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According to the increase in using of polymer composite materials in industry, exact characterization of the
material properties in different loading conditions, including high velocity impact is very important. In this
article, the high velocity impact on non-hybrid and hybrid polymer composite panel has been investigated.
After introducing the impact load types and theories used for damage evaluation and comparison of them,
the matzenmiler theory has been employed to predict damage. In this theory, in order to predict more
accurate damage evaluation, the shear stress is considered nonlinear in elastic region. Afterwards, in order
to use the theory in the finite element modeling, a VUMAT subroutine is implementated in the Abaqus
software. Finally, the obtained results from the present modeling and analysis, are compared with available
experimental data for non-hybrid and hybrid composite panels. The good agreement between the
theoretical results and experimental data, introduces the ability of the applied model and provided
subroutine.
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Fig. 1 Structural response at low velocity impact
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Fig. 2 Structural response at high velocity impact
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Table 1 Specifications of carbon/epoxy and glass/epoxy composites
[28]

Property T300 carbon/Epoxy E-Glass/Epoxy
Reinforcement T300 carbon E-glass
Filament diamerter(pum) 7 20

. . (8
Filament density (&) 1.76 2.62
Filaments per tow/strand 3000 182
Tow/strand tex (g/km) 203 150
Type of weave 8H stain weave Plain Wavw
No. of counts (per cm) 7.16 12.1
Crimp (%) 0.1 0.9
Fabric thickness (mm) 0.34 0.28
Fabric areal weight (g/m?) 312 388
Fiber volume fraction 0.56 0.51
Void content (%) 0.5 0.75

Fig. 12 The projectile with mesh
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S5l Yz gldas gl aldly el S 6l oS e
Al oo Oyl Sy Ay (6,95 (wlelp Gledl (pl 5 el ouls oolaxul
Ao bl Lol 5 (13,5 5 o plp pow Caz 50 A5 5355 Gl 00 5
oz Sloll lawgs b pges Sz 50 LSS s plod (plple il o
Sl p3Y sl S p3Y 00,8 S njeeelS Y iz g0 o Lo B
d)[ba Dl oolazwl Cwls L;L';Ml) 5 QLoJl S5 j‘%d}uw 6‘ﬁ
&l dilate Jol Coond 30,5 o el Conad 50 4y (550, e 13 USS L
b oS ()l dilaie g ol pguge dpp0 dilate 4y 45 ) 5 cewlie Lo b
08,5 oo Jlesl adlaze o] jo cl o e
Gildoo (cwlod 9 5550 Lyl o -3-4

FE sk ad 99 0 b ez 5 Suieels iy 14 S5 L Gillae
S goldan 4 az g b o) Iyl slls (Koo gad g0 50 5 wloalds wde
Sl dgrs b alin lp W G dulpd Wil Jae p)lex
u.e(> )é C,S)> 60}[2‘ ) 9 09¢2 4.:J9| C,.c)w 6‘)“’ d.gl'iﬁ U.Mz.o.a

5.:_\AT)¢;‘,‘L4¢)5,44;"9L4M%§L3@Uﬁé)'b%ﬁwbo
w5 2 jemelS Slrio Byb g0 4y 0B 0,L31 S aSlizes o
Jml%r&bwlmd“)loCﬂawb@U):Ww'owé‘uduy

@S owyp—4-4
“ojemalS CuS S g aded Gemmen it WY Gl S o)
a5 Do db oo By pre G s Sl elS @ oS Lalie sla

Fig. 13 Mesh region with three-dimensional view of the object
(without adhesive)
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Fig. 16 Damage number in 1 direction at the end of the analysis for
hybrid panel H5
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Fig. 17 Damage number in 2 direction at the end of the analysis for
hybrid panel H5
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Fig. 18 adhesive damage and displaying region of delamination
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Table 2 Mechanical Properties of carbon/epoxy and glass/epoxy [28]

Property T300 carbon/Epoxy E-Glass/Epoxy
E,(GPa) 40 16
E,(GPa) 40 16
912 0.315 0.277
a3 0.4 0.4
931 0.016 0.016
G1,(GPa) 3 2
Xr(MPa) 400 400
Yr(MPa) 400 200
S;,(MPa) 276.53 200
Xc(MPa) 400 400
Y:(MPa) 300 313
€1t (@0 max) 0.1079 0.074125
€20 (@0pmax) 0.106 0.074
€2t (@0 max) 0.1079 0.075
€12¢(@0max) 0.13 0.051
€10(@0ax) 0.106 0.106

5 Gt o Cujeels dilize Vb gly Gl mls 3 Jgee

(28] oy oot i

Table 3 Test results for different scenarios for hybrid and non-hybrid
composite [28]
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Fig. 15 Changes in the velocity of the projectile in impact with hybrid

panel H5

HS oo e Jo boygs p 50 alip ey ol puss 15 IS0

J92BLS (5)9Ud 9 pole 4y yuis

(=}

166



Oeds LT rio Juze

S pously U.u),.a.nlf Sl (590 p2 b e paw 4y 30 S 930 £l jal s ilwaub

J 94018 5)9Ud 9 polc &y s

(' ¥

167

sl 050 gl TSl (655
() bz
(N/m?) adgl SVl Jgoo
(N) 5,0
CanSs Hlre S0
Sl 9308 Sz 55 e (55,
J/m) e
TR SECTE O S P53
J/m) ez
J/m) ceSs g5
(M) dasin Job
(N/M?) ez s e el o
m) bl aasein Jsb
NSO IV
iyl sae
O SR TOCRUTE SRR VA A
(N/m?)
oz 50 wlow Sz 50 GREST S
(N/m?)
M) oz adgl Coaliess

(M) 558008 Y Culdes

(N/m?) s

(N/m?) Gl gz jo o5
(N/m?) BLJI 5 Sg0e Cgz o i
N/m?) fge s

N/m?) jiga s

oS

SUl e o 65

SUI 2 sgee gz 53 165
& S

SUl ez 5o cesl 55
e 5O S350 NS

oz S (i S

O ey Sle 5o (S

@l 85

(N/m?) o5y 25

M) oz ;3 3508 bl
M) conzr )3 (o olul>
A (ol o cass 65,

(N/mm?)

EpamL

M(d)

sbgs medle

Jsuz o @Yl s 5o il 5 Glalojl 5l ol (S 0ogae

Siolej] 5l ol el (go0game 19 IS 50 sl sais o0ls iules 4
a4 o> CBo b e o ol bl Lcwl sald sols Gisled (e 9 Jsb)
119 )b cuz o iloand 5l ol @mli aiile S5 500y

9 13 s gl cwi 4 ooy yiewkis 9.92 09y g ;0 9 ieskie
il oo 2BislesT ol b sy 3

[28] YU e poo a0 slo iolojT 0 ol 00900 ol 4 Jguz
Table 4 Results of testing high velocity impact damage [28]

Sl. no. Top view
Along warp(mm) Along fill(mm)
(A) Plain weave E-glass/epoxy
1 19.8(4.2, -3.8) 20.1(3.9,-3.1)
(B) 8H stain weave T300 carbon/epoxy
1 12(1.0, -1.0) 12.3(1.7, -2.3)

(C) Hybrid
HAa 29 (2Q _292)

10.5(1.5, -1.5)

72712 29\

10.2(1.8,-1.2) |
’

| [
| ©

(@) (b)

Fig. 19 damage region in a) impact test [28], b) simulation
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