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Zig-Zag Theory and Finite Element for

Composite Structures
Deog-Gyu Lee*

Abstract

A three node triangular element with drilling rotations incorporating improved
higher-order zig-zag - theory(HZZT) is developed to accurately assess the stress
distribution through thickness of the laminated plate and analyze the vibration of
pretwisted composite plates with embedded damping layer. Shear force matching
conditions are enforced along the interfaces between the embedded damping patch and
the border patch. The natural frequencies and modal loss factors are calculated for
cantilevered pretwisted composite blade with damping core with the; present triangular
element, and compared to experiments and MSC/NASTRAN using a layered
combination of plate and solid elements.
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3% 1. Geometry and coordinate system for
Zig-Zag triangular element.

[K1=&, & [K, T8, ][5, ] @)
[Kp]=[K5]+ [ &5 ] (24)

SEE Gew o] EA L
{V}Z[Np]{ de} (25)

H@5) (§)9] AAsel AFPLE O 2
o HEstsrh

1

[ael={ [, (2 ][V e, (26)

al71x N,& 5% Dol el wo] gt /pd
H ANoAa A48 §394(THZ3, 3-Node
Triangular Higher-Order Zig-Zag Element)=
Aot HAH2EE FH3 4HPT A
F= AEe otk

{de} :{{dc}| ’{de}z ’{de}3}’
{a},={u'v.,w.08.60.60.00.0/.6]) i=123



(D¢ r =027} (27)
A7\ SHA B A E4Border Material)
& AA85 pe FEAEH(Damping Material)
< AT
AHo B RE AAWDRNA FAERAY A
HEEe e 2ol 289

=[nlrY [1]=[0:]" [0 (28)

ol#st AFRZAL AALALS AL A
A e Adse Ay Ahdsle) A4
Hed fand ojitslrl S7hg met 99
APz o Y3 BSE

#a ol A

Bz gge AupHEgae 3l swe
o3t b o] fredrt
(M {d)+ ([ K]+ i K] ) {d)=1{0} 29)

HEgL wEERE ol8ste] 4(29)8 AAlE
< Yt REwd Oﬂbﬂﬂ‘ﬁoi =9 74

{x, }I[KD]{x}
" T (K 40)
AN #A BE 5, & AGYANN AAE
B8 BAS AENES st T
3. A AM = Al

3.1 Stress analysis of simply supported
sinusoidally loaded three layer cross ply plate
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33 2. In-plane normal stress(o,;) variation through

thickness for a sinusoidally loaded square
{ simply supported cross-ply- plate
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23 3. In-plane shear stress(r,,) variation through

thickness for a sinusoidally loaded square
simply supported cross-ply plate
[0°/00°/0°] for a/h =
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23 4. Transverse shear stress(r,,) variation
through thickness calculated using
equilibrium equation for a sinusoidally
loaded square simply supported cross
-ply plate[0°/90°/0°] for a/h= 4.

3.2 Free vibration of sandwich plates
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E 5. Frequencies and loss factors of
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