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a theory is developed which allows the computation of a. as a
function of density ratio (spark-column density divided by
freestream density) and shape factor. From the results of
this theory and from a comparison of other data, where a
column of light gas is substituted for the spark-heated gas,
presented in Ref. 1, it may be seen that the value a = 1.4
corresponds roughly to the case where the density ratio is
zero.

From this discussion it may be surmised that Rudinger has
used an extreme case, involving considerable heating of the
spark column, to demonstrate the significance of the possible
error. At Stanford, emphasis has been placed upon the reduc-
tion of energy added to the flow, both by reducing the size of
the storage capacitor and by inserting damping resistors.
The results show that satisfactory spark photographs can be
obtained at spark energy levels several orders of magnitude
below those required to achieve a discernible, i.e., Mach
number 2, blast wave from the spark. Thus, the density
change resulting from the spark does not need to be great.

In conclusion, it is the author's opinion that Rudinger did
not properly identify the possible error in velocity measure-
ment with the density ratio. The point that must be made is
that care should be taken to insure that a minimum amount of
energy is added to the gas in the spark column in order to
insure a minimum discrepancy between column velocity and
local stream velocity.
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Comment on "Effective Shear Modulus
of Honeycomb Cellular Structure"

RONALD A. GELLATLY*
Textron's Bell Aerosystems Company, Buffalo, N. Y.

IN a recent paper,1 Penzien and Didriksson have presented
an interesting analysis of honeycomb cellular structures.

However, there is a very disturbing lack of references in this
paper, which leads one to have the impression that this work
represents the first venture into this field of analysis. It must
be pointed out that this particular topic was comprehensively
dealt with in a paper2 published in 1958. Reference 2, which
is based on work reported by Ref. 3, presents theoretical
analyses, a survey of experimental methods, and test data.
The complete stiffness and flexibility matrices were derived
for a honeycomb sandwich subjected to shear loading in any
direction in the plane of the sandwich. By means of the dual
principles of the unit load and the unit displacement methods,4
the upper and lower limits on the shear modulus were clearly
delineated and determined. The unit load method under-
estimates the stiffness of the structure; the unit displacement
method overestimates the stiffness.

Although it has not been explicitly stated, the authors have
chosen to develop a formula for the shear modulus of the
honeycomb core on the basis of the unit load approach. This
development includes a correction factor to account for the
effect of warping restraint within the core. The computation
of the correction factor is somewhat complex, however, and
it has, in fact, been neglected in the presentation of the final
equation, Eq. (44), which is thereby identical to Eq. (2.20) of
Ref. 2.

It is to be emphasized, therefore, that this equation is an
approximation to the exact solution and represents an under-
estimation of the stiffness, i.e., a "lower bound." To obtain
an upper bound, the analyst can employ Eq. (2.21) of Ref. 2
which can be stated, in the notation of Ref. 1, as

sin d(R + cos20)
G (a/t)(R cos20) cos (1)

Received April 15,1964.
* Structures Research Engineer, Aerospace Engineering De-

partment.

In view of the complexity of the correction factor required
for an exact formulation, the writer feels that the concept of
deriving, in a simple fashion, upper and lower bounds to the
exact solution has considerable merit.

Also included in the 1958 paper are design curves for honey-
comb cores and a brief study of the anisotropy of the honey-
comb. The latter led to a suggested type of honeycomb
possessing plane isotropy. In addition, a shear efficiency
parameter for use in comparison of various types of cores was
developed. Although the formulas derived are specifically
for hexagonal core shapes, the methods are, naturally, directly
applicable to any other built-up foil cores.

The experimental method of determining the shear modulus
described by Penzien and Didriksson is of interest. Un-
fortunately, the nature of the test frame is such that the
sandwich so tested is not really typical of the type used in
practice. This is felt to be a fairly important point. The
actual test data derived using this method have been omitted,
and only a brief comment as to the accuracy has been included.
A number of standard methods that could be applied to realis-
tic core-face combinations were critically reviewed in the
older work and a simple method selected which gave excellent
agreement with theoretical values. This was a straight-
forward three-point bend test in which the small shear de-
flection component was determined through an accurate
interpretation of the results by means of standard statistical
procedures. For such a method, neither special test speci-
mens nor testing machines are required.

Another promising method of determining the shear mod-
ulus is the so-called five-point bending test developed by
Howard.5 Here, the bending deflection component is elimi-
nated, and only a shear deflection remains. No test results
have been published for this scheme, however.

An important point must be made in connection with this
particular problem. It is well known that it is very difficult
to measure the shear modulus of a sandwich core, especially
one of the built-up honeycomb type. Indeed, a tremendous
amount of effort has gone into experimental work in this field,
with varied results. The reason is that the shear deformation
effects are very small and cannot be measured accurately,
since they usually occur in association with more dominant
bending deflections. Conversely, it appears reasonable for all
practical purposes that it is not necessary to know the value
of the shear modulus to any great degree of accuracy. Thus
there is no great need for highly sophisticated methods of
testing to determine the shear modulus. Moduli computed
using formulas such as those given in the papers under discus-
sion, which are based upon known properties and dimensions
of the core structure, should be sufficient for all purposes.
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