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Experimental investigation of energy absorption in foam filled sandwich beams
with expanded metal sheet as core under quasi-static bending
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this research, influence of foam filling technique in sandwich beams with expanded metal sheet as
Received 22 November 2017 core by using lightweight rigid polyurethane foam is investigation. Relationships between the force and

Accepted 03 February 2018

Available Online 23 February 2018 displacement at the midspan of the sandwich beams were obtained from the experiments. Three types of

Steel lattice cores both bare and foam-filled were subjected to quasi-static. The performance of
sandwich structures with expanded metal sheets as core were studied under transverse bending. In the

Keywords: . . N . X . . .

energy absorption following, by studying the orientation of the core layers to evaluation the impact parameters, including
Expanded metal sheet Specific Energy Absorption (SEA) as discussed testing purposes. The energy absorbing system can be
Sandwich beam used in the aerospace industry, shipbuilding, automotive, railway industry and elevators to absorb

Rigid polyurethane foam

Transverse bending impact energy. Experimental results showed that foam filling technique can significantly increase

specific absorbed energy. Results of three point bending crushing tests showed that the SEA of foam-
filled sandwich beam increased by 74 %, comparing to the hollow beam. Also, appropriate orientation
of core in the sandwich beam caused to increase the specific energy absorption by 66.5 %. Finally,
appropriate geometric parameters and the best examples of criteria considered with respect to the
objectives, are introduced.
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Fig. 1 Steel sheet tensile test
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Table 1 Properties of steel.
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Fig. 2 Engineering stress versus engineering strain curve for steel sheet
(substrate and core)
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Fig. 7 Polyurethane foam samples under uniaxial compression test
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Fig. 8 Stress-strain curve in uniaxial compression test on Polyurethane
Foam
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Fig. 9 Polyurethane foam tensile test samples
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Table 4. Mechanical properties of polyurethane foam
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Table 2. Dimentions of the expanded metal cells

C L;(mm) Lo(mm) W(mm) a(mm)
1 15 7 15 0.9
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Table 3. Computational design of the experiments

diged C N t(mm) Wn(kg)
BC362 3 6 2 0.84
BC362F 3 6 2 0.95
BC262 2 6 2 0.5
BC262F 2 6 2 0.65
BC162 1 6 2 0.55
BC162F 1 6 2 0.68
BC3L2 3 9 2 0.63
BC2L2 2 11 2 0.49
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Fig.6 The composition and prduction of polyurethane foam
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Fig. 11 a) Collapse of the sandwich structures with lattice core type 3
(BC362) b) force-displacement Diagram for structures in experimental

test
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Fig. 12 A comparison between the experimental force-displacement
curves for all sandwich beams in a view
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Fig. 14 Effect of cores on energy absorption.
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Wgel Ppeak (N)  Prean (N) E.(J) CFE (%) SEA (J/kg)
BC362 9308 9898 593 106.3 699.9
BC362F 23021 22987.9 1378.6 99.8 1450.6
BC262 1456.5 2141.4 142.4 147 280
BC262F 13037 12618.4 7214 96.7 1108.2
BC162 5447.2 4439.8 285.6 81.5 510.9
BC162F 15023 14912.2 909.7 99.2 1326.6
BC3L2 2217 2348.6 150 105.9 234.89
BC2L2 687 1115.7 67 162.4 136.7
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