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Configuration Optimization with Geometric and Structural Constraints





The Missile Planform / Configuration Optimization Program OPTMIS couples a numerical optimization shell with subsonic and supersonic fast running panel method-based missile aerodynamic prediction programs which include nonlinear high angle of attack vortical effects, and a structural finite element code [1,2]. Program OPTMIS models missiles with arbitrary cross section bodies and up to two fin sections. Overall configuration, body and fin aerodynamic design objectives can be defined, as well as geometric, performance, and structural constraints. Program OPTMIS has been employed to optimize fin planform shapes for minimum axial center-of-pressure travel and for aeroelastically tailoring fins for minimum hinge moments. 

The OPTMIS software, its development, and wind tunnel tests are described in AIAA Paper 98-4890 (Adobe PDF format). MISDL is employed as the aerodynamic prediction module within the design code. The VTXCHN methodology is used to model circular and noncircular body shapes within MISDL. The structural constraints are included through the CNEVAL-FEMODS module which employs automatic gridding and structural finite elements to compute displacements, stresses, fin weight, and natural mode frequencies. 

Summary of Methodologies Employed 
The optimization algorithm implemented in the OPTMIS design software is a direct search algorithm, Powell's Conjugate Directions Method. The Nielsen Engineering & Research (NEAR) panel method-based aerodynamic prediction software, 

Fin Planform Optimization Study 
Program OPTMIS was employed to develop fins which minimize the fin axial center-of-pressure travel from subsonic to supersonic flow. The fin normal force based on fin area was to be maintained. The design flow conditions were: (Mach , AOA) = (0.5, 2), (2.0, 15). For the trapezoidal reference fin, the low M number, low design condition gave a center of pressure forward on the fin, whereas the supersonic Mach number, high angle- of-attack condition gave an aft center-of-pressure location. The design objective was to minimize this center-of- pressure travel. The design variables were third-order Chebyshev polynomials describing the leading- and trailing-edge shapes. The geometries of reference (initial) and optimized fin are shown below. 

A detailed comparison of experimental axial center-of-pressure data for reference FIN1 and optimized FIN3, along with predicted results, are shown in Figure 1 for the design Mach numbers 0.5 and 2.0. Measured and predicted results for FIN3 (optimized) and FIN1 (reference) are shown for deflection = 0. The axial center of pressure is plotted as a function of CNF (based on base diameter). Predicted results are shown from the OPTMIS code and the OVERFLOW Navier- Stokes CFD code. The experimental data, the results from the OPTMIS code, and the CFD results indicate that the optimized FIN3 has less center-of-pressure travel from subsonic to supersonic speeds and that the optimized fin has a flatter axial center-of-pressure variation with increasing CNF as compared to the reference fin. For CNF = 0.3 FIN3 has 50% less center-of-pressure travel than FIN1. There is, in general, good agreement between the predictions and the experiment. FIN3 produces less normal force than FIN1 for the same angle of attack, due to the smaller fin area. However, the normal force can be increased by a higher angle of attack or fin deflection without adversely affecting center-of-pressure travel. 

Figure 2 compares the FIN1 and FIN3 axial center-of-pressure location for all four test Mach numbers and for deflection angles = 0 and 20. The vertical axis (xCP/cR) for both graphs in Figure 2 spans 0.32. For supersonic Mach numbers (1.5, 2.0, and 3.0), FIN3 shows only slight variations of xCP/cR with either or compared to the reference FIN1. 
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