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Parametric Study on the Design of Sandwich Beams and Plates
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JL Abstract j,f

In this paper, polymer composites based sandwich structures like beams and plates are optimised by using parametric
study. The structures are composed of fibre reinforced composites for facial material and resin concrete and PVC
foam for core materials. The stacking sequences and thickness of the composites are controlled as major parameters
to find out the optimal condition for machine tool components. For the plate structure of machine tool bed
composites-skined sandwich structure which has several ribs are proposed to enhance bending stiffnesses in two major
directions at the same time. Dynamic robustness of a machine tool structure is investigated using modal analysis.
From the results optimal configuration and materials for high precesion machine tools are proposed. And the plate

was made of fiber reforced composite material and PVC foam.
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Table 1 Material properties

Material 5(:/]15111?)/ mozi(l?lti%;Pa)
USNI125(Fiber reforced 1550 EL 130
composite material) ET 10
Resin concrete 2207 15
PVC foam HT110 115 0.078
Cast Iron 7480 138
Aluminium 2800 70

Yaung's

Moduius(GPa)
140

e Y OURG'S Modulus ot tongitudinat direction
- = Young's modulus of transvers diraction
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Fig. 3 Young’s modulus of USN125 with respect to
the stacking angle
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Fig. 4 Bending stiffness of hollow beam according to
the stacking sequences
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Fig. 5 Specific bending stiffness of hollow beam acc-
ording to the stacking sequences
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Fig. 7 Specific bending stiffness of beams with various
core materials
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Fig. 10 Specific bending stiffness of hollow plate with
respect to the number of ribs and rib thickness
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Fig. 12 Specific bending stiffness of plate with foam core
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Table 2 Conditions for FEA

Element type

Solid45

Boundary condition

Fixed bottom surface

Load condition

100N/m’(Distribution load
in gravity direction)

Number of nodes

Maximum 28,044

Number of elements

Maximum 24,640

Deformation

Thickness of rib

Number of ribs

Fig. 15 Compressive deformation for sandwich plate
with resin concrete core
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Fig. 16 Compressive deformation for sandwich plate

with foam core
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Table 3 Deformation reduction in the case of sandwich
plate with resin concrete core

Number of ribs

Thickness of rib 4 > 6
4mm 3.8% 4.5% 52%
Smm 4.4% 5.1% 5.8%
6mm 4.9% 5.7% 6.5%
Tmm 5.6% 6.4% 7.2%

Table 4 Weight reduction in the case of sandwich plate
with resin concrete core
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Table 5 Bending stiffness increment in the case of sand-
wich plate with resin concrete core

umber  of ribs
Thickness of rib 4 3 6
4mm 23.7% | 30.2% | 36.6%
Smm 30.2% | 38.2% | 46.4%
6mm 36.6% | 46.4% | 562%
7mm 43.1% | 54.5% | 66.1%

Table 6 Deformation reduction in the case of sandwich
plate with foam core

umber of ribs
Thickness of rib 4 > 6
4mm 75.1% | 80.3% | 83.5%
Smm 773% | 83.1% | 86.0%
6mm 78.4% | 84.9% | 87.9%
7mm 79.3% | 85.7% | 89.2%

Table 7 Weight increment in the case of sandwich plate
with foam core

Number of ribs Number of ribs

Thickness of rib 4 > 6 Thickness of rib 4 > 6
4mm 1.0% 1.3% 1.6% 4mm 16.5% | 209% | 25.3%
Smm 1.3% 1.7% 2.0% Smm 209% | 264% | 31.8%
6mm 1.6% | 2.0% | 2.4% 6mm 253% | 31.8% | 384%
7mm 1.9% 24% | 2.9% 7mm 29.7% | 37.3% | 45.0%
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Table 8 Bending stiffness increment in the case of sand-
wich plate with foam core

Thickness of rib

umber of ribs 6

4mm 89.3%

Smm 114.0%

137.1%

157.5%
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Fig. 20 Assembled machine tool structure

Table 9 Dimensions of the machine components

Number of ribs 5
Thickness of rib 6mm
Thickness of surface material Smm
Length of tab Ly
Thickness of tab t
Core material in bed Polymer foam Resin
concrete
Core material in beam Polymer foam

Table 10 Conditions for FEA

Element type Solid 45

Assumption to attach air
bearing to angular points of
bottom surface in bed

Boundary condition

Number of nodes About 9900
Number of elements About 8000
Vibration analysis subspace

method
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