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Parametric analysis of impact on sandwich cylindrical shells with FML face and

functionally graded core using a new shell theory
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In this paper, the parametric analysis of the impact on cylindrical sandwich shells with the FML face sheet
and functionally graded core using a new shell theory is discussed. In this research, two new, simple and
engineering models have been presented to predict the history of the contact force caused by a quasi-static
transverse impact by an elastic and isotropic impactor in the shape of a sphere, with a low speed, to a

composite cylindrical shell. These two models are the half-sine model (or H-S) and the improved mass and
spring model with two degrees of freedom (or IS-M). In the H-S model, the maximum contact force and
contact duration have been extracted analytically. In the IS-M model, first the mass and the effective
stiffness of the shell at the contact point are calculated analytically, then using the successive method and
reaching convergence, the modified contact stiffness is obtained. Validation of the present research results
was done by comparing the theoretical and experimental results of other researchers and the results of the
ABAQUS software, and a good match has been achieved. The results show that the more accurately the
effect of (1+z/R) terms are calculated, the higher the accuracy of estimating the impact response. Also, the
numerical results show that some parameters such as the structure, material and angle of the layers and the
metal volume fraction (MVF) and the ratio of the core thickness to the total thickness of the shell in
FML/Core/FML sandwich shells with FGM core have a significant effect on the impact response.
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Fig. 2 Transverse shock loading applied to the outer surface of the shell.
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Fig. 4 a) Nonlinear mass and spring model of two degrees of freedom
by Shivakumar et al. [24]; b) Improved linear mass and spring model
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in comparison with Gang's experimental test[18].

JECTTS
i ) ooy e (gmie ) e
S A5l . . .
s o ooles — bl (59 s
9 )
> €T (lesh ol
Frod ol
ms) N.s)
™) ms)
oA Ln.i -
696.2 05249 18686 0.756070 @ o o)
[18] K518
6961 07744 15487 0.751076 (H-5) Jsl Joa
001- 4753 1711 0.66- ) s
5097 10191 20136 0.695056 (IS-M) pgo Juro
1386- 9415 7.76 8.07- ) tas
7012 08911 1.80 0.767867 S
[18]
07218 69.77 3.67- 1.56 ) s
Yabuwilo s b
610.0 04456 14976 0.554105 i o)
[22] 95w 9
1238 1541~ 19.85- 26.71- ) s

(IS-M) o33 Juo g (H-S) J5! Joo dmmlio -1-5
H-S Jow 99 (olal 2 o0 (065 Gy (ool S8 (e il o €255 99
At a5 LB IS-M
Jae 5l iy (280 H-S oo b ond 005 (e 450 (5950 ST -1
oS B0 H-S Jaw b ool 05 (et (el (yloj S (Jg 0, IS-M
25, IS-M Jas 5
O e 155 B St alne 4y 5L H-S Jue sl 1, -2
5% 5 Sl Joleo s s anloe sl J5D) @l Ren ail> 5o
dolae g0 ady; deslne 9 (Spele 0y a5 3 drslos
ail> S Ll 8 L L ISM Jae s ol (s e
LSS (Sailolass 5 (Slial Joleo (e (Sho dnlne iz (2] Ken
)03 0ad Ml Lules st o, Ken sl OS5 ke b aw Ygone)

Joe SHIS-M e 2 g oo e i Ll U azil & 4z L
SlanTs asle Yo ao b clls ,5 o L1 5 el josls H-S
AL mglgl 51 DleMbl 3ls sl oad Spo oy & 2l siluage
S ISM Jae la o 5l oK copdhay el Jianlis el IS 55
OBl oled (5955 dmlze p ogdle a5 el (! (H-S Jow b anslis
2,03 3529 525 3,95 p oo (n )y a3 dingy 23 lojed Al

FGM @i LFML/ acuwa/FML glailgiw! aiwgy & yuo Judoxs —6
4,0 Cod FML/aalFML onsuile dingy 4,0 sl (Gide ol 5o
P9y & gy S e 50 o (59,5 oaid) b g (b Cepe pope
5 ol b b oot aulos 1IS-M 5 H-S sl Joe 51 ssliceal b Lo
b 4wl apdy Oyee awslie ABAQUS/Explicit Sl
ods oyl ABAQUS Jl58le 5 50 6 S wogame oyledl (g, 4 (55lw S
0u) 4 yd 5 (shailgiul dingy iz g awiie Slasie 3 Jsaz 0 ol

iloads oo); ).]a"j.b)}o

2111

Ref. [22] (Analytical)
Ref. [18] (Experimental)
Rel. [18] (Analytical)
. — Present (H-8 Model)
800} ) A VOO Present (1S-M Model)

Contact Force (N)
B
8
=]

o 05 1 1.5 2 25
Time (sec) x10”

Fig. 5 Comparison of the contact force history obtained from the
analytical method of Matmilola and Stronge [22], the analytical and
experimental methods of Gang [18] and the first model (H-S) and the
second model (1S-M) of the present study.
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Table 1 The geometry and material of the shell and impactor studied in
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Table 4 Geometry and material of FML/core/FML sandwich shell with
P-FGM core and steel impactor.
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Fig. 6 Modeling of shell and spherical rigid impactor in ABAQUS
software.
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P-FGM core and rigid impactor.

. oy,
Ti/C 2/1 [0/90/0] , MVF = 0.7
(facesheets)
~ag: plii-psliss o lise Ji5Lo L FGM
poilis (COre) awsd gy

Neore/N =0.3 L 0o ,5 30 oz o8 L (Ti-TiB-Ti)
R=1m, L=1m, h=0.05m

(Wlgiwl) awacn

R =0.3m (53)5) dwain &

ouid)

Vo =3m/s gm; prie i g g P

a0 LJ"“‘J L 5;4 61)1‘3 S4R QLQ.” )l Ls...”mb’ dwgy 6)L.JJJA Gl).:
5 R3DA o (slaplodl 5l ouiis a0 (3lodas lp 5 05 o 50 ol
ol oo ooliiwl 0,5 1o 40 ol 4> 0 4w b 0,53 94 L s 5 4 R3D3

el a2 53y plol 6 S Bollas 00y 4y pd g diwgy (GO o s

45 T

------- Present (H-S Model) 4
— Present (IS-M Model)
—— ABAQUS/Explicit il

Contact Force (N)

Time (ms)

Fig. 7 Comparison of the history of the impact force caused by the impact
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Fig. 11 The maximum buoyancy of the inner surface of the shell under
the contact point in terms of core volume fraction (here/h) for different
values of MVF in the skins (m=1282.7 kg, vo=1 m/s and N=10).
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Fig. 9 Comparison of the history of the crust under the contact point for
different values of the core volume fraction hcore/h (metal volume
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Fig. 10 Maximum contact force in terms of core volume fraction (hcore/h)
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