
 yticoleV woL latnemirepxE eht fo ydutS
setisopmoC nobraC no nonemonehP tcapmI  

snoitalumiS laciremuN troppuS ot   
 
 

ICCUNOTNA .V 1 OTUPAC .F , 2 ALLEGNAL .A , 3, 
OTSERPOL .V 3 OICCIR .A , 2 ILLERRAZ .M dna 1  

 
 

yeK w  :sdro im ,stset tcap  aled ,noitatnedni ,slairetam etisopmoc m oisufni eslup ,noitani .n  

:yrammuS  woL  yticolev  tcapmi  stset  erew  deirrac  tuo  no  nobrac  erbif  decrofnier  
citsalp  setanimal  at pmoc l ete  noitartenep  at tnereffid  ygrene  l sleve  ta  t eh  mia  to 

etagitsevni  tuoba  eht  egamad  noitaitini  dna  .noitagaporp  emoS  fo  eht  snemiceps  erew  
enitsed d ot  IAC  stset  dna  eht  laudiser  htgnerts  saw  .detaulave  ehT  setanimal  erew  

detacirbaf  yb  a wen  av c muu  detsissa  ygolonhcet  dellebal  sa  eslup“  .”noisufni  llA  eht  
latnemirepxe  ,stluser  retfa  ,gnisylana  erew  desu  ot  tsissa  eht  laciremun  .noitalumis  By 

pmoc eht dnuof erew stnemeerga doog ,nosira  .  

 
1 NOITCUDORTNI  

setisopmoC  ,slairetam  eud  ot  rieht  non - gomoh e suoen  dna  ciportosina  ,erutan   nehw  
,detcapmi  nac  liaf  ni  a ediw  yteirav  fo  sedom  dna  nac  ylereves  ecuder  eht  ytirgetni   fo  

fi neve stnenopmoc larutcurts eht  ad lausiv eht m tnedive os ton si ega  .  
ehT  tnereffid  tcapmi  segamad  nac  eb  detcelloc  :ni  )a  lanretxe  ,segamad   snoitatnedni  

tiw h nereffid t tped hs na d b) anretni l ad m ,sega  ekil  retni - al m rani  tcarf u  ser  
retni yb desuac )snoitanimaled( - erbif ,sesserts ranimal ni( skcarc s -  egakaerb erbif noisnet  

dna  in- noisserpmoc  erbif  )gnilkcub  dna  xirtam  .skcarc  ,revoeroM  eht  tcaretni i  no  
neewteb  eruliaf  sedom  semussa  a yramirp  r elo  in srednu t dna i gn  egamad  sedom ,  
noitaitini  dna  noitagaporp  .]1[  tI  ,si  ,os  yrev  laicurc  tub  v re y ,tluciffid  ot  evah  a  raelc  

gnidnatsrednu  fo  eht  i tcapm  .nonemonehp  A tol  fo  stroffe  erew  enod  rof  ynam  sraey   ]2[  
ta  eht  mia  ot  etagitsevni  tuoba  eht  ecneulfni  fo  eht  egral  rebmun  fo  sretemarap   devlovni  
ni  cimanyd  nemonehp a dna  eht  yrev  xelpmoc  retni noitca  inahcem s sm  neewteb   eht  

tnereffid  mo sed  fo  .eruliaf  A egral  rebmun  fo  latnemirepxe  stset  erew  deirrac  tuo   dna  
eht  stluser  ylediw  deiduts  ,tub  eud  ot  eht  yrev  xelpmoc  esnopser  fo  setisopmoc   ot  

,stcapmi  a tol  fo  snoitseuq  niamer  derewsnanu  .tey  eroM ,revo  eht  xelpmoc   noitcaretni  
neewteb  eht  eruliaf  ,sedom  ecnis  decneulfni  yb  a yteirav  fo  marap e sret  nac  eb   yldrah  
detciderp  yb  lacitylana  dna  mun e ir c la  sloot  .]3[  ehT  mas e oh l sd  rof   laudiser  

i retfa htgnerts noisserpmoc m tcap .  
detadilaV  etinif  tnemele  )EF(  sledom  dluoc  ,eb  ,revewoh  na  laitnesse  loot  ot   ecuder  

gnitset  mit e dna  stsoc  ni  eht  tnempoleved  ,esahp  yllaicepse  rof  apmi tc  stset  no   egral  
egats tnempoleved eht ni tuo deirrac eb ot evisnepxe oot gnimoceb era hcihw serutcurts  .  

nI  siht  ,krow  a gral e latnemirepxe  ngiapmac  fo  wol  yticolev  tcapmi  stset  sah   neeb  
deirrac  tuo  no  etisopmoc  mal i setan  htiw  mia eht  ot  ylppus  lufesu  ofni r noitam  ot   poleved  

na  tcapmi  detneiro  ngised  em t .ygolodoh  ehT  setanimal  edam  yb  nobrac  serbif   ni  
________________  

1 RNC  hcraeseR  lanoitaN  ,licnuoC  ,BCMI  tsnI . fo  pmoC . dna  moiB . ,.taM  E.P . ,imreF  icitroP  
,)AN(  latI y e- :liam  ti.aninu@notnaniv ; ti.rnc.bcmi@illerraz.oruam   

2 tnemtrapeD  fo  lairtsudnI  dna  noitamrofnI  ,gnireenignE  dnoceS  ytisrevinU  fo  ,selpaN  aiv   
Ro ,am  ,92  asrevA  ,)EC(  It la y e- :liam  fr .ocsecna c ti.2aninu@otupa ; olleina ti.2aninu@oiccir.  
3 pD t. fo  ,lacimehC  aM t re i sla  dna  noitcudorP  ,gnireenignE  ytisrevinU  fo  selpaN  ociredeF“  ,”II  

el.P  ,oihcceT  08 - ,selpaN  latI y e- :liam  ti.aninu@otserpol   



 2

polymeric matrix RTM6 have been manufactured by a new vacuum-assisted technology 
called pulse infusion. It is  based on the use of a proper designed pressure distributor, 
that allows to control the pressure of the vacuum bag on the dry fiber reinforcement and 
induces a pulsed transverse action to promote the through thickness resin flow. 
Moreover, thanks to the use of a reusable pressure distributor,  it is characterized by a 
reduction of production costs and a significant waste decrease. Unidirectional layer of 
dry fibres were overlapped following the stacking sequence [(0)/(90)/(+45)/(-45)]s,  
resulting in a laminate nominal thicknesses of 2.5 mm.   

The experimental tests have been carried out on a Ceast Fractovis MK4 drop 
machine, allowing to vary the impact energy by changing the impactor mass and the 
drop height. Impact tests were carried out up to the complete penetration of the coupons. 
The instrumented impactor was cylindrical shaped hemispherical nose, 19.8 mm in 
diameter. The rectangular specimens, 100x150 mm, were clamped using a clamping 
device suggested by the EN6038 standard. The force-time and force-displacement 
curves obtained by the complete penetration tests were recorded by the DAS4000 
acquisition program and successively studied to evaluate the penetration energy and the 
variable energy values for the indentation tests. The latter allowed the study of the 
damage initiation and propagation. The variable energies were measured in 
correspondence of characteristic points of the load curves like load drops or deep 
changing clearly evidencing changing in material behaviour like possible damages.  

The load curves recorded in all the test conditions were used to evaluate the main 
impact parameters involved in the phenomenon like penetration energies and maximum 
forces, so as the correspondent displacements. Penetration and absorbed energy, first 
failure and maximum force have been measured. Compression after impact tests (CAI) 
were carried out on some of the damaged specimens and the residual strength was 
evaluated. 

The indentation depth was measured by bifocal microscopy whereas the internal 
damages was evaluated by the well known US technique allowing to have information 
about delamination layer by layer. Semiempirical models were validated to test the 
efficiency of the new infusion technology. 

Results from numerical explicit FE simulations of the impact phenomena under  
experimental test boundary conditions have been considered in order to set some test 
parameters. The numerical analyses have been developed by using commercial finite 
element codes (ABAQUS/Expl.) and a global/local approach has been followed. 
Numerical results concerning impact damages are in good agreement with the 
experimental ones.  

.  
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