








Specimen 1ype Initiator kN-m/kg

(+45°/0°)5 1 wave web 12.7 mm ply drop off 43.12
(+45°/0°)5 1 wave web 6.4 mm ply drop off 74.32
(+45°/0°); 1 wave web 3.2 mm ply drop off 94.62
(+45°/0°)5 1 wave web 2.54 mm chamfer 94.53
(£45°/0°); 1 wave web 1.0 mm notch 94.34
(+£45°), 1-3 waves (average) 3.2 mm chamfer 59.26
(+45°), tube (Reference [12) 0.3-0.8 mm chamfer 50-60
(+45°/0°), tube (Reference [8,15]) 3.8 mm chamfer 50-60

The observed energy absorption is presented in Table 1 along with some com-
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Figure 8. Sine web specimen geometry.

capabiiity as width is varied by a factor of 3. The small observed decrease can be
attributed to boundary effects of the stress free sides. This observation is in agree-
ment with reported behavior [8]. It should be remembered, however, that speci-
mens of different material and geometry may exhibit width dependent energy ab-
sorption characteristics.

Edge Effects

The tube cross section is of closed geometric form and does not have any
load-free edges. The sine web, being of open cross section, has free edges. In
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Figure 9. Ply orientation and width effects.
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a built up structure, these edges are likely to be connected to adjacent
structural members and thus are not free edges but edges with some prescribed
boundary conditions. Nevertheless, it is of interest to investigate the effect of
the location of these edges. The location is characterized by the edge offset as
shown in Figure 8. From the definition of the edge offset, it is evident that edge
offsets in the range +.5 to —.5 of the wave length cover all cases. Further, a
positive offset at one edge produces the same negative offset at the other edge
and thus only positive (or negative) offsets need be tested, i.e., offset range to
be tested is zero to one- half wavelength. In addition, the specimen geometry
is symmetric with respect to .25 wavelength offset in the sense that an offset
of .25—x at one edge is equivalent to an offset of .25+ x at the other edge.
Thus, edge offsets between zero and one-quarter wavelength cover all possible
cases.

Four specimens with edge offsets of 0, 0.0625, 0.125 and 0.1875 wavelength have
been tested. All four were 150° included angle, 3-wave specimens with
(£45°/0°)s ply lay up. The energy absorption (SSCS) of these differed by less
than 3% and the failure modes were essentially identical. Considering this result
and the small variation of SSCS with width reduction, for the specimen con-
figurations tested, the width and free edges have only minor effects on the perfor-
mance of the web. A
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Included Angle (Effective Amplitude) Effects

The effective amplitude of the web is an important geometric parameter since
it defines the gross width to thickness ratio of the web. The flat plate geometry
can be considered to be one extreme, with a zero amplitude and the 180° in-
cluded angle specimen is another extreme. It has been established that tube type
specimens exhibit high energy absorption and the 180° included angle specimens
behave in an equivalent manner {8,9].

Tests have been conducted on (£45°/0°)s specimens to establish energy ab-
sorption trends for included angle variations. The flat plate specimen failed in a
global buckling (wide column) mode resulting in almost zero energy absorption.
The energy absorption characteristics for 180°, 150°, 120°, 90°, 60° and 0° in-
cluded angle specimens were obtained through tests on 3 to 5 specimens of each
type. The SSCS results from these tests are summarized in Figure 10. It is in-
teresting to note that there is no significant loss of energy absorption performance
when the included angle of the web is varied from 180° to 90°. The 60° speci-
mens exhibit a dramatic departure from this trend and the energy absorption
capability is almost negligible. The failure mode is global and of the same type
as has been observed in the flat plate. This suggests the existence of a stability
boundary, for these studies, in the range of 60°-90° included angle, where the
failure mode switches from efficient crushing to inefficient global failure. This
result is important in a design process in order to avoid inefficient energy absorp-
tion performance.

CONCLUSIONS

Static energy absorption tests were conducted on different geometries of 6 ply
T300/934 graphite epoxy sine webs. These tests have demonstrated the energy
absorption efficiency of the 180° included angle specimens being equal to corre-
sponding tube specimens. For the study performed, there was only a small varia-
tion in energy absorption performance with reduction in the included angle of the
sine web from 180° to 90°. However, a stability boundary is detected in the
90°-60° interval and an abrupt transition from local crushing to global buckling
mode is established. The effect of failure initiators is shown to be not always
beneficial or negligible. The role of width is shown to be only a secondary in-
fluence for the specimen geometries concerned, implying minimal boundary ef-
fects for the (£45°/0°); webs used in the tests. This is not a surprising conclu-
sion as the crushing is a local failure mode and should be independent of the
width as long as the failure mode remains unchanged (which was the case in
these tests).

ACKNOWLEDGEMENTS A

The authors gratefully acknowledge the support received for this work from the
U.S. Army in the form of Research Contract DAAG-29-82-K0094. The research
forms part of the efforts under the Georgia Tech Center for Rotary Wing Aircraft
Technology.




: "

— —
Energy Absorption Behavior of Graphite Epoxy Composite Sine Webs 459
REFERENCES

- Light Fixed and Rotary Wing Aircraft Crashworthiness, MIL-STD-1290 (1974).

2. Cronkhite, J. D. and V., L. Berry. Crashworthy Airframe Design Concepts, NASA CR 3603
(1982).

3. Thornton, P. H. “Energy Absorption in Composite Structures” Journal of Composite Materials,
13:247-262 (1979).

4. Farley, G. L. “Energy Absorption of Composite Materials,” Journal of Composite Materials,
17:267-279 (1983).

5. Kindervater, C. M. “Energy Absorbing Qualities of Fiber Reinforced Plastic Tubes.” Proceedings

of American Helicopter Society National Specialists’ Meeting on Composite Structures (1983).

6. Hanagud, S. and D, Schrage, eds. Proceedings of American Helicopter Society National Special-

ists’ Meeting on Crashworthy Design of Rotorcraft (1986).

7. Hanagud, S., J. I. Craig, D. Schrage and P. Sriram. “Crashworthy Design of Rotorcraft: A Basic
Research Approach,” American Helicopter Society 4ist Annual Forum Proceedings (1985).

8. Farley, G. L. “Crash Energy Absorbing Composite Sub-Floor Structure.” 27th AIAA/ASME/
ASCE/AHS Structures, Structural Dynamics and Materials Conference (1986).

9. Sen, J. K. and C. C. Dremann. “Design Development Tests for Composite Crashworthy Helicop-
ter Fuselage” SAMPE Quarterly, 17:20-32 {1985.

10. Bannerman, D. C. and C. M. Kindervater. “Crash Impact Behavior of Simulated Composite and
Aluminum Helicopter Fuselage Elements” Proceedings of 9th European Rotorcraft Forum
(1983).

I1. Cronkhite, J. D. and C. T. Burrows. “Crashworthiness of Helicopter Composite Structures,” in
Fibrous Composites in Structural Design, Plenum Press (1980).

12. Farley, G. L. “Effect of Specimen Geometry on the Energy Absorption Capability of Composite
Materials,” Journal of Composite Materials, 20:390-400 (1986).

13. Thornton, P. H. and P. J. Edwards. “Energy Absorption in Composite Tubes,” Journal of Com-
posite Materials, 16:521-545 (1982).

14. Farley, G. L. “Effect of Fiber and Matrix Maximum Strain on the Energy Absorption of Compos-
ite Materials,” Journal of Composite Materials, 20:322-334 (1986).

15 "Craig, 1715, 'S V. Hanagud, W. Zhou and P. Sriram, “Correlation of Experimental Static and

Dynamic Response of Simple Structural Components,” Proceedings of American Helicopter

Society National Specialists’ Meeting on Crashworthy Design of Rotorcraft (1986). (

/\






