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Parametric Study on Design of Composite-Foam Sandwich Structures for Micro
EDM Machine tool structures

Dae-1l Kim", Seung-Hwan Chang”™*

ABSTRACT

In this paper, parametric study was carried out to design sandwich structures for EDM machines controlling
stacking sequence, stacking thickness of composites and rib configuration. Sandwich structures which are dealt
with in this paper are composed of fibre reinforced composite for skin material and foam or resin concrete for
core materials. The sandwich column has cruciform rib to enhance bending stiffness of the structure and the
bed has several vertical ribs to resist the normal forces and vibration. The design parameters such as rib
thickness and stacking sequence were controlled to enhance the system robustness. Finite element analysis was
also carried out to verify the variation of static and dynamic stiffness of the structures according to the
variation of the parameters. Vibration tests were performed to verify the natural frequencies and damping ratios
of the manufactured composite structures. The appropriate shape and configuration conditions for micro-EDM
machine structures are proposed.
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Fig. 2 Proposed sandwich structures for micro-EDM machine; (a)
column, (b) bed.

Table 1 Major material properties for sandwich structures

. Density Young’s modulus
Materials 3
[kg/m?] [GPa]
Ei: 130
USN 125 Ez: 10
1550
(Carbon/epoxy prepreg, UD) Gi2: 5.06
V12 - 0.28
Resin Concrete* 2207 15
PVC foam (HT90) 90 0.062
Cast iron 7480 138
Aluminium 2800 70

*Note - the resin weight fraction of the resin concrete above is 7.5%.

3.1 AR 2|28 Jhd MESIR ZY

7 Age] 2o e Age] 4EH 54 st
A Aeas BiARe 4559 T L AAe FRel
wE AW FYHEDT ELAENE AT,
A Eg AR 2ALEA A B3 mEsgon,
AR D A FE p2o] A T ASe) u)L
Stk B wwe] A9 ATE Bal 4K BHARe o
o 7 A% Al B FRA MRS Mg
oho90° W AFAEE Ao dol W B4 At

5

A717] wlell A5 Z e F-rol A A2 sk 3ltH14].
[#5]nr sk [O]wr 2 [#5/0]ns®] A T2l tht A 9] w334

EI(t)=EI(t)+E.I(t) @)

EI ()= %[b4 —-2)'+ (-2 +(b-2) -1 (2)

EL(t)= %[(b —20)* = (b=20)(1)° - ()(b—2t)* + (1)*] (3)

(0} .

p(0) @
m +m,

p== ®)

m, =[b" —(b-2t)" +(2t)(b-2t) - (t)*]x I x p, (6)

m, =[(b—2t)* —(b—26)(20) + (£)*]x I x p, @

obef Al sehe= A4z WA ek AAE Vs, 4 (1)~(7)
o] WgEo] oulshs nhe ool )

. Mass [kg]
. Equivalent mass density [kg/m’]
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t © Composite thickness [mm]
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Fig. 7 The first natural frequency of the sandwich bed with respect to
the rib thickness and composite skin thickness.
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Fig. 11 Sandwich structures for micro-EDM machine; (a) Bed, (b)
Column, (c) Assembly.
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