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THE AEROSPACE VEHICLE INTERACTIVE DESIGN SYSTEM

Alan W. Wilhite
NASA Langley Research Center

SUMMARY

The Aerospace Vehicle Interactive Design (AVID) is a computer-aided
design system that was developed for the conceptual and preliminary design of
aeraspace vehicles. The AVID system evolved from the application of several
design approaches in an advanced concepts environment in which both mission
requirements and vehicle configurations are continually changing. The basic

AVID_software facilitates the integration of..independent analysis programs- in- -

to a design system where the programs can be executed individually for analy-
sis or executed in grouns for design iterations and parametric studies. Pro-
qrams that have been intearated into an AVID svstem for launch vehicle design
include qeometry, aerodynamics, propulsion, flight performance, mass proper-
ties, and economics. This paper describes the evolution of the AVID based on
the experience from past design approaches. The benefits of using AVID are
illustrated by the concentual design of a launch vehicle system.

INTRODUCTION

- At the lLanqgley Research Center, advanced launch vehicles are being
studied to determine the high-yield technoloay areas that need to be developed
for the evolution of an efficient transportation system that would- enhance or
eventually replace the snace shuttle.. Technology studies have been conducted
- In the areas .of advanced propulsion, aerothermodynamics, materials, flight
control, and structures. A quantitative assessment of the effect of these
technoloaies has heen defined based on their effects on vehicle mass and life-
cvcle cost. .

A number of mission and vehicle concepts have been studied. Mission re-
quirements have ranged from small payload capability (~10 metric tons), for
personnel and priority payloads to large payload capability (=500 metric
tons), for bulk cargoes such as propellants. Concepts have ranged from air,
sled, or vertically launched vehicles to ballistic single- or two-staged
vehicles.

It is an immense task to design and analyze the matrix of missions and
concepts that are envisioned for the future. In order to complement our
studies, a general computer-alded design system was developed called Aerospace
Vehicle Interactive DNesign (AVID). The purpose of this paper is to describe
the evolution of the AVID system based on the experience from past design
approdaches. The computer software and hardware that makes the system run
efficlently are described. Finally, an advanced launch vehicle design system
is presented to illustrate the benefits of using the AVID system.



PESIGN APPROACHES

cept which satisfies a given mission-and set of requirements, Since a person
Is unlikely to be an expert in all the engineering disciplines, the classical
approach to designing a vehicle is to identify a design leader who is in
charge of a group of specialists in each of the engineering disciplines, as
illustrated in fiqure 1, Usnally the design leader has 3 rough idea of a con-
cept that will perform the mission requirements, This concept is then
analyzed hy each of the specialists. The Management. of the tota) design pro-
cess is difficult, since the specialists depend on each other for information
or analyses. In addition, each discipline in the design process generally is
constrained by the requirements_QFHtne_gther-discipiines.' Because of these
_design.conf!icts,~many iterations are required before 4 suitable vehicle de-
sign emerges. Because the transfer of information is slow or incomplete, the
design leader has a difficult time controlling the interface between disci-
“plines, Design iterations are expensive and time consuming, and optimal de-
sign requiring many iterations is nearly impossible. Recent experience has
shown that for comranies that have continued to yse this anproach for advanced
vehicle studies, a single concent iteration may take days or weeks., The major
advantanes of this aooroach arve the fiexibility of utilizing specialists and

With the develeopment of large computer systems, attempts have heen made
to integrate the varicus engineering disciplines into a single large computer
program for preliminary desisn and mission analysis. Severa] of these synthe-
5is-programs have heen stecessful (refs. 1-4), These programs closely couple
the technologies so the desian process can be verv fast to allow parametric
and sensitivity studies and optimization, Although the design process has
been automated with these single synthesis Programs, there are disadvantages
that have limited the success of this approach. The systems are usually hard-
wired for the synthesis of one particular vehicle class; thus, there is little
flexihility in mdifying the program or changing the analysis iteration cycle
for a different tyoe of vehicle or mission. The lack of fiexibility is due to

~insufficient op restrictive data intercommunication between the technical dis-

ciplines. Another disadvantage is that the analysis techniques are often
tailored toward the single vehicle class for simplification and increased com-
putational speed. Finally, the designer cannot interact with the design pro-
cess until a final point design is established by the Computer, which nearly
eliminates an important engineering design contribution--creativity.

"~ In the late 1960's, svstems were developed to combine the advantages of
the previous design approaches by integrating independent analysis programs
into a single design system. One system was developed for the Langley Re-
search Center called ODIN (Optimal Design Integration, refs. 5 and ¢). The
ODIN system consisted of a data manager to allow the various technical



programs to communicate with each other and an executive to define the
sequence of program executions needed in the desian process (ref. 6). The
program sequencing and looping is shown schematically in fiqure 1. This
multiprogram approach has many advantages. The analysis programs can be used
with little or no modifications, encouraaing the inteqration of existing
analysis tools. The confidence that exists with using famtliar analysis
programs leads to a procedure that can be used with confidence. Also, the
same analysis proarams do not have to be reproarammed for each desiqgn
synthesis simulation, resulting tn reduced comnuter software overhead. The
desiqn process can be altered with chanqing requirements, and the execuion of
separate analysis proqrams can be restructured to design an entirely different
class of vehicles This flexibility decreases the development time of a desian
procedure and allows the analysis of a wider range of potential concepts.

The -main problem of ~the ODIN approach -is—simi-lar to-the sinqgle-program .
synthesis aoproach in that the designer is not an intearal part of the design
process becouse of the batch (noninteractive) environment of the system. To
use the svstem successfullv, the complete desian cvcle must be known before-
hand. For innavative concents, design is an iterative, man-in-the-loop pro-
cess where the resnits from each analysis step dictate the next step in the
desion process, The design cvele is often poorly defined ahead o7 time for
this phase. Oner a conceot is defined after many design fteratinns, the
pattern of analysis miaht be established. If so, the pattern can be easily
proavammed into the ODIN svstem. At this point, the concept cen be rapidly
modi fied, enhanced, or optimized. These final desian changes and entimization
are the prohlems hest handled hyv the ODIN aporoach,

Tinally, developina a aeometry model of o vehicle concept s a mator task
“usina the batch mode, -Proarams were developed to aatomatically .aenerate the
aeomet vy in MIN, but -innovative eoncepts with completely different shapes
wore racely analvzed, since the ocametry aqeneration proarams could not handle
these shapes. Putting new confiouvrations into the simulation hy hand teok
from 1-6 dava.

The AVID svstem was developed as a result of the experience nained from
these previous design approaches. The objective was to incorpor:*~ the crea-
tive and flexible features of the classical desian approach with “7e analysls
inteqration and snced of the ODIN approach into an interactive comonter-aided
preliminary desion svstem.

HTSTORY OF AVID DEVELOPMENT

The AVID system evolved over the past 5 years. The development began
_with using interactive graphics on a minicomputer for qeometric modeling of
confiqurations and for interpreting a larqe volume of data qenerated on a
mainframe computer. The qeometric modeling of a vehicle was reduced from a
1-4 day task to a 1-2 hour task. Using the minicomputer for these tasks has
been shown to qreatly increase productivity at a substant.ial savings, since
the interactive tasks have been off-loaded from an expensive batch-oriented
mainframe and transferred to a low-cost interactive oriented minicomputer.



The bottleneck in the design cycle became the process of constructing the
order of execution of analysis programs within the ODIN System for the design
grocess. Since many different design concepts were under development and each
had its own design cycle and mission constraints,-therprogrammed batch design
synthesis procedure had to be replaced. Experience had shown that a designer
should be actively involved in the design cycle to observe intermediate re-
sults of analysis programs and to select the next design step or steps in real
time based on those results. Instead of a complete automatic design sequence,
an automated process was developed that is similap to the approach where a de-
sign team leader and his discipline specialists conduct preliminary design
studies. At each step in the computerized design process, the team leader has
the choice of requesting a specialist to perform the analysis or a computer

program developed and interfaced to the design system by that specialist to. . . .

perform the._same analysis.- These requirements Ied to the implementation of 4
computer-aided design svstem based on designer participation instead of a com-
puter design system wherc there is no designer interaction once the design
process has heen initiated. Thus, the key to AVID is interactive design.

THE AVID SYSTEM

To provide an interactive design system, the software and hardware must
allow rapid design interaction. The AVID software consists of an executive to
control the design process, application programs for engineering analysis, and
a data management system for data communications (fig. 2).

The main purpose of the executive is to allow the user to interactively
execute technology programs without having to know computer languages or com-
puter commands. The executive displays -a menu of analysis or utility pro-

-grams. - After making the appropriate selection, the user may be asked to re-
spond to questions about data input to insure that the correct information has
been retrieved. The executive then steps through a series of computer com-
mands that can execute one program or a group of programs that comprise one
step in the design process. After finishing this design step, the menu is
again displayed to the user for selection of the next step. If a definite
pattern of design iterations emerges from those single design steps, the ex-
ecutive can be easily programmed to perform a sequence of design steps auto-
matically. This function is not only useful for design iterations and also
for parametric studies. -

The AVID data management system provides the generality and flexibility
of integrating and executing independent analysis programs for a given design
project. This data Mmanagement system provides two functions - to communicate
design data from one program to another and to archive the design data for
each individual configuration.

The communication database system is used to store design data consisting
of single elements and arrays. Bulk data such as geometric coordinates are
stored in separate files. Data can be stored, retrieved, or changed by users
interactively and by programs through subroutines.



A typical example of interfacing an independent program with AVID {s
shown in figure 3. A pre-processor program is written to retrieve design data
from the database. Usinq this design data, preset constant data in the pre-
processor proqram, and data input by the user, the pre-processor program con-
structs an input file in the exact format that the analysis program expected
before it was integrated into the AVID system. . If .the..correct data is not in
the database, the user is notififed. After the input file is created, the
analysis program is executed, and the desired design data is stored in the
database to be retrieved by other analysis programs. With this system, the
analysis program does not have to he changed, but only a small subroutine has
to be added to communicate data from the proqram to the database. With this
process, a specialist can recognize and correct mistakes easily, since he can
analvze a familiar input file that has not changed from when the proaram was
used in an independent mode. Since most analysis programs are interfaced in
this manner, a generalized pre-processor was devoloped (similar to OOIN) to

eliminate the develcpment “of many preé-processor pfograms.”  ~~ R

The arechive system stores all the desian data and bulk data files that
pertain to one configuration. When this data is saved, the user is requested
to type in his namé and a description of the current design. This descriptive
data, plus the date and time of day, is saved with the design data. This cap-
ability is used to freeze the design so the enoineer can break for an inter-
ruption and return at a later time. This design data can also be retrieved by
other engineers for more detailed analysis or further confiquration refine-
ment.

AVID HARNDWARF

The AVID hardware consists of graphical equipment, a minicomputer, and a-
mainframe computer as shown-in figure & The-qraphical equipment consists of
a araohics terminal, a oraphics tablet for confiquration geometric input, and
a hard-copy unit., The minicomputer is a multilanquage, multiuser, time-share
system with virtual memory. Because of the larae capacity of the minicompu-
ter, it is not dedicated to the AVID system. The computer {s located remotely
from the users and is accessed by several other groups to support several
reseqrch effacts,

Because response or the minicomputer deqrades with increasing size and
execution time of computer proqrams, large programs (taking more than 1 minute
of execution time) are executed on the mainframe computer. Tne minicomputer
operating system was developed to support primarily interactive users and the
mainframe system to support large batch tasks. Although the mainframe can
support interactive users, it is not very efficient. Presently, the mainframe
is supporting approximately 10 times more users than the minicomputer system,
but only at. low communication rates (combination of 300 .and 1200 baud) as com-
pared to the high communication rate (4800 and 9600 baud) on the minicompu-
ter. The ratio of computer capital costs per user for the minicomputer is
approximately $25K/user, whereas for the mainframe Lt is $70K/user. If the
number of users on the mainframe computer was restricted to provide adequate

(52 ]



response like the minicomputer, the difference in costs would be more
dramatic.

AVID APPLICATION TO LAUNCH VEHICLE ANALYSIS

Over the past several years, the AVID system has been used by the Langley
Research Center for several space system preliminary design projects that in-
clude orbital-transfer vehicles, large advanced space structures, and launch
vehicles. The following is a description of the independent analysis programs
and desiagn process that were developed for advanced launch vehicle analysis
and synthesis.

As shown in figire 2, the application programs integrated into-AVID for
analyzing launch vehicles include geometry, mass properties, aerodynamics,
propulsion, flight-performance, and economics. A typical design process may
begin hy creating a numerical model of the configuration that is used by the
other analysis programs. The aerodynamic characteristics can then be deter-
mined. A propulsion system is selected and the ascent flight performance is
computed based on flight constraints and mission requirements. The geometric,
propulsion, ‘and flight performance data are then used by the mass properties
program to compute vehicle mass and center-of-gravity location.

Aerodynamic mission constraints such as minimum landing speed, glide-path
anqle, and aerodynamic trim can be checked based on the current center-of-
aravity location. If these constraints are violated, the wing and/or tail
size and location can be changed. Also, the internal components of the con-
figuration can be rearranged to change center-of-gravity location. :

After the geometric changes have been made, the analysis programs can be
executed again to complete another iteration. These iterations are repeated
until a configuration meets all requirements and constraints. Then the econco-
mic analyses can be performed.

 Since the design process is interactive, this procedure can be changed,
and several analysis steps can be eliminated based on their results. Thus,
engineering judgment can be used extensively throughout the design process.
Also, the system can be used for concepts unrelated to launch vehicles. For
example, a configuration can be defined and aerodynamics can be computed inde-
pendent of all other analysis programs. Finally, other analysis programs can
easily be added to this system for design of another vehicle class. Thus,
most vehicles can be designed if the analysis computer programs exist.

The following is a description of the analysis programs that have been
used for launch vehicle analysis:

Geometry.- The design process begins by making a sketch of the configura-
tion.” This sketch consists of a top view, a side view, and several body cross
sections as shown in figure 5. The coordinates of the sketch are put iato the
computer by using a digitizing tablet (fig. 4). Because the geometry program



uses several curve-fitting techniques, only a minimum amount of vehicle geome-
try needs to be digitized. In this mode, preliminary vehicle coordinates can
be defined in minutes. If exacting detail is required, all body coordinates
can be digitized, and no curvefit techniques are used. Using. this geometry
system, the numerical model in figure 6 was defined in less than an hour from
the drawing in figure 5. After the outer mold lines are described, the numer-
jical model can be processed by the geometric analysis program. This program
analyzes each geometric component - body, wing, tail, ete. - for volume,
areas, inertias, and centroid location. After the geometric modeling and
analysis are completed, the configuration numerical model and geometric data
can be archivec

At any time, the desiqgn information can be retrieved, changes can be made

to any geometric_component, or new components can' be constructed for geometric =~

analysis. The geometric data can also be processed through other application
programs for analysis in other technical areas.

For the mass properties program, numerical models need to be generated
for the major internal comnonents such as propellant tanks, structural inter-
faces, and subsystems. The same type of algorithms used to generate the outer
mold lines can also he nsed for the internal components. Also, special geome-
tric generation routines have heen developed for axisymmetric components,
multihubhle tanks, and rocket engines. Once the individual components are
qenerated, they can be moved. sraled, or rotated. An example of internal
packaging for a configuration is illustrated in figure 7. These internal cnm-
porents can he analvzed bv the previously described geometric analysis pro-
arem. When nropellant reauirements are known, tanks can be scaled andamoved
to moke them compatible with the outer mold lines,

-.Aerodynamics.~ There-are several derodynamic analysis programs that can
be used, Acnanding on the execution time and depth of analysis desired. Fn-
an interactive aralysis (~30 seconds), a digital version of DATCOM (ref. 8)
can be executed for subsonic and supersonic force and moment data. Also, a
proavam hased on modified Newtonian theory and comparable in execution speed
to DATCOM, has heen develeoned for the hypersonic regime,

Thera are also more sophisticated programs that have been interfaced with
the svstem such as a vortex lattice program (ref, 9) for analysis in the sub-
sonic regime and the Hvpersonic Arbitrary Body Program (ref. 10). Both of
thess programs are executed on the mainframe computer, and turnaround time is
from 10 minutes to an hour. Ceneralized aerodynamic data plotting nrograms
can be used to display the output data or print the data in tabular form,

An aerodynamic analysis program called the Aerodynamic Preliminary
Analysis System (ref. 11) has been developed for AVID by Rockwell Internation-
al. This program analyzes arbitrary configurations at hypersonic to subsonic
speeds. In addition to the basic static aerodynamic characteristics, control
increments, stability derivatives, and rotary derivatives are also computed.
This program is a complete system--interactive geometry input and manipula-
tion, interactive aralysis selection input, aerodynamic analysis, and inter-
active output displays. This system will soon become an integral part of the
AVID system.



Propulsion.- A propulsion program was developed to reflect advanced
rocket englne concepts that include the space shuttle main engine, modified
space shuttle main engine (two-position nozzle), hydrocarbon engines with
staged-combustion or gas-qenerator cycles, and a dual-mode engine that can
burn a hydrocarbon and a hvdrogen propellant in series. This program reflects
data from a study conducted by the Aerojet Corporation (ref. 12).

For a propulsion analysis, the user {s required to input the engine type,
nozzle area ratios, propellant tyvpes, and the ratio of liftoff thrust to vehi-
cle gross weicht. The proaram computes thrust, specific impulse, exit areas,
and engine masses that ave used by the trajectory and mass properties pro-
grams. If a rocket engine is desired that is not in this program, the engine
characteristics can be interactively input directly into the database without
executina the propulsion programe - — .- - -

Trajectory.- After the aerodynamic and propulsion data have been
established and a liftoff thrust -to-weicht ratio selected, an ascent trajec-
tory can be intearated to yield the reauired vehicle performance.

For new concentsy a generalized comouter program called POST (Program to

_Optimize Simulated Trajectories (ref. 13), is used to maximize the burnout

mass while satisfvina a number of in-flight constraints that include limits on
maximum q's, maximum dynamic pressure, and maximum normal force. This program
has not yet been inteqrated into the AVID syslem directlv, since it resides on
the mainframe computer and mav have to bo iterated several times to establish
a nominal trajectory. “ performance results, that usually require a one day
turnaround from POST, can he interactivelv input into the database for
communication with the vehicle aizinq. program.

A trajectory proaram which takes approximately 1 minute to execute has
been develoned for the AVID system. Using a POST nominal trajectory for quid-
ance, this trajectory proaram can be used to compute performance changes due
to small perturbations in the propulsion system and the liftoff thrust-to-

~ weight ratio. The results from this trajectory program are shown in figure

3 where altitude, relative velocity, flight-path anqle, angle of attack, dy-
mamic pressure timesangle of attack (=normal load factor), and g's are dis-
played. The pertinent design parameters--mass ratio, optimum thrust, and pro-
pellant splits--obtained from this program are automatically put into the
database for vehicle sizing. - :

Mass Properties.- The launch vehicle mass properties program has three
main functions-- component mass estimation, vehicle sizing, and component
center-of-gravity and inertias summat ion.

The mass estimation is based on semi-analytical and empirical tech-
niaues (refs. 1-3). For many of the major structural components, empirical
equations are used. As an example, exposed wing mass is a function of the
following parameters: sweep, aspect ratio, area, thickness ratio, and vehicle
mass. The form of this function is determined from historical data and de-
tailed analytical studies. For many studies, vehicle component mass is first



estimated with empirical ecuations. When a design of interest emerqes, a
structural analyvsis may be performed. The component empirical mass estimation
techniques are then updated to reflect the detailed analytical results. These
updated estimation techniques are used for further concept optimization and
future studies of similar concents, :

To aid the vehicle synthesis process of iterating a design to meet
. certain mission requirements, a sizing algorithm has been incorportated into
the mass estimation program. The first option determines the mass of the va-
hicle as given. Althouch there are no external sizing iterations, the vehicle
mass estimation must still be iterated, since many of the components are a
function of vehicle mass, and vehicle mass is the summation of all the indi-
vidual component. masses. The second option scales the thrust (and the associ-
. -ated mass)-of the-propulsion system to satisfy a liftoff thrust-to-gross
weight ratio and determines the resulting payload mass based on trajectory
mass ratio reguirements (the ratio of gross mass to burnout mass. ref. 14).
The last option scales the propulsion system and all the geometric entities
(wing, tail, body, propellant tanks, etc.) as a function of a change in pro-
pellant tankage needed to meet the propellant requirements (trajectory perfor-
mance) to deliver <a specified payload to orbit. The masses of the vehicle
wmem. . COmMponents are also scaled automatically, since they are functions of the en-
tities beinq scaled by the sizinq algorithm. This last sizing option is used
to determine the synerqistic effects on a total vehicle system by chanaing the
- technology of individual components. It is also used to compare various vehi-
‘ cle concepts using a common mission requirement of deliverina a specified pav-
load to orbit. Approximately 30 mass and sizing iterations are performed to
converae to a solution which takes only several seconds on a minicomputer. A
comoonent mass repor® for a typical sinale-stage vehicle is shown in Table 1.

\\ B o : Feconomics.- After estimating component masses of a vehicle that meet the
\ missinn rcauirements, an economic analvsis which consists of a vehicle cost

analysis and a life-cvele analvsis of the complete system can be made.

The cost analysis consists of a first unit, production, proqgram initia-
tion, recurring, and research, development, testing, and evaluation cos*s.
The cost analvsis is similar to the weights analysis, since most cost func-
tions are formulated frem historicael data (ref. 15). With this cost analysis
and an assumed mission model (number of flights each year) over the lifetime
of the launch system, a total life-cycle analysis can be performed.

An example of economic results for a single-stage launch vehicle shown in
Tahle II and fiqure 9. This system cost analysis has been used to compare
systems in terms of development and recurring costs (ref. 15). To compare the
merit of an advanced system over the continued use of a current system, 2
life-cycle analysis is performed as shown in figure 9. This figure illus-
trates accumulated costs over a period of 40 years for the development and
utilization of an advanced single-stage-to-orbit vehicle, the space shuttle,
and the space shuttle modified for heavy-lift payload capability as compared
to just using the shuttle and its derivatives. The change in slope of the
costs for the new system is the transition from development to operation.
Since the new system has lower recurring costs, a break-even point occurs
after about 10 veaors where the cost curves intersect.



AVTD SYSTFM FVAILUATTOM

Nver the past several years, the AVID system has not only been used for
the desian of launch vehicles hit also for orbital-transfer vehicles (rcf. 16)
and large space structures (ref. 17). Based on the exneriences with the AVID
system, there are a number -of capabilities that have been defined for prelimi- -
nary comnuter-aided desian.

As stated previously as an advantaac to the AVID system, a desicn system
must he highly intrractive. Resnonse times must be on the order of seconds
for effective involvement with the design process. Specific interactive tasks
include aeometry qeneration and manipulation, analysis proaram selection, de-~

.~ sign dara manipulation, and_results. interpretation. by graphical displays and- - -
tab)es. Analysis proarams that execute in seconds are very effeetive in an
interactive desion environment. A complete cyele through the launch vehicle
analvsis programs, as described previonsly, can take as little as 20 minutes.
Thus, many iterations or vehicle enhancements can be completed in a single
day. Analvsis proarams thaet take minutes or hawrs to execute can still be
used effentively. Refore executing these larae proavams, the input can be
thorecuchly checked hv dranhical displavs or printouts to reduce the chances of
errors.  While waitina for the results of these oroorams, other tasks can be
performed, After the larae nroqrams have finished, the results can he checked
before startina the next desinn sten,

Another advantane of the AVID svstem is the flexibility in executina
indepencent compyter proarams in any desired sequenca. With the flexibility
2f analysis seleation, the eomnnter can be molded to the design task, net vice
versa. Alsn, engineers want to incarrorate their computer proarams -into the
system; since *hev ran casilvicor=est arohlems and odd additional capability,

feomatzy in 0 maior comnonent of a comnuter denign svstem. A single
three-dimensinnel nemerical representatien--such as coordinates, curve
Titrting., or surface fittina--is difficult to estehlish, since each analvsis
proqram nses a different tyne of cenmerrical mmsrical model. Mappinas from
*he sinale americal renresontation are nended for each analvsis nroqram that
“uses geometryv,  The present AVID svstem nses rpoo~dinetes that are curve fitted
to meet proaram reauiroments, A hetter apnroach for geometry would he a
mathemat ical renvessntation vhich is nnyw heing studied,

nce the desinn praaresses hevond the concentrial level, large data
minagement requirements smorge. The AVID data mananement was developed for
auick transfer of small amounts of data (=107 e'ements). Bulk data such as
acometry are handled by external files. Althoush this svstem handles the
communication of desinn data between analvsis programs. there are several
aother reqiirements that would demand the develonment of a comprehensive data
management  svstem.

The first requirement is the efficient handling of large amounts of
“ata. 1snally, there are many alternate designs of a baseline concept. Tn-
stead of completely storing all the data relating to each desiqn, onlv the
changes from the baseline need to be stored. With this cavability, the hest
features from all versions could be combined to develop a new baseline
vehicle.

10



A second requirement is to describe the vehicle data in a data
dictionary. This description would not only include the definitions of the
data, but the origin (program or user), the programs that use this data, and
the range of values of this data. With this information, the entire data flow
can be traced throughout the design system. Data integrity can be checked,
and errors in retrieving missing or obsolete data can be resolved.

A third requirement of a data management system is to provide a library
of analysis programs and procedures to execute these programs. This library
would describe the programs, the input requirements, and the results. By
combining the program library with the data dictionary, the input and output
data requirements can be determined, and a data integrity system could be
developed. Another library feature would be to document new versions.of..the
same program.- When data for 3 Concept is being stored, an identifier of the
version of each of the programs used during the design cycle should also be
stored in order to get data repeatability, if the same design is processed
through the system again. If the results do change, dat least the reasons for
these changes can be traced. The data dictionary and program library can also

provide all the necessary information that is needed to interface a new
analysis program into the system.

“"th$umma;&, the AVID system has provided a framework for preliminary
design, hut major changes in the geometry and data management areas have been
identified to provide an improved integrated preliminary design svstem.

CONCLUDING REMARKS

changes in vehicle configuraticn by interactive manipulation of geometry and
analysis input. Innovative concepls, that in the past would be quickly
forgotten because of a lack of analysis depth, can now be analyzed with the

AVID system by its flexibility in analysis procedure selection and design
strategy.

The AVID system was first used for the analysis and design of future
launch vehicles to determine the high yield technology areas that dare needed
for efficient systems to exist in the future. The AVID system has aided in
quantifying technology and configuration trades based on studies that included
both mass and economic comparisons. Today the AVID concept is also being used

for orhital-transfer vehicles, large Space structures, and shuttle-derivative
studies.
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TABLE I
MASS REPORT

MARTIN TASK II SINGLE-STAGE-TO-ORBIT CONCEPT -- 30K METRIC TON PAYLOAD

_ WING CROUP - o © 19589, kq
TATL. CROUP 3162. kq
RODY GROUP “ o 36216, kq
NASIC STRUCTURE 10483, ko
THRNST STRIICTIIRE 4889, kg
PP 1 TANK 1570, kq .
LOX Tank 10221, kq
2T 7092, kq /s
nanv [y Ap 1. ka L
TNDMCED ENVIRONMENT e, ke
~ - LANDTNG GEAR T 5294, kq
PONPLN STON 30231, kn
rRATIE STON, ROS - 1561, kg
nOANIE STOM, (M 1732, kg
PRI PR 1260, kq
FIEC CONY NN DISTR 1728, kn
MVPRAL TCS AND SURFACE CONTROLS 4986. kq
AV TONYCS L 1984, kq
FHVTRONMENTAL COMTRON : 1755, ka
BERSOMMET  DROVTRTONS . 763. kq
HARNTH 9437, kq
NV W TeuT ” ' ‘ 134038,  ka
DERSONHET ’ ' 1229, Ln
RESTOUAL fropns L : . C 10092, ke
LANNED SETGHT W/ CARGO 145420, ko
CARCO (RETYRNED) 29500, kq
LANDFD) WETCHT ' 174920,  ka
ENTRY WETGHT 174920,  kq
ACPS PROPELLANT : : 15288, kq
RCS 3621, kg
OMS 11667. kg o
CARGO DELTVERED 0. kg :
ASCEMT RESERVES 4658. kq
INFLICHT LOSSES 1506. kq
ASCENT PROPELLANT 1552568. kg
RP-1 251971, kg LOX 730717. kg
LH2 81411, kq LOX 488468, kg
GROSS LIFT OFF WEIGHT 1748938, kq
14



TATLS, JX

fOSTS FOR A STRGLE-STAGE-TN-ORBIT VEMICLE

HILLYONS OF NOLLARS, ADTUISTED FCR INFLATION FROM 1970 BY 1.50

FYASY INTT rOSY

FIMAL ASSENRLY

TOTAL ATRFPAHE
ATOMICS

CONM EXTTY 1.50

MASS (KG)

wrne 10509, 8
TATL, 31R2.N
AONY BASIC 10440
THPUST STRMCTURE 48994
HYNINCEN TR T000.0
OXTNTZER TANK 10221,0
HYPOCARR™) TANK 1549, 6
IS, 26%4.6 SQ M OHETAL 16340,7

2694, SN M INSHL
0.500 SO N/PANEL
100.0 §/S04 THSUL

LANDTHG CE SR 5204, 3
PROPELLART SYSTEM 354 .4
g 1731.7
e} 1541.2
ELECT POUTR o CONV DIST 2083,3
H\n (‘{\tl\[ . n‘ST" . [ ?'\02.9
ACRO QHIT eouT 493,90
FRVIROL CoMT 1755.0
PrR&VINC) PROY 763.0

ENGTUE, TYOE 1, 2200000 N
TVSE 2, 1-7070709.0 1

ATRENANC

N, O CEFR ATE 8,00
[P L AALE § S TItN)] 1.00

| Exprnn
AVTIONTES

FHOTN' S, TP 1. 0.00/FH
oL 2,  S.20/VEH
1 FARHTNG 0.9%

Ton NG

e

TOTAM,

pRONICTION

cosST

2.977
1.465
3,530
4.147
3.900
4,795
1.497

46,204

2.481
6.119
7.264
6.876
n.329
2,165
3,297
1.500
0.605
21,246

T 127.579

15.000
7.180
5.533

438.348

51,579
0.000
28,477

211.346
79.975

879.724

RDTE

FORMIS.ATION AND DEFINTTION 15.00
AIRFRAME DESTGN, DEVEL 1001.020
SHURSYSTEMS NESICGM, DEVEL 2170555
AVIONICS DFESIGH NEVEL ®o0.nnn
ENGINE DESIGN, DEVEL, TYPE 1 500,000
wre 2 0.000

. JOOLING FOR DEVEL _ ... . __ 186,306
TEST HARIMYARE. 412,222

NO. CROUND TEST VEH 1.500
NN, FLICHT TEST VEH 1,000

FLICHT TEST 17.631
CROUND SERVICE EQUIP 108,249
DOCUHENTATION 3.422
FEE (103 ) 264,471
MANAGEMENT 132,236
FACILITIES 300,000
TOTAL RDTE 3361412
PROGRAM INITIATINN
GROUND SERVICE E(UIP 119,042
SPARES 103.967
TRAIHING 1,507
FACILITIES 180,000
MISC EQUIP 0.n30
TOTAL - - T375.660

RECURRTING COST PER FLIGHT
200 FLIGHTS PR voAR

PROPELLANTS N, 548
VEHICLE MAINT, FACTOR= 0,048 n.377
TPS MAINT, FACTOR= 0.0048 0,141
ENGINE MAINT, FACTORz  0.0110 0,257
FACILITIES MAINT 0,472
CREWS, CREW OF 2 n.0n
TRAINING REPLACEMENT 0.005
MISC EQUIP REPLACEMENT 0.00
FFE 3 0.075%
MANAGEMENT - 0.085
COST PER FLIGHT COMSTANT 0.100
TOTAL —1.763
15
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