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Experimental and _numerical investigation on semi-cylindrical
compositelatticereinforced with triangular cellssubjected to high velocity
impact
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Keywords Abstract

Cylindrical lattice In this paper, the process of manufacture of mold for lattice cylindrical composite is studied and lattice

Experimental analysis composite samples has been manufactured by the filament winding process. Also, the structural behavior of

Numerical simulation lattice semi-cylindrical composite made by glass/Epoxy with has been studied under high velocity impact

EDnergy absorption by experimental and numerical analysis. A gas gun testing machine has been used for high velocity impact
amage

test that recorded the input and output velocities. Also, for this test, suitable fixture has been designed. The
cylindrical projectile with hemispherical head has been used as impactor. Numerical simulation of impact
tests has been conducted by ABAQUS commercial finite element code and the results have been verified by
experimental results. Output velocity, surface damage, the separation between the shell and the rib are
compared experimentally and numerically.Finally,numerical investigation of the shape of the projectile and
the layup orientation has been done. Results show that45 degrees angle of layup has minimum output
velocity and maximum energy absorption. Also, the projectile with flat head has been created maximum
area damage,because of theless area contact with shell relative to another projectiles, therefore has less
output velocity and more energy absorption.
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Fig.3 Full Teflon mld
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Fig. 10 Lattice sample with triangular pattern
e (53801 | S 4igai 10 JSCs
Sdn Algis] cwiin Slasin 1 Jus
Table 1 Lattice cylindrical geometry

polie Slasioe
18 (MM)aiwsy Cuolsed
120 (MM ges ,lad
250 (MM) g5 glis )|
5*6 (MMXMM)osisS Sy g5 alaio
60 (a2 )z b 445

90 50 ap> g0 a4z )b (4,0 sz &Y

o 03,91 1 Jgaz ;0 sads ale i dilgiwl woid Slasine

4 ol Sk B Sl @ azg boosd Jol> wym il
oo QW1 el (et dges silulaa il 5 pdy Bllaxil g Sp s oglis
@ P B o 093 oly askad 4y lasso (S a5 Gl gy ol
B e ol il e Bl sy 4 gilulas ey, abls s
Sl gl andl ogd ad drogl ding b St o5l sl gl Solas
woin o] 0 a5 Sygo ool a0yl vgzs ep 65N8 g isSebe B
S ol e a5 sk 005 0 (b et axmio 55 5 St
Sl a0y dlgul JSo Gles 05 Alg) O jse 4 ldatuns axao
OghlE S (I wiile 4ty oS (Sla iz jledlinul b Lxl 5o 09h
ol 69y 2 @le pSekew g0 o0 Sl (Jilatne Sl dwsin lea
Slom o5 005 0 093 & ]y St daiin JSD g 9 e atSu ) (sblS
dlynl Sygo @ ) (e i nl g Gl a4y
3,10 0925 g, oyl 4o AT SIS gl aisle St o5l LJB aS o6l
Wyl b 855 o )8 o S Llats amio ) g0 By &S el o)
o Ul Aol (a5 5,05 5 (e Sl azms S5

a6 Giglojl -3
ool b Stie 05500l dilgisl o diged gl YU e s 45,0 islo]
g At sbojle g olge Glidss 50 0 38 K@ olKiws
olhral axles gais Rl Sl pwaige euSiils aiedisn
235 ploxl (ol

T ) Z9P 9 099 S &5 Senl Djg (pl 4 oliws Sl
ofiwoll S jo b ploul 120 Mg Cae ps 40 0,95 0 0,5 & lgs
el oads ols lis (58 S

4 a8l e e Sy b BLILAG eolasul 0aiS Covw 2,5 75 5 03,
Job @ el T ay Soo5 Jiamy oloj Do 5 ad onezmy bayled 50
4 dase (sled [0 odd (o Al diged ( Zr 4l plas] 5l e aelx]
430 60 sleo ;5 0,95 jo JolS Cy gly 9wl Coy cele 8 Luw
O diBy g b oolel 5l e b eols I8 cele 4 Sioe 4 o Kl
5b cad gy, 5l LB Calise gloaxkad (LJB 5l diged (g3lulaz (gly cdigas
Jdo a4 as 7, QB 5l St dig05 5 030008 oo Ko 5l g Wi
S8 0 SO Loy babli ol g sl abli oo L ey, oSl
45 b arlye St o b B aiai 08z is S ool SlSe
Sl s wd syleogs B Gl jed 4 wiug G e res &
A oolainl SeSdiw CJB Sl aug b St ailginl gladised el
Slp & (ol plod (e ad) 5 GeSelew Bl eslital o
ol 325 isSalis B (sly 5 03,8 4 iglis B 51 g L
oca) JoSas g byled (9,0 58 Ul (4l 5l G Ll jo 0l
2 B 0 4 (s Syge iz 90zl dlginl diwg bl ln
4,90 4 ax b gl sl 4Y 4 aing eSOl gl s sduzy ey (59,
S 285 8 (SmMy (B S (55 » o 5l e b iz B e
o oobel 5l amags S gl Bl Gy 5 08 mer Semdly ol L
BT cdis 4 St algiwlins 90 b ol ools Loy dawg 5l algiwl caiges
O 9 JS8 53 (o axh) oles 59y 2 B R8BS 0
i gL o ansle St 05903 10 JSUo 50 g o, H90 &y Ay,

el 00l ol lis

Fig. 8 Filament winding machines
= 4.“...‘1‘:) Kiws 8 JS.&
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Fig. 13 Back view of lattice sample were tested
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Fig. 14 Front view of lattice sample were tested
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Kinematic contact method

Fig.11 Gas gun
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Fig. 12 (a)Fixture used in the test (b)projectile with hemispherical head
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Table 3 The material properties of ribs

g, e Sl o
(GPa)

(N/mm)
G6f=15  x,=550 (B sbely 5o SVl Jgaw)E; =27GPa
Gf =10 x. =110 (BUI  sgee Sl Jga)E, =27GPa
G, =05 Y, =65 (s J9e)Gyz = Gy3 =2.5GPa
Gs =1 Y, =85 (b, J990)Go3 =2GPa
Zt =50 (05--4‘5: %‘i}‘é)vlz =0272
2. =70 (J&2)p =1.6%8/ .
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Fig.15 Boundary condition
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Table 2 The material properties of ribs
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60 — = = spherical projectile
0 | 200 mee=—- flat projectile

20 = conical projectile
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Fig.17 Velocity changes of projectile
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Fig. 18 Damage area of lattice sample with triangular cellunder conical
head projectile

bse o il o i Jsbo b S 505 90l pla 18 JSC

Fig. 19 Damage area of lattice sample with triangular cellunder flat
head projectile
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Fig. 16 Damage area of lattice sample with triangular cellunder
hemispherical head projectile
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Table 5 Investigation of shape of projectile

@oads wdz (55, (MIS) o> ,5 b o Al
31.94 109.7 b e
40.41 106.8 S5 b
69.2 9.3 S



www.sid.ir

O|)M}J§hb&)mm

Nl.x_s.c»ud.:).:aks)L)f)b._az.)u.d.in6}§l|be.huhxg}mub)}mlfdumdal}uﬂﬁukséxgua):od.d:d

Fig. 20 Damage area corresponding to 30 degrees angle of layup
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Fig. 21 Damage area corresponding.to 45 degrees angle of layup
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Fig. 22 Damage area corresponding to 60 degrees angle of layup
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Table 6 Investigation of layup orientation
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