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A method of structural an&lysisl was developed to enable the
caleulation of influence coefficient matrices used to derive:

1, Vibration medes in flutter caleulation.

2. Flastic air loads, in which case an "incidence® matrix
vas derived, The method being tailored to the computing
equipment then svailable, i.e. an IBM 609 - GPC, However,
60 nodes matrices were analyzed in two months with a
personnel of four,

The ealculsted mode shapes and f?aque%cies were compared with
the results of ground resonance tests > and these indicated that
the fuselage stiffness had been underestimeted, The ecaleculations
were therefore repeated and the agreement was then satisfaetory.

Two types of general analyses were then undertaken to assess:
1. The effects of kinetic heating on influence coefficients,
2« The effect of hﬁckling due to high load levels.

The first analysis showed that the effects of thermal stresses
could be neglected on either bending or torsional stiffness 3
kinetic heating effects ean therefore be aceounted for by intro-
ducing an overall decrease in stiffness proportional to the
decrease in Young's Modulus.,

The second analysis, however, demonstrated that an appreciable
decrease of stiffnessé (20%) could be expected locally wherever
the skin buekled, This ocoured at about the 3 to 4 g level.

This effeet was not investigated further as the hysteresis damping
produced would be large and the aveilable stiffness reserve wasg
greater than this decrease.
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The preliminary assessment of this problem involved several investi-
gations into the accuracy of the input data such as heat transfer,
meterial properties, joint conductivity.lsR3

Based on the fact that the input data suffered from an appreciable
range of inaccuracies, it wes deecided to base the ealculations on

a heat transfer by the method of Van Driest»5 with an instantsneous
gkin temperature response, In add%tica, the mission eould be

represented by step function input®, The joint conduetivity represent-

ing the largest source of errors, the ealculations were made for two
values of this parameter, one at sach end of the practical range.

At first a finite difference techmique”?® was used for the analysis.
It was felt desirable to develop such a method %o use in cases where
the refined amalysis was required. But later on the method of Riot9
was extended and programmed for the computer to inelude assymetrie
heating and joint conductivityl0, This approximetion being very much
faster and sufficiently accurate., Standard solutions were also

derived by the Laplac transform methodll for spniieation %o simplified

Cases.

In general, the results of all the investigations for the effects of

kinetic heating at Mach 2, were found %o be catered for by the decrease

in alloweble load levels at high sltitude and speedalZ2,

The effects of kinetic heating at higher speeds were also investigated

for the same structure but with a change to an aluminum alloy with
betler elevated temperature characteristics (i.e. 2024 - T81 or 736
condition). A possible speed of Mach 2.5 could then be achieved by
the structure and the speed limitation became a systems problem, in
particular, fuel and airconditioning., To remove this limitation,

the possibility of insulating the structure was looked inte, This
method offering the advantage that even higher speeds could be
contemplated for combat periods of 10 = 15 minutes at Mach 313, as
well as decreasing both the thermal stresses and the heat load on the
systems,

1. 72/Thermo/12 - Determination of Heat Transfer Goefficients
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