INHIBITING FLUTTER

The description of Project Penumbra which
appeared in the October 1990 issue of RCSD
elicited several requests for the Penumbra 1
and Penumbra.2 sketches. Additionally, we've
received a couple of pieces of correspondence
from Bill Kubiak outlining the causes of
flutter and offering some possible solutions.
(If you'll remember, Penumbra.2 seemed to be
very prone to flutter during launch. So
severe was the flutter that one launch saw
the right winglet shake off!) Bill's
explanation is very clear and is applicable
to conventional aircraft as well as our
tailless creations, so we decided to reprint
it here in our column.

"] also am interested in 'wings, dating back
to '49 when I was at Northrop and did a small
job on the YB-49 and the Snark. My modeling
of ‘'wings, however, is limited to hand launch
gliders of various configurations.

"You seem to be concerned with the higher
speed of the 'wings and with flutter and
other structural considerations. Well, let me
throw out a few remarks to see if I can help
you a little.
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INHIBITING FLUTTER

"The structural axis is a point through which

you can apply a load without twisting the
wing. Up loads ahead of the structural axis
cause the wing to twist leading edge up; up
loads aft of the structural axis cause the
wing to twist leading edge down. The location
of the structural axis varies with the design
but generally, for enclosed sections, is at
or near the centroid of the enclosed area.
(The centroid is the center of mass of an
object having a constant density. If a wing
were composed of foam only, for example, the
centroid would be at the CG of the wing.) So
it usually happens that the centroid is
located as shown above. Since inertia is
always opposite to the lift we always have a
couple tending to twist the wing about the
structural axis.

"The location of the 1lift vector is pretty
well fixed, so the thing to do is move the
structural axis forward toward the lift and
to move the inertia forward. This would
reduce the destabilizing couple. If you went
to extremes you might even get the centroid
and structural axis ahead of the 1lift.

"I'm sure you are familiar with balancing an
aileron or elevator at its hingeline (or
maybe a little ahead) to prevent flutter. The
same thing applies to a wing. The structural
axis is the hinge line that the wing twists
about. If you can get the inertia ahead of
the structural axis then an up gust will give
a leading edge down twist to the wing,
relieving the gust twist.

"As an aside: In the '50's I was at McDonnell
Aircraft in the structures department. John
Meyer, Chief of Structures, wrote a memo
about wing design and flutter. He said that
the F3H Demon wing had about 1500 lbs. of
structure beyond what was required to take
shear and bhending loads, just to make that
thin sweptback wing flutter resistant. In
comparison, an examination of a captured
MiG-15 showed that Mikoyan and Gurevich had
accomplished the same thing by installing A
60 Lbs. weight in the leading edge of each
wing tip. The weight moved the wing CG ahead
of the structural axis to reduce or prevent
flutter. While it is deliberate heresy to
consider ballast weight in an airplane, this
is one case of one pound of ballast replacing
over 12 1lbs. of structure.

149



150

rigid
skin

ON THE 'WING... THE BOOK

"I know that D-tube leading edges are in
disrepute because of aerodynamic reasons
concerning the discontinuity of curvature at
the rear edge of the "D." But, a D-tube
leading edge really makes sense from a
structural point of view.
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"If a wing were to be constructed as shown
above, with a D-tube leading edge having a
skin rigid enough to carry the shear load and
a rear portion consisting of a flexible
(Monokote) skin and a wire trailing edge (ala
WWI airplanes) the structural axis could be
at the C/4. The weight also could be forward
so that we could have a very flutter

~resistant design.

"My canard design #22 for John Borlaug was
along these lines except that I didn't use a
wire trailing edge. I used two 1/16" thick -
strips along the trailing edge. These strips
are flexible in the vertical direction but
are stiff horizontally to carry the Monokote
loads. I can attest to the wing being flutter
proof. I saw John perform a few horrendous
dives without any sign of flutter. #22 met
its demise while John was learning how to
slope soar. He learned to never turn into the
hill!

"I think part of your problem (with
Penumbra.2) relates to the fact that you have
a foam and fiberglass structure. I prefer
open structures of balsa with a translucent
covering because its so beautiful against the
sky. I've never considered foam and opaque
skin until now. So here comes a bunch of
random thoughts about skin/foam structure.












