iotérdisgiplimhicare pot fi exploatate, generand metodoldg
originalei o epnfojvm uftuasj|j gf sgpsnbohfabngate nf d|
prinprocedeule f f yusvebsf uf snpqgmb tlafgbritdrda prib pxtrydater mu b L
uf s n p g mlsttuctyrildr &andwich cu miez fagurgrovinedin faptuld @ T owf mj Bv m
estefabridu ef bt vgs b t grbuomaie,mymsnecesare strucfug supo®@pentru o
gbcsjdd/bbpf fdbmj ubuf cvoal Mb s f b nggyrebdevind unt u s v ¢
t qb bj i iai malerialul suportnu poate g | Toefgqasubu vmufsjps/
t usvduvs 3cutuh adaos dedmateriald b s f efufsnjoa p dsf Buf
greutate a acesteigZAH20c]

in acest studiybv gptu qgqspjfdubuf Bj gbcsj ddtupfin qf r
procedeule f gbcsjtdbdhyy duvaGG t bca #exd pdd g j viBrpsigasbiguye,
g a u B pndulat. Acest studiu a evaluag f s gp s nb o b f mfstructurildr Bangwich b mf
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v B p ppsirf efectuarea unor teste mecanice (compresiune, dwoiere in trei puncteB j
usbd®bj vevga efufsnjobsfb dbs b ddefssuctirisandwjcimp s n
v B p basl ffost implementate in structura bordului de atac a aripde avion, cu scopul

ef uf snj oas| jacaactéribticigr fajimpacta gcestBra. La fingls-a realizat un

studiu comparatiy T ou s f wbhmpbkgaé$vugdfpsimhb mpsyrgf sfb tqgf dj
Todpwpj fsf To0o usft,] gvodufoqBpvwbmpoy qnfusiegjomms
fixare, din modelulMEF[ZAH20c]

4.3.2. Detalii experimentale
4.3.2.1.Proiectarea structurilor sandwich

Bjodoe dpou eMIL-STDbh®e bBje f3BY actlale Rplicate structurilor

t boexj di v B p b sistemulud software Solid@v/erks 2016 au fost proiectate
specimenele specificgestelormb dp nqgs f t | viacovoiereinstrei pungtevamalizateB |

in aceststudiu. Specimenele testate la compresiung au fost proiectate in conformitate cu
sfhmfnfoudsjmf bduvbmf Bj :lupg fn{fj BULA nws n@ENEPDL snff
ToambjnfBj26p nhnsptjnf B61T awf mjQBwmwsjv aff tladi f mf
incovoiere in trei punctet qf dj nf of mf gsf {]j o wr lungsne d50 pnn,s f mf
mabjnfm-31o@A&G@bhnf Bfj hsptj78mb.Dpowyf migedremjaje mi -
au fost utilizate la specimenele testatedb v gsf { f oubu v s n fagupelffigufamf e |
4.17a), q a u ¢figura 4.17b), ondulat (figura 4.17.9. Specimenelge specifice testelor la

us b d,pay prezéntato configls b bj f ,ddvmbs h{d& ef s b deomiréresaf Bj
bdftupsb gqgf nbBjdpb ef uftubsf ) Gjh/ 2

Directia de
")l fabricatie

(axa Z)

d)
Fig.4.17. Caracteristicile specimenelor (dimensiuni ih mm): a) miezulfagure nj f {;vm qaus

c¢) miezul ondulatd) dimensiunile specimenelor testatmb u s [ZAH2(c]v o f

111



Tf { d&e abilitare bfg mvdsasj es/ -Marian

Specimenelet usvduvsj) mps ,dbodkmtli usBpbssf qvsj ef n
ondulat), specifice testelor mecaniceproiectate insistemul software SolidWorks2016, au
fost prezentate in tabelul 4.10.

Tabelul 410. Speimenele supuse testelor mecanidgZAH20c]

Test Specimen testatla | Specimentestatmb u s [ Specimen testat la Thcovoiere
Miez compresiune n trei puncte

Fagure

Qausl

Ondulat

4.3.2.2. Proiectarespecimenelordebmdef bubd vujmj {&doe dfmf usf]j

To bwjbbjf- tusvduvsj mf t boexj di t f gpmpt ft
bdftupsb/ Tusvduvsjmf tboexj di harpipcuscbpuldle dp ou
a rigidiza aripaModelareg bordului de atac aaripib, b gpt u sdistermj gofwara 1T o

SolidWorks 2016, pornind de la introducerea coordonatelor profilului aerodinamic NACA
0018 (tabelul 4.11).

Tabelul411Tgf dj nf of mf ef cpse ef miaz[EAH20d]lv ej gf sj u

Miez fagure Njf{ qgqaus Miez ondulat

Bordul de
atac al

aripii

Structurile, de bordde atac alaripiibgs f { j oua bdf nifricBtieidpjog i davjs b @ j
njf{ ejgfsjuBpogbmivs/f - Hgptuja lodd&f 720 w6f mMjnNBv sjj s s
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ejoustf df mf epva 1TowfmjBvsj - v, @ dobt deb10 gymt u |
Ejnfotjvoj mf dpqalg deestsrisecimemgpde boedfde atgau prezentat
bdf mf bBj caB¢elddintfiguna 4.17.a,b,c.

4.3.2.3.Stabilirea parametriloe f gbcsj d bb jddf ylu syvsephbdksff e fud mwnmjp q mb t

Specimenele au fost fabricateutilizand imprimanta BCN3D Sigmalin materialul PLA (Acid
Polilactic)/PHA (polihidroxialcanoat), acedip de filament fiind complet biaegradabil.
Bnftufdvm QMBOQI B ftuf sfmbujw ,jdgdpaqBsbmjs
nbufsjbmvm QMB/ Qspgsj fuabj mf nf dboj df Bj u
g s p e v dFKuRXKanststoff GmbH, au fost prezentate in tabelul2.[ZAH20c]

Ubcfmvm 5/ 23/ Qspqsjfuabjmf nfdboj dflfwwB(3] uf snj df

Qspqgsjfuabj mf nPLAIRHA | ( Valoare Standard

Sf{jtufobbMPap usb 61,50 ISO 52%1:2019

Modulul de elasticitate latrab j v d”&] \ 2,96 ISO 5271:2019
Sf{jtufobb [MPRA 1T od 88,80 ISO 178:2019

Modulul de elasticitate la incovoiere [a] 3,29 ISO 178:2019
Sf{jtufob[kImib | ngq 30,80 ISO 1791:2010

Densitate [g/cm3] 1,24 ISO 1183:2019
Temperatura de topie [°C] >155 ISO 3146 C:2000

CDO4E Tjhnb ftuf p jngsjnboua 4E ef T obmua

inovatoare, cu extrudareu f snpgmbbmpdadgbwp dalZd®nenf x 297 mm x
210mm.Qb s bnf usj | ,aerocedellu degxudsbvbg bf s f  u f & specionemeloru j d a
sandwichbv gptu qabel§i418ubbj T o u

Tabelul4.13 Parametrii deg b ¢ s jai grocedeului de extrudare
uf snpgmbt uj ddzAb20e] gf dj nf of mp s

Parametruef gbcsj db Valoare
Diametru filament[mm] 2,85
foambjnfb tusb i{mmmv,j 0,15
Gradul de umplere a stratulypo] 100
Wjuf {b efmmgsect s d 50
Viteza de deplasar¢gmm/sec] 200
Uf nqf sbuvsb [€@f g 200
Temperaturag mb u gepf s mgab °C] 60
Diametrudv { & befs j gghimlp | f 0,4
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To npe opsnbm- p tusvduvsa tboexj di ftuf gps
ej o dbsf ftuf dgppobguffd bg jp olbdif mg Bj{ vimbv ej gf sj u

structurilor sandiwch realizate prinproceceule f f yusvebsf uf s puligambt uj
gf ousv njf{b Bgptiwwladi BvBj ) QMBO0-Qd iBrp- tg bochsvjsda
f ubqga- bdBéalizat iInracedt studiu de cgZAH20cy P bmua wbsj boua

structurilor sandwich- bs vuj mj {b nbufsjbmf ejgfsjuf- t
lipite de miez.Sistemul softwarealj ngqsj nbouf j CDO4E Dvsb dpowi
intrvo tfu ef jotusvdDbj v oqu audrubacestuia au fost stdbitibbjo u b

parametriideg b ¢ s [ZAH2bc] f

Specimenelesupuse la compresiune (figurd.18.a Bj T odp wp | (figarb 4.18.b) us f j
ov bv ofdftjubu nbuf sjihschimby fqpicanea specimanalor la g b ¢ :
u s b d ffipuvao4fl8.c)s-a realizat cu suport de material. Astfel,-a ales utilizarea unui
nbufsjbm tvgpsMuPVA inmwdapjgm mi qgocbpgafsj | vops twv
t vqgf s jPdededtehnologicdef yusvebsf uf snpgmbt ul adigi- b
(figura 418.d) a prezentatb d f | b B] egfb sgppindsujsdb bj f Bj bdf mbBj
df j bj tqgqfdjnfofmps tboexj di -[ZAH2gf bv gptu g

c)
Fig.4.18.Procedeule f gbcsj db Bjff ud ssjng shadiniensjeatdieda cdmpresiune; b)
specimenetestate la incovoiere in trei puncte; c) specimenetesti f mb usbdbjdemfd< e*
de atactestate la impact[ZAH20c]
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To gqspdftvm ef gbceydbbij foghmv i qgfid pRjmod g $nb & jj {b
bdftupsb ftuf vob sjej dshuole-defegteé.sa ef { mj qj sj b

5/ 4/ 3/ 5/ Dp o despegimeneforsaadwiclu f t ubsf b

Uftubsfb mb dpnqgsftjvof - u s, b dpbgmerelbr stigturiloro d p w
sandwich, s-a reb mj { b u g f nb Bj 0-B50Se Pentru ftestarda ustructullot
sandwich, au fost fabricate, cate cinci specimene qf ousv gj f db sriezuupogj h
structurii fagure,q @ u,erfgwlatr - 7T o gvodbjf ef ujgvm ef uft.
Astfel, au fost fabricate cate 15 specimene pentru fiecare categorie de teste, care includ
dpngsftjvof - Todpwpjbjsvofi-o Tussfuypuwvndué 681 it
compresiune a structurilor sandwich (figura 4.19.a), fabricate prproceded de extrudare

uf snpgmbtujda- bv bwvu db tdpqg qsjodjgbm efu
dpngsftjvof Bj npevmvm ef fmbtujdjubuf mb dr
C365.Toatetestele la compresiune au fost efectuate p wj uf {a ef T odasd]|
[ZAH20c].

I odf slaliacevioiend in trei puncte (figura 4.19.lau fost efectuate conform standardului

ASTM C 393, iar viteza de deplasare a poansomwdufostde 5 mm/min,gadoa mia bqgb:
ruperii specimenelor Pentu testele la incovoiere au fost fabricate 15 specimene, cateinci

gf ousv gjfdbsf uj q ef d ppdbchjvhsvf s b bg af u*shb uB ¢Bfj K tvom
nfupea ef uf t{udb sqgff otufs vv ubj nj ofekf Ibhecapide kale sfrictugiaqp s n b o
vBbsf t boexj di )sf{jtuf obb bmbf 7nobd piwggpdctep j- f snf
legateded v s ¢c b d b si bodduafsstihlesdre.d a

Testaregmb usbdbj vof b ,sesdvwdnyitfgophgasmt déofoefxg rdji o a s j
mb usbdbj wpfev mvmyj e f ff ndbgaractertticilordegatte derchrbau s b d £
i o d a s deplasdre. Specimenele sunt solicitate n lgul axeilor principale (figura4.19.0,

dv p wjuf{a dpotuboua ef 3 nnonjdov- iikophooed b mt
standardulMIL-STD5 1 2 C/ Qf ous v ufat fost fabficaten b5 specinbeded gate o f
cincigf ousv gjfdbsf ujg ef dfagargg awvsitobd|jBj bpomeg VvV fhly

Qf ousv df mf usf j uj g,uis ptructurfa bortyritmrgde ratacsal fogt | ef
realizate teste la impactutilizand ciocanul Charpyfigura 4.19.d) Motivarea acestor teste
gspwjof ej o gbqguv miestedpredispus enpatiulle du diversd atbiectenatatb s j g
inzbordau Bj mb  bsptestate B5tstuugtdirirde boto dee atgc, catecinci pentru

gj fdbsf ddp migzj(fdgwres dp & g, drimlwiat), avand dimensiunile: lungime 70 mm,
mabjnf 56-8 nn [BAH20Cloambj nf 61 nn
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d)
Fig 4.19. Testareaspecimenelorsandwich la: @) compresiune; b) incovoiere in trei puncte;
d* usbdbj yZeH28c] e* j nqgbdu

5/ 4/ 4/ Sf{vmubuf Bj ejtdvbj|j
433.1Qf sgpsnbobf mf l|emiecinepelorgsanfitichvof b

Av gptu sfbmj{buf vo ovnas ef dj astydiat¢dgareyf - ¢
gausbu Bj poevmbu*- |jbs sf{vmubuZAma0clovnf sj df

I Rezistenta la compresiune [MPa] -=-Modulul de elasticitate [GPa]

o —
&8 4 0.18 —
= 35 - - 016 &
g 01 ©
3 3 B
wn - 0. =
& 25 0.12 5
a - 01 QR
E 2 T m
o \# - 008 W
o

15 @
o - 006 ©
p —_
& 1 - o004 2
b o
;—é 0.5 L 0.02 ED
o o )
o

Fagure Pdtrat Ondulat
Tipul de miez

Fig.4.20. Rezultatele testelor la compresiun@AH20c]
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Acesterezultate (figura 4.20)s f qsf { j oua wbmpsj mf nfejjaebmf ¢
modulului de elasticitate la compresiungrovenite din cele cinciteste experimentale Media,

wb mps | mpsla comdrgsitngwb &jf p { & 1 ¢miez dbnduat) Bl Qb4 (mMie@ b

g & u s Deu dsemenea, medjavalorilor modulului de elasticitate la compresiune se
Todbesfb{a 1To0o epnf o{memondulatyBywb rip )51l fHODBIA HYb u
figura4.20t f pct f swa da qauudsvbdyusvs{bf odivb unjgff{sgpsnbob-
in cadrul testelor la compresiuneavéo e p sf{idpwmige &ijumdbdul B
compresiune mairidicai o dpnqldg$ mb mb mdv¥ e pv afagureBpndulat). e f t
Qf sgpsapbepdbbuad mb T odpwpjfsf,tb epgbgdshbdpampEb
de structuri, care au determinat, dej hv s - Bj p hsfvubuf nMaga nbsf
celor trei tipuri de specimenesandwichgb csj dbuf qsj o f yapezesdi sf u
v s noarele valori 12 g specimenele sandwich cu miez dagure, 16 g spedmenele

t boexj di d v 9 g gpedimengl@ sasdwiah- cu miez onduldh urma testelor la
compresiune, sb pctfswbu da TowfmjBvm tvgfsjps )gj
structura sardwich, sb ef gpsnbu/ Ef gpsnbbjjmf bgbs To0o n
g b g u v m e dtdctul shhdiviahs-au deteriorat local. Principalul mecanism de defectare,
bgasvu mb tqgfdjnfof mf uftubuf mb dpngsftjvof
structurilor sandwich, supuse testelor de compresiune 1T owf mj Bvm Wugs&{f
sjhjea- gsjo vsnbsf gpsgfdbsfb njf{vmvj b
[ZAH20c].

Flambajul prin
forfecare al miezului

Fig.4.21.Flambajul prin érfecareal miezului structurilor sandwich supuse testelor la compresiune: a)
njf{ gbhvsf < mieZonduyafZAH20chusbu< d*

Imaginile optice ale specimenelor sandwichau fost realizatecu microscopul metalografic
Nikon Eclipse MA 100. Specimenglgrezentate in figura 4.21au fost analizate microscopic.
Bt ugf m- 1 o igiighra 422.b, 5d dem@statto deBlipire a straturilor de material

extrudat, ceea ce a determinatambajul prinforfecare al miezului.n figura 4.22c, forfecarea
miezului nu a determinatdezlipirea straturilor de material extrudat deoarece miezula

prezentatp gmf yj cj AAHRGcuf sj ej dbua
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Fig.4.22.Imaginimacroscopiceale specimenelorsandwichdefecte supuse testelorla compresiune
(n & s p5X)fa)miez fagureb)n j f { q)&wndeld andula{ZAH20c]

Dvscf mf dbs bdudf deplasarg ld Eomgresiahdfigutdab4s28), pentru fiecare
dpog| e miézAfaglireqg a u s bndulatBau prezentatouf oej oba tj nj mbs 3
structurii este unul linlatrg @ o0a mb j oj bj f s téhdbgp s gnfpdla g jdja er jsff {t
T oda.sSe daate jobserva faptm da gpsbb nbyjna- gaoa 170 n
efufsjpsbsfb |jsfwfst]| tstruotari saduwvich,la to$t dejaprorivnativ | QM
10 kN, la structurile cun j f { .gD& asenbeneadeplasaregla care a avut loc deteriorarea

j s f wf,adtrycturji saddwich a fostde 13 mmlanj f { v m[ZAH20¢]s b u

Miez fagure Miez pdtrat Miez ondulat
3 —S%pecimen 1 1 —Specimen 1 35 —Speacimen 1
45 —Specimen 2 10 —Specimen 2 3 —Specimen 2
4 / Specimen 3 ) Spedimen 3 Specimen 3
=35 / —Speciment| = —Spedmend = 25 "“ A
= 3 =N pecimen 5 = / —Specmens X /s opecimens
g 23 // / \ 2 6 /7Q g ﬁ
= / / Q 7 Y o1s
w2 >0 ’S
= 15 / = =
«— / / «— = 1
' )
2 05
4 S /)
N/ NS .
o 05 1 15 2 o 05 1 15 3 0 05 1 15 2
Deplasare [mm] Deplasare [mm] Deplasare [mm]
a) b) )

Fig5/ 34/ Dv s cXdeplasafe dedpecinibbebif sandwichestate la compresiune
b* njf{ gbhvsf< c¢c* [@#AH2Qc] qausbu< d* njf
Indicatoriistatistici (media, abatered uboetdptegBdj fouvm ef wbsjbbj
pentru structurile sandwichcue j gf sj uf uj qvsj] ef nj,ftdnform g b h v .
sfmbbjj mps tubujt uj dASTMgG365wean{frw fie¢are tevie de Wated e b s «
)sf{jtufobb mb ddgerelgsticitatejlawcanipresiine npev mv m

Valoarea dpf gj dj f ouvnnpreziefi @ wihishjpdf f d mbs a b pnphf
fygf sjnfoubmf/ D pefvggun js€ poatewbsene fin tadiub 414, e yafor

cuprit f T ousf @0%. Astfelse Bateaftmada nfej b ftuf sfqgsf{
df mf Bbtf tfuvsj [Z2AH20dbuf fyqfsjnfoubmf
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Tabelul 4.14Indicatorii statisticie f uf snj obbj e
ai specimenelor sandwiciZAH20c]

o uftubsf

Indicator statistic Media Coeficientul de
Abatere standard :
(m) ©) wbsj bb
Tipul de miez (CV)%
FagureASf { j t uf of
_ 1,600 0,154 9,625
compresiune [MPa]
Qausdfu{ jtufob
_ 3,000 0,244 8,133
compresiune [MPa]
OndulatASf { j t uf ol
_ 1,000 0,077 7,700
compresiune [MPa]
FagureA Modulul de elasticitate
_ 0,080 0,007 8,750
la compresiune [GPa]
Q a u A5 Modulul de elasticitate la
_ 0,140 0,014 10,000
compresiune [GPa]
OndulatA Modulul de elasticitate
_ 0,074 0,004 5,405
la compresiune [GPa]

4.3.3.2. F s g p s nspexihéneldisanawichsupusela incovoiere in trei puncte

Bdf bt ua nf upea
)sf{jtufobb mb

dv njf{ qgausbu

ef

Todpwpj fsf-
rezultatdio d v s c b -depladageRld stracturilorsandwichv Bp b s f /

b v

uftubsf t f

vuj mj {fb{a
npevmvm ef

b

mb

g f

f mbtu

Tusvduvsj

gsf {f oub ulaidcovmiére Tm tbej puncte.o f s

Tgfdjnf of mf t boexj di
sf{jtuf obf jde mbroximatid HpAaMPHZAK20c] Specimenele sandwich cu miez
j f b sff{in tufo
dpngbsbbjf dv sf{jtufobb mb 1 odp wepfijgirasdf24).b

gaubbuqgsf{foubu

Y

w b

M Rezistenta laincovoiere [MPa]

[
wn

dv nj f{

mpbsfb nfe

-s-Modulul de elasticitate [GPa]

poevmbu

iy
=

[
o

-y
u

-
[=]
—

Rezistentala incovoiere [MPa]
(53]

(=]

Fagure

Patrat

Ondulat

Tipul de miez

&
Modulul de elasticitate [GPa]

Fig.4.24. Rezultatele testelor la Tncovoiere n trei pund@AH20c]
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Testareg la incovoiere in trei punctea structurilor sandwich a permis determinarea
vsnaupbsfmps dbsbdufsjtujdj; s €.f) B reaifteotd @ v mu
incovoiere ainveliBilui @ / Sf{jtufobb vmujna mb gpBsgfdb
rezistenta laincovoiere ainvelBilui(@j hvsb 5/ 36/ c* bv gptu dbmdyv
conform standardului ASTM C393. Masaelor treg uj qvsj ef d,pabriggteh v s b b
gsj o f yusve b saffostuspesimepele ol miar jdedfagure 14 g, specimenele miez

g & u s b spe@ménele eu miez ondulat 9 [@AH20c]

M Rezistenta ultimi la forfecare a miezului fagure [MPa] B Rezistenta la incovoiere ainvelisului - Miez Fagure [MPa]
Rezistenta ultimd la forfecare a miezului patrat [MPa] Rezistenta la incovoiere ainvelisului - Miez pitrat [MPa]
W Rezistenta ultima la forfecare a miezului ondulat [MPa] w Rezistenta la incovoiere ainvelisului - Miez ondulat [MPa]
1 =1

H ¥
= 03 =m
E] -
S08 — — E -
2 e . —
Eor - H
m E 5 S
508 — ™
g @
:‘c'.: os % s S
F] 3
< 04 2
Eoa o
E] £,
M0z 5
= k]
kiR 3
m o
~ o

1 2 3 4 5

Specimen Specimen
a) b)
Fig.4.25. Rezultatele testelor la incovoiereintgivoduf ; b* sf{jtufobb

mb gpsgfdbsf b njf{vmvj< c2AH2d{j tuf obb mb

In figura 4.26 au fost descriseprincipalele moduri de defectare la structurilor sandwich

supuse testelorla incovoiere in trei puncte. Rezultateléestelor la incovoiere in trei puncte

gf ousv tgfdjnfofmf tboexjdi dv njf{ gbhvsf -
tvgvtf mb fgpsuvsjmf ef Baeproqg fotejf sdf ) )i 1oavw fmn BB

\ #
a) ....r Incretirea
= - - B invelisului
b) Ruperea invelisului

Craparea miezului

Dezlipirea

9]

invelisului de miez

Fig.4.26. Modurile de defectare ale specimenier sandwichp ¢ bj o v u f laéncovoiereif treu f mf
puncte: a) miez fagure; b) mieg & u s) miez<onduwit [ZAH20c]

Modul de defectareqsj o T odsf bj sf b 1 oestd cujoRut syb cgnemiredag j h v
de flambaj local &1 o wf mj BwfrmjjBs s dmffsj j t bo eprg¢iadaproape nj f
toate eforturile de compresiuneB e intindere in urma testelorla incovoiere n trepuncte.

La specimeneled v nj f {cargauwpredeniatv o 1T owf nB|jB wvtoveziftgntddf s
fgpsuvsj mf e f de dbpgecages defegtarea prin d&garea (ruperea)i o wf mj Bv m
superio, s f qsfdgojurab fubga)Bgepvdb fabada/ dpotua 1
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njf{vmvj- vsnbua bqgp]j e,fq & qki pigd Wb mjf Bvuajilg o ¢ § $
sandwich cu miez ondulat aundicat o dezlipireintre T owBmj] B ) f { - T 0 qqsj oc
t vgs bgf defcpntaad firdrg¢ acestea (figura 4.26c). Figura 427 b qsf {j oua ef
straturilor de material extrudat care a determinat defectarea specimenului sandwich. Pentru
specimenelesand j di  dv nj f { qbd tnsindpul tedtedoy ldTacevioierd / B a s v u
rupereacmgmf ua b tusvHdvgpf{] Gphaveb{ hj . gBmidzdd T ow
ondulat al structurii sandwich[ZAH20c]

a) b)
Fig. 4.27 Imaginimacroscopiceale specimenelor sandich defecte supuse testelor léncovoiere in trei
puncedsB8Y*; b* njf{ gbhvsf < Cc[ZAH20¢]f { gdusbuc<

Comportamentu| din punct de vedere h curbelor i o d a sAddeakare al celor 15
specimene testate la incovoiere in trei punctéfigura 4.28,gs f { j oua epva fubgqg
ds f Bifibssfiaousf gpsbb bgmjdbua Bj ef gmbt,spef - dv
mbyjnvm dvscf]j Bj ,nbbqg pgjp spb,at rdedbentilsnipericspecimeanhelor
[ZAH20c] Curbelg o d a 4 deplaséreau prezentatob mv s a ,pgntnujceltebtrei dipuri

de miez studiate fagure, g a u B jondulat). Analizand aceste curhesf pctfswa da
nbyjna TJTwasfhjtgpsh ef b N,dap v flepldsarg ded4,3%37-bBng & |
specimenelor sandwich cu miezq a u/s b Qf s gp s n b o,bld fntovoierg dg d b u f
specimenelor cu miezg au,sbu ebupsfb{a sfbf mfajues bebaocefa ef
ef uf s njolbtudaiBnare g specimenelor fabricatg sj o f yusvebgqi2g uf s n
specimenele cu miez fagurel6 gt qf dj nf of mf  d9vg speginiefiele guamiez b u
ondulat).

Miez fagure Miez pétrat Miez ondulat
03 - 05 03
peci ——Specimen 1 —Specimen 1

- 045 imel
£ | —Spedimen 2 —Specimen 2
025 Specimen 3 - | 025 Specimen 3
i e o Specimen 3 //\ i
—-5peamen ._/‘ —5pecimen
N 4—Specimen &4 .
— 02 ”/ —-Spedmen5 | 035 P | — 02 ) —Specimen 5
= / —Specimen 5 = /./ ‘
~ X 03 =
) UJ ©
S 015 \ 5025 / w015
b = -
£ / T g™ £ /
L o1 1= £ o
« v, o015 ¢ 7,
/ o1 A /
0.05 7 0.05 7
_/ " _/
0 ! - 0 0 !
o 1 2 3 &4 5 & 7 8 95 10 11 12 0 1 2 3 4 5 3 7 o 1 2 3 4 5 6 7 8 9 10
Deplasare [mm] Deplasare [mm] Deplasare [mm]

Fig. 428 Dv s ¢ f mX deplasatedesspktinehelor sandwich testate la incovoiere:
b* njf{ gbhvsf< c¢c* [@#AH2Qc] qdusbu< d* njf
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Indicatorii statistic, g f ous v

Todpwpj fsf Bj npevmvm

dpogj hvsbbjj ef

Astfel, datele experimentalep c bj ovphph voil-
valoaread pf gj dj f o uassost ndf]

sf{vmubuf mimbpdippnogedt epo us$
g pentrd spbctmerjeld jsandbmcti cumb ]
ej gdudostyfs f § §ib takemIf415. ga us

njf{

j bs
vl 3@PjHDABIZ0d]
Tabelul 4.15. Indicatorii statistice f uf snj ob b j

e]

trei puncte, ai specimenelor sandwichiZAH20c]

nfejb ftuf sf

o uftubsfb mb

Indicator statistic|  Media | Abatere standard| Coeficientul de
Tipul de miez (m) (s) wb s j(@VP4
FagureASf { jt uf obb
8,800 0,836 9,500
[MPa]
Qausdfu{jtufobb
16,200 0,908 5,604
[MPa]
OndulatA Sf { j t uihcovbiére
5,400 0,547 10,129
[MPa]
FagureA Modulul de elasticitate
R _ 0,500 0,035 7,000
la incovoiere [GPa]
Q &at A Modulul de elasticitate la
N _ 1,000 0,079 7,900
incovoiere [GPa]
OndulatA Modulul de elasticitate
R _ 0,300 0,035 11,666
la Tncovoiere [GPa]

5/ 4/ 4/ 4/ Dpnaqps ubspetimemalonsarmdbichu s bdbj vof b

Structurile sandwich cu miez ondulat au prezentat f mf
Qf sgpsnbobfatefacesqgr éigurd deudpecimenet f
ondulat, care mb t pmj dj u b sd fost cemplet apldiizathagtfel aelzultdnd valori
tvgfsjpbsf bmf osff {Bjt ubfrnofb fnp envomvunsvbj d(bgufa 4.29nbt uj «

M Rezistenta la tractiune [MPa]

~l

nbj

cvof sf{vmul

ebupsfb{a njf{

-=-Modulul de elasticitate [GPa]

[l

o
o

wn

-~

W
—

L.t}

-

Rezistentala tractiune [MPa]

=

Fagure

Fig.429 Sf {vmubuf mf

Patrat

Tipul de miez
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Ondulat

=

e
o

c o o o o o
MoWoEnn o~

o
=

Modulul de elasticitate [GPal

[AAHROg]f mps mb usbdbj vo
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Evga dvn tf alip fgurd 4.29 c tsffs{wjbt uf obb mb usMPdbj v o
(miez fagure)B | 6 - (Bhiezdo@@hblat)iarmpevmvm ef fmbtujdjubuf tf
valori 0,36 GPdmiez fagure)B | 1 - @&z oHdQlat). Masacelor trei tipuri de specimeng
gbcsjdbuf qgsj o f yadostvspebimene cu misznfagureild g, spedndene cu

nj f{ g a uspecimensc mikz-ondulat 17 J.oate specimenele sandwich, testate la

us b d b jawdeteriorat prin cedareai o wf mj Bv s j mp s - foriecargaamiezulis f b
(figura 4.30. Cedarea specimenelosandwich sa produsmb 1T owf mj, Bsurensat vgf s
progbhbu gsj o 1 oca agpfitHavnmeluhinfdrigr, ulp a provocat ® v q uav s a

T owf mj Bv[AAHROc]}] ogf s ps

Fig. 4.30 Modurile de defectare la specimenelor sandwicht vqvtf wuftuf mps ef wu
df ebsfb TowfmjBvs[BNi20c]Bj gpsgfdbsfb nj

E v q ém s& poate observa in figuril® / 4 2 / b .b, Bpecinterielke 2u prezentat o rupere
dpngmfua b Tousfhjj tusvduvs|j tboexjdi- qgp-:¢
T owf mj BZAH2(clogf s ps

a) b)
Fig. 4.31 Imagin macroscopiceale specimenelor sandwicheteriorate, supuse testelor

mb ushdspe8®&t;)b* njf{ g[BAHR0s]f < c* njf{ qga
Dvscf mf ANefdgmdtblsdf - t gpf dbjmgegzgdbfh vgsjff d)yagsjvhjv s b 5/
(figura 4.32b) B p to(guran®.32 d * - bv v snbpenti dohté befile deb mv s «
structuri sandwich. ) o sf gsf {fouasj mf h s b deplasare, senpbated v s ¢
pctfsgqupanfbdj na )1-985 | O*- b gptu bujota ef
[ZAH20d.
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