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(a)
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Figure removed due to copyright restrictions. See Figure 9.4:
Gibson, L. J. and M. F. Ashby. Cellular Solids: Structure and
Properties. Cambridge University Press, 1997.

Gibson, L. J., and M. F. Ashby. Cellular Solids: Structure and Properties. 2nd ed. Cambridge
University Press, © 1997. Figures courtesy of Lorna Gibson and Cambridge University Press.
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The design of sandwich panels with foam cores

Table 9.3  Optimum design of a sandwich panel subject (o a stiffness constraint

] Formulate objective function for the weight of the beam

W = 2ppgblt + p ghic (Fgn. (9.7))

l

Formulate the stiffness constraint [

‘ 2P
§fP=—2"__+_*' _ (Eqn.(96
/ B Ebi T BobeGr (Eqn.(9.6))

|

Solve stiffness constraint for one variable (e.g. pt)

. B, E lte e o e

e — = 2. ) e foy AR 'S E . 98

e {QBz E, (B,/m—'l;r(r_s/m —p)f o (Ban(3)
and substitute this into the objective function

|

Form oW [d¢ = 0and OW [0t = 0

and solve to give

Copt = f(8/ P, material properties, beam geometry )
top = f(6/ P, material properties, beam geometry )
Substitute these into Eqn. (9.8 ) for core density to give optimum density, Peopt-

l

Final Result:

Optimum As function of
Core thickness, ¢,p Design stiffness, 8/ P
Face thickness, £, ] Material properties, pr, ps. £p. £y, Ca
Core density, pigp r Loading geometry, 8, B>, 1. b

Table9.4 Optimization analysis for sandwich pancls subject to a stiffness constraint

Geometry WeiW,  6,/6 8/6
Rectangular beam 1/4 1/3 2/3
Circular plate (distributed load over entire plate) 1/4 1/3 2/3
Circular plate (distributed load over radius r) 1/4 1/3 2/3

Gibson, L. 1., and M. F. Ashby. Cellular Solids: Structure and Properties. 2nd ed. Cambridge
University Press, © 1997. Table courtesy of Lorna Gibson and Cambridge University Press.
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Minimum Weight Design
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Figures 7, 8, 9: Gibson, L. J. "Optimization of Stiffness in Sandwich Beams with Rigid Foam Cores."

Material Science and Engineering 67 (1984): 125-35. Courtesy of Elsevier. Used with permission.
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Stresses

f T

l
m

/q . Face: Normal stress
J Core: Shear stress

(a) (b) (c)

o /Or Approximate stress
L c . distributions, for:
| j E.<<E;and t<<c

(d) (e) (f)

Gibson, L. J., and M. F. Ashby. Cellular Solids: Structure and Properties. 2nd ed. Cambridge
University Press, © 1997. Figures courtesy of Lorna Gibson and Cambridge University Press.



Faillure Modes

Gibson, L. J., and M. F. Ashby. Cellular Solids: Structure and Properties. 2nd ed. Cambridge
University Press, © 1997. Figure courtesy of Lorna Gibson and Cambridge University Press.
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Ski Case Study
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Daedalus
Mass = 31 kg

Length = 8.8m
Wingspan = 34m

Propeller blades = 3.4m

Courtesy of NASA. Image is in the public domain. NASA
Dryden Flight Research Center Photo Collection.

Flew 72 miles, from Crete to Santorin, in just under 4 hours

Sandwich panels: propeller, wing and tail trailing edge strips,
tail surface struts

Image: MIT Archives
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