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Dynamic response of simply supported sandwich beams with lattice

truss cores subjected to impulsive loadings

ZHU Xiaoqin, LIU Hua~

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics & Astronautics, Beijing 100083, China)

Abstract: A rigid- plastic analytical model is developed for the dynamic response of a sandwich beam with lattice
truss cores. The beam is simply supported at the ends without axial restraints, and the impulsive loads are uniformly
distributed over the span. The maximum deflection and structural response time of the sandwich beam predicted by
the rigid- plastic theory and three-dimensional FEM are compared. It is found that the theoretical predictions of the
maximum deflection and structural response time are in good agreement with those of FEM, and sandwich beams
with lattice truss cores can offer superior shock resistance to impulsive loadings in comparison with monolithic beams
of the same mass and material. Through an optimal design for the pyramidal cores, it is revealed that the dynamic
response of the simply supported sandwich beam without axial restraints is sensitive to the relative density and
thickness of the lattices truss core, and the angle of inclination between truss and face sheet. As the applied impulse
per unit area is enhanced, the maximum deflection of the sandwich beam increases. Refined finite element modeling
of the pyramidal truss core sandwich beam made from strain-rate sensitive 304 stainless steel is employed. The finite
element calculations reveal that the maximum deflection of the sandwich beam is decreased as the strain-rate effect is
considered.

Keywords: lattice truss cores; sandwich beam; dynamic response; FEM

Je U A AL R LR TR A R i A I8 R A

Yim HEF: 2008-01-08; WfERafm A HA: 2008-04-25
ESTA: FHEBERBFE4S (10602005) ;5 ACH W K H 250 H %)
BIRAESE: X 4, @Rz, FENFESMEE )25 E-mail: livhuarui@buaa. edu. cn

MY B4 HE Kagome 544 . /N THAKRZE#4 . DU 4
AR EE TN DO HEMT IR S5 M 55 . DFSE R WY, R
A8 TET PR T AP ERRE R 3 3] L e s b ) A B B A
e 2 AT AEE R B, BETE RSN LT A
WERERE I S Sl A8 1 ) A PERE D 8 T 6 AR 3L A Y
Hutchinson, Evans, Wicks & AP 1 ®H ;N 5



AN AR R S ] SR AE o o B R 9 3l R

T RN BRI AT, FEAE
H T [ 0 I TR 1 0 oA R A 1 2 B 0 A 2%
BF A R B PR R AL R A R B L AR B A
BT I . (HAEMTZS ALK CAT R AT Rl B
2 AL SR A 32 3 ol AR e 4 R I R B e 1 A
s SER s I A2 T8 R A R AR Ak, R AL 3
SIR PR3l J1 2 A, Fleck 1 Deshpande '
NEY T i [E 52 SRS B AE 3 A ek e 4R R (M
YAPE Bl Iy o R ASE R, LA T R A L bR A R 1Y
B S0 AN 0 G a7 ) 359 5] o e B 1 A R AR
e B I 54 RT3 B AE 7 X5 s Qiu,y Desh-
pande, Fleck™™ iff — W58 1 B2 520 2 A e ot 2
e PR 27 3] JRy 38 57 W o AT I 0 A R AR T i
2R ST K T 57 ¥ A ek 284 A T A il T RS A AL
b e SO 17 S HEAT NI SE 1 3 g e g a3 A . A AR
TCIR A HEAT AT 43 BT 253 B A ek I S0 SR A V80T il o)
LY BRI A v ok AT R 04 A8 T B 45 A4 e g B[]
H B IO 5 A FR TS R AT LB, I Xl T
et 187 SRR HEAT IUAT M B AL 5T

1 EiPEENET
1.1 PREHREENERIM S

Bl 1) AN B2 24 ) DU R AR AT AR e R A 1 (a)
fi s TSR K R 2L, BN )ZHEAREE A hey F
ONEEEN heo BT 2T MR R I B i AR A Y b R
F RS . THAR B AR RL 10 oy s B BE R o THAA LR
wo B 1(h) Ny PUB HEMT AR Je s R L, Hodpdeois
IFFICREE R L, BETE AT GRS a, DU HEHTEE
J AT IC S AR A I AR B. JEt B AFE R IR B )

H oot SRR N B OB RIRXTEE o E
SR IR SE R E oo STHIRE B o Z s BI oo/
oo VOB A MT AR & 08 (1) 350 L S 50
- 27 a 2
e coszﬁsinﬁ(l ) (D
E. _ 2xsin’ B/ a \’
E cos’B <l ) (2)
o _ ZnsinBlay’
oy cos’B (Z ) SR
1.2 REEHZRENHAHATHRTERATHREE
B 7 Mg 7 4% Y

T Fleck #1 Deshpande™ 36 T Je 42 g2 5 @ 75

ey 2T 2l W R o3 A R b R RS A R R R

« 163 -
hy 4
! Face sheet
Core
o
N _ "
(a) Sandwich beam
.
Face sheet

(b) Core topology

1 52 ek 30 A JTT A A5 B b e ol s 272
Fig. 1 Sandwich beam with lattice truss cores subjected
to impulsive loadings
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Fig. 2 Diagram of sandwich beam in traveling hinge phase
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Fig. 3 Diagram of half sandwich beam in fixed hinge phase
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Fig.4 Comparison of analytical and three-dimensional FEM predictions for sandwich beam with lattice truss cores
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