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Case 12: The initial design of case 1lA was used with a compressed 

range of frequency constraints (from 1.8-35 to 2.6-32 Hz). 

The optimal design involved a combination of thicknesses 

greater than the minimum, and luoped weights. The tip 40% of 

the beam was made of minimum thickness elements without 

lumped weights. 

Convergence for all the runs was excellent. Note that since the objective 

function is now weight (with numerical values of 20 to 30 lbs) previous Iv 

used values of DABFUN are not appropriate. Herein, DABFUN was raised to 

0.001. The other parameters were kept the same as before. 

3.3 Addition of Auto-Rotational Constraint 

This constraint is intended to be applied to rotating systems. However, 

the constraint is added here as the next step in developing the larger 

problem to be considered. Denoting the minimum mass moment of inertia about 

a vertical axis through the root of the beam as Ii' and the actual moment mn 

of inertia as I , it is required that I > Ii' Rearrangi,1g the information m m - m n 

into a more usable form, the seventh constraint, to be added to Eqn. 12 

becomes: 

G7 - 1 - (I /1 i ) < 0 m m n -
(14) 

The gradients of G
7 

with respect to the decision variables are analytically 

obtained, as shovn in Appendix II. 

Twc optimization runs are made. In the first run, Case 10 is re-run 

with a I i value of 500 lbf inches m n 
2 

sec • This value is deliberately chosen 

to be low, such that the constraint remains inactive throughout the run. 

As exp'ected, the results reoained identical to that in Case 10. The optimal 

2 design has an Im value of 807.7 Ibf inches sec. The next case is reported 
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The significance of these erroru in the eigenvalue calculations can 

be seen by inspection of Table 14, in which are given optical designs found 

by CONMIN using both the inaccurate eigenvalue calculation and the accurate 

eigenvalue calculation. The example corresponds to Case 6 of Table 6. The 

designs are seen to differ appreciably. 

5.3 Sensitivity of Frequency to Small Changes in Thickness 

Because rotor blades can be manufactured only to within certain 

dimensional tolerances, the question naturally arises as to the sensitivity 

of the natural frequencies of the blade to small changes in blade dimensions. 

Clearly, if small changes in blade dimensions produce large changes in 

natural frequencies, then designing a theoretically optimum blade is futile: 

the small variations in blade dimensions introduced during manufacturing would 

destroy the optimally designed vibratory behavior. To study this question, 

the data of Table 15 were generated for the cantilever beam described in 

Section 4 (Case 14 of Table llA). The first column in the table contains 

the derivative of the fundamental frequency with respect to the thickness 

of the first, second, third, ••• , and tenth (free end) element. If 0.01 inches 

is taken as a representative manufacturing 

show that the maximum corresponding change 

is only about five percent (=0.01 + 4.791). 

tivity study is illustrated by the data in 

contains the derivative of the fundamental 

weight of the individual elements. Since 

and 
diii

i -..,- '" 9.12 
oti 

tolerance, then the data in column 

in the first fundacental frequency 

Another aspect of this sensi-

columns Z and 3. Column 2 

frequency with respect to the 

(19) 

(t
i 

is the thickness; see Fig. 1), 
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