© 0O N O s W N =

-
-

JID:AESCTE AID:4177 /SCO

[m5G; v1.221; Prn:5/09/2017; 14:13] P.1 (1-6)

Aerospace Science and Technology eee (eeee) eee—cee

www.elsevier.com/locate/aescte

Contents lists available at ScienceDirect

Aerospace Science and Technology

Technology

Short communication

Multi-failure theory of composite orthogrid sandwich cylinder

Shu Jiang?, Fangfang Sun?, Hualin Fan®P*

4 Research center of Lightweight Structures and Intelligent Manufacturing, State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing

University of Aeronautics and Astronautics, Nanjing 210016, China
b Aerospace System Engineering Shanghai, Shanghai 201108, China

ARTICLE INFO ABSTRACT

Article history:

Received 9 June 2017

Received in revised form 24 August 2017
Accepted 25 August 2017

Available online xxxx

Under uniaxial compression, carbon fiber reinforced composite (CFRC) orthogrid sandwich cylinder has
four potential failure modes, including global buckling, monocell buckling, rib buckling and material
failure. The smearing method was applied to predict the equivalent stiffness and calculate the stresses
of the skins and the orthogrid, providing fundaments to build the failure criteria. Theoretical models

were established to reveal the failure modes and predict the ultimate load of the compressed orthogrid
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cylinder by the way of failure maps, providing a feasible way to optimally design CFRC anisogrid cylinder.

© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction

Recently, composite lattice structures gained more and more
attentions for its weight efficiency [1-3]. Among them, CFRC aniso-
grid structures [4-9] have been applied in rockets, satellites, and
airplanes. Usually the structural concept considered for a space-
craft body structure is an anisogrid stiffened laminate configura-
tion [4]. Fan et al. [10-16] developed CFRC anisogrid lattice-core
sandwich shells and found the sandwich style endows the cylinder
greater stiffness and strength compared with stiffened cylinder [4]
through restricting rib buckling [10]. Hu et al. [17] designed and
fabricated corrugated lattice truss composite sandwich pane. The
lattice core is made up of orthogonal corrugated lattice trusses and
this structure was applied to construct CFRC lattice truss sandwich
cylinder by Li et al. [17]. Yang et al. [18] developed all-composite
corrugated sandwich cylindrical shells.

Under uniaxial compression, CFRC anisogrid-core sandwich
cylinder usually has four potential failure modes, including global
buckling, facesheet monocell buckling, rib buckling and material
failure [10,19]. A smearing method was proposed to predict the
equivalent stiffness of the Isogrid sandwich structure [10,19]. Fan
et al. [10] and Sun et al. [19] build multi-failure criteria of CFRC
Isogrid sandwich cylinder.
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In this short communication, a smearing method and multi-
failure criteria were developed to analyze the mechanical behaviors
of CFRC orthogrid sandwich cylinder.

2. Orthogrid sandwich cylinder

A new type of CFRC orthogrid sandwich cylinder was fabricated
by interlocking and filament winding technique [20], as shown in
Fig. 1. The diameter of the cylinder, D, is 625 mm. The height, H, is
392.7 mm [21]. The thickness of the skin is 1.0 mm. The thickness
of the core layer, c, is 8 mm. The thickness and the width of the
orthogrid rib are 2.0 mm and 8.0 m. T700/epoxy-resin CFRC was
used to make the cylinder by hot-pressing and filament winding.
Through uniaxial compression test, the failure load is 302.75 kN. At
the top end of the cylinder, the facesheet failed at laminate delam-
ination, and then induced debonding and wrinkling in post-failure
stage. In the test, material failure controls the ultimate load of the
cylinder.

3. Equivalent theory

According to the conversion relationship between axial force
and deformation in all directions and the stress and strain of the
equivalent homogeneous element, the representative element of
rectangular orthogrid structure can be equivalent to element of
continuum, as shown in Fig. 2. The equivalent elastic modulus, E,
of the orthogrid is given by
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Orthogrid stiffened cylinder

CFRP Orthogrid cylinder

Fig. 1. Orthogrid-core sandwich cylinder [20].
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Fig. 2. Equivalent process of (a) the orthogrid and (b) the orthogrid-core sandwich and (c) central coordinate of sandwich structure.

where Eq is the elastic modulus of the orthogrid rib. t, and h are
the thickness of the rib and the length of the unit orthogrid cell.
It puts forward that the orthogrid is equivalent to homogeneous
structure firstly, then, according to the principle of equivalence that
tensile stiffness and bending stiffness are invariable, the sandwich
structure is equivalent to a homogeneous panel or shell structure,
which has equivalent elastic modulus, Ee, and equivalent thick-
ness, te. For the convenience of calculation, it is necessary to define
the parameters as follows: Es; and Egp are elastic modulus of ex-
ternal and inner quasi-isotropic skin; t; and t; are thickness of
outer and inner skin; d, is the thickness of the orthogrid layer;
E} and E3 are elastic modulus of two skins of sandwich and Ej
is elastic modulus of sandwich core, as shown in Fig. 2. Defin-
ing the relative density of the orthogrid, p* = 2t /h; the effective
thickness of the orthogrid panel, b = t;E;1/Es1; the thickness ra-
tio of the inner and the external skin, A = tp/t1; the ratio of the
height of orthogrid and the thickness of external skin, § = d,/t1;
the ratio of elastic modulus of the orthogrid and the external
skin, n = Er1/Es1; the ratio of elastic modulus of inner and ex-
ternal skin, & = E»/Es1, the in-plane effective elastic modulus of

the orthogrid is E} = p*Er1/2 = Erqty/h; the ratio of the equiv-
alent tensile stiffness of the core layer and the external skin is
o = p*nd/2; the ratio of the equivalent tensile stiffness of the in-
ner and the external skins is yu = A&.

In smearing, the orthogrid-core sandwich turns to homoge-
neous solid shell with equivalent extensile and bending stiffness,
as shown in Fig. 2. Since the skin itself is homogeneous, so that
E} =Es1, E5 = Es» and E3 = Egp. The equivalent extensile stiffness,
Ke, is

Ke = (Ejt1 + Ejdr + E3t2) /(1 — v?). 2)
The equivalent bending stiffness, D, is given by:
EXt Exd?
D,—— 11 1 F% )y T
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+Efde(y2 — ) + L@—H:"*tz(n —y)? (3)
e 12(1—v2) 2 ’

where y is the location of the neutral axis of the sandwich struc-
ture and calculated by

http://dx.doi.org/10.1016/j.ast.2017.08.035

Please cite this article in press as: S. Jiang et al., Multi-failure theory of composite orthogrid sandwich cylinder, Aerosp. Sci. Technol. (2017),

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132



Download English Version:

https://daneshyari.com/en/article/5472631

Download Persian Version:

https://daneshyari.com/article/5472631

Daneshyari.com


https://daneshyari.com/en/article/5472631
https://daneshyari.com/article/5472631
https://daneshyari.com/

