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This paper discusses the initial three-year par.'icipan'on of the California Smre Polytechnic
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(National Aeronautics and Space Administration)/USRA (Universities Space Research Associa-
tion) Advanced Design Program in Aeronautics. The roughly $35,000 per year funding available
by participation in this program has provided for a design graduate assistant, student travel and a
wide variety of teaching aids and supplies. These benefits have greatly enriched the aerospace
design program at Cal Poly, Pomona. This enrichment has been primarily at the undergraduate
level of instruction but to a degree has affected the graduate program as well. A brief description of
the Cal Poly, Pomona University aerospace engineering curricuium, design program and design
environment is provided as background. A more detailed description is given of the impact that
the NASA/USRA Advanced Design Program has had upon the Cal Poly, Pomona design

has bheen ma rbp/Hn

nrooram. Overall the aerospace desion prooram ar Cal Pnlu Pomona hee

prograr LVErQL, N8 QErospace qesign noal Lad oy

improved by participation in the NASA/USRA Advanced Design Program in Aeronautics.

INTRODUCTION

FOR A little more than a decade, the U.S. under-
graduate engineering accreditation criteria have
specified minimal design coursework requirements

Thanesad tanravida tha ctiidantunth an annranriate
e tieii vty i) Pl UVIUL UIv SLtuUiCIIL vwill ail uy}.u vpiliawe

design experience within the engineering curricu-
lum without impairing a comprehensive engineer-

ing science education, while concurrently exposing
the student to a broad educational exnerience in the

Foraa AU G VAUl S L G Nal CAPCI ATV Al T

humanities and social sciences is the increasingly
difficult challenge confronting the typical engineer-

lllg Lulllbululll pl.d.IulCI T'ht: (.Ildut:llgt: lb UXd{,CI‘
constraintand by a shortage of umversrty professors
with the broad practice and knowledge base
ramiirad tn tannh Aacion affantivaly,
1vyull VU LU tvavill UUDIBII GI.J.CDI.I.VCI.’.

By careful planning, regional circumstances or
by accident some universities have managed to
deveiop and maintain reasonably strong aircraft

and/or snacecraft decion programs

auiue/LL Spattliaii Uloigi LUSL GLi15.

vehicle design has been an established component
of the aerospace engineering curriculum at Cali-

fornia State Polytechnic University, Fomona (Cal
Poly, Pomona\ for over a quarter of a century.
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A brief hlstory of Cal Poly, Pomona, its geo-
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graphical setting and institutional orgamzation is
pi'O'v'iucu to define better the environment within
which the design program exists. Other universities
operating in different environments might need to

address dmerent concerns to achieve the design

Cal Poly, Pomona is located about 25 miles
(some 40 minutes) east of downtown Los Angeles
in Southern California. The present C&ﬁip‘ue lies on
the eastern slope of Kellogg Hill and is bounded on
the north by the San Bernardino freeway (Inter-
state 10). A multi-level interchange for the San
fraawave 1i¢
IIWV“QJO 0

Caronn Nranoa

Rarnardin nAd
LOIona ana Taiige

Lrviiial \JIIIG,
located at the northeast corner of the campus. Thus
Cal, Poly, Pomona is ‘freeway accessible’ from
communities in Los Angeles, Orange and San
BRernardino counties NPQT]V 90% of Cal Poly,

SaaiGiaaal LUNRIIUTS. s AR

Pomona’s approximately 18,000 students com-
mute to campus [1].

University
Cal Poly, Pomona is one of 20 campuses in the
California State University system which enrols

avar 200 NNN ctndants Cal Daly Damana racantly
UVCI JUVU,UUV SLUUCLI. Ldl ©Uly, rUllillla 1evldiuy

celebrated its 50th anniversary.
In 1938, the 157-acre Voorhis Campus (form-
eriy the Voorhis School for Boys) near San Dimas
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became the Southern California branch of the

£ __ . Qintn Dalutanhnia Crhanl AFf Caoan T a1ig
l_,alllUlllld ddai€ rO1yiwCliiiiic oSCiili1 U1 odil Luid
Obispo. In 1945 the San Luis Obispo school was
renamed California State Polytechnic College. The
813-acre W.K. Keliogg Arabian Horse Ranch
naar Pamona fadiacent to San Dimas) was deeded

NCar £ UIINUIHA (Qujactait 10 oall Lunas as QUCUCQ

to California in 1949 and in 1956 it became the
second and primary campus of the College's
southern IdLll]Ly‘ ILI In 1701 ulc \,dlttori‘ud Master
Plan for Higher Education established the Cali-

fornia State College System (CSCS) with its own
Board of Trustees. California State Polytechnic

MNallaga Damana wace actahlichad ac a canarata
LULCEL, LULLIULIA Wads Lolauvllsiivd das a shpalaiv

college in 1966. During 1982 the College became
California State Polytechnic University, Pomona
and the statewide system became the California
State University [3]. Cal Poly, Pomona operates on

s LAINVOISILY war TRy il 4 alc

a quarter basis (four full 10-week quarters). How-
ever, the normal academic year consists of the Fall,

Brtar and Crrnag Allartare

Wllllcl dllU Il 1115 qudalicrs.

College of Engineering
The Cal Poly, Pomona College of Engineering

enrnle caome 4 20() fmoctly full-tima) nnderoradn-
€Nrels some 4, 00 (Mmeostly uii-iime) ungergragu

ate students and approximately 250 (mostly part-
time) graduate students in seven engineering
discipiines. B.Sc. degrees are awarded in aero-
space, chemical, civil, electrical, industrial, manu-

facturlng and mechanical engineering. With some
4,200 engmeering undergraduates the engineering

nraoran avosaly A laesact MNolifrcemin aed

program is, arguably, the | 1argest in California and
one of the 20 largest in the U.S.A.

The College of Engineering strives to prepare its
students to meet the constantly changing and

P\_fni\nno technical needc of the natinn hv etreccino a
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balance between basic principles and their practi-
cal application The emphasis on theoretical scien-

tific principles is eompiementea by laboratory and
field work. Studies in the humanities and social

sciences provide each student with a broad general
education and an awareness of their social respon-

cihilitiee i o o framownrl ~afidane idanle and valiiag
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within which one is fully equipped to practice
engmeermg Upon graduatlon the learn- by—domg

philosophy of education espoused by Cal Poly,
Pomona prepares the individual ctudent to either

2o ea TS AT ARVRRLGL Selatain iV i

successfully continue with graduate school or
become an immediately productive engineer upon
entry into industry or government.

The College of Engineering supports a Com-
puter Aided Engmeenng Laboratory (CAE Lab)
and an Automation, Robotics and Control Labora-
tory (ARC Lab), in addition to the individual

\* AN .l_tuu} U1l auuluvIl VU Uiy aauaavidual

department laboratories, to facilitate the under-
graduate englneermg learmng expenence An

L;xlBulCCI lltg Institute is in place for the purpose of
bl.llldlllﬂ and maintaining strong coonerative rela-

SRRt SRV E LUOPSIaY AeRa

tlonshtps between the campus and the engineering

community at large.
The Callaga ~f Danimaneine o PR, T
4% vuncge O1 J_;llsulcclul b ugly bUPPUI isa
Mtnonty Engineering Program. Underrepresented
minorities compose over 16% of the undergradu-

aie engineering student body. According to data

from the National Action Council for Minorities in
Fnaoinaaring (INAMMEY tha ~omaee ranlbe 17+h
Lllslllbblllls \L“n\.»LVlJ._J), |8 § Lw Lvﬂ.llllJLlB 1aims 1/ ul
nationally in graduating minority engineers and is
first in California for Hispanic graduates. The
Minority Engineering Program is strongly sup-

pnrtpri bv an active Advisorv Roard comnosed of

QI8 QI ALLIVE AMRVISULy Dail LRpste

representatlves from 32 major corporatlons and
various commumty and educational orgamzanons

The k,uuc‘:ge of c.ngmeeriﬁg offers an interdisci-
plinary graduate program of study leading to a
Master of Engineering degree, which coupled with
a baccalaureate degree, provides the student with

cramnrahanciva nranaratinn far advancad warl in
LULLIPICIIVIISIVL pPlLpaldiivll 1vl dauvalived WUILR 1L

the engineering profession. The California Legis-
lative has not, to date, enabled the California State
University system to grant independent doctoral
riPcrrPPc The oraduate chldPnf with the hPin of hig

adv1ser, is able to pursue a course of study tatlored
to the student’s unique talents and his or her pro-

lUbblUlldl gUd.lb

Aerospace Engineering Department

The Aerospace Engineering Department is one
of seven Accreditation Board for Engineering and
Technology (ABET) accredited engineering
degree grantmg programs in the Cal Poly, Pomona
College of Engineering. The Department was
established in 1958 and is, therefore, a relatively
young one. Its graduates have done well in graduate
schools across the country, as well as in industry

and government technical positions. It received its
first ARET (ECPD. Enoineerine Council for

iia S [EE ) Lapganlliiing LUunLl

Professional Development) accreditation in 1970
and has been accredited since that time.

Instructional environment. The program pro-
vides an educational experience that is the founda-
tion for a productive lifetime as an engmeer A
fundamental methodology for solving engineering
problems is emphasized in all classes throughout
the program. This fundamental problem-solving

annraacrh dase nat chanoa with tima aftar aradna-
(-ll.’l.ll\}ﬂ\vll UuvLvo vt \rllﬂlls\f YYAILIL IV Alltvl Elﬂuuu

tion, even though the tools available become more
numerous and more powerful. The student is
prepared to expand his or her professional exper-
tise h\.' ornduntf- and/or nprennnl studies after

recelvmg s the baccalaureate degree

This fundamental engmeering approach is taught
in the framework of technical Si.iulcub raETGuyttd-
mics, structures, propulsion, computers, vehicle
design, etc.), defined as the realm of the aerospace
engineer. The use of numerous examples enables

tha etuidante tn intarfacrs affecrtivaly with the indne-
LD SLUUCIin U HNiialt CLLLU YLy Wikl it miuus

trial or graduate school situation that they enter
upon graduation.

Students are encouraged to become active in the
student branch of either (or both) the American

Institute of Aeronautics and Astronautics or (and)
the American Helicopter Society. Qualified stu-
dents are invited to join the national aerospace
engineering honor society, Sigma Gamma Tau, and
the corresponding umbrella engineering honor

society, Tau Beta Pi.
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The Aerospace Engineering Department faculty
consists of eight full-time and (typicaily) four part-

time inctructore. The averaoce facultv membher hag
LTINS ULIULS. 00 QYL QET 1atuaty sntiiivel Nas

roughly eight years of engineering practice in
industry or government.

Enrolment. The Aerospace Engineering
Department has approximately 400 undergraduate

mainre Nacnite itc vnuth the Denartment in termg
AHQULS. ISP I UL LI, Uit L DGl LTI 1 sei s

of size, ranks approximately 16th in its field in the
nation. Table 1 shows the undergraduate enrolment

io vary Detween 30U anda 41u majors over Inc pdS(
six academic vears. The number of eraduates is

shown in Tablé 1 generally to vary between 40 and
60. As a result of limited facilities, the Aerospace

EIIEUICCI illg UCle! I.HlClll lldb UCCII uuucr dll CI11 Ul'
ment cap (impacted program) for over 10 years.

Table 1. Aerospace engineering enrolment

Academic year Total majors Graduates
1989-90 410 83 (est)
1988-89 399 53
1987-88 360 53
1986-87 368 42
1985-86 382 48
1984-85 388 65

The Aerospace Engineering Department class
enrolment is shown in Table 2. Class membership
is dictated hv the number of overall course units the

student has completed. Completion of 0-441 units
qualifies a student as a freshman, 45-89; as a
SOpuOTﬁOi‘e, VU—IJ‘-Ig asa juiuﬁr and above 135 as
a senior. At the present time, 202 quarter units are

required for graduation.

Table 2. 1989-90 aerospace engineering
undergraduate distribution

Mace Comrnleaant
wiaddy AL pEERLSI R Y
Freshman 107
Sophomore 127
Junior 93
Senior 83
otal 410

The senior class typically consists of around 50—
60 students. Each senior is required to have
compieted ail junior ievel classes before entry into

the senior level classes. Each senior must comnlete

o STAAIUL ATV LAGSOT S, Gl ST 1RO LRI

the required two-course aerospace design course
sequence.

AEROSPACE DESIGN PROGRAM

ADRDET hae tvun cate ~F
ADIC 1 nas two 58S O1
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by university engineering progr. eeking accre-
ditation; general criteria must be_ met by all accre-
dited disciplines while program criteria are
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diccinline enecific. For examnle
giscipiine  speciific. Ior exampie,

engineering programs must satisfy the general

criteria applicable to all engineering disciplines as
well as the specmc program Crlterla clevelopecl lor
aerosnace enoineerino curricula h}.' the American

QliUSpale CHniLCtiiig Vit s Sadaatiavan

Institute of Aeronautics and Astronautics (ALAA).
With | respect to design the general criteria specify
OﬂC‘ﬂdll year (A‘-l- quIlCr UIl]le Ul Ucblgll lhe
program criteria further specify that there must be
at least one conceptual or preliminary design
course within the 24-quarter (16-semester) unit
requirement. The remaining design units can be
fulfilled by those portions of other engineering
science or design courses that can be designated as
design [4].

Cal Poly, Pomona has a reqm red two-course

(four total units) conceptual/preliminary design
course sequence. The remaimng 20 units of design

are distributed among the remaining courses within
the aerospace engineering curriculum. The
required two courses in senior projects are often

used by the students to enhance their design capa-
) N Lo
Ulllly.

Historical background
Aerospace vehicle design has been an integral

part of the Aerosnace Enoineerine Denartment

Qi Ul uil AliUspalc agniliilg el Lt

curriculum since 1964. Initially, the design seque-
nce was placed in the Spring quarter of the sopho-

more year. At that time the design course was
preceded by a two-quarter sequence of aerody-

"""""" i D S A

namic and aircraft perfom"iance coursework. Stu-
dent design efforts were essentially limited to
aerodynamic configuration selection and analysis.
Student motivation was the primary benefit of the
sophomore design sequence.

As amotivating influence, the sophomore design

cammannra wae a hia enrrsce Hawsvar surrienhim
D\.ﬂ\.ll-l\vllb\v Wad @ ULE SULLLOD. LIUWLYLL, Ldllivudiuii

development soon required that more than motiva-
tion be obtained for the two units devoted to the

sopnomore clesrgn effort. Accormngly, the (]CSlgl'l
course wag moved to the senior vear durine the

eisSt jeiop i i~ A0 yeal LRIp R

1968-69 academic year.

Aerospace vehicle design at Cal Poly, Pomona
consisted of a single two-unit laboratory course (six
contact hours per week) from the 1968-69 aca-
demic year until the 1984-85 academic year. Most
faculty members considered that one two-unit
lahAratnrs ranmctnna dacion ranrea wae incnfficiant
1avul au.u] bﬂ.lJ'DI.Ull.\a \.l\n)lsl.l. LCUULOW YWAD HIoULLIVIVILL
Therefore, a study was made to determine how a
second quarter of design could be incorporated
into the curricuium.

From the initial desion course inr‘Pntinn El’“l-

AREEL AT iiaan Siga

odic oral presentations and written final r eports
were required of the design students. Similar
communication skills requirements existed for
students in the senior seminar class. However, the
senior seminar class generally required each stu-
dent to make only a single class presentation. The
ganinr caminar nloce woe snnvartad ta o Adacion
SUILIVL dllllllidal Liddd Wadd LUlIVUlL LU LU a Juvolphs
seminar class for the 1984-85 academic year.
Several presentations, by each individual, are now
required in the design seminar class.

Qince the 10R4A_RS5 academic vear. the aerospace

DLIVY LT A FORTOS QUGUTLILL AL, vy QA e e

vehicle capstone design course sequence at Cal



Poly, Pomona has
unit laboratory ¢
Aerospace Design Project and ARO 463, Aero-
space Design Seminar, offered, respectively, during
the Winter and Spring quarters of the senior vear.

A full year (three quarters) of required capstone
design work 1s desirable for the students but cannot
now be incorporated within the required course
segment of the Cal Poly, Pomona Aerospace
Engmeermg Department curriculum. This full-

year goal has been achieved, to some degree,

throuch the addition of an elective desien course

through the addition o lective design
discussed below.
Design course goals

The design course sequence goals have been
discussed at length in papers presented at the 1986
and 1987 AIAA/AHS/ASEE aircraft design
meetings. These goals are summarized in Table 3.

One of the most important goals presented in Table
3 is the desire to develop the individual’s capability

to soive Open ended prODICmS in the typlcal
mnthr—\mahrc nthlr‘q r‘hpmrctrv engineering sup-

................................ R e -]

port and aeroscrences courses taken by the student
prior to the des1gn course sequence, specrf:c
constrained pi‘OurEi‘nS with Spc‘:CiuL constrained
answers are posed for the student to solve. The
open-ended problems of design permit the student
to consider the variability in solutions and in

narameterc affectino enluitinne
F“l Rillwivi o ull\’\;\-llls DULULLIVIID

A second vervimn o i
ond very important goa 1e need f
students to improve

communicstions skill

| T
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synthesis and decision making associated with the
many aspects of aerospace system design con-
strained to the requirements of a Request- -for-
DPranncal (RBEDPY Earnrh Af tha onale dAacearikhad

i I.UPUDCI.I AN -l. ). isavii Ul (88 Lw) EUCLID ucovliveu l.ll
Table 3 contributes to the professional growth of
the individual student in a form genera]ly not

expenencea Dy the student in the typlcauy very

structured aeroscience lecture courses that consti-

S LIt QUIUSLATAILT A0 T LULIO0 S AL LULLSU

tute the bulk of almost all aerospace engineering
curricula.

Design course sequence implementation
As mentioned above, the present required
design course sequence consists of two consecutive

twan-nnit laharatary eanreece nffared in the Wintar
LWUTULLL 1auUidiUl y LUULOLS UliviTU dl e vy uiicr

and Spring quarters of the senior year. Each course
requires six contact hours per week. No formal
iectures are scheduied. Mini-iectures are provided
to qnemfm groups of students to address narhmrlnr

problems if and when the need arises. All required
aerospace specrﬁc course material (excepting the
one analysis course, ARO 445) is prerequisite to
the required design course sequence as shown in
Table 4, i.e. all required aerodynamics, stability

and control, structures, propulsion and heat trans-

far conrcec are comnlatad hv the ctident hafare
1 CoUrses arce Comp:CieG oy nc STuGent oCiore

1. Develop the student’s creative ability to solve
open-ended aerospace (aircraft, missile,
engine, spacecraft helicopter, hydrospace or

tarracmanal dacion menhlamo Anmotenimad

wiTaspacc) QoSigin prooieims Comnsirainea U)’ a

Request-for-Proposal (RFP).
2. Develop the student’s ability to prepare

naramatric ctndiae af narnenaca cuctame
Paramernic siuqics o1 atrospace sysicms.

3. Develop the student’s ability to prepare trade-
off studies of aerospace systems.

4. Develop the student’s ability to define,
calculate and evaluate figure-of-merit
parameters for aerospace systems.

5. Develop the student’s ability to prepare
‘carpet plots’ of significant design variables.

6. Develop the student’s understanding of the
interrelationships that exist between the
specialty areas of aerodynamics, structures,
propulsion, flight mechanics, stability and
control, ground support, operations and cost

OUIC SUDDOTE, operations and co

inan 1megrated aerospace vehicle design.

7. Make students aware of the importance of
lifecycle costs to the viability of any aerospace
system design.

8. Make students aware of the importance of
maintenance man hours per flight hour
(MMH/FH) for any aerospace atmospheric

flicht cuctam
aigin Sysieii.

9. Require the student to make and accept the
responsibility for design decisions related to

an asrngnans dagion racannciva ta tha
ail allO5Pact GOSign IeSponsive 1o uid

constraints of an RFP.

10. Develop the student’s oral and written
communication skills required to describe the
assumptions methods and results of
engineering analysis, synthesis and decision
making associated with the design of an
aerospace system constrained to the

requirements of an RFP.

11. Provide the student with an awareness of the
importance of synergism to the design of an
aerospace system constrained to the
requirements of an RFP.

12. Provide the student with opportunities to
develop leadership abilities during the design
of an aerospace system constrained to the

reguirements of an RFP,

requir nis of

13. Provide the student with opportunities to
develop his or her engineering judgement
rlnnnn the dpemn of an aerospace system

constrained to the requrrements of an RFP.

14. Provide the student with an academic
atmosphere that simulates the preliminary

des1gn environment to be found in mdustry
15. Develop the student’s abilities to successfully

respond to the analysis, schedule and

documentation requirements associated with

an aerospace system design constrained by the
requirements of an RFP.

16. Provide the student with a ‘capstone’
conceptual/preliminary acrospace design

experience based upon preceding coursework
provided by the curriculum.
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Tabie 4. Required aerospace engineering courses

Fall Winter Spring
Freshman
ARO 124 (2)* ARO 125 (2) ARO 126 (2)

Fundamentals
(Inviscid Fluid Flow)

Sophomore

ARO 245 (2)
Flight Mechanics

Junior

ARO 301 (4)
Fiuid Dynamics
ARQ 327(3)

Structures
ARO 357 (1)

Structures Lah

Senior

ARO 405 (4)

Stability & Control
ARO 406 (4)
Advanced Dynamics
ARO 444 (3)
Analysis

Fundamentals

(Viscous Fluid Flow)

ARO 246 (2)
Instrumentation

ARO 311 (3)
Gas Dynamics
ARO 351 (1)

Gas Dynamncq Lab
ARO 305 (4)

Subsonic Aero

ARO 445 (3)
Analysis

ARP 446 (2)
Vehicle Design
ARO 462 (2)
Senior Project

Fundamentals
(Compuler)

ARO 326 (4)
Structures

ARO 312 (4)
Propuision
ARO 401 (4)
Heat Transfer
ARO 404 (4)
Supersonic Acro
ARO 322 (4)
Control Theory

ARO 461 (2)
Senior Project

taking the required d
Course content rather tha_ e

Table 4.

Request-for-Proposal. Each design activity or
project is created to respond to some speciﬁc RFP.

The RFP may be generated by a faculty member to
address some nartlmllnr interest or ner(‘elved need.

Such RFPs may result from articles appearing in
Aviation Week and Space Technology, Aerospace
Ai‘rtéﬁfﬁ Véi‘t‘ijuw NneEws magazmes siich as News-
week or sze, or local newspapers. They may also
result from discussions, for example, at profes-
sional aerospace conferences. In recent years, the

PED¢ 11cad hava canarally haan icenad hu nna nf the
AL USVAL IIa VL BUIbIally ULLIL ISOULU Uy UL Vi uiv

professional engineering societies for national
student competitions or generated through partici-

patlon in the NASA/USRA ADP.
Some care must be exercised in the selection of

an RFP. Student design projects modelled on
current mdustry efforts may result in the student
design team being strongly influenced by public
perception of industry decisions, with the result
that the students do not fully utilize their own

initiative and creative abilities. Furthermore, if a

Aacion cnarifiratinn caame tnn nnraalictise 1t Mmavy

. u‘rﬂl&ll BPUUIIIUGEI\JII OWWAILD LUV UL vAalloliy, 1t llay

have an adverse impact on design creativity.

ARQ 446, Advanced Aerospace Design
Project. The first course in the required design
course sequence is, as noted above, ARO 446,

r units allocated to the course

A Jxranmnad A armnomana locian Peatant Thic amiirca
Advdlced ACrospace LJESIEN rro ect. T| [llb coursc
is offered during the Winter quarter of the aca-
demic year (January to mid-March). All graduating

seniors must take the course. This usually means
£+

that tuwn cantinng

that two sections of ¢t ~nnirea will ha ~affarad tn

e LUULIOL Wil UL vldlvivu v
accommodate the 50-60 students expected to
enrol in the course.

A copy of the selected (or developed) RFP is

dictrihuted to all clace memhbercg at the firet m

distributed to all class members at the first m -g

of ARO 446. The project is discussed at len
order to clarlfy fully the intent of the des1g )
methodology that might be use d and the probi m
that may arise. Although this discussion often rage
throughout the des;gn effort, the initial aspects of
the dialogue are for student orientation Project
engineers (team leaders) are elected and design
teams are selected. The project engineer then
makes the initial assignments.

A preliminary configuration is expected by the
end of the first week. At that time. the instructor

CIIU UL UL 11E0t YYLIh. 4 AL u1idit Riliivy iAW RIADLA Asw

meets with the project engineers to ascertain that
each team is working on a somewhat different
design solution. The project engineers are then
expected to dgvclgp schedules for task assignments
that typically include parametric analysis, trade
studies, familiarization with existing computer
software, the development of additional needed
computer codes, oral presentation and final written
documentation. A mission profile and a constraint

diagram is expected by the end of the third week.

50‘:‘
.-..‘:!"
‘,:l
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One-page weekly reports summarizing weekly

artivitieg are nftan reacmiraed of the ot 11 1ident nroiect
ulaTil UL

n
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engineers (leaders).

ARO 463, Aerospace Design Seminar. The
second course in the design course sequence is
ARO 463, Aerospace Design Seminar, offered

durino the Snrino auarter of the vear Iteration of
Uuiiilg unv Spiallg quaiicl UL Uil yoarl. ailiauin Ui

the design to satisfy RFP specifications continues
through the early portion of this course. It is
expected that the basic configuration will be

‘frozen’ within the first three or four weeks of the

quarter. This permits some detailed structural
analysis to be made. Consideration is also given to

antamatin cantral cuctame landino-gear Adagion
auwuidiiause vuliuul BJDH—IIIO, u.uu.uué SUCH. u»atsu,

stability and control, survivability, crashworthi-
ness, reliability, maintainability, flying qualities and
cost. It is absolutely mandatory that students create
the df'man within the constraints of the 2np11gab!e

Federal Aviation Regulations (FARs) and Military
Spec1f1catlons (Mll Specs)

The last half of the apr‘:ng quarter is devoted to
preparing the written response to the RFP, as well
as preparing for the industry/government design
review presentation. Some analysis is performed

durine the lact weelkc in arder ta clarifv detaile of
UUllpy Uit 1dst WOORS 1l Uil W Liaiiny Glwans Ul

the design. A 100-page (maximum) typed final
report is expected from each design team. Students
are encouraged to use word-processors and the
best computer pranhlm software available. The

final three meetmgs of the quarter are generally
used to develop the slides and transparencies to be
siead tm thate final Aval meacamtatinea Tha lact ciiakh
usca ul LllCll ll_llal uvlal Plcbclllﬂllull lllC 1dadiL duLll
presentation is a formal 30-minute briefing (involv-
ing all team members, as does each oral presen-
tation) to the invited industry/government review
hoard

UG .

Tnn |-n Crsrn teinl_nond A

tion has been performed over the y to deter-
mine the appropriate size of a senior level design
team. An entire class of 20-24 students has, on

occasion, functioned as a desion team. There seems

VULASIVIL, SRLICLUINTAU Q5 G UTOIEE1 tOaiil, L2010 SULEIIS

to be at least two pedagogical disadvantages to
using an entire class as a design team. The first
disadvantage is likely to be isolation. With the
whole class as a design team, each student is likely

to work on only one component of the design and
thereby be somewhat isolated from the overall

nroaiant
lJl UJUDI.-

A student in a design team is generally doing
something at least a little different from what
everyone eise is doing. it is sometimes difficuit to
get each student to contribute pmml effort and

achievement to the overall design effort. The Cal
Poly, Pomona experience has been that the maling-
Ei‘i.ﬁ'g student pTOUlem (1 e. the second disadvan-
tage) increases with increasing design team size.
An extreme alternative approach to the size

problem is to et each student design their own

aarncnaca vaehicle cvetam Thic reanirac an moerad-
BUIUDPAVL ¥ WIULIY O OLWEil. 4 100 AV WL W0 Gl tavi v

ible amount of work—much more than is suggested
by four quarter units of effort—but it minimizes the
malingering siudent probiem.
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experience suggests thata

hlr‘nnfo ic narhance nntimal
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With 5-7 members on a design team, the project
engineers can be expected to coordinate and direct
team member efforts in a reasonabie fashion. Each
member of the team will hlcelv receive several

different assignments in the course of the design
effort and peer pressure usually keeps the maling-

P ar anemteal Tae tlhaca

ci’ii’ig stuaent plUb}Clll under control. For these
reasons, ARO 446 and ARO 463 design teams
usually have 5-7 members.

Role of industry. Industry and government
often serve as a source of information for student

dacion teame Fnaoina Acnmnaniac ara caomatimac
u\roléll ivalild. Ld.l.lslll\i DUJJIP“‘UUD alv ouvlllviiiiavo

requested to provide ergine data for use in the
design project. Speakers from industry and govern-
ment are often invited to address the design classes
(‘Inrmu erﬂarlv scheduled class hours, One of the

major roles of 1ndustry and government, however,
is related to the final oral presentation by the design
teams.

Each year, at the end of the Spring quarter, some
20-30 design engineers from industry and govern-
ment are invited to attend the final design team

nrecentatinne and cerve ac the Imductrv/(Govern-
PLostiiiauUils aiila SLIvEe ds i aiuusu y/Juveoril

ment Review Board. Typically 15-25 of the design
engineers are able to accept the invitation.

JllClglIlg criteria are pr()VlueCl o the represem
tives from mductrv and pnvernmem who compris

LVES ITICILINIT Y 4l nrrcrl I

the Industry/ Government Review Board. The
Board selects a first (best), second and third place

ragmanes tn tha thAsioh tha calantinnm daag nat

ICDPUIIBC LU uie P\FP, l.llUu.E,ll. LLIC DUICLLIVIL UUCD) 1IUL
affect student grades. Student presentations to the
Board are typically 30 (sometimes 40) minutes in
iength with an additionai 10 min aliowed for ques-

tiong

(818381

Nthor fortnee A numhar of Athar faontare
viner jadiors. o numolr o1 Oulll 1aCiois

impact the successful implementation of the
required design course sequence. Continuity
(between ARO 446 and 463), the proper role of

the instructor, student evaluations, textbook selec-

i daAS A e, mlaaar TV Qe Gnalins, tTanUUVA St

tion, scheduhng, team leader selection, team mem-
ber selection and other factors have been discussed
at length by Newberry and Lord [5] and Newberry

[6]-

During the Fall of 1984 the National Aeronau-
tics and Space Administration developed the Adv-
anced anr‘p nemon Prnomm as a mlgt nrmer‘r

initiative to foster engmeermg design education in
the umversmes and to supplement NASA’s in-
house efforts in advanced pl&.i'u'iiiig for space
design. This program was expanded to include aer-
onautical design activities in 1986. The Advanced

De51gn Program is administered by the Universit-

iage Snaca Racearch Accnciatinn nnder orante from
AT UPu\'U ANLOWUL Wil L A0V LIALIUIL WlINvE 5‘ CALILY LivJiax

NASA Headquarters. Some 43 universities are
currently involved in the program [7].
Design facuity at Cal Poly, Pomona became



120 C. F. Newberry

aware of the NASA/USRA Advanced Design Pro-

P, FATYDN o nnee sl e £ el e ot

gram (AL/IC) neéar i€ ume OI 1S mCepuoI.
Although not part of the program in 1986-87, Cal
Poly, Pomona students were invited to present

briefings of their space and aeronautics design
wnrlr at tha NNACA /TICR A AhD Third Annnal

Summer Conference in Washington, D.C. during
June 1987. Region VI and the Los Angeles and

Arrowhead Sections of the A.IJ'\A toge[ner with
several Cal Pn]v Pomona studen oups [("al Polv

Sial Al TN, 2 RS studen el LY,

Pomona Student Branch of the AIAA Engineermg
Council and the Associated Students of California

T tanhnis Initvrarcts Pamnang Inonarna

Dldlc fUlyLCLluuL umvr.u hlly, roiolla, Llll.-Ul.lJU"
rated (ASI)] funded four students to attend the
NASA/USRA Third Annual Summer Conference.
Cal Poly, Pomona was invited to join the NASA/
'TQDA A Avan~rad hnnig{n frilAath Dragram in Aor_

WANG R £ AUV ALIVLAL LS00l PLuUUL) T iUglalll 111 £aea”

onautics in the Fall of 1987 [8].

The NASA/USRA ADP was created to pro-
mote and enhance university undergraduate space
and aeronautical related design programs

L= L - LR L . A LTSigas 2 e GRaaS.

Enhancement takes on a variety of meamngs
depending upon the condition of the design pro-
grarn ateach par tiCipa Lii‘ig ‘Lii‘ii'v't‘:rSi‘t"y and the EXper-
ience, philosophy, motivation and goals of the
respective demgn faculties. Cal Poly, Pomona was
privileged to participate in the NASA/USRA pilot
ANMD far twa vaare Tha NNACA /TICRD A nilat aar
L2 AUL LYWU ."Ual. O LIV LNIMWION UNWJANS Y lJI.l.UI. avi

onautics ADP was given permanent status in 1989
when Cal Poly, Pomona was one of nine universit-
ies competitively selected for the first three-year

pnrhmnaﬂnn in the nermanent aeronautics ADP,

articipation in the permanent aeronautics AD

During the 1987-88 academic year Cal Poly,
Pomona’s NASA/USRA design activities were
focused on high-speed civil transport (HSCT) stud-
ies. The design focus was shifted to subsonic, high-
altitude, reconnaissance aircraft design during the
1988-89 academic year.

d civil transport desion

-speed civil transport design

1o,
igh
A number of advanced supersonic transport
configuration development studies have recently

been periormed by independent privaie conirac-
tors for NASA. Therefore, when Cal Poly, Pomona

|

UL LN clulc, 11 B W
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was invited to join the NASA/USRA ADP in Aer-
onautics in August of 1987, it was suggested by the
Mol DAl Damana dagion familév that salatad TICAT
alli Uly, 1 uvlinviia UCDISAI l.a.l.-l-ll.l.y tiativialcu 110w 1
studies be performed by their undergraduate
design students participating in the NASA/USRA
ADP. An individuai at the NASA Ames Research
Center wac named the NASA noint of contact for

SoTaliTd WAS AIQITU WIT ANAASAL P UL LAl Al

Cal Poly, Pomona’s participation in the ADP. The
NASA point of contact (POC) concurred with the

nocvil suggt:snon mduc Uy U]C \_,dl I'Oly, r'()mond
design facult
= o

D11 o a . ___t L1l o _a .

rak quuner ]J'Uflllg L[lt', I‘d.l.l quaru:r ( SU

study phase) of the 1987-88 academic year, the
studerits had two principle objectives. The first
objective was to review the available second-gener-

atinn cuinarcanis trancnart dacion chiidiag eninnliad
auwvii ﬂul.'\fl ouvilllv U1 ﬂ.llapul L uUBlsll OLUUICD, Dul.)yl.lw

by NASA, just completed by the independent
NASA contractors. The second objective was to

obtain a copy of the design synthesis computer
code known as ACSYNT from the NASA Ames
Research Center (ARC), get it operational on the
Cal Poly, Pomona Computer System, and have the
design students become familiar with the code. A

naw  oNnree AR 400 Cunarcnnie Trancnnrt
LUV LUUIOL, sl TS JUpUIoUIuL 1iquiopuit

Design, was introduced to provide the Fall quarter

course framework for the NASA/USRA student

design project.
The students w

e
propulsion and structures technology teams in
order to identify and become famjliar with the tech-
uuxogies requir:‘:u for the HSCT ucsigu effort. A
single mission profile was developed. The required
aircraft was to have an overall range of 6500 nauti-
cal miles (plus reserves), a design Mach number

hatwoan throa and civ ansammandate 280 naccano-
ULLYYrLLll LI Ve Allu JlAa, avvuvliniivualy & Jv P(‘OUUIIS

ers and operate from existing airports. In addition,
the aircraft was to have a turnaround time of 1 h, an
overpressure goal of 1 p.s.f. and the cruise portion
of the mission wasg to have minimal lmnnr‘t on the

ozone layer. One-page weekly progress reports
were required to document their design efforts
L. ADM A00 Qoo oo ot M
1 ARNY 47757, DUPCIBUIHL lldllprll UCblgll
course was designed as a two unit, six contact hours
per week, laboratory course. The course was
des1gned to complement the required Winter and

nring nuartar dacion conreeg and thne nravidae tha
\.)l_)lllls \.luﬂl i U\dolsll LUULOVO allu vy PIUVIU\-‘ lll\-

participating students with a full year of design
experience Eighteen students enrolled in the Fall

quarter CIeSlgn course. T ney continued their HSCT
work in ARQ 446 and ARQ 463, the Winter and

QIX D ARY ailll AR U, A0 ¥ er and

Spring design courses, respectively.

Winter quarter. All of the HSCT design stu-
dents enrolled in the same section of ARO 446
(two sections were offered) where they were joined
bv approximately 15 additional students. A couple

V) Qppavaaiiicatay QUUILIVLGL Stuatiis. S Ve ps

of the new students joined the HSCT group and the
rest were formed into two additional design teams:

one I.Cdlll. CICLLCU io WUIK Oona bdel‘.‘ pl UJCL[ d.llLl lllC
second team elected to work on a high-altitude

reconnaissance aircraft.
Four final HSCT configurations (blended wing,

ininad vwing ahlinme wing and parat wing) ware
J\Jlll\f\.l wl‘lé, UUll\du\v wllls aliu vaivi WII.I.E AAAZ A

selected in order to evaluate the effects of planform
on aircraft performance. The initial computations

of vehicie performance were then performed. Aii
groups nrenared weekly progress reports Qral

S pralpaitia WLUAAy VEiToS TS,

presentations were given approximately every
three weeks by each cle51gn team. A special NASA/

TTOT A o

USRA Ames/Dryden Imm-comerence was very
useful for developing the oral nresentation skills of

students of Cz:h'forma umversntle's'in;ol ved in the
NASA/USRA ADP.

Spring quarter. Each design team completed

their design efforis uunng the Spring quarter. This
work was performed in the ARO 463, Aerospace
Design Semlnar, class of which there were two sec-
tions organized in a fashion identical to ARO 446.
Wanlly mernarace ramaste wrara writéan and cavaral
Yy cc:uy PIUEIUDD ICPUI L WEIGC WIILLCILL allu dvywlal

oral presentations were given by each design team.
Each design team also prepared a 100-page final

were grouped into aerodyﬂamlcu
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report. Copies of the final reports were sent to
TICD A ac mart ~f tha NNACA /TICR A arant funilfil
UaniA ad pait Ul uu., INOWIOM WIING A glallil iUl
ment [9-14].

All of the Cal Poly, Pomona senior deSIgn teams

present tl‘le reSUltS OI [nelr enor[b at [ne beﬂlor
DNecion Review. Each desion team gn_/f-c a 30 minute

Design Review. Each design team gives a 30 minut
oral summary presentation, on the last class meet-
ing of the Spring quarter, before a review board
from industry and goverm‘nem Each Spring some
15-25 design engineers from industry (mostly
from the Los Angeles area) volunteer to serve on
the Industry/Government Review Board at the

CQaninr Necion Raview The Raoard nrovidec very
OCIOT 1 85181 NEVICW. 1110 50arG plroviles VI

useful feedback to both the students and faculty.
‘At the fourth annual NASA/USRA Summer

Conference heid in Cocoa Beach, Fiorida (Ken-

npdv Space Fenter\ Cal Poly, Pomona was asked

to’ prepare a paper descnbmg ‘their NASA/USRA
design work for the annual AIAA aircraft design
meeting held in September of 1988 in Atlanta,
Georgia. The paper was prepared by the graduate
assistant, Steve Cass, and one of the HSCT design

team leaders, Chris Ball [15].

High-altitude reconnaissance aircraft

The four HSCT configurations as ‘well as the long

endurance reconnaissance conﬁguration studied

durino the 1007_QQ acndarmeio vane Moot cron—
Uulilg uiv 1 70/700 aCadqciiic ycat \ul ot ycal Wllll

the NASA/USRA pilot ADP) were primarily con-
cerned with high-altitude aircraft design. The cogn-
izant NASA personnel and Cal Poly, Pomona
facultv decided to continue the hish-altitude stud-

SELRRALY RRAARATAL AU LRAMLLLNLL WL gt aiuiall Sweld

ies durmg the 1988-89 academic year when Cal
Poly, Pomona was invited to participate for a

nnnnn PRSI IS IS PR © i |

second year in e puUl program |10j. The SBCOHO-
year design goals were prompted by the need for a

low speed instrument bed for 1 momtormg air pollut-
ant concentrations at high altitude in the Earth’s

As in the first year of the Cal Poly,

ann a r\nrhf‘inuf;nn in tha NNACA /TTICAD A /eral~at)
WRMSUG pPAal uvipalivil Ll Ul LYW VaINY \PllUl

ADP, approximately 18 students enrolled in the
988 89 Fall quarterARO 499, Advanced Vehicle

Ut:hlgl) course. The students were, agam organlzed
into aerodvnamics prnnnleinn and structureg

rodynamics, propulsion structur
groups. One- -page weekly progress reports were
required of each demgn team

Tha Aacian snal sxac oD a = :
inc QCSign goai was to deve a

subsonic air-
craft (M = 0.7) capable of carrying some 3000 Ib
of alr-quahty momtonng instrumentation fora 2 h

cruise at approximately 130,000 feet altitude. The

ﬁ'eE‘Q“‘Pﬂm dvnamics nracenira dAuring ~rica wae
FESRALGAL Lyuanul pProssulc Guriilg CIuisc was

roughly 8 p.s.f. Consequently, the first Fall quarter
ob]e‘ctlve for the design class was to review the

available information on subsonic mgn aititude
desmn Droblemq, includine the effects of low Rev-

SRR, LILARSAAE VAT LAICRRS VL AU NG

nolds number aerodynanucs The second objective
Was to obtain a copy of the ACSYNT code (modl-
ﬁPd far hich_aléit A

Ve AUL SIEIL auuuuc UlJCldI.l.Ull) 1T OII1 I.IJ.U lﬂﬂ\)ﬂ
Ames Research Center and get it operational on
the Cal Poly, Pomona computer system

It shouid be noted that the graduate assistant for

S e R R — TACQ

the design course had spent the summer at NASA

Amac malking tha neraggary adificatinng 0
4RIIIVO LHIGDUILE WiV LIvhuooal moaincaions o

ACSYNT for high-altitude operation. Simplified
low Reynolds number airfoil and propeller design
codes were aiso obtained from the Massachusetts

Institute of Technology (MIT),
oJ \ 7

Winter quarter. During the second phase of the

10QQ_Q0O cé::d.- emd e mazeeda)
17000~ Muu_y kVVlllLCl l.]l.ld.ll.Cl) I..llC DLUUUHLD

involved in the NASA/USRA high-altitude design
project enrolled in one of the two sections of the
ARO 446, Advanced Aerospace Design Project,

whara thav wara ininad hv annravimataly 10) addi-
FPLILIL LT Y WLIL JULLILU Uy QP PPIUALLIIALICLY LU audul

tional students. The high-altitude project design
students were formed into three design teams. The
new design students were formed into two addi-
tional design teams: one for the design of a solar sail

vehicle to travel an Earth to Moon | flight path and
one for the development of a low-cost export
fighter.

The high-altitude design teams developed an
appropriate design mission for the proposed
reconnaissance aircraft. Approximately six con-

fioniratinneg were initiallv conciderad for the decion
HgUrations were Hiilaay ConsiGerea or Ul Gesign

mission. Three configurations were selected for
further study, one conﬁguration for each of the
three high-aititude design teams. Studies of the
impact of vehicle configuration upon vehicle size,
range, power requirements, performance, stability
and control, operating costs and lifecycle costs
were initiated. Energy management, aerothermo-
dynamic considerations and propulsion system
integration received special consideration. One-
page weekly progress reports were prepared and

SP‘IﬂI‘QI f'\l'ﬂl ﬂfPCPI’\fQ“InﬂQ were DIUF'“

CYLIGl Vidl pivobiiiauiviis eia v gl

The second NASA/USRA Ames/Dryden mini-
conference was particularly useful for the develop-

ment of student skiils related to oral presemanons
At the fifth annual NASA/USRA ADP winter

meeting ‘held in 7siaintai(?lera,' California (NASA
Ames), Cal Poly, Pomona was asked to describe

thate NJTACA TTICD A Aagion ssragram in o manar o
UICLD INAVA/ VoI UGIELL PIUEL AL L a papud W

be presented at the 1989 AIAA aircraft design
meeting being held in Seattle, Washington on 31
Juiy-2 August 1989. The paper was prepared by

the oraduate assistant. David Poladian, and one of

the high-altitude project group leaders, David
Reinhard [17].

Spring quarter. Each design team completed
their analysis efforts and documented their work
during Spring quarter. This work was performed in

tha ARDMNAA?Y Aarngnare Nacion Caminar slace nf
Ul SN TTU L, 3] Ual}a\.\.« UUBIEII wWJelllilial y Vidoo UL

which there were two sections (similar to ARO
446). One-page weekly progress reports were
again prepared and severai orai presentations were

oiven. Thege oral nregsentationg included the Senior

Bt YAl 2 2I000 VIGL Pl UOTIIlQLIUNLS LALILNUTA LIt Shan

Design Review and the fifth annual NASA/USRA
Summer Conference

A 100- page final report was prepareu u'y' each
design team. Copies of these reports were sent to
USRA as part of the NASA/USRA grant fulfil-

ment [18-22].
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1989-90. The high-altitude reconnaissance

nir~raft dacion Art wne ~anntiniad Adnrino

ailviaili ubﬂlsll Dﬁull Wdadd Luildluliucu uu11115 l.hb
1989-90 academic year. Using the required (of all
Cal Poly, Pomona engineering students) Senior
Project ciasses, severai non-aerospace engineering

students were able to narticinate as members of the

TRLTAILS WOAT QUIT WU QiU pPGIT QS LTIV S ULl

high-altitude aircraft design teams (working on
aerospace desrgn problems related to their particu-

lar arsrnaar o donimliran R P LN L

lar engineering ulsupnneb) This muitidisciplinary
effort required close coordination and cooperation

rregu S€ COOI 1 Operdalion

between faculty members in the affected engineer-
ing departments.

Benefits n'f'rhp NASA/LISRA ADP

ey Of I UANNA Al

The aerospace engineering design program at
Cal Poiy, Pomona has been enhanced in a variety of

ways by its three-year participation in the NASA/

USRA ADP in aeronautics. This enhancement
includes the availability of a graduate assistant who
has spent the summer at a NASA center preparing

t laad tha dacion offart additional (elective)
woavau LIV ULl Liivily, auuiluuviial \\.rl\/l.l.l“b)

coursework for student design development, wider
access to technical information, greater capability
to utilize computer software, more computer

cnfl’wnrp interaction with students at other univer-

SULLEY aiaica Gl uallig WWaLil SiAatiiiS @t Rl i

sities, mteractlon with NASA personnel and a
greater appreciation for the role of the NASA

. a At aeo PR 1. S, S P —

research centers in the continuing ucvt:lupmclu of
aeronautical engineering and science in the U.S.A.

=

This program of enhancement is expected to
increase throughout Cal Poly, Pomona’s par-

$indemnti e A Firot theraa_yvyanr imnlamantatinn of

+h
LlLll_}allUll in LIIC 111D e es jcﬂ.l llll}JlblllblllallUll w1

the permanent NASA/USRA ADP in aeronautics.

New courses

Ter Aot 10Q7 +tha Aaw~ceman Trnatnaaming
11 nusuat 1ZF07 uic Mol UDPQL J_al E filwiw § l.ll.s
W, that

e
Department at Cal Poly, Pomona was notified

it was invited to participate in the NA SA/USRA
ADP pilot program in aeronautics [8]. Discussions
with aur NACSA Amec Racearrh (Cantar naint of

with our NASA Ames Research Center point of
contact (POC) led to a decision that Cal Poly,
Pomona would primarily consider the design of a
hypersonic commercial aircraft capabie of flying
6500 nautical miles at speeds in the M = 3—-6 range

JUllauiital 1Illes Al Spotids 111 o id4alight

at altitudes in excess of 100,000 ft.

Undergraduate. Consequently, a new two unit
elective design course, ARO 499, Supersonic
Transport Design, was offered during the Fall
miartar Af 1QR7 urith an anralmant Af 1R ctiidante
qum vl UL 4707 WILL Qll VI VILIIVEIL UL AU SLtUuuUVIILD.
The hypersonic vehicle work started in this class
was continued and completed by these 18 students
(aided by two additionai students at the beginning
of the Winter mlnrtpr\ in the rpmnrpd ARQ 446

and ARO 463 desrgn classes in the Winter and
Spring quarters, respectively, and was presented at

L ARTAQA/TTIQM A ATYD Q.o P
ine NASA/ UonA ALJD duliuncr \_,Ulut:wm.c in

Cocoa Beach, Florida in June 1988 I9—12] This

effort was summarized by Cass and Ball [1 5]

In the Summer of 1988, discussions with our

NACA /Amaoc DIV 1ad tn a danicinn ta chift tha (Mal
AN TS Doe 100 W0 a GOCISI0I 10 S1LIL UlC Ldl

Poly, Pomona student design focus to considera-
tion of a subsonic, M = 0.7, high-altitude (in excess

of 100,000 ft) reconnaissance aircraft capable of

fAarruito smgtrnimantatinn mauland  ~F SN0

vall )’lll Clll lllD LiullIviitauuvll ayiuau vl LSUUT
3000 Ib. This initial high-altitude, low-speed effort
was described at the 1989 NASA/USRA Summer
Conference held in Huntsviiie, Alabama. The 1988

Fall anarter vehicle decion work wac nerformed in
4Gl Yuditer Yoiulab Ulsigi WULR vWas plaaviiannacy

ARO 499, Aerospace Vehicle Design. The course
was renamed to account for the shift in design
emphasis and expanded to four quarter credit
hours. The ARO 499 design class is now in place

LIS 11 CLal5 Lidas 110

and can be used for either aircraft or spdcecrdft
related design.

S s et il ~ f

Thc ll.l.l.lULluL.l.lUll v S
into the Fall quarter of the senior year permits a
smooth integration of the NASA/USRA design
effort into the established required design program

at (al Dn]\r Pomona. The decion teame \unr'lnnn 0on

LGl D ULy, £ UINUIG. 1 nb ULSigpa teaiias Wiy Ui

the N ASA/ USRA design project work side by side
with design teams working on the other aerospace

design prOjEC'iS This lmegrd[ea design effort has
had a synergistic effect which improves the design

I~ T M o

experience for all students.

tha
LIC nl\\} *7Z

Graduate. The success of the

undereraduate

ndergra
design program has Ied to the development of a
two-course sequence in aerospace vehicle desng n at

sradiiaia 2l DD S9A4 Adunman A ne
the glauuatc level. EGR Ji4, Advanced Aero

space Design, and EGR 624, Advanced Aero-
space Design, were scheduled to be offered during
the 1989-90 academic year. The courses are multi-

dicoinlinary decion affarte invalvine aerngnace
GlSUipiiiidl y UCSsIgil CLUIW HivUIVUIE aviUspals,

mechanical, civil, manufacturing, electrical, chemi-
cal and industrial engineering graduate students.

[le]

This design experience is expected to simulate the

trnlv mnlhdmmnlmnrv decwn work of mductrv and

government. The EGR 524 and EGR 624 course
descriptions are expected to first appear in the
1990-91 university bulletin. It is expected that, to
some degree, the graduate design students will
serve as consultants to the undergraduate design
class, though the graduate and undergraduate

Aaﬂ:nﬂ nraiante are avnaertaed tn ha diffarant

UUDIE 1 IJ UJUVI'D alv ‘vﬂl}\d\—l—k«u WU ulll\.rl\.rxll.

Computer software )
Participation in the NASA/USRA ADP in

.................. anrace arantar

dClUIld.LlLILb lld.b ICbLlllCU iu dlLTdd to a Eicaiui
increase in aircraft design computer software
capability than would have otherwise been poss-
ible. The NASA Ames Research Center POC has,

far evamnla made tha dacion cynthacic nroorams
i1V \dl\l’-l-llll)l\/, 1iauv LIV ULOolRIL O YLIUIVOLY LU EL Gllio

ACSYNT and GASP available to Cal Poly, Pom-
ona. The Harris wave drag program and several PC
programs were provided by personnei at the
NASAT :molpv Research Center, A low RPvnnldS

number airfoil design program was obtained from
MIT. These examples represent only a small
fraction of the computer software that has been
obtained as a result of Cal Poly, Pomona participa-
tion in the program. This software has greatly
enhanced the aeronautics design program at Cai

D!‘\III D(\l‘l‘l!\'\ﬂ
U1y, £ UINolia.
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Personnel interaciion
One of the great experiences derived from Cal

Poly, Pomona | pa tlclpanon in the NASA/USRA
ADP has been the technical and social interaction

| PR, £rniléyy ctnndante and NNACA narcannal at
DETWEEII 1acuity, SiuGliiis ana inasAa Ppersiiic di

the Winter and Summer conferences. The oppor-
tunity for students, faculty, NASA and USRA
personnel to share experiences at these confer-

ancec hac reculted in imnroved information trang-

CIICCS flad ITouIITU i NPT OVOD LV a Uil Liails

fer, improved instructional methodology, greater
student interaction in design and an expandecl

GESlgn ua[aodsc [ﬂd[ nas lndrKC(_lly lHlp[UVCU
n at Cal Poly, Pomona.

Cah'fomia mini- conference
In 1988, personnel at NASA Ames/Dryden,
serving as the noint of contact for the Unive_rsity of

California, Los Angeles (UCLA) NASA/USRA
it would be

Aeronautics design project, thought

toafil +A o ar o imi_nnnfaranan far Malifaenin

ubcll.l.l |8V} DPU]IDUL a inini- CULIICICLILT 1UL \_,a.llLUl 1a

students involved in the NASA/USRA Aeronau-
tics program. Accordingly they held such a con-

ference durlng the Winter quarter of the 1987-88

academic year. California Polvtechnic State

avautiine oGRIIVI G 1 Uiy uoviaiah wa

Uni-
versity, San Luis Obispo (Cal Poly, SLO), UCLA
and Cal Poly, Pomona were invited to attend. The
intent of the conference was io give the siuden
some exoenence at oral nreﬂentatlnns in a les

familiar environment and to provide the students
ormation.

et
with a forum for exchanging ideas and in

Annravimataly AN ctndoante and faculty attandad
dippivAlLLIIAQlvY UV JSLUULCLILD allu labull’ aLlCuuUu

the one-day conference.

The 1987-88 California mini-conference pro-
gram included a tour of the Dryden facility, lunch
and presentations by students from the three

CaCIllallOds SLAlatallSs AU WD Lad

schools. Each presentanon was approximately one
hour in length A video tape of the presentations
was made so that the students could see their own
presentations and improve them (if necessary) for
the 1988 NASA/USRA Summer Conference held

at Cocoa Beach, Florida. Everyone considered the

mini-conference to be a great success.

The second annual NASA Ames/Dryden mini-
conference was held in Apnl of 1989 with results

auuud.r to those ootalnea IOI' the 1955 mini-
conference. Faculty and students from California

State University, Northndge also attended the
1989 conference. The third such successful con-

fe.'ence was held at NASA Aﬂ'ies.'utyucu in the

Spring of 1990.

Assistantships
Thf‘ NAQA /TISRA AP r\l‘f\lhr‘nc o Cnmmnr

SEW A T4 AVSOA/ NSAWFANL A L AR IJIUV IUvd a Juliliiie.

Ass1stantsh1p position, with the NASA center
serving as the pomt of contact for the umversrty In

addition, Cal Poly, Pomona has used the graduate
assistant funds to establish a Design Assistantship

(graduate assistant) at the umversrty during the
academic year.

Summer  Assistantship. NASA/USRA Sum-

mer Assistantship funding enables the graduate

A tha cirmessans F10 oo Lo
assistant to Spena tne suminer U‘U wccnb) at the

as the point of contact for
th sity. Assis tant is able to work
directly with NASA scientists and engineers and
obtain invaluable experience. Durlng the summer
the Assistant is able to develop the scope of the
forthcoming undergraduate design problem. He or
she is able to identify the literature, NASA
personnel and computer programs that will contri-

bute to the successful forthcomine undereoraduate

the successful forthcoming undergraduate
design task. The Assistant is able to bring this
database back to the university to enrich its design
program.

Design Assistant. At Cal Poly, Pomona the
Summer Assistant becomes the Design Assistant
(graduate assistant) upon reaching the university
campus at the beginning of the Fall quarter. The
Design Assistant is expected to lead the design

nrooram thronohout the vaar The Dacion Accict-
IJl ubl CRLi3 RiiX vub;‘u“l LR J\'“l. R Y AN JJ\.&GLE‘II 4 A0010L

ant supplements the efforts of the design faculty
member in giving individual attention to each
student in the design ciass.

The Design Assistant generally is the local expert
on the computer programs that have been brought
to the campus from the NASA Center, another
university or private industry. Having been through
the undergraduate design process himself/herself,
the Design Assistant is in a unique position to help
the undergraduate design engineers.

Throuoch the Summer Acgcistant

t aspect

program, the Design Assistant serves as a dire
link between Cal Poly, Pomona and the NASA
Ames Research Cenier. This link is recognized asa
great asset to the university design

Occasionally, the aeronautics design process
identifies problems in the automatic controls,
environmenial systems, power generation, support
facilities, manufacturing processes and/or material
properties that fall outside the normal bounds of
expertise provided by aerospace engineering stu-
dents but within the field of expertise of engineer-
ing students in other engineering disciplines. The
resources provided by the NASA/USRA ADP in
aeronautics permit Cai Poly, Pomona to incor-
porate some multidisciplinarv comnonents into the

LGS ST ARSI LIPS AU LA

undergraduate design programs. As future design
requirements dictate, engineering students from
electrical, cuemicau, manufacturing, civil and
industrial engineering departments will be able to
participate in the aerospace engineering design
process. Synergistic improvements in the final

dacion nraduect can he avnantad fram thic infuiginn
UvOlpil PlUUULLE Vall Uy VAPV LWL LTLULLL LD LIUDIVLL

of talent from outside the aerospace engineering
department.

Each Cai Poly, Pomona engineering department
requires two courses in the Senior Proiect course

MEAAES AW LURIONS 211 LS Ol DAV VURES

sequence. A mechanical engineering student, for
example with the adv1ce and consent of the

anhaninal anainssmng PR P PR, el

mecnainicai CLIELCCLLIE ld. U Y Cdll Il[oi 111 Ul
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Senior Project course for mechanical engineering

etndente and comnlate an arcentahle marhanical
DLULLAILS QI LUVLLPIVIT Gl GLVLLPLAUILC IuvLdi L al

engineering task associated with the NASA/USRA
aerospace engineering design project.

The Aerospace Engineering Program at Cal
Pnlv Pomona will somewhat limit non- -aerospace

engineering student involvement, but it is expected
that 5-15 non-aerospace engineering majors will
lha akla Armembeclassbn Al ndiinlsy 4 4l NTACA /
UC auvic lU LulIlLivulc CllCLllVCly W uIc INAISS
USRA design effort, depending upon the particu-
lar project in question for any given year. This
multidisciplinary effort was initiated during the
1 ORQ—Qn Qf‘ﬂf]ﬂm“f‘ vaar

AFUST IV GvAUvILLL YUkl .

RELATED DESIGN EFFORTS

A senior class of s
large enough to 'y"leld
within two sections

required design course sequence The selected
NASA/USRA design topic was typically used by

anlu thras Ar fanir Af tha dagion taame during aash
Ullly UUCC UL 10Ul UL UlC UCSIEgll weallld Uuilliy Cacil

of the three years of participation in the NASA/
USRA program in aeronautics. However, the
benefits of the program were indirectiy enjoyed by

the remainino decion teamg

HAIT ITaliGaiinag Blsipa thais.

The Cal Poly, Pomona NASA/USRA ADP
statement of work in each academic year has
indicated that if sufficient students were availabie
in the design class, some students could be allowed
to respond to the ATAA (for example) team
competition RFPs in both aircraft and spacecraft

Ancice [ Caosh wvans Arn wmrara ovsffiaiaet ot

uesiplii [/—Jl Latil ycai LhGlC WCIC SULLIVITIIL LU~
dents for at least two non-NASA/USRA design
teams. One team each year responded to the team
aircraft competition and one team responded to

the team cnacecraft decion comnetition There
the team spacecrait gesign competiion. 1nere

seemed to be a useful synergy between the several
design team efforts.

e 60 students sually
somer‘reml nde 51gn eain
s (two instructors) of th

—r
D v

=

b3 s TaR it nlal sliel rl
FRUJLEU L DL

T)unng Cal Pol Pomona’s

S
NASA/USRA ADP the pr OJect selection was
made during the early summer for the followmg
academic year. Selecting the design topic at the
beginning of summer permits the Summer Assis-
tant (graduate assistant) to spend her or his time at
the NASA center preparing material for the forth-
coming undergraduate design effort. The project

selection was jointly made, after considerable
discussion, by the NASA Ames Research Center

I’U\., anu me CIESlgIl l'aCUl[y at La.l rmy, romona
This process has worked well for three years and

should continue to be an effective demgn selection
mechanism,

CONCLUSIONS

1. The preparation of the reports and the oral
presentation required by the NASA/USRA
design program over and above the design

course reaguirements have improved the com-

munication skills of Cal Poly, Pomona design
students.

Many Cal Poly, Pomona students have derived
‘reality checks’ from the tours of NASA facili-
ties provided by the NASA/USRA program.
Such tours allow the students to see full-scale

vahinlac and tagt farihitiog and tharahvy lat tham
YOUIULIVO Allu Luwol 1aviiiuuvy alivu I.I.I.\'l\'Uy L uIvliin

establish their own physical frame of reference
for these items.
3. The Cal Poly, Pomona aerospace design pro-

oram has been ogreatlv imnroved bv the compu-

B aiin ias UL patany Lnpioves s LNl

ter software obtained directly and indirectly
from participation in the program.

The Cal Poly, Pomona graduate program
directly benefits from the availability of the
funded Design Assistantship provided by the

NASA/USRA ADP in aeronautics.

Tha (Cal Paly Pamana ctndante nnrf;nilr\n tine in
LIIC Ldl ©ULy, £ ULNULID STUUCLiDS pdl ubipauiig il

the NASA/USRA program derive many intan-
gible and invaluable benefits from the discus-
sions they have had with the many NASA

scientists and eneineers they meet at the various

LATAILISLS QI CHEINC0I S Ly HCtL QL it Vannows

program conferences.

6. The Cal Poly, Pomona students participating in
the ADP derive a valuable intangible benefit
from contacts with students from other univer-
sities attending NASA/USRA conferences.
Such contacts permit the exchange of ideas and
personal technical assessments that will serve

the individual students throughout their profes-
sional lives.

[oe]

Fa

th

7. University participation in the NASA/USRA
ADP permits the students to work on a greater

variety of aerospace design topics.
8. Three new de51gn courses (one undergraduate
Mo

and two graduate) have been added to
Pn]v Pomona enmneenng Droeram Aas

ToTEEe TTTToerT ToT Tt T, T

of the NASA/USRA ADP.
9. Multidisciplinary aerospace design at Cal Poly,

anen hoo hansn anhaoanaad ey

D~ tha
romofna nas occil Ciulancea oy uic

USRA ADP.

Anlrswnvaladassssmic_Tha thar harahy anlnawladoac the
ACRACWIEGEEMIENIS— 14 autnor ner €0y alknowitGges wic

contributions to this paper by all of the students at Cal Poly,
Pomona who have participated in the NASA/USRA program.
Without their efforts, this paper could not have been written.
Although the list of all the participants is too long to mention

avarunna nartioular asknawladoamant ie oiven tiy Qtaven (ags
EVEryone, particuiar aCKnowiCGgement is given 1o Steven L.ass,

David Poiadian and Renee Yazdi who served as graduate
assistants during the program. George Kidwell of NASA ARC
was a constant source of encouragement and support. John
Sevier, Carol Hopf and their staff at the Universities Space

Rogearch Association (1IISRAY nrovided encouracement and
nesearcn Associalion (UoSAA) proviGed encouragement

guidance throughout the program. It should also be noted thata
brief summary of this effort appeared in the proceedings of the
1989 Annual Meeting of the American Society for Engineering
Education (ASEE) [24].
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