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1 CUDORTNI TION 

hguorhT  is mple ul mped-parameter m do e sl  a dn  un em rical alumis ti sno  of vari suo  ts r cu t ru es 
s bu ject ot  wol -velocity pmi tca  yb  hps ire cal jbo ects, ew  udorp ec d a charac ret zi at noi  d ai rg a ,m  

ihw ch si  tes  fo  cha ar cteristic c vru es wohs i gn  t eh  f nu ct noi al relat hsnoi ip fo  on rma zil ed  
am mumix  pmi a tc  f ro ce dna  rht ee non - mid en is o lan  im ap ct paramete sr , the “rela vit e m bo i il t ,y  

z,” t eh  “relati ev  stiffne ,ss  l,” fo  t eh  st cur t ,eru  a dn  t eh  “e ff ective ma ss  rati ,o  m” [1 .]  ehT  
char ca te azir ti no  id a rg am is nwohs  in rugiF e .1  sU i gn  eht  cha ar retc zi at noi  d ai rg ma , t eerh   
r se esnop  re snoig  can eb  identified a dn  cl ssa i if ed: ehT  l co al a dn  ni if in te urts tc eru  re ,snoig  

hw ere t eh  no mr la zi ed mi pact fo ecr  depends on z la ,eno  eht  rt a isn tion re noig , hw e er  t eh  
on rm la zi ed pmi ca t f ro ce depends on z, l a dn  m, a dn  eht  f lu ly lg obal ro  uq isa -stat ci  regi ,no  
hw ere t eh  on mr la ized i pm act force depe sdn  no  l a nol e. Definitions a dn  me sdoht  (analyt ci a ,l  

c tupmo ta noi al a dn  e epx emir tn a )l  to bo at ni  t eh  non- mid ensional pa ar etem rs a er  vig en ni  
Re ef re cn e [ ]2 .  
 
2 IM CAP T SNOPSER E DNA  AD MAGE 

nI  dro er ot  characteri ez  eht  apmi ct event (i.e. lp ace eht  r se snop e in t eh  a rpp o irp ate regio ,n  get  
t eh  t py e fo  re ps o esn  a dn  am mumix  fo cr e ,)  a ll  that si  requi der  si  t eh  kn wo le egd  of t eh  relative  
ts fi fne ss  a dn  eht  relati ev  mobility of eht  st ur c .erut  ruF therm ro e, t eh  cha ar c et rizat noi  id a rg am  
ac n eb  su ed f ro  dama eg  resista cn e a dn  t lo erance st idu es. tI  si  well k nwon  that t eh  t epy  of  
mi ap ct eve tn  has a si ng i if ac nt fe fe tc  on t eh  re ps onse a dn  co sn equent yl  on damage. O en  esu  of  

t eh  char ca t re zi ati no  id a rg am is ot  alp ce eht  re snops e, e.i . ew  can say b fe ero  ew  nur  na y  
mis u al t oi n (e px re mi e tn a yll  ro  mun eric )ylla  hw at pyt e of a re ps o esn  ew  e px ce t. ruO  c jno ce erut   

is t tah  ew  w li l a osl  eb  ba le ot  say so em thi gn  about t eh  e px ected ad am eg . rP mile ni ra y wo kr   
su i gn  AB SUQA  lumis at snoi  l koo  orp m gnisi . nI  Figure 1 the on rm ila zed max mi um pmi act  

f ecro  f ro  a bmun er fo  si alum t snoi  f ro  a v ra ie yt  of alu im mun  st ur tc ru es a er  hs o nw  a dn   
c pmo ared to t eh  cha ar c ziret ation id a rg ma  rp e id ctio sn  [ ]2 . sA  it can eb  nees  t eh  a rg eement is  
e cx e ll e tn  f ro  t eh  ent eri  nyd am ci  s ep ctrum. nI  soht e lumis a snoit  no ly col al lp astic ed for am tion  
w sa  acc tnuo ed f ro  a dn  the er  was on  st ur ct ru al ad am eg . rugiF e 1 la os  wohs s lumis atio sn  for a  
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composite plate having relative stiffness of  = 0.078 for three different type of responses, 
from the quasi-static to the infinite structure range. As it can be seen the maximum impact 
forces are lower than the predictions of the diagram, which is to be expected since the 
simulations include structural damage, such as delamination, matrix cracking and fiber 
failure. For the quasi-static case and for an undamaged plate, the characterization diagram 
would predict a normalized maximum impact force of 0.27 (9860 N), whereas the ABAQUS 
simulation with damage would predict 0.18 (6570 N). On an average sense all three 
simulations have a 32% reduction in the impact force due to damage. From the diagram it is 
deduced that the composite plate has a damaged effective = 0.05, which means that the plate 
has lost 37% of its original stiffness because of damage. Figure 2 shows the impact response 
for the composite simulations, demonstrating the different type of responses from the quasi-
static to the infinite structure range, and the effect of damage on the response.  
 
To the best of our knowledge, the main problem with available experimental data is that they 
are mainly quasi-static and/or small mass types, and thus they don’t cover the complete 
dynamic spectrum of impact events. We expect that the most critical impacts are in the 
transition zone. Therefore, by using our characterization diagram we can design a ‘smart’ test 
matrix that covers the complete dynamic spectrum. Furthermore, we can do scaling studies 
where simpler structures are tested. We expect that this tool will benefit standards that aircraft 
manufactures use for impact commissioning structural elements. The CAI tests that are used 
for damage tolerance can be preceded with a more thorough impact testing matrix. 
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                  Fig. 1: Characterization Diagram      Fig. 2: Impact Response of Composite Plate 
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