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A GEOMETRY SYSTEM FOR AERODYNAMIC DESIGN

David K. Snepp*, Roger C. Pomeroy*
Boeing Commercial Airplane Company
Seattle, Washington 98124

Abstract

This paper describes an interactive, three-dimensional
geometry system known as the Aero Grid and Paneling Sys-
tem (AGPS). Developed by The Boeing Company, AGPS is a
surface geometry system focusing on the needs of engineer-
ing technical staffs such as aerodynamics. It provides an effi-
cient means of defining any three-dimensional surface, such
as that representing the external shape of an airplane. AGPS
has built-in and user-programmable features for extracting
geometric data in the proper form for use by computational
fluid dynamics (CFD) or other analysis codes. The results of
these codes can then be brought back into AGPS and dis-
played graphically with the surface geometry data in an inte-
grated manner.

AGPS operates on a minicomputer or engineering work-
station. It uses cubic, quintic, and rational b-spline mathe-
matics to represent curves and surfaces. The program may be
run via menus or a command language. The command lan-
guage allows a complex sequence of steps to be saved and
repeated quickly.

An overview of AGPS and its usage is presented. Topics
include basic features of the program, the role of AGPS in the
aerodynamic design process, program operation, mathemati-
cal modeling concepts, data structure, and lessons learned in
the development and support of the program.

Introduction

As the aerospace industry shifts more and more to the
use of computers in the definition of its products, much has
been written about the subject of computer-aided design
(CAD) (refs. 1 through 5). These writings, as well as the CAD
systems themselves, typically focus upon the drafting or con-
ceptual design environment. However, such systems often do
not satisfy the needs of engineering specialists in technical
support staffs such as aerodynamics. Effective use of comput-
ers in aerodynamic design requires a geometry system that
addresses the surface definition, extraction, and display re-
quirements of the design/analysis process in an integrated
fashion.

Surface definition is the primary function of any aerody-
namic geometry system. The aerodynamic designer must be
able to efficiently define a complex, three-dimensional mathe-
matical model of the outside contours of an aircraft. This in-
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volves defining surface contours, evaluating these surfaces
(e.g., for smoothness), and modifying the contours as re-
quired. Geometry systems must be adaptable to unforeseen,
one-of-a-kind applications. In addition, they must address
more routine applications such as wing design. They must
accept the typical inputs of such applications, in this case
nondimensional airfoils, wing planform, and twist and shear
distributions. Because of the iterative nature of aerodynamic
design, the system must provide a means of storing and re-
peating a complex sequence of steps.

Extraction capabilities are required to fabricate or ana-
lyze surface contours. Surface data must be sent to numerical
control (NC) machinery for fabrication of wind tunnel models.
Also essential is a link with the aerodynamic analysis codes
that have become a fundamental part of the modern design
process. As described in Reference 6, ... generating the geo-
metric input data, i.e., geometric models, for the computa-
tional codes can be a time-consuming operation, especially
when models must be generated for several codes during the
design exercise” Some means of storing sequences of steps
required to extract and properly format geometry data must
be provided. The extraction methods must be flexible enough
to adapt to the individual requirements of the various aero-
dynamic codes, ranging from simple two-dimensional linear
methods to complex three-dimensional Navier-Stokes codes.

As analysis codes become more capable, efficient display
of the data generated by such codes becomes essential. The
value of such displays is described clearly in References 7
through 9. Modern panel methods or computational fluid dy-
namics (CFD) codes generate aerodynamic data at thousands
or tens-of-thousands of locations. Interpretation of such data
is somewhat akin to drinking from a firehose — the shear
volume of the product is overwhelming. Thus, the aerody-
namic engineer requires some means of displaying computed
analysis data and integrating these data with the physical
and computational models used.

The Aero Grid and Paneling System (AGPS)

Program Summary

The Aero Grid and Paneling System (AGPS) was devel-
oped by the Aerodynamics Technology staff of the Boeing
Commercial Airplane Company (BCAC) with support from
Boeing Computer Services (BCS). It is a surface geometry
system focusing on the needs of engineering technical staffs
such as aerodynamics, as summarized in Figure 1. AGPS pro-
vides an efficient means of developing any three-dimensional
surface or the entire external shape of an airplane. It also has
built-in and user-programmable features for extracting data
in the proper form for use by CFD or other analysis codes.
The results of these codes can then be brought back into
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Figure 1. AGPS Overview
AGPS - An Aeradynaric Design Tool
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Figure 2. AGPS Operation on Workstalion

AGPS History

Initial development of AGPS took place over a relatively
short peried of time, Work began in January 1980, and a pre-
Hminary version of the program was available in September.
Trm, wasg made possible by two major fariors. Fivst, the devel-
opment team consisted of 2 handful ofz'a}:cephfmaﬂy talented,
maotivated in i

Hividuals with backgrounds in mathermatics,
compubing, and engineering. Secondly, t ‘hs team weas able to
draw on experience with experimental “prototype” programs
developed earlier. Though not all were released to the gen
aral usercommunity, these programs provided a usefud foun-
dation for AGES development.

Since its inilial development 1o 1880, AGPS has heen
used throughout The Boeing Company. Usage increased dra-
matically in 1883 when a user-support group was formed and Figure 4. E-8A Panel Networks
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A number of task-oriented AGPS “packages,” consisting
of a set of command files, menu files, and appropriate docu-
mentation have been prepared. These address topics such as
wing lofting, panel network editing, and aerodynamic flow-
property display. User response to these packages has been
very positive, since they allow the average user to complete
his task with a minimum of knowledge of AGPS itself.

Overview of AGPS Mathematics

Basic Concepts

AGPS uses as mathematical constructs the point, curve,
and surface. (Some preliminary work has been done on solids
as well.) Curves are modeled as a continuous chain of seg-
ments; surfaces are modeled as a network of four-sided
patches. In most cases, the user may think of curves and sur-
faces as single entities. Segment and patch elements are
available for manipulation by advanced users.

Geometry may be defined using either polynomial or
nonuniform rational b-spline mathematics. Curves and sur-
faces are fit to input data points using linear interpolation,
cubic or quintic splines, or quadratic- or cubic-b-splines. Con-
tinuity of desired degree can be specified across curve seg-
ment or surface patch boundaries.

Parametric Representation

Curves and surfaces are represented using parametric
techniques, as illustrated in Figure 11. In the case of a curve,
the X,Y,Z coordinates are converted and stored as a function
of a parametric variable, S. This parametric variable is anal-
ogous to nondimensional arc length; it has a value of 0 at one
end of the curve and 1.0 at the other end. Surfaces are repre-
sented as a function of two parametric variables, S and T;
these vary from 0 to 1.0 in orthogonal directions along the
surface.

A portion of a curve or surface may be represented by a
“subrange” object. As illustrated in Figure 11, for example, a
subrange curve may lie on a surface, or a subrange surface
may lie on another surface. In the limited region of the sub-
range, these objects are mathematically equivalent to their
parent. They have their own parameterization scheme, which
is mapped into that of the parent object.

Parametric techniques offer several advantages. First,
they remove most restrictions on curve or surface shape. For
example, double-valued curves are possible, as are curves
that loop or double back upon themselves. Secondly, they per-
mit very rapid evaluation of surface data. Given S and T val-
ues, surface position and outward normal may be evaluated
quickly. This is important when extracting large quantities
of data, such as those used in defining surface panel networks
for aerodynamic analysis. Other extraction methods within
AGPS allow curves or surfaces to be evaluated at particular
values of spatial coordinates XY, or Z.

Curve Surface
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Figure 11. AGPS Parametric Representation

AGPS Data Structure

Overview

The function of the data structure is to store all of the
objects read into AGPS or created by the user during a partic-
ular AGPS session. It gives the user access to the mathemati-
cal building-blocks defining each object. At any time during
an AGPS session, the data structure of the program can be
saved. This allows the user to exit the program, reenter at a
later time, restore the data structure, and resume the session
where he left off.

The AGPS data structure currently supports over 30 ob-
ject types. These include geometric entities, such as point-
strings, curves, and surfaces, as well as nongeometric
entities, such as text objects. Nongeometric “list” objects are
used to conveniently group together similar objects. For ex-
ample, all surfaces representing a complete airplane configu-
ration might be stored in a list.

The AGPS data structure has been designed to easily accept
new object types. The addition of a new object or mathemati-
cal form requires only two new routines: one to create the
object, the other to evaluate it. This has allowed the list of
available object types to grow as dictated by new program
applications.

Object Storage

AGPS uses the concept of virtual memory for an in-core
data structure. Each object in the data structure is assigned
an arbitrary name, either by the user or automatically by the
program itself. As illustrated in Figure 12, each object is
stored using one of two methods, depending upon the particu-
lar object type. These are termed “call-by-value” and “call-
by-reference” objects.
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Figure 12. AGPS Data Structure

Call-by-value objects are stored independently of other
items in the data structure. All of the information needed for
its evaluation is stored in the object’s own data block. The
advantage of this type of object is that it can be evaluated
very rapidly.

Call-by-reference objects are stored in terms of pointers
to other objects in the data structure, termed ‘“ancestors.”’
While slower to evaluate, these objects offer two advantages
over call-by-value objects. First, they provide for automatic
regeneration. That is, when a component or ancestor of an
object is modified, the object itself is automatically modified.
Secondly, they allow for a very compact data structure. A
call-by-reference object requires very little space in the data
structure since it is stored only as a set of pointers to its
ancestor objects.

Lessons Learned

The development and support of AGPS has yielded a
number of useful lessons regarding geometry systems and
their use by engineering technical staffs. These may be of
value to anyone planning to undertake the development of
such a system.

Program Features

1. Program operation via a command language allowing
command files is essential. Since the command files ex-
tend the program’s capability without altering the pro-
gram itself, they allow the entire technical community
to participate in the development of AGPS.

2. The ability to store and reexecute a sequence of steps is
invaluable. Being able to alter a configuration and
quickly repeat the process of panel-network extraction
has allowed AGPS to support rapid turnaround in the
design/analysis cycle of unusual and complex
configurations.

3. The ability to record a sequence of steps during an inter-
active session is very important. In many cases, this fea-
ture has been used to develop AGPS procedures in
real-time, “on the fly)” In addition, it has proved useful
in assisting error-prone users to determine where they
went wrong.

4. Specialized, task-oriented menus are extremely useful in
tailoring a program to the user’s needs. The AGPS
“packages,” including commands and command files ac-
cessible via special menus, have been enthusiastically
received by users.

5. A flexible, expandable data structure is extremely valu-
able. It allowed AGPS to be made available in a short
period of time using only the basic object types, while at
the same time providing an easy means of growth as the
need for additional types arose.

6. An effective method of error handling is crucial to user
satisfaction. This may be a luxury to be overlooked in
the initial stages of program development, but provi-
sions must be made to eventually incorporate it into the
code.

Program Development

1. Effective software can be developed in a short amount of
time by the right people in the right environment. The
original version of AGPS was available in just 9 months,
in part because the developers were creative, innovative
individuals with an intimate knowledge of programming
concepts and hardware.

2. In developing software, the needs and background of the
user must always be kept in mind. In most cases, the
developers are not the users. User feedback early in the
developmental process is important; rapid response to
this feedback helps to encourage acceptance of the
program.

3. Tradeoffs of performance versus portability must be
weighed carefully. Hardware is subject to frequent
change and improvement, and a machine-specific code is
difficult to support.

4. In a language-based system, careful thought should be
given at the outset to basic syntax conventions. Any in-
consistencies will be a constant source of aggravation
and will inhibit user acceptance of the program.

Program Support

1. Software support must involve a team approach utiliz-
ing the coding skills of the programming analyst as well
as the applications skills of the engineering expert-user.

2. Program support requires a different mix of skills than
program development. In the support role, patience and
the ability to communicate with users are more impor-
tant than the innovative, entrepreneurial skills of the
software-development “whiz.”



3. Proper documentation must be made available to pro-

gram users. The documentation must address the appli-
cation of the program to tasks encountered by the users.
It must be easy to use and it must be kept up to date.

4. A training program must be available to users. Like doc-

umentation, training must address the application of the
program. It must be available on demand.

Conclusion

Since its introduction in 1980, AGPS has proved to be a
useful tool in the aerodynamic design process. From the out-
set, the program was designed with an emphasis on flexibil-
ity — flexibility of application and flexibility of operation. It
has allowed engineers to model a variety of aircraft configu-
rations, to extract the geometry data needed by modern aero-
dynamic analysis codes, and to effectively display the data
produced by these codes. By permitting both menu and com-
mand language operation, the user interface has allowed
AGPS to be tailored to specific tasks without loss of versatil-
ity. During the past seven years, AGPS has demonstrated its
ability to adapt to the rapidly changing needs and computing
environment of the aerodynamic engineer.
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