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Theme

THE increasing complexity of advanced aerospace vehi-
cles, together with the decreasing number of similar de-
signs, has established the need for improved ways to uti-
lize the capabilities of computers to support the total de-
sign process and to include more detail in preliminary de-
sign. A software system intended to meet this need is cur-
rently in the definition stage. This system is denoted Inte-
grated Programs for Aerospace-Vehicle Design (IP AD) and
a partial description of its over-all goals is given in Ref. 1.

This paper describes results obtained from a small-scale
experimental computer aided design system developed at
the Langley Research Center as a part of the basic re-
search supporting the IP AD development effort. This sys-
tem takes into account a limited number of disciplines
with a significant depth of detail in each, and represents
only a small fragment of the total preliminary design pro-
cess; however, the results show how the influence of disci-
pline details can be assessed for over-all configuration de-
sign. The system (see Fig. 1) is currently composed of
three sets of independent self-contained programs denoted
operational modules (OM's) and a data base manager to
transfer data between modules and a large data base. The
total process is controlled by an executive program which
interfaces with the user in a user-oriented language.

An aerodynamics module calculates the aerodynamic
characteristics of a prescribed configuration. The module
is derived from a system of integrated computer programs
for supersonic design and analysis2 which has been used
extensively for a number of years and has proven to be a
viable tool in the design and analysis of supersonic config-
urations ranging from transport aircraft to fighte|s| A
structures module obtains the preliminary designrd|'. a
minimum weight structure within a prescribed conffpfca-
tion utilizing the loads obtained from the aerodynamics
module. It carries out an automated preliminary design of
the primary structure of a wing and fuselage by combining
two independently developed programs,3'4 both of which
use a mixture of fully stressed designs and mathematical
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optimization methods. A performance module simulates a
prescribed flight profile utilizing lift-drag polars from the
aerodynamics module and weight from the structures
module to determine the resulting vehicle payload. The
performance module currently includes within it a gross
approximation to a propulsion system defined by engine
size factor and number of engines. Flight simulation is ob-
tained by a step-by-step solution of motion of an aircraft
whose mass varies as a result of the fuel consumption. Al-
though the modules are currently limited to three disci-
plines, the system has been designed to be modular and
open-ended and additional modules can be incorporated
readily as needed.

Contents

The system was applied to a series of trade studies to
demonstrate the potential of multidisciplinary design au-
tomation in determining optimum designs. With the ref-
erence aircraft configuration (Fig. 2) as a starting design,

Fig. 1 Diagram of the system software.

DESIGN VARIABLES
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Fig. 2 Reference aircraft configuration. (AR, aspect ratio; S
area; FR fuselage length-to-diameter ratio, VCruise = 2.7 M
range 3000 nm, TOGW = 750,000 Ib, Applied load factor 2.5,

safety factor 1.5).
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Fig. 3 Payload changes for a sequence of one-dimensional
searches, a) Relative pay load vs number of spars (Number of
ribs held constant), b) Relative payload vs wing root thickness

with constant wing thickness taper ratio.

the system determined the maximum payload of the con-
figuration as a function of four design variables. The vari-
ables included in the study are the number of wing spars
(nsp), wing root thickness-to-chord ratio (t/c), wing thick-
ness taper ratio [ ( t / c ) t / ( t / c ) r ] , and wing chordwise taper
ratio (ctfcr). Starting with the initial values shown in Fig.
2, the maximum payload design is obtained by a sequence
of one-dimensional searches in the four design variable
space. The first two of the total of four searches are illus-
trated in Figs. 3a and 3b, respectively. Such aircraft de-
sign studies are usually based on statistical data; however,
these results include the effects of technical details of sig-
nificant depth and, therefore, can be applied to vehicles
outside the current design experience.

The sequence of one-dimensional searches (Fig. 3)
yields the optimum design if the merit function is qua-
dratic in the design variables. Since the payload variation
in the design space is not likely to be quadratic, the pro-
cess should be repeated until the optimum design is ob-
tained. A practical approach is to test whether the resulting
optimum design is very near the maximum. This is done by
a sensitivity analysis of the optimum design to determine if
the gradients of the payload function are small, indicating
that the result is near optimum. Sensitivity analyses for a
±5% change in each design variable were carried out
(shown in full paper) and indicated that the last result is
very near "the top of the hill." The final design, is, there-
fore, accepted as the "optimum" design for this study.

The limitation of the number of disciplines herein did
not permit the effect of flutter, fatigue, stability, and con-
trol, etc., to be felt. Even such effects as the number of
spars would be significantly affected by fabrication con-
straints, wheel well effects, other load conditions, and
other layouts. In spite of such limitations, the present re-
sults are in reasonable agreement with similar designs
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Fig. 4 Effect of wing root thickness on drag for CL = 1.6
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Fig. 5 Example of detailed structural component dimensions
output by the structures module (dimensions in millimeters).

(Fig. 3b). Furthermore, for other important effects new
OM's can be incorporated in the system through the use of
the basic software. A sample of the level of detail of the
configuration synthesis is illustrated for typical outputs of
the aerodynamic and structures modules by Figs. 4 and 5.

The detailed data obtained for each discipline by an in-
tegrated design system such as the one described herein,
can permit discipline specialists to better evaluate design
concepts and to make judgments on the validity of the
design. Such capability broadens the range of design cri-
teria which can be assimilated early in the design
process. This system demonstrates the type of information
that can be automated in a preliminary design environ-
ment and provides an indication of the potential benefits
to be gained from such capability.
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