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The Role and Application of Data Base Management
in Integrated Computer-Aided Design
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and
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A relational data base management system has been used for managing engineering data in a computerized
integrated design system. The resulting system has been applied to the analysis of various structures to
demonstrate and evaluate the ability to store, retrieve, query, modify, and manipulate data. Key software used
includes data management software resulting from the NASA CAD/CAM project, Integrated Programs for
Aerospace-Vehicle Design (IPAD), several applications programs, and selected integrating software developed
during the study. Results discussed include system development, system use, and performance and advantages of
an integrated data management system.

Introduction

THE amount of data and/or information developed or
obtained for a product from its inception until

production can be voluminous, even for very simple products.
For aerospace vehicle systems, the "archival type" handbook
data, design criteria data, scheduling and contract data, and
data generated during the design process are sizable and
require large amounts of resources to store and retrieve it.
Since a major part of product design work is the management
of design data, significant improvements in designer ef-
ficiency are possible through development of better ways to
manage such data.

References 1 and 2 indicate that, through efforts over the
past five years of a joint industry government program
denoted Integrated Programs for Aerospace-Vehicle Design
(IPAD), progress is being made in development of technology
to manage engineering data. IP AD reports and prototype
software provide a basis for defining and assessing data
management approaches for a spectrum of engineering ap-
plications.3'7 The present paper reports on a relational ap-
proach to managing engineering data for use in a com-
puterized integrated design system. The data management
approach has been implemented into an experimental in-
tegrated software system and the resulting system used to
demonstrate and evaluate such data management functions as
storage, retrieval, query, manipulation, and modification of
data. The development and organization of the experimental
integrated design system, the application of the system to
selected test problems, and insights into data management
issues gained from the study are discussed.

Engineering Data Management Issues
One of the most critical elements in an effective integrated

design system is data management. The IP AD project has
focused on development of data management technology and
has investigated both design and manufacturing needs. Data
management requirements for design were derived by in-
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vestigating the data flow and user requirements identified in
studies of design processes for several aerospace vehicles. A
limited assessment of design/manufacturing interface
requirements was also carried out. IPAD results to date in-
dicate that an engineering data management capability must
meet at least the following functional requirements1:

1) Accommodate multiple views of data from a variety of
users and computing storage devices.

2) Allow multiple levels of data descriptions to support
wide varieties of engineering organizations and tasks.

3) Permit easy changes in data definition as work
progresses.

4) Allow data to be distributed over networks of computers
of various manufacture.

5) Permit data definitions to be readily extended as needs
arise.

6) Store and manipulate geometry information.
7) Contain adequate data configuration management

features.
8) Provide broad capability to manage information

describing the data.
Whether or not engineering data are computerized, the

primary responsibility for its storage, retrieval, and
protection usually resides with the originator. Access by
others to such data typically requires personal contact with
the data originator to clarify data definition or a visit to the
drawing vault to locate a particular drawing(s). Data handling
is also one of the most uninteresting, time-consuming, and
error-prone jobs of an analyst. Establishing commonality of
data between two users from different disciplines is usually
repetitious and occurs each time data are needed. Storage of
data in a data base management system provides the op-
portunity for computerizing the retrieval process through
appropriate interface software. The data can then be readily
reformatted for use by a specific designer, or his application
program, relieving him of mundane data preparation tasks,
improving data quality, and substantially reducing design
time.

As an example of data management use, the nonlinear
stress analysis of tiles for the Space Shuttle Orbiter thermal
protection system8 showed that more than 3000 tiles could be
analyzed in a single day when the analysis software was in-
tegrated with a data base management system. This
productivity rate compares with approximately one tile per
day when the input data were prepared by hand. Considerable
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effort was initially required, however, to locate, define, and
store the data in the data base because there was no standard
characterization of data, and key data were distributed among
several organizations and companies. To address these
problems, work is currently underway at the National Bureau
of Standards, under the sponsorship of the IPAD Project, the
1C AM program, and other government organizations, to
develop standards for communication of graphics and
-design/drafting information among organizations and
computer hardware. The recently developed Initial Graphics
Exchange Specifications (IGES)9'10 is an example of this
work.

A Prototype Integrated Design (PRIDE) System
To assess the use of a relational engineering data

management system by integrating various application
programs, a Prototype Integrated Design System (PRIDE) is
being developed at the NASA Langley Research Center for
operation on a DEC VAX 11/780 minicomputer. The PRIDE
system (Fig. 1) consists of executive software, a series of
application programs, a data base management system, and
several pre- and postprocessors. The executive software was
adapted from an in-house integrated design system11; the
application programs are primarily in the public domain; the
data management system called RIM (Relational Information
Management System, Ref. 12) was developed under the IPAD
Project; and the pre- and postprocessors to RIM were
developed for this study. A description of relational data base
systems, which is the focus of the PRIDE system, is given in
Ref. 13. Although the PRIDE system is primarily focused on
structural analysis capability* its implementation addresses
some issues important to larger integrated design systems to
support engineering staffs at all levels of design (conceptual,

preliminary, and detail). The application programs represent
analysis/design and graphics capabilities for the following
areas: structural analysis (SPAR14), CAD/CAM (AD-
200015), bandwidth minimization (BANDIT16), graphics
(NCAR17 and NPLOT, a NASA Goddard Space Flight
Center graphics program), aerodynamics (USSAERO18), and
optimization techniques (PROSSS19). Modifications to
application programs were primarily limited to input and
output; program enhancements were made only when no
other alternative was available. The PRIDE system has
evolved from previous systems20'21 as software has been
improved or new software incorporated. This 'section
discusses the executive software, use of RIM to manage the
data, and the interface of application programs to RIM.

Executive Software
To facilitate use, the PRIDE system is menu-driven through

executive software illustrated in Fig. 2. A main menu and
various levels of submenus are used to execute application
programs in either the interactive or batch mode. The
executive is a user-friendly interface which provides access to
PRIDE options and returns users to a central set of menus.
The executive is written in FORTRAN (and therefore is
portable) and has considerable flexibility so that
modifications to the sequence of activities is easy to im-
plement. All application programs are completely in-
dependent, and the PRIDE system can be entered at any
point. BANDIT and NPLOT, for example, were incorporated
into the system for use by SPAR although they were originally
developed as processors for the NASTRAN finite element
program.22 In use of the menus, however, a specific program
must be executed and its output data stored in the data base if
that output is required for a subsequent program.

U S E R
~

P R I D E
EXECUTIVE

——— = DATA PATH

(P ) = PRE- AND POST-
^̂  PROCESSOR RELATIONAL

INFORMATION
MANAGEMENT

SYSTEM
Fig. 1 Flowchart of the PRIDE System.
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3 CAD/CAM
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[DISCIPLINES!
.1 STRUCTURES
2 AERODYNAMICS

[DATA BASE MANAGEMENT]
1 RIM
2 IPIP
5«?tfp
5 IPIP TO RIM
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I GODDARD PLOT PACKAGE
§ CONTOUR PLOTS
3-D SURFACE PLOTS

[FINITE ELEMENT!
I SPAR I

[SPAR PROCESSORS] [SPAR UTILITIES!
1 RIM TO SPAR
2 RUN SPAR COMMAND FILE
3 SUBMIT SPAR BATCH FILE
4 SPAR TO RIM

SPAR GRAPHICS
PAR CONTOUR PLOTTER
PAR FEM PLOTTER

5 GUIDANCE AND CONTROL
6 MANAGEMENT

|AERODYNAMICS|
1 CREATE USSAERO RUNSTREAM FROM I
2 RUN USSAERO (RIM VERSION)
3 RUN USSAERO (BATCH VERSION)

1 AD-2000 VERSION 2.3
2 AD-2000 FEM VERSION

[DESIGN OPTIMIZATION) [BANDWIDTH OPTIMIZATION!
1 RIM TO BANDIT
2 BANDIT TO RIM
3 BANDIT
4 DETERMIN BANDWIDTH

Fig. 2 Menu formatted executor of the PRIDE System.
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Fig. 3 Typical data base contents for an integrated design/analysis.
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RIM Use
Most current data base management systems originated

from business applications and are not well suited to serve as a
common data base to integrate engineering applications
because they lack an efficient query capability, do not have
flexible data structure, or have difficult user interface. In
general, engineering data management use requires both the
data content and data structure to be dynamic. The IPAD-
developed RIM software system avoids the above deficiencies
and was developed specifically for engineering use with a
relational structure as the data base organization.

The easy access to data in a relational way is an important
feature not available in most integrated design systems. This
is done in RIM by defining the data organization (schema) by
relations (e.g., volume) composed of data attributes (e.g.,
length, .width, height) defined by characteristics (e.g., real,
integer, text). Once the data base schema (relations and at-
tributes) is defined, then the actual data items are loaded into
the data base and are easily referenced by commands such as
SELECT ALL FROM VOLUME WITH LENGTH GT 47.
Such queries may be made in both a direct interactive mode
and through a program interface mode. Benchmark tests
show good performance in both modes.

Ready access to data is provided by the interactive RIM
query mode, while program Integration and data sharing is
accomplished using the RIM program interface mode (for
programs written in FORTRAN, PASCAL, or COBOL).
Figure 1 shows the RIM direct query mode where users may
interactively create, access, add, modify or update, delete, or
query their RIM data base. The remaining lines emanating
from RIM in Fig. 1 go to applications programs and pre-
postprocessors which translate data to and from the RIM
format. Thus, through this second mode, RIM provides a
common data format and flow between the application
programs in accordance with control commands from the
executive.

The initial way to gain familiarity with the RIM data base
management is typically through the interactive query mode,
which provides a convenient tool for engineers to control and
retrieve data. For more advanced applications where the
quantities of data are large, the RIM interface to an ap-
plications program may be needed. Once data have been
entered into the RIM data base via the applications program
interface mode, the user may then interactively .query RIM at
any stage in the calculations to review or extract selected data
(see, for example, Fig. 3).

Application Program Interfaces
The ease of implementing an integrated design system is

directly related to the ease of interfacing application programs
to the data base. The RIM data base management system
provides direct access to the user by entering selected com-
mands and/or pre-,or postprocessors through FORTRAN-
callable subroutines. For example, an application program
can be interfaced with RIM by using the RIMPUT and
RIMGET subroutines in place of the conventional FOR-
TRAN WRITE and READ statements. In other cases (see Fig.

Fig. 4 Flowchart for the AD-2000 to RIM processor.

1), these statements may be isolated into pre- and post-
processors to avoid any changes to the application programs.

User access allows modifications and/or minor additions to
the data base which may be due to data errors or requirements
for a particular analysis. However, the data base is created
and data are stored, retrieved, modified, and manipulated
within the processors utilizing the pertinent FORTRAN-
callable subroutines. Representative flowcharts are shown in
Figs. 4 and 5 for processors which store the geometrical and
design data generated in the modified AD-2000 CAD/CAM
into RIM and which retrieve the geometrical, design, and
pertinent materials and section properties (e.g., wide flange
beam data) from RIM and format these data into a runstream
for a SPAR execution. In each of these processors, provisions
have been made for cataloging the various files (i.e., data
base, command, output, etc.) as they are created. This file
catalog is stored on the data base and is meant to be a com-
puterized version of a subject/author library-card index file
and is accessible to all users. Such information can provide
more effective use of computer resources in a production or
research and development environment.

Engineering Data Management Test Problems
To evaluate the merits of managing engineering data using

a relational system, the PRIDE system has been used in the
design and analysis of four sample problems including 1) a
simple structural panel with a circular hole, 2) a square plate,
3) a conventional wing structure, and 4) a large area space
structure. The applications are typical structures considered in
the various research activities at the NASA Langley Research
Center. A discussion of the problems and data management
issues are given below; problem response times for the various

Table 1 Processor response times (in seconds) to store or retrieve, manipulate, and format data

Processor

AD-2000 to RIM
RIM to BANDIT
BANDIT to RIM
RIM to SPAR
SPAR to RIM
RIM to NCAR
RIM to NPLOT
RIM to USS AERO
USSAERO TO RIM

Panel with hole
Coarse Fine

297.0
1.6
5.7

130.0
180.5
68.4
25.5

N/A
N/A

912.0
3.6
8.2

227.0
410.2
172.2
29.5
N/A
N/A

4 nodes

11.2
N/A
N/A
11.9
1.5

N/A
15.3
N/A
N/A

Square plate
64 nodes

79.6
N/A
N/A
48.0
72.5
87.1
25.2
N/A
N/A

196 nodes

441.7
N/A
N/A
168.8
92.3

118.5
27.5

N/A
N/A .

Swept wing

459.2
2.9

.2.7
431.1
342.0
N/A
11.0
45.0

300.0

Space
structure

N/A
N/A
N/A
890.0
509.0
N/A
56.0

N/A
N/A
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Fig. 5 Flowchart for the RIM to SPAR processor.

a)

Fig. 6 Finite element models of a panel with a circular hole: a) coarse
mesh, and b) fine mesh.

processors are shown in Table 1. These response times are
total wall clock times for a lightly loaded computer.

Panel with Circular Hole
Two finite element models of a panel with a circular hole

are shown in Fig. 6. The two models were not selected for
structural accuracy but to provide a simple data management
test problem. The physical and geometric properties of the
panel were modeled using finite element modeling enhance-
ments included in the AD-2000 CAD/CAM program. Also,
several constraint sets and load sets were specified during this
modeling phase. Approximately one man-hour was required
to set up the geometrical and physical properties for these
models using PRIDE. The computer times required by each of
the processors to format the data are shown in Table 1.

These models, consisting of 108 nodes and 104 triangular
and quadrilateral finite elements and 228 nodes and 222
triangular and quadrilateral finite elements, were stored on

separate data bases whose schemata (data organization and
relationships) were automatically defined by the processor. At
this point, the name of the data base file, owner description,
and identification of subject matter are requested in order
that this file can be listed on the file management data base.
This information, as stored in the data base, is shown in Fig.
7. Partial listings of the data stored in the data base by this
processor are shown in Fig. 3.

To obtain an efficient finite element solution within limited
memory space, the bandwidth of the stiffness matrix should
be as narrow as possible. For these two panel models, the
nodal and element data were extracted from RIM and for-
matted into an input runstream for BANDIT. The program
BANDIT was then executed, reducing the bandwidth of the
coarse-mesh model from 53 to 22 and the fine-mesh model
from 120 to 33. These two new sets of node numbers were
then loaded into RIM, replacing the old node sets, and all
nodal data were changed accordingly, using the BANDIT to
RIM processor. Alternatively, this could have been ac-
complished by putting a new relationship in RIM between the
old and new sets of node numbers.

Having revised the model in the data base to reflect the
minimized bandwidth, the RIM to SPAR processor is selected
from the menu to create a SPAR runstream. Relations in the
predefined data base schema are able to interpret the various
names for identifying element types and section properties.
For example, the "QM" designation used by AD-2000 to
identify a quadrilateral membrane element would be
recognized as an "£41" in SPAR; as a "CQDMEM" in
NPLOT. In addition to retrieving and formatting the nodal,
element, loads, and constraint data from the data base(s), this
processor allows the specification of the problem-oriented
constraints (e.g., planar analysis), solution type (i.e., static,
vibration, etc.), and load and constraint sets. Since these
created command files were to be saved, they were
documented and stored on a RIM data base. For the coarse-
and fine-mesh models, the following solutions were obtained:
1) static or stress solutions with three different configurations
of constraints and applied loads 2) vibration analyses with
simply supported and fixed edges; and 3) buckling analyses
with simply supported and fixed edges. The data, consisting
of 29,104 and 61,444 pieces of data for the coarse- and fine-
mesh models, respectively, were stored in the data base.
Approximately 90% of the time used to store the SPAR data
in RIM was for the stress data. This was due to a mismatch of
element numbers in the RIM arid SPAR data bases. In the
RIM data base, elements are grouped according to their
number of nodes and numbered consecutively. In the SPAR
data base, there is a subgrouping of the elements by type (i.e.,
quadrilateral membrane, bending, membrane-bending, or
shear), in addition to the grouping by number of nodes, and
the elements are numbered consecutively in the subgroups.
Therefore, in order to make the element numbers consistent,
the node numbers of each element were used to identify the
element stress data, which required a time-consuming RIM
search routine. These times will be reduced significantly in
future work by including a RIM relation which maps the
element numbers in the RIM data base to those in the SPAR
database.

Graphical representations of the data stored on the data
base are accomplished by exercising the graphics software
which is interfaced with the data base through a processor.
Figure 8 is a contour plot of the maximum principal stress,
which was calculated in the processor from available stress
data in the data base for a uniaxial tensile load and simply
supported opposite edge. The fundamental mode shapes for
the vibration and buckling analyses with simply supported
edges are shown in Figs. 9 and 10, respectively. The times
indicated in Table 1 for the RIM to NCAR processor include
the times to extract data, create an input file, and draw the
contour plots. The entire analysis of a panel with a circular
hole required approximately 10 man-hours from initial
concept to final results.
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BIGPAM SPARRUN FILE
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3) SIMPLE-SIMPLE
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RIM DATABASE NAME: INFO
RELATIONS: DATABASE, IDENT, OWNER
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DATE.
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FOR THE AD-2000 MODEL, THE PART
NAME IS PANEL1, SHEET NO. 1. IT
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THE RIM-DB CONTAINS THE
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OWNER NAME ORG

TRS
TINA
CLB

TOM SUTTER
C.G. BROWN
C.L. BLACKBURN

I PAD
IPO
KENTRON

MAllSTOP PHONE

246
246
246

827-3195
827-3195
(804)827-3975

Fig. 7 Typical data stored in the file management data base.

Square Plate
To evaluate the performance of the AD-2000 to RIM, RIM

to SPAR, and SPAR to RIM processors, a simple square
plate, as indicated in Fig. 11, was subjected to a static finite
element analysis for varying mesh sizes. A data base con-
taining 35 relations with 283 attributes was created by the
processors in approximately 1.5 min. The times to store,
retrieve, manipulate, and/or format the data in each of the
processors are shown in Fig. 12. For the AD-2000 to RIM
processor, 7 relations with 33 attributes were loaded with data
varying between 123 and 3207 pieces. For the SPAR to RIM
processor, 3 relations with 28 attributes were loaded with
between 88 and 5272 pieces of data. The larger times required
for the AD-2000 to RIM processor are due to the deletion of
duplicate nodes that usually occurs in the modeling phase,
sorting the nodes in a user-prescribed order, and assigning
node numbers to the corner coordinates of the finite elements,
coordinates of applied load points, and coordinates of the
constraint points. Most of this time is in the processors and

could be improved substantially. For the RIM to SPAR
processor, the material properties data base was incorporated
into the geometry/design data base such that one data base
only had to be accessed. When two data bases were accessed
by the RIM to SPAR processor (material properties and
geometry/design), there was an additional 9.3 s required to
open the data base, retrieve the data, and close the data base.
Substantial time increases are expected for models composed
of many materials and varying structural elements if the
various data bases are not combined into a single data base.
This would suggest that when performing a particular
analysis, one may wish to formulate a problem-oriented data
base.

Swept Wing Structures
Figure 13a shows a hidden line drawing of a swept wing,

and Fig. 13b is a finite element model of the wing box
structure. These drawings were based on geometry generated
in AD-2000, stored in RIM, and then retrieved and formatted
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Fig. 8 Maximum principal stress distribution.

Fig. 9 Contour plot of the fundamental vibration mode.

Fig. 10 Contour plot of the fundamental buckling mode.

into "NASTRAN-like" input data for the NPLOT graphics
program. The cross section of this wing is composed of
standard NACA airfoil sections. More current versions of
AD-2000 now have a bulk data input capability which would
allow input of the airfoil data directly from a RIM data base.
In any case, this finite element model, which represents a
built-up structure composed of rib and spar caps, rib and spar
shear webs, rib and spar shear web stiffeners, and external
cover panels, required about 4 h to generate, including keying
in the airfoil ordinates and other geometric and physical data.

To incorporate a second discipline in the PRIDE system, an
aerodynamics program denoted Unified Subsonic Supersonic
Aerodynamics (USSAERO), has been interfaced with the
RIM data base through pre- and postprocessors. The
preprocessor creates an input runstream primarily based on
the standard NACA airfoil data stored in the data base and
secondarily on user-supplied data (i.e., Mach number,
altitude, and angle of attack). The postprocessor creates a
data base schema and automatically stores the resulting
aerodynamics data. A contour plot of the pressure coef-
ficients for the subject wing is shown in Fig. 14, as generated
by the NCAR graphics program.

Pilots of the deformed wing due to the generated pressure or
aerodynamic loading and the mode shape of the fundamental
frequency are shown in Figs. 15a and 15b. For this study, the
response times of the processors were similar to those for the
panel with a hole.

Large Area Space Structure
The repetitive nature of the geometry for a large area space

structure, as shown in Fig. 16a, makes it particularly adapt-

SIMPLY SUPPORTED

FREE

Fig. 11 Schema of the square panel used in the processor response
study.

,_ 200.o-

40 80 IZO 160 ZOO

NO. OF NODES

Fig. 12 Processor response times for a finite element model of a
square panel with a varying mesh size.

able to the automated finite element modeling routines that
were incorporated into the AD-2000 CAD/CAM program.
However, this particular structure had been modeled earlier
and subjected to a NASTRAN finite element analysis. The
input nodal and element data, as given on a disk file, were
edited into a format suitable for loading onto a RIM data base
whose schema had been defined previously in the AD-2000
postprocessor.

Since provisions have not been incorporated into the
present finite element modeling modification of AD-2000 for
applying temperature to the structure, it was decided to edit
the SPAR input file as created in the RIM to SPAR processor.
Nodal temperatures were defined which represent a thermal
gradient resulting from the application of heat to one side.
This editing operation also incorporated the materials, section
properties, and constraint data into the runstream. Of course,
these data could have been stored in the RIM data base and
then automatically formatted into the input file.

A SPAR thermal stress analysis of the structure was per-
formed and the resulting displacement and stress data were
stored in the RIM data base. A vibration analysis was sub-
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b)

Fig. 13 External shape and finite element model of the wing box of a
swept wing: a) external shape, and b) finite element model.

Fig. 14 Variation of the pressure coefficient over the upper surface
of the swept wing. .

a)

a)

Fig. 15 Deformed/undeformed structural plots of the wing box of
the swept wing: a) static deflection, and b) fundamental mode shape.

c)

Fig. 16 Large area space structure: a) undeformed, b) thermal
deflections, and c) fundamental mode shape.

sequently performed and the resulting frequencies and mode
shapes stored on the same data base. Figures 16b and 16c
show the deformed shape of the structure for the thermal
loading and the fundamental frequency, respectively, as
generated by the NPLOT graphics package using data ex-
tracted from the data base and prepared in the proper input
format by the preprocessor. Once the NASTRAN input file
was available, less than two man-hours were required to
obtain these SPAR solutions.

Concluding Remarks
Several investigations have been conducted to evaluate the

role and performance of a relational data base management
system in an integrated computer-aided design environment.
Results from these investigations have yielded the following
conclusions:

1) The relational data manager RIM was found to have
excellent functionality, user interface, and performance to
meet a broad spectrum of integrated design system
requirements. It performed well during the present study and
user evaluations were very favorable. There were significant
time savings in the conduct of computer-aided analysis tasks
due to use of relational data manager to locate and retrieve
specified data and correctly format them into an input
runstream for a particular analysis.

2) In most cases, the response time of the pre- and post-
processors to RIM was not objectionable to the analyst.
However, the response time was not trivial and increased as
the amount of data increased. For example, the largest
portion of the response time for the SPAR to RIM processor
involved the storage of stress data which had to be sorted to
make the element identification consistent with previously
stored element data.

3) Because of the FORTRAN CALL statements available in
the RIM software, it was possible to develop processors which
integrate the various analysis/design/graphics programs
through a data base with minimum effort after a short
learning cycle of less, than one man-week for an engineer with
applications programming experience.

4) As opposed to a system in which the output of a program
directly feeds another program, the data generated in a data
base oriented integrated design system is available to many
users and/or programs. However, the capability to find the
desired data is not a well-defined process. An attempt at data
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identification has been made in this prototype system using a
RIM data base. Probably, only user experience in this type of
environment will yield an adequate solution.

5) The modular organization of PRIDE around a relational
data management system driven by an executive provides
great flexibility to add and/or replace application programs
with minimum programming effort and impact on other
existing application programs.

6) In a product development atmosphere, the design process
usually is highly specialized and repetitive and the benefits
discussed here would be further amplified as the number of
design cycles increases.
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