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Fina l  Report 
NASA/USRA U n i v e r s i t i e s  Advanced Engineer ing  Design Program 

a t  t h e  
Un ive r s i ty  of  I l l i n o i s  

f o r  t h e  
1987-1 988 Academic Year 

Abstract 

T h i s  r e p o r t  reviews t h e  p a r t i c i p a t i o n  of the  U n i v e r s i t y  of I l l i n o i s  a t  
Urbana-Champaign i n  t h e  NASA/USRA U n i v e r s i t i e s  Advanced Engineer ing  Design 
Program (Space) f o r  t h e  1987-1988 academic year. The U n i v e r s i t y ' s  des ign  
p r o j e c t  was t h e  Manned Marsplane and Del ivery  System. I n  t h e  s p r i n g  1988 
semester, 107 s t u d e n t s  were e n r o l l e d  i n  t he  Aeronaut ica l  and A s t r o n a u t i c a l  
Engineer ing  Departments' undergraduate  Aerospace Vehicle Design course .  These 
s t u d e n t s  were d iv ided  i n t o  an a i rc raf t  s e c t i o n  (56 s t u d e n t s ) ,  r e s p o n s i b l e  f o r  
t h e  Marsplane des ign ,  and a s p a c e c r a f t  s e c t i o n  (51 s t u d e n t s ) ,  r e s p o n s i b l e  f o r  
t he  Del ivery  System des ign .  The des ign  r e s u l t s  were p resen ted  i n  F i n a l  Design 
Repor t s ,  c o p i e s  of which are attached. I n  a d d i t i o n ,  f i v e  s t u d e n t s  presented  a 
summary of t h e  des ign  r e s u l t s  a t  t h e  Program's Summer Conference. 

Teamed w i t h  t h e  NASA Marshall Space F l i g h t  Center (MSFC), t h e  Un ive r s i ty  
r ece ived  suppor t  i n  t h e  form of remote t e l e c o n  lectures, t e l ephone  
c o n s u l t a t i o n s  w i t h  MSFC pe r sonne l ,  r e f e r e n c e  material, and p rev ious ly  acqu i r ed  
a p p l i c a t i o n s  so f tware .  I n  a d d i t i o n ,  one s t u d e n t ,  who w i l l  be a g radua te  
t e a c h i n g  a s s i s t a n t  i n  t h e  s p r i n g  1989 semester, was awarded an  i n t e r n s h i p  a t  
MSFC f o r  t he  summer of 1988. 

A new cour se ,  cal led t h e  S p a c e c r a f t  Design Labora tory ,  was a l s o  s tar ted 
w i t h  USRA suppor t .  Ten undergraduate  and g radua te  s t u d e n t s  p a r t i c i p a t e d  i n  
t he  des ign ,  development, and b u i l d i n g  of a p ro to type  Terminal Opera t ions  
Tether System (TOTS) f o r  t h e  space  s t a t i o n .  

I n t r o d u c t i o n  
This  is the  t h i r d  year tha t  t h e  U n i v e r s i t y  of I l l i n o i s  has par t ic ipated 

i n  t h e  NASA/USRA U n i v e r s i t i e s  Advanced Engineer ing  Design Program. 
p a r t i c i p a t i o n  is through t h e  Aeronaut ica l  and A s t r o n a u t i c a l  Engineer ing  ( A A E )  
Department's undergraduate  Aerospace Vehic le  Design cour se  ( A A E  2411, which is 
o f f e r e d  on ly  i n  t h e  s p r i n g  semester. 
s t u d y i n g  a new p r o j e c t  each year  ( l a s t  y e a r ' s  p r o j e c t  was t h e  Multi-body Comet 
E x p l o r e r ) ,  t h e  Manned Marsplane and Del ivery  System was selected f o r  t h i s  
year's p r o j e c t .  

The- 

I n  keeping w i t h  t h e  philosophy of  

The Manned Marsplane concept grew o u t  of earlier s t u d i e s  of unmanned 
winged c ra f t  des igned  f o r  t h e  r econna i s sance  of  Mars. 
were conducted i n  t h e  l a t e  1970 ' s  and remained on t h e  s h e l f  as i n t e r e s t  i n  t h e  
Mars program waned. Recent a d v a n c e s . i n  technology,  and a r e su rgence  i n  
i n t e r e s t  i n  t h e  e x p l o r a t i o n  of t h e  Red P l a n e t ,  cal led f o r  a reassessment  of 
t h e  Marsplane concept.  
summer's Case f o r  Mars I11 Conference a t  Boulder,  Colorado, which t h e  class 
o r g a n i z e r s  a t t ended .  Rather t h a n  r e p e a t  t h e  ea r l i e r  s t u d i e s ,  t h e  Un ive r s i ty  
Of I l l i n o i s  sought t o  ex tend  t h e  technology t o  t h e  des ign  of a manned v e h i c l e .  

Many of these s t u d i e s  

T h i s  view was r e i n f o r c e d  by p r e s e n t a t i o n s  a t  l a s t  
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The p r o j e c t  concept was approved by Frank Swalley,  t h e  U n i v e r s i t y ' s  
c o n t a c t  a t  MSFC, ear ly  i n  t h e  F a l l  1987 semester. 
between MSFC personnel  and t h e  Un ive r s i ty  were worked o u t  g e n e r a l l y  i n  t h e  
F a l l  of 1987 and s p e c i f i c a l l y  d u r i n g  t h e  Spr ing  1988 semester. 
major AAE 241 e v e n t s  is p resen ted  i n  Appendix A. 

Details of t h e  i n t e r a c t i o n  

A ca l enda r  Of 

I n  a d d i t i o n ,  a new cour se ,  called t h e  S p a c e c r a f t  Design Laboratory ( A A E  
391) ,  was made p o s s i b l e  by t h e  U n i v e r s i t y ' s  p a r t i c i p a t i o n  i n  t h e  USRA 
program. Ten s t u d e n t s  undertook t h e  des ign ,  c o n s t r u c t i o n  and t e s t i n g  of a 
Terminal Opera t ions  Tether System (TOTS) f o r  t h e  Space S t a t i o n .  

Desinn Course Ornaniza t ion  

The U n i v e r s i t y ' s  AAE 241 des ign  cour se  is comprised of two s e c t i o n s ,  one 
each f o r  a i r c r a f t  and s p a c e c r a f t  des ign .  Based on i n d i v i d u a l  i n t e r e s t s  and 
i n t r o d u c t o r y  informat ion  provided a t  t h e  first class meeting, AAE 241 s t u d e n t s  
choose one of t h e  s e c t i o n s .  O f  t h e  107 s t u d e n t s  e n r o l l e d  i n  AAE 241 i n  t h e  
s p r i n g  1988 semester, 56 selected t h e  a i r c ra f t  s e c t i o n  and 51 selected the  
s p a c e c r a f t  s e c t i o n .  The s e c t i o n  r o s t e r s  are g iven  i n  Appendix B. 

Usual ly  t h e  des ign  s e c t i o n s  f u n c t i o n  independently.  
i n t e r a c t i o n  between t h e  two s e c t i o n s  was r e q u i r e d  f o r  a s u c c e s s f u l  des ign  
p r o j e c t .  
the  s p a c e c r a f t  group, which i n  t u r n  provided i n j e c t e d  mass and s i z e  
c a p a b i l i t y .  
excep t ion  where one s p a c e c r a f t  group was p a i r e d  w i t h  two a i rc raf t  g roups ) .  

However t h i s  year, 

The a i rc raf t  s e c t i o n  provided payload mass and s i z e  requi rements  t o  

One a i rc raf t  group was p a i r e d  w i t h  one s p a c e c r a f t  group ( w i t h  one 

The AAE 241 s t a f f  was as fo l lows .  

Course D i r e c t o r  Kenneth R.  S i v i e r  

Aircraft S e c t i o n  
S e c t i o n  Leader Kenneth R. S i v i e r  
Graduate Teaching A s s i s t a n t s  Douglas Anderson 

John Henderson 

S p a c e c r a f t  S e c t i o n  
S e c t i o n  Leader Michael F. Lembeck 
Graduate Teaching Assistant John R e i l y  
Undergraduate Teaching A s s i s t a n t  Teresa Armel 

A t  t h e  first meeting of  the  class,  s t u d e n t s  were asked t o  f i l l  o u t  a 
q u e s t i o n n a i r e  t o  i d e n t i f y  cour ses  t h e y  had t aken  and their p r e f e r e n c e  of 
t e c h n i c a l  areas ( a t  t h e  Marsplane and s p a c e c r a f t  subsystem l e v e l ) .  
these r e s u l t s ,  t h e  s t u d e n t s  were d iv ided  i n t o  e i g h t  competing Marsplane groups 
and seven competing s p a c e c r a f t  groups.  Each group was r e s p o n s i b l e  f o r  a 
complete des ign  as r e q u i r e d  by t h e  g iven  s e c t i o n .  

Based on 

Aircraft Sec t ion :  Marsplane Design 

S e c t i o n  Organ iza t ion  

The 56 s t u d e n t s  choosing t h e  a i r c ra f t  s e c t i o n  were d iv ided  i n t o  e i g h t ,  
seven-member, p r o j e c t  groups. Each of t h e  seven group members were ass igned  
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p r i n c i p a l  r e s p o n s i b i l i t y  f o r  one of  the  fo l lowing  major subsystem a r e a s .  

Aerodynamics 
Performance 
Power and Propuls ion  
S t a b i l i t y  and Cont ro l  
S t r u c t u r e s  and Materials 
Surface  Opera t ions  ( i n c l u d i n g  t ake -o f f  and l a n d i n g )  
Weights and Balance 

One s t u d e n t  i n  each group was des igna ted  as group c o o r d i n a t o r .  That s t u d e n t  
was r e s p o n s i b l e  f o r  c a l l i n g  and c h a i r i n g  group meet ings ,  p repa r ing  summary 
Progress  r e p o r t s ,  moni tor ing  group c o o r d i n a t i o n  and p r o g r e s s ,  and a c t i n g  as 
t h e  c o n t a c t  between t h e  s e c t i o n  s t a f f  and t h e  p r o j e c t  group. 
area, and p r o j e c t  coord ina to r  assignments were made w i t h  r e f e r e n c e  t o  t h e  
p re fe rence  q u e s t i o n n a i r e  r e sponses  tu rned  i n  a t  t h e  second class meeting. 

Group, t e c h n i c a l  

The r e s p o n s i b i l i t i e s  f o r  t h e  fo l lowing  des ign  areas were a l l o c a t e d  by 
d e c i s i o n s  of t h e  s t u d e n t s  w i t h i n  each des ign  group: 

Aux i l i a ry  Systems 
c o s t s  
I n t e r n a l  Conf igu ra t ion  
Packaging and Assembly 
Rescue Scena r io  
S p a c e c r a f t  I n t e r f a c e  

Marsplane S p e c i f i c a t i o n s  

The Marsplane s p e c i f i c a t i o n s ,  as given t o  t h e  s t u d e n t s ,  are p resen ted  i n  
Appendix C. 

Course Schedule 

The schedu le  of  t h e  a i rcraf t  s e c t i o n  a c t i v i t i e s  is p resen ted  i n  Appendix 
D. With respect t o  t h e  schedu le ,  t h e  des ign  a c t i v i t i e s  i n  t h e  a i rcraf t  
s e c t i o n  were d iv ided  roughly  i n t o  four phases:  

1 .  

2. 

3. 

I n i t i a l  S i z i n g  The method p resen ted  by Lofton (Reference 
1 )  was used d u r i n g  t h e  f irst  two weeks of t h e  semester t o  
carry o u t  an i n i t i a l  s i z i n g  e x e r c i s e .  The s t u d e n t s  worked 
independent ly ,  w i th  each .student submi t t i ng  r e s u l t s  of t h e  
e x e r c i s e .  These r e s u l t s  were then  used t o  select  t h e  
i n i t i a l  des ign  p o i n t  * f o r  each p r o j e c t  group. 

F i r s t  des ign  phase S t a r t i n g  w i t h  t h e  i n i t i a l  des ign  p o i n t ,  
each  des ign  group developed its phase-one des ign  which was 
presented  i n  t h e  midterm w r i t t e n  and o r a l  r e p o r t s .  

Second des ign  phase 
reviewed and c r i t i q u e d  by t h e  s e c t i o n  s t a f f ,  each des ign  
group proceeded t o  develop i ts  f i n a l  des ign .  T h i s  phase 
ended on the  des ign  f r e e z e  date. 

After t h e  midterm r e p o r t s  were 
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4. Documentation phase The pe r iod ,  from the  des ign  f r e e z e  
date t o  t h e  f i n a l  w r i t t e n  r e p o r t  submission date, was s p e n t  
c a r r y i n g  o u t  f i n a l  des ign  a n a l y s e s  and p repa r ing  t h e  f i n a l  
w r i t t e n  des ign  r e p o r t  (FDR) .  

The des ign  r e s u l t s  were p resen ted  i n  t h e  w r i t t e n  FDR' s  and o r a l  
p r e s e n t a t i o n s  t o  t h e  e n t i r e  AAE 241 class. 

Lectures 

The s e c t i o n  s taff  p resen ted  a series of lectures on the  s e v e r a l  t e c h n i c a l  
areas d u r i n g  t h e  f irst  and second des ign  phases.  These were r e i n f o r c e d  w i t h  
homework ass ignments  and qu izzes .  The s t u d e n t s  a t t e n d e d  on ly  t h o s e  l e c t u r e s  
d e a l i n g  w i t h  t he i r  a s s igned  areas. The lectures a l s o  provided a forum f o r  
d i scuss ing  t e c h n i c a l  problems as they  a r o s e  du r ing  t h e  des ign .  The l e c t u r e s  
began immediately after t h e  i n i t i a l  s i z i n g  exercise was completed and 
continued as long  as necessary .  
r e s p o n s i b i l i t i e s  f o r  t h e  major t e c h n i c a l  area lectures were d iv ided  as 
fo l lows .  

For t h e  s p r i n g  1988 semester, t h e  

D. Anderson Aerodynamics 

J. Henderson S t r u c t u r e s  and Materials 

K.  S i v i e r  Power and Propuls ion  

Performance 

Weights and Balance 

S t a b i l i t y  and Cont ro l  
Su r face  Opera t ions  

I n  a d d i t i o n  t o  t h e  i n - c l a s s  lectures, t h e  a i r p l a n e  des ign  s e c t i o n  
s t u d e n t s  a t t e n d e d  t h e  fo l lowing  lectures. 

Paul Czysz McDonnell Douglas Corpora t ion ;  Nat iona l  

Me1 DeSart Un ive r s i ty  of I l l i n o i s  L i b r a r y  System; Use of 

Col. Stephen Nagel NASA; Space T r a n s p o r t a t i o n  System Sa fe ty  
Harold Huie MSFC ( t e l e c o n ) ;  Power Systems ( o n l y  s t u d e n t s  

r e s p o n s i b l e  f o r  power and p ropu l s ion  a t t e n d e d )  
Michael Lembeck S p a c e c r a f t  S e c t i o n  Leader; Cost (on ly  s t u d e n t s  

r e s p o n s i b l e  f o r  c o s t  e s t i m a t i o n  a t t e n d e d )  

Aerospace Plane 

L i b r a r y  Resources 

S p a c e c r a f t  Sec t ion :  Del ivery  System Design 

S e c t i o n  Organ iza t ion  

The o r g a n i z a t i o n  of t h e  spacecraft s e c t i o n  g e n e r a l l y  fo l lowed t h a t  of t h e  
a i rcraf t  s e c t i o n .  
r e s p o n s i b i l i t y  f o r  one of the  fo l lowing  major subsystems: 

Each of t h e  seven group members were ass igned  p r i n c i p a l  

Aer obr ake 
A l t i t u d e  & A r t i c u l a t i o n  Cont ro l  
Command & Data Cont ro l  
Mission Planning & Cost ing  
Power and Propuls ion  
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Science Ins t rumen ta t ion  
S t r u c t u r e s  

Each p r o j e c t  group, i n  t u r n ,  selected a leader r e s p o n s i b l e  f o r  group 
c o o r d i n a t i o n  and p r e p a r a t i o n  of weekly  s t a t u s  r e p o r t s  t o  t h e  s e c t i o n  s ta f f .  

Delivery System S p e c i f i c a t i o n s  

The Del ivery  System Request f o r  Proposa l ,  as g iven  t o  t h e  s t u d e n t s ,  is 
presented  i n  Appendix E. 

Course Schedule 

The schedu le  of s p a c e c r a f t  s e c t i o n  a c t i v i t i e s  is p resen ted  i n  Appendix 
F. F i f t e e n  homework ass ignments  were as s igned  i n  t h e  s p a c e c r a f t  s e c t i o n ,  
exposing a l l  t h e  s t u d e n t s  t o  subsystem des ign  a n a l y s i s .  Seve ra l  of these 
assignments r e q u i r e d  t h e  s t u d e n t s  t o  make use of s o f t w a r e  w r i t t e n  by  t h e  
t each ing  a s s i s t a n t s  and o t h e r s  and made a v a i l a b l e  on twenty IBM A T I S  i n  an 
open computer l a b o r a t o r y .  T h i s  so f tware  included: 

M I N D  - Mechanically I n t e l l i g e n t  Designer,  a n  e x p e r t  s y s t e m  she l l  
f o r  which t h e  s t u d e n t s  gene ra t ed  des ign  r u l e s  t o  perform 
conceptual s p a c e c r a f t  des ign .  This  program is a l s o  
s e r v i n g  as an  i n t e r i m  t o o l  f o r  s t ra tegic  p lanning  a t  
NASAIOSSA under Joe Alexander. 

MULIMP - program made a v a i l a b l e  by Sc ience  Appl ica t ions  
I n t e r a c t i o n s  
Corp. (SAIC) t o  compute i n t e r p l a n e t a r y  t r a j e c t o r i e s  and 
launch  estimates. 

J U L I A N  - program t o  compute J u l i a n  dates f o r  MULIMP. AEROB - 
program 
f o r  op t imiz ing  aerobrake  s h i e l d  s i z e  vs .  semi-major axis 
vs .  f i n a l  i n j e c t e d  mass, made a v a i l a b l e  by former 
g radua te  s t u d e n t  Dr. Stephen Hoffman, now with S A I C .  

I N E R T .  - program f o r  de te rmining  spacecraft composite i n e r t i a  and 
mass p r o p e r t i e s .  

SCSIM - scan  p l a t fo rm dynamics and c o n t r o l  s i m u l a t i o n  program. 

A l l  s t u d e n t s  gave a f ive-minute ,  midterm o r a l  viewgraph p r e s e n t a t i o n s  
r e p r e s e n t i n g  an  RFP response .  Emphasis was p laced  on t h e  i d e n t i f i c a t i o n  of 
r equ i r emen t s  and trade s t u d i e s  t o  be undertaken f o r  t h e  f i n a l  des ign .  
end of t h e  semester, a F i n a l  Design Report was submi t t ed  by each p r o j e c t  group 
and summarized i n  ano the r  o r a l  p r e s e n t a t i o n  t o  t h e  e n t i r e  AAE 241 class. 

A t  the  

NASAIMSFC Remote Lec tu res  

Frank Swalley of MSFC provided r e f e r e n c e  c o n t a c t s  f o r  U n i v e r s i t y  
i n t e r a c t i o n s  w i t h  MSFC. A s  a r e s u l t  of these c o n t a c t s ,  three MSFC eng inee r s  
p a r t i c i p a t e d  i n  remote t e l e c o n  l e c t u r e s .  Each l e c t u r e r  provided viewgraphs i n  
advance of h i s  p r e s e n t a t i o n  and cop ie s  were d i s t r i b u t e d  t o  t h e  s t u d e n t s .  A 
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q u e s t i o n  and answer s e s s i o n  followed each l e c t u r e ,  a l lowing  t h e  s t u d e n t s  t o  
i n t e r a c t  w i t h  t h e  NASA p r o f e s s i o n a l s  i n  a relaxed, a l b e i t  d i s t a n t ,  manner. 
Lead MSFC p a r t i c i p a n t s  inc luded:  

Harold Huie power systems 
Bob Giubic i  Marsplane propuls ion  sys t ems  
J o e  San tos  s t r  u c t u r e s  

J o e  Santos  was l a s t  year's s p a c e c r a f t  s e c t i o n  undergraduate  a s s i s t a n t .  
After g radua t ing ,  Mr. Santos  accepted  a p o s i t i o n  wi th  MSFC. He related some 
of h i s  exper iences  there from a new h i re ' s  p e r s p e c t i v e .  

Other Guest Lectures 

I n  a d d i t i o n  t o  t h e  MSFC t e l e c o n s ,  s e v e r a l  i n d u s t r y  r e p r e s e n t a t i v e s  
d e l i v e r e d  i n - c l a s s  p r e s e n t a t i o n s  on va r ious  a s p e c t s  of t h e  Marsplane and 
s p a c e c r a f t  des ign  problem. The g u e s t  l e c t u r e s ,  the i r  a f f i l i a t i o n s ,  and t h e  
t o p i c s  t h e y  d i scussed  were: 

Me1 DeSart Un ive r s i ty  of I l l i n o i s  L i b r a r y  System; Use of 

John Soldner SAIC; Earth-Mars T r a j e c t o r y  Options 
D r .  Stephen Hoffman SAIC; Aerobraking Technology and Appl ica t ions  
Col. Stephen Nagel NASA; STS S a f e t y .  

L ib ra ry  Resources 

S p a c e c r a f t  Design Laboratory 

A new cour se ,  Space Design Laboratory ( A A E  3911, was i n i t i a t e d  i n  t h e  
Its o b j e c t i v e  was t o  o f f e r  a more llhands-ontl des ign  Spr ing  1988 semester. 

environment by i n c l u d i n g  system des ign ,  assembly and t e s t i n g .  Ten s t u d e n t s ,  
undergraduate and g radua te ,  p a r t i c i p a t e d .  The class r o s t e r  is p resen ted  i n  
Appendix G. 

The posed problem was t h e  docking of an OW a t  t h e  space  s t a t i o n .  
S p e c i f i c a l l y ,  t h e  s t u d e n t s  were r e q u i r e d  t o  minimize t h r u s t e r  contaminat ion  Of 
the  immediate area w h i l e  ma in ta in ing  p o s i t i v e  c o n t r o l  of t h e  process  from t h e  
s t a t i o n  i t s e l f .  Using a l o c a l l y  ob ta ined  a i r  b e a r i n g  and commercially 
purchased a i r  compressor, mic roprocesso r s ,  and e l e c t r o n i c  components, the  
s t u d e n t s  c o n s t r u c t e d  a p h y s i c a l  s i m u l a t i o n  of a tether-based sys t em f o r  
r e t r i e v i n g  the OW. 

A s  p a r t  of t h e  cour se ,  s t u d e n t s  l e a r n e d  how t o  program a 6502 
microprocessor  i n  assembly language, i n t e r f a c e  s imple  s e n s o r s  and a c t u a t o r s  t o  
the  microprocessor ,  and c o n t r o l  ( i n  real-time) a s i m u l a t i o n  of t h e  proposed 
tether r e e l i n g  system. Design methodology, s o f t w a r e  development and 
management, component s e l e c t i o n ,  s y s t e m s  i n t e g r a t i o n ,  f a u l t  p r o t e c t i o n ,  and 
human f a c t o r s  were a l l  covered i n  the cour se  of the semester. 

R e s u l t s  

The r e s u l t i n g  des igns  were p resen ted  i n  t h e  groups'  F i n a l  Design 
Copies of these r e p o r t s  are inc luded  w i t h  t h i s  r e p o r t .  Repor ts .  

r e p o r t  was p resen ted  a t  t h e  Summer Conference. A cor responding  w r i t t e n  
A summary 
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summary r e p o r t  was s u b m i t t e d  t o  USRA for i n c l u s i o n  i n  t h e  Conference 
proceedings 

I n  a d d i t i o n ,  a paper based on t h e  Marsplane des igns  w i l l  be presented  a t  
t h e  A I A A  Aircraft Design and Opera t ions  Conference i n  A t l a n t a ,  September, 
1988. The abstract f o r  t h i s  paper is presented  i n  Appendix H. 

Summer Program 

Andrew Koepke was selected f o r  t h e  MSFC summer i n t e r n s h i p  program. Last 
y e a r ,  Mr. Koepke l e d  a des ign  team p a r t i c i p a t i n g  i n  t h e  AIAA/Allied S tudent  
Design Competition c a l l i n g  f o r  des igns  of a space s t a t i o n  l i f e b o a t .  He was 
a l s o  t h e  d e f a c t o  group leader f o r  t h e  AAE 391 S p a c e c r a f t  Design Laboratory 
cour se  t h i s  s p r i n g  and has been s e l e c t e d  as one of t h e  t e a c h i n g  a s s i s t a n t s  for  
AAE 241 f o r  t h e  Spr ing  1989 semester. 

S tuden t s  i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  t h e  Summer Conference a t  Kennedy 
Space Center ( K S C )  submi t t ed  let ters of a p p l i c a t i o n  ear ly  i n  t h e  semester f o r  
review. O f  t h e  10 s t u d e n t s  app ly ing ,  f i v e  were selected. They were Daniel  
Jensen ,  P h i l i p  Lange, Laura Vanerka, R u s s e l l  Wenzel, and William Woodruff. 

A s  a dress rehearsal f o r  t h e  summer conference ,  these f i v e  s t u d e n t s  made 
a p r e s e n t a t i o n  t o  a s p e c i a l  evening  meeting of t h e  U n i v e r s i t y ' s  A I A A  s t u d e n t  
branch on May 1 1 ,  1988. The p r e s e n t a t i o n ,  repeated a t  KSC on June  16, 1988, 
summarized t h e  c lass  o r g a n i z a t i o n ,  des ign  i s s u e s  i n v e s t i g a t e d ,  and r e s u l t s  
ob ta ined  by t h e  Marsplane and s p a c e c r a f t  des ign  groups.  

I n  a d d i t i o n  t o  t h e  f i v e  undergraduates ,  s u f f i c i e n t  funds  were a v a i l a b l e  
t o  a l low Pro fes so r  S i v i e r  and t e a c h i n g  a s s i s t a n t  Michael Lembeck t o  a t t e n d  t h e  
summer conference .  

Evalua t ion  

Resources provided by t h e  Advanced Engineer ing  Design Program add 
c r e d i b i l i t y  and subs t ance  t o  t h e  AAE 241 Aerospace Vehicle Design course  a t  
t h e  U n i v e r s i t y  of  I l l i n o i s .  Contact w i t h  aerospace  p r o f e s s i o n a l s  working on 
real  problems g i v e s  t h e  s t u d e n t s  a p o i n t  of r e f e r e n c e ,  early i n  their  
careers. To o b t a i n  a measure of the  a t t i t u d e s  of t h e  s t u d e n t s  p a r t i c i p a t i n g  
i n  t h e  program, t h e y  were asked t o  f i l l  o u t  a q u e s t i o n n a i r e  related t o  t h e  
impact of the  USRA program on t h e i r  op in ions  and f u t u r e  careers. Th i s  was 
done a t  t h e  s p e c i a l  class meeting on the  evening  of  May 1 1 .  
t h i s  survey  are p resen ted  i n  Appendix I .  

The r e s u l t s  of 

O f  t h e  107 s t u d e n t s  e n r o l l e d  i n  AAE 241, 95 a t t e n d e d  t h e  meeting. Only 
about  60% t u rned  i n  completed forms. The r e s u l t s  show t h a t  t h e  o v e r a l l  
impact,  from t h e  s t u d e n t s '  p o i n t  of view, was p o s i t i v e .  The r e a c t i o n  t o  t h e  
i n t e r a c t i o n s  w i t h  MSFC was d i sappo in t ing .  The in-person ,  g u e s t  lectures 
( p r i n c i p a l l y  from SAIC i n  Chicago and McDonnell-Douglas) were better 
r e c e i v e d .  Q u e s t i o n s  5 and 6 should  have been p resen ted  d i f f e r e n t l y .  Not a l l  
s t u d e n t s  made, or needed t o  make, c o n t a c t  w i th  MSFC and on ly  a few a i r c r a f t  
s e c t i o n  s t u d e n t s  a t t ended  t h e  t e l e c o n  lectures (which were mainly f o r  t h e  
spacecraft s t u d e n t s ) .  It  is clear t h a t  t h e  o p p o r t u n i t y  t o  meet, on campus, 
w i t h  MSFC e n g i n e e r s ,  would make a major improvement i n  t h e  e f f e c t i v e n e s s  of 
t h e  i n t e r a c t i o n  w i t h  MSFC. 
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The va lue  of t h e  summer i n t e r n  program, t o  t h e  U n i v e r s i t y  and  t o  N A S A ,  i s  
evidenced by t he  acceptance  of a p o s i t i o n  a t  MSFC by J o e  San tos ,  las t  year 's  
undergraduate t e a c h i n g  a s s i s t a n t .  Mr. Santos  b r i n g s  t o  three t h e  number of 
A A E  241 g radua te s  who have p a r t i c i p a t e d  i n  t h e  USRA program and are now 
working a t  MSFC. After g radua t ion ,  t h e  1987 summer i n t e r n  a t  MSFC, Mark 
Sa rgen t ,  accep ted  a p o s i t i o n  a t  t h e  NASA J e t  Propuls ion  Laboratory i n  
Pasadena, C a l i f o r n i a .  

Program V i s a b i l i t y  

A paper ,  based on t h e  a p p l i c a t i o n  of the  M I N D  a r t i f i c i a l  i n t e l l i g e n c e  
system t o  s p a c e c r a f t  d e s i g n ,  was presented  a t  t h e  1987 ASME Annual Meeting i n  
Boston on December 13-18, 1987. The abstract f o r  t he  paper is p resen ted  i n  
Appendix J. 

A s  mentioned ear l ier ,  a paper based on the  Marsplane des ign  has been 
accep ted  f o r  p r e s e n t a t i o n  i n  t h e  Elements of Design Education s e s s i o n  of t h e  
A I A A  Aircraft Design, Systems and Opera t ions  Meeting i n  A t l a n t a ,  September 7 ,  
1988. The abstract f o r  t h i s  paper is p resen ted  i n  Appendix H. 

S e l e c t i n g  t h e  Marsplane and its d e l i v e r y  sys t em as a des ign  p r o j e c t  has 
- gene ra t ed  much i n t e r e s t  + n  t h e  Program and i n  t h e  des ign  a c t i v i t i e s  a t  t he  

Un ive r s i ty .  Doug I sbe l l  , a g radua te  jou rna l i sm s t u d e n t  a t  t h e  U n i v e r s i t y ,  
submi t t ed  a s h o r t  a r t i c l e  on t h e  Marsplane p r o j e c t  t o  Space World magazine. 
The a r t ic le  ( i n c l u d e d  as Appendix K) wa p u b l i s h e d  i n  t h e  A p r i l  1988 i s s u e  of 
Space World as p a r t  of a l a r g e r  a r t ic le  
t h e  cour se  of p repa r ing  t h e  ar t ic le ,  Doug c o n t a c t e d  t h e  U n i v e r s i t y ' s  News 
Bureau. The r e s u l t  was a news release ( i n c l u d e d  as Appendix L). T h i s  
r e s u l t e d  i n  a number of i n q u i r i e s  about t h e  program i n c l u d i n g  an in t e rv i ew of 
P r o f e s s o r  S i v i e r  f o r  t h e  Voice of America by Doug Weikle on Apr i l  20 th  and 
P rospec t s  of an a r t i c l e  i n  OMNI magazine i n  f a l l  of 1988. 
condensa t ion  of t h e  p r e s s  release appeared i n  t h e  Fu tu re  Scope column of t h e  
July-August 1988 i s s u e  of The F u t u r i s t  magazine. 

3 on t h e  Advanced Design Program. I n  

I n  a d d i t i o n ,  a 

F i n a l l y ,  t he  a u t h o r s  have been i n v i t e d  t o  p r e s e n t  a paper on t h e  
Marsplane p r o j e c t  a t  t h e  8 t h  Annual I n t e r n a t i o n a l  Space Development Conference 
i n  Chicago on  May 26-29, 1989. 

Doug is an AAE g r a d u a t e  and p a r t i c i p a t e d  i n  t h e  AAE 241 Lunar Oxygen 
T r a n s p o r t a t i o n  System s t u d y  i n  t h e  s p r i n g  of 1986. 

Su tph in ,  Susan, "Designing f o r  t h e  Future" ,  Space World, Apr i l  1988, pp. 17- 
23931 
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Comments 

P a r t i c i p a t i o n  i n  t he  Advanced Design Program is viewed p o s i t i v e l y  by no t  
on ly  AAE Facu l ty  bu t  a lso t h e  Department, Col lege  and Un ive r s i ty  
Adminis t ra t ions .  One impor tan t  example o f  t h a t  is t h e  e f f e c t i v e  c st s h a r i n g  
achieved  by waiving t h e  overhead charge on  t each ing- re l a t ed  g r a n t s  . Another 
example is t h e  commitment, almost a year i n  advance, of funds  for a g radua te  
t e a c h i n g  a s s i s t a n t  s o  t h a t  t h i s  summer's i n t e r n  (Andy Koepke) can b r i n g  h i s  
exper ience  a t  N A S A  t o  next  s p r i n g ' s  des ign  class (he w i l l  no t  be pa id  from the  
USRA g r a n t  funds) .  

On t h e  other hand, two characterist ics of t h e  program have caused some 
d i f f i c u l t i e s .  They are ( 1 )  lack of firm dates and agenda for  meet ings far 
enough i n  advance for  p lanning  and p r e p a r a t i o n  purposes  and ( 2 )  i n c r e a s i n g  
r e p o r t i n g  requi rements ,  w i t h  i n s u f f i c i e n t  n o t i c e .  I n  f a i r n e s s ,  t h e  longer  
abstract  for i n c l u s i o n  i n  t he  Summer Conference program and t h e  summary r e p o r t  
f o r  a Conference proceedings are viewed as p o s i t i v e  a d d i t i o n s .  
however, t h a t  t h e y  r e p r e s e n t  t he  f i n a l  a d d i t i o n s  t o  t he  r e p o r t i n g  
requi rements .  

9 

I t  is hoped, 

' A t  c u r r e n t  overhead ra tes ,  a net g r a n t  of $22,484 ( i n c l u d i n g  one TA) 
would r e q u i r e  a g r o s s  g r a n t  of $52,500; an  e f f e c t i v e  overhead r a t e  of about  
57%. 
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Appendix A 

AAE 241 
Aerospace Vehicle Design 

Spr ing  1988 

Major Events Calendar 
(Appl ies  t o  both A i r c r a f t  and S p a c e c r a f t  S e c t i o n s )  

January  26 

March 1 

March 15  & 17 

Apr i l  21 

May 3 , 5  & 10 

May 1 1  

F i r s t  meeting; o r g a n i z a t i o n  

Paul Czysz l e c t u r e ;  Nat iona l  Aerospace P lane  Design 

P r e s e n t a t i o n  of o r a l  midterm r e p o r t s  

Col. Stephen Nagel l e c t u r e ;  Space T r a n s p o r t a t i o n  S a f e t y  

P r e s e n t a t i o n  of o r a l  f i n a l  des ign  r e p o r t s  

S p e c i a l  evening s t u d e n t  A I A A  branch meeting; dress 
rehearsal of p r e s e n t a t i o n  f o r  t h e  Advanced Design 
Program Summer Conference 



Group 1 

Ron Dunn 
Sam Huber 
Dan Jensen  
Martin K i m  
Norm Knapp 
Greg Maloney 
Ken Marduson 

Group 4 

Mike Brody 
T i m  Ehmke 
Kurt Heier 
Dan Ramshaw 
Kent Sugiyama 
John Walter 
Arlene Zander 

Craig Barton 
Nathan Fawer 
Kevin Kle in  
D i c k  Kre iger  
Hwa-Sup Lee 
Paul Mart in  
J i m  S u l l i v a n  
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Appendix B 

AAE 241 
Aerospace Vehicle Design 

Spr ing  1988 

Class Roster  

Aircraft S e c t i o n  

Group 2 

Glen Brown 
Dion Buzzard 
G r  an t Eat on 
Art Fletcher 
Bryan Matzl 
Richard Monke 
Patr ic ia  Perk ins  

Group 5 

Paul  Bec kwi  t h  
Ron Cihak 
Ron Golembiewski 
S c o t t  H i l d r e t h  
Terri Pu l s fo rd  
B i l l  Woodruff 
Cur t  Zimmerman 

Group 8 

M i k e  Croegaer t  
J i m  Edgar 
J i m  Goggin 
Angie Kostopoulos 
Matt Miller 
Jami Munson 
S teve  S c h i r l e  

Group 3 

M i k e  Enr ight  
Karen F o r e s t  
N i c k  J a s p e r  
P h i l  Lange 
J i m  LeRoy 
Patr ick Moroney 

Group 6 

John Blackwood 
Greg Cimmarusti 
David Cloughley 
Brian Fudacz 
J i m  Mocarski 
Sonja  S c h i l l m o e l l e r  
Don S t r o b e r t  



Group 1 

B i l l  Andrews 
Paul Garbe 
David Kristola 
Muhanned Maayeh 
J o e  Nedorost 
Pablo S e r r a t o  
Matthew Zell 

Group 4 

Ed Alcock 
Tomaso DiPaolo 
Michael Groble  
Eric Gunter 
T i m  Hogan 
Dennis Lord 
Mark Scan lan  

Group 7 

R i c k  C h r i s t i a n  
R u s s e l l  DeLaney 
Jim Lassa 
Greg Lehmann 
Jerrold P e t r i z z o  
Laura Vanerka 
Randy Weakly 
Charles White 
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Appendix B Continued 

S p a c e c r a f t  S e c t i o n  

Group 2 

Ed Bodony 
Andrew Chudy 
Garrick Goo 
Mike  Gorden 
Peter H j  e l lming  
Jon  Taylor  
J i m  Wimpe 

Group 5 

Jeff  Bradshaw 
San j eev Dhand 
Lar ry  K i m  
S i s i r  Kudva 
Toby Mar t in  
Peter Rachesky 
Russ Wenzel 
S teve  Sauerwein 

Group 3 

Eric Olsen 
J a y  Onken 
John Mutka 
Mike S c h e l l e r  
Tom Styber  
Pam Warmack 
Cur t  Zimmerman 

Group 6 

Dave Cusano 
J i m  Dooley 
Monica Doyle 
William Hienz 
Todd Horton 
E r i k  Johnson 
Tren ton  Rader 



1 .  

2. 

3 .  

4. 

5. 

6. 
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Appendix C 

AAE 241 
Aerospace Vehicle Design 

Spr ing  1988 

A i r c r a f t  Design S e c t i o n  
Marsplane General Performance S p e c i f i c a t i o n s  

* 
Payload: 1200 N. 

TWO, s u i t e d  a s t r o n a u t s  w i t h  l i f e  suppor t  sys t ems .  The sys t em w i l l  normally 
o p e r a t e  wi th  on ly  a p i l o t .  The remaining 600 N. payload capacity can be 
used f o r  t r a n s p o r t i n g  equipment and s u p p l i e s  and/or f o r  a s c i e n t i f i c  
ins t rument  package. 

Airfield Performance: 

The a i r c ra f t  must be able t o  o p e r a t e  o u t  of prepared  a i rs t r ips  no more t h a n  
1000 m. i n  l eng th .  

Cru i se  Performance: 

The a i rc raf t  must have an un re fue led  endurance of  8 h r s .  
t h e  cor responding  range  are t o  be de t e rmined / se l ec t ed  by t h e  des ign  team. 

Cru i se  speed and 

Rescue Scena r io  : 

The des ign  must cons ide r  t h e  r e s c u e  of  t h e  crew of an a i r c ra f t  t h a t  has 
been f o r c e d  t o  l and  o r  has crashed d u r i n g  i t s  f l i g h t  mission. 

Assumptions : 

a. 
b.  

C .  

The miss ion  w i l l  occur i n  t h e  1995 t o  2020 time frame. 
Mar t ian  s u r f a c e  f a c i l i t i e s  w i l l  be a v a i l a b l e  f o r  assembling and 
s e r v i c i n g  t h e  Marsplane. 
A l l  n eces sa ry  o p e r a t i o n a l  f a c i l i t i e s ,  materials and s u p p l i e s  ( e .g . ,  
f u e l )  w i l l  be  a v a i l a b l e  

Model/Poster : 

Each p r o j e c t  group w i l l  p r epa re  a model of o r  p o s t e r  d e p i c t i n g  t he i r  
Marsplane d e s i g n ,  t o  d i s p l a y  d u r i n g  the i r  o r a l  f i n a l  des ign  r e p o r t .  

* 
As experienced on Mars. 
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January  26 

January 28 

Februa ry  2 

February 4 

February 9 

February 1 1  

February 16 

March 1 

March 15 

March 17 

March 29 & 31 

Apr i l  21 

Apr i l  28 

May 3 ,5  & 10 

May 1 1  

Appendix D 

AAE 241 
Aerospace Vehicle Design 

Spr ing  1988 

Aircraft S e c t i o n  Schedule 

F i r s t  meeting; discuss o r g a n i z a t i o n  

S tuden t s  r e t u r n  p r o j e c t  group & t e c h n i c a l  
area p re fe rence  sheets; s i z i n g  lectures begin 

P r o j e c t  groups and t e c h n i c a l  ass ignments  
announced 

Me1 DeSart l e c t u r e ;  Using t h e  U n i v e r s i t y ' s  
Informat ion  Resources 

S i z i n g  l e c t u r e s  end 

Technica l  area lectures begin 

S i z i n g  exercise tu rned  i n  

Paul Czysz lecture; Na t iona l  Aerospace P lane  
Design 

Wr i t t en  midterm r e p o r t s  due a t  beginning of 
c lass ;  o r a l  midterm r e p o r t s  

Oral midterm r e p o r t s  

Spr ing  B r e a k  

Design f r e e z e ;  Col. Stephen Nagel, l e c t u r e ;  
Space T r a n s p o r t a t i o n  System S a f e t y  

Wr i t t en  f i n a l  des ign  r e p o r t s  due 

Oral f i n a l  des ign  r e p o r t s ;  a i rc raf t  and 
s p a c e c r a f t  s e c t i o n s  combined 

S p e c i a l  evening  meeting; dress rehearsal of 
p r e s e n t a t i o n  f o r  t h e  Advanced Design Program Summer Conference 
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Appendix E 

Request f o r  Proposa l  and P re l imina ry  Design of a 
Manned Mars A i r c r a f t  Space Del ivery  System 

AAE 241 
Spr ing  1988 

I. OPPORTUNITY DESCRIPTION 

Mars. The q u e s t i o n  is no longer  how, bu t  when. 

Soon af ter  a r r i v i n g  on Mars i n  t h e  year 2005, man w i l l  have t h e  desire t o  
expand h i s  e x p l o r a t i o n  hor izon .  I n i t i a l l y ,  wheeled v e h i c l e s  w i l l  p rovide  t h e  
p r i m a r y  means of t r a n s p o r t a t i o n  on t h e  s u r f a c e .  
employed f o r  reconnaissance  of more d i s t a n t  areas. But no th ing  can s u b s t i t u t e  
f o r  t he  presence  of man and, as more bases are set up on Mars, a means of 
t r a n s p o r t i n g  men and material t o  d i s t a n t  s i tes of i n t e r e s t  w i l l  be r e q u i r e d .  
A manned Mars ai rcraf t  is t h e  nex t  l o g i c a l  s t e p .  

Unmanned a i r c r a f t  w i l l  be 

Before such a n  a i rc raf t  can begin  o p e r a t i o n s  on Mars, i t ,  of cour se ,  must 
be d e l i v e r e d  t o  t h e  Red P l a n e t .  Enclosed i n  a sealed c a p s u l e  and decelerated 
i n t o  o r b i t  by a n  advanced ae robrake ,  t h e  a i rcraf t  w i l l  await an oppor tune  
moment f o r  descen t  t o  t h e  s u r f a c e .  Remote s e n s i n g  in s t rumen t s  w i l l  determine 
if t h e  p redes igna ted  l a n d i n g  s i t e  is s u i t a b l e  b e f o r e  committing t h e  r e e n t r y  
sys t em c o n t a i n i n g  t h e  a i rc raf t  t o  i ts f i n a l  j ou rney  t o  t h e  Surface .  
Afterwards, t h e  o r b i t i n g  ins t rument  bus w i l l  act as a relay sa t e l l i t e  
s u p p o r t i n g  the  a i rcraf t  i n  its o p e r a t i o n s .  

11. PROJECT OBJECTIVE 

The p r o j e c t  o b j e c t i v e  is t o  develop a conceptua l  des ign  f o r  t h e  
s p a c e c r a f t  sys t em r e q u i r e d  t o  d e l i v e r  t h e  components of a manned a i rcraf t  t o  
the Martian s u r f a c e .  

The s p a c e c r a f t ' s  performance, weight ,  and c o s t  are very impor tan t  t o  
accep tance  of t h i s  t y p e  of miss ion ,  so approaches should be t aken  t h a t  
op t imize  these parameters  i n  des ign  t r a d e o f f s .  The spacecraft should  be  
re l iab le  and e a s i l y  ope ra t ed .  
a v a i l a b l e ,  bu t  should  no t  use  materials o r  t echn iques  expec ted  t o  be a v a i l a b l e  
after 1998. 

It should  use  off-the-shelf hardware where 

111. PROJECT GUIDELINES 

A thorough p re l imina ry  des ign  s t u d y  w i l l  be conducted t o  de te rmine  major 
des ign  i s s u e s ,  e s t a b l i s h  t h e  s ize  of , d e f i n e  subsystems f o r ,  and describe t h e  
o p e r a t i o n  of a space  d e l i v e r y  sys t em t h a t  satisfies the  f o l l o w i n g  
re qui  r emen t s : 

1 .  The s p a c e c r a f t  w i l l  c o n s i s t  of two primary components: t he  payload 
r e e n t r y  system and an  ins t rument  bus c a r r y i n g  s c i e n t i f i c  i n s t rumen t s  
f o r  remote s e n s i n g  of t h e  p l a n e t ' s  surface. The in s t rumen t  b u s  w i l l  
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remain i n  o r b i t  after s e p a r a t i o n  from the  r e e n t r y  system. 

The fo l lowing  subsystems are i d e n t i f i e d  f o r  t h e  purposes of system 
i n t e g r a t i o n :  

a . )  Aerobrake ( i n c l u d i n g  o r b i t  c a p t u r e ,  r e e n t r y ,  and detachment) 
b . )  S t r u c t u r e  ( i n c l u d i n g  materials, des ign ,  thermal c o n t r o l )  
c . )  Power and Propuls ion  
d . )  A t t i t u d e  and A r t i c u l a t i o n  Control 
e . )  Command and Data Cont ro l  
f . )  
g.1 Mission Management, Planning and Cos t ing  

Sc ience  and Radio Relay Ins t rumen ta t ion  

The spacecraft 's components and payload w i l l  be delivered t o  o r b i t  i n  
t h e  cargo  bay of t h e  Space S h u t t l e  and be assembled o n - o r b i t  a t  t h e  
space  s t a t i o n  spacecraft assembly-and-repair f a c i l i t y .  The e x t e n t  of 
s h u t t l e  suppor t  should  be i d e n t i f i e d  and minimized. 

The s p a c e c r a f t  w i l l  be able t o  be r e t r i e v e d  by a remote manipulation 

Nothing i n  t h e  s p a c e c r a f t ' s  des ign  should  p rec lude  it from performing 
s e v e r a l  p o s s i b l e  mis s ions ,  c a r r y i n g  v a s t l y  d i f f e r e n t  payloads t o  
d i f f e r e n t  d e s t i n a t i o n s .  

The s p a c e c r a f t  w i l l  have a des ign  l ifetime of f o u r  y e a r s ,  bu t  no th ing  
i n  its des ign  should  prec lude  i t  from exceeding t h i s  lifetime. 

The v e h i c l e  w i l l  u se  t h e  la tes t  advances i n  a r t i f i c i a l  i n t e l l i g e n c e  
where a p p l i c a b l e  t o  enhance miss ion  r e l i a b i l i t y  and reduce  mission 
c o s t s  . 
The des ign  w i l l  stress s i m p l i c i t y ,  r e l i a b i l i t y ,  and low c o s t .  

For c o s t  e s t i m a t i n g  and o v e r a l l  p lanning ,  it w i l l  be assumed t h a t  
four space  d e l i v e r y  s y s t e m s  w i l l  be b u i l t .  
w h i l e  t h e  f o u r t h  w i l l  be r e t a i n e d  f o r  use  i n  a n  i n t e g r a t e d  ground test  
s y s  tem . 

Three w i l l  be f l i g h t  r e a d y ,  

Mission s c i e n c e  o b j e c t i v e s  are o u t l i n e d  i n  t h e  document e n t i t l e d  
"AAE 241 Mission Sc ience  Objec t ives ."  

I V .  ORAL MIDTERM PROPOSAL RESPONSE REQUIREMENTS 

The t e c h n i c a l  proposa l  is t h e  most impor tan t  f a c t o r  i n  t h e  award Of a 
c o n t r a c t .  A s  l i s t e d  on t h e  AAE 241 Schedule of Events,  a n  o r a l  midterm 
p r e s e n t a t i o n  is r e q u i r e d .  
o u t l i n i n g  t h e  approach t o  be t aken  and s p e c i f i c  trade s t u d i e s  l e a d i n g  t o  t h e  
f i n a l  des ign .  While i t  is r e a l i z e d  t h a t  a l l  of t h e  t e c h n i c a l  f a c t o r s  cannot 
be inc luded  i n  advance, t h e  fo l lowing  should  be inc luded  i n  t h e  o r a l  
p r  e s e n t  a t ion  : 

T h i s  p r e s e n t a t i o n  w i l l  s e r v e  as  a proposa l  r e sponse  
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1 .  Demonstrate a thorough unders tanding  of  t h e  Request for Proposal  (RFP) 
and P re l imina ry  Design requirements .  

2. Describe t h e  proposed t e c h n i c a l  approaches t o  comply w i t h  each o f  the 
requi rements  s p e c i f i e d  i n  t h e  RFP. C l a r i t y ,  and completeness  of t h e  
t e c h n i c a l  approach are primary factors i n  t h e  e v a l u a t i o n  of t h e  
proposa ls .  

3 .  P a r t i c u l a r  emphasis should be directed a t  i d e n t i f i c a t i o n  of c r i t i ca l ,  
t e c h n i c a l  problem areas. Desc r ip t ions ,  sketches, drawings,  method of 
attack, and d i s c u s s i o n s  of new techniques  should  be presented .  

V. FINAL DESIGN REPORT REQUIREMENTS 

The F i n a l  Design Report  w i l l  c o n t a i n  a l l  in format ion  ob ta ined  or 
developed for  t h e  des ign  of a Manned Mars Aircraft Space Del ivery  System. 
should be s p e c i f i c  and complete.  While i t  is realized t h a t  a l l  of  t h e  
t e c h n i c a l  factors cannot be inc luded  i n  advance,  t h e  fo l lowing  should be 
inc luded  i n  t h e  f i n a l  des ign  r e p o r t :  

It 

1. 

2. 

3. 

4. 

5. 

Demonstrate a thorough unders tanding  of  t h e  Request for  Proposa l  (RFP) 
and P re l imina ry  Design requi rements .  

Describe the  t e c h n i c a l  approaches used t o  comply w i t h  each o f  t h e  
requi rements  s p e c i f i e d  i n  t h e  RFP. L e g i b i l i t y ,  c l a r i t y ,  and 
completeness of t h e  t e c h n i c a l  approach are primary factors i n  t h e  
e v a l u a t i o n  of t h e  f i n a l  des ign .  S p e l l i n g  and proper  use  of  t h e  e n g l i s h  
language are a l s o  important .  

P a r t i c u l a r  emphasis should  be directed a t  i d e n t i f i c a t i o n  of c r i t i c a l ,  
t e c h n i c a l  problem areas Desc r ip t ions ,  sketches, drawings,  method of 
at tack, and d i s c u s s i o n s  of new t echn iques  should  be p resen ted  i n  
s u f f i c i e n t  de t a i l  to permiate engineer ing  e v a l u a t i o n  of the  proposal.  
Except ions t o  t h e  proposed t e c h n i c a l  requi rements  shou ld  be i d e n t i f i e d  
and j u s t i f i e d .  

Inc lude  s e n s i t i v i t y  a n a l y s e s  and tradeoff s t u d i e s  performed t o  a r r i v e  
a t  t h e  f i n a l  dec i s ion .  

Provide an  implementat ion p l an  for  product ion  of the  f i n a l  product .  

V I .  BASIS FOR EVALUATION 

1. Technical  Content 

Th i s  concerns t h e  c o r r e c t n e s s  of theo ry ,  v a l i d i t y  of reasoning  used ,  
apparent  unders tanding  and g r a s p  of t h e  s u b j e c t ,  etc. Are a l l  major 
f a c t o r s  cons idered  and a reasonably  accurate e v a l u a t i o n  of these 
f a c t o r s  presented?  
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2. Organiza t ion  and P r e s e n t a t i o n  

The e f f e c t i v e n e s s  of t h e  des ign  r e p o r t  as an  ins t rument  of 
communication is a s t r o n g  f a c t o r  i n  e v a l u a t i o n .  Organ iza t ion  of t h e  
f i n a l  des ign  r e p o r t ,  c l a r i t y ,  and i n c l u s i o n  of  p e r t i n e n t  in format ion  
are major f a c t o r s .  

3. O r i g i n a l i t y  

If p o s s i b l e ,  t h e  des ign  r e p o r t  should  avo id  s t a n d a r d  tex tbook 
informat ion  and show independence of thought  o r  a fresh approach t o  the 
p r o j e c t .  Does t h e  method and t r ea tmen t  of the  problem show 
imagination? 

4. Practical App l i ca t ion  and F e a s i b i l i t y  

The group should  p r e s e n t  conclus ions  o r  recommendations t h a t  are 
feasible and p r a c t i c a l ,  and no t  merely lead t h e  e v a l u a t o r s  i n t o  further 
d i f f i c u l t  o r  "show-stopping" problems. Is the  p r o j e c t  r e a l i s t i c  from a 
c o s t  s t a n d p o i n t ?  

V I I .  FINAL DESIGN REPORT OUTPUT REQUIREMENTS 

F i n a l  des ign  p r o j e c t  summaries w i l l  be  submi t t ed  t o  NASA as r e q u i r e d  by 
t h e  U n i v e r s i t y  of I l l i n o i s  - NASA Advanced Design program g r a n t .  
A d d i t i o n a l l y ,  t h e  r e s u l t s  of AAE 241 p r o j e c t s  w i l l  be documented i n  a paper t o  
be  submi t ted  t o  an a p p r o p r i a t e  forum. 

Group f i n a l  des ign  r e p o r t s  w i l l  c o n s i s t  of a c lear ,  c o n c i s e ,  and thorough 
d e s c r i p t i o n  of t h e  o v e r a l l  des ign ,  i ts  major f e a t u r e s ,  and o p e r a t i o n a l  
c a p a b i l i t i e s .  It w i l l  i l l u s t r a t e  any s p e c i a l  o r  unique f e a t u r e s  w i t h  c l e a r l y  
l abe led  diagrams i n s e r t e d  i n  t h e  t e x t .  
selected t o  r e s o l v e  t h e  pr imary des ign  i s s u e s .  S tuden t s  are encouraged t o  u s e  
o r i g i n a l  and innova t ive  approaches so long  as t h e y  meet o r  exceed t h e  design 
requi rements .  The fo l lowing  are minimum ou tpu t  requi rements :  

I t  w i l l  e x p l a i n  and j u s t i f y  op t ions  

1 .  One copy of the f i n a l  des ign  r e p o r t  w i l l  b e  submi t ted .  It  mus t  bear 
t h e  s i g n a t u r e s ,  names, and s t u d e n t  I D  numbers of t h e  p r o j e c t  leader and 
des ign  a n a l y s t s  w i t h i n  t h e  group. Designs t h a t  are submi t ted  must  be 
t h e  work of the s t u d e n t s ,  bu t  guidance and in fo rma t ion  may come from 
o u t s i d e  s o u r c e s  and should  be a c c u r a t e l y  r e f e r e n c e d  and acknowledged. 

2. F ina l  des ign  r e p o r t s  should  be no more t h a n  100 double-spaced 
t y p e w r i t t e n  pages ( i n c l u d i n g  g raphs ,  drawings,  photographs,  and 
appendices) .  

3. O u t l i n e  of t he  miss ion  sequence of e v e n t s ,  i n c l u d i n g ,  b u t  no t  l i m i t e d  
t o  : 

1 .  E a r t h  launch date 
2. Mars encounter  date 
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3. Sur face  payload release date 

4. A table c p r r e l a t i n g  t h e  primary des ign  i s s u e s ,  related des ign  
requi rements ,  o p t i o n s  cons idered ,  p r e f e r r e d  o p t i o n ,  and r a t i o n a l e  f o r  
t h e  o p t i o n  selected. Th i s  w i l l  no t  s u p p l a n t ,  b u t  summarize, t h e  
d i s c u s s i o n  of trades i n  t h e  t e x t .  

5. Design concepts ,  i n c l u d i n g  comparison of o p t i o n s  cons ide red ,  major 
component weights ,  and t o t a l  subsystem weights ,  f o r  t h e  subsystems 
i d e n t i f i e d  above (where a p p l i c a b l e ) .  

6 .  Overa l l  drawings showing t h e  l a y o u t  of t h e  s p a c e c r a f t  and jts component 
subsystems. The drawings should  be t o  scale and show major dimensions,  
t h e  l o c a t i o n  of major e lements  of each of t h e  subsystems,  and be 
c l e a r l y  lableled.  

7. Top-level program cost estimates and schedu le  i n c l u d i n g  major 
mi l e s tones  for development, t e s t i n g ,  and eng inee r ing  a c t i v i t i e s .  

VIII. SOURCES OF REFERENCE MATERIALS 

Some r e f e r e n c e  material r e q u i r e d  t o  c a r r y  o u t  t he  des ign  w i l l  be  provided 
i n  t h e  form of paper hardcopy, l e c t u r e s ,  and e l e c t r o n i c  media where 
a p p l i c a b l e .  

IX. CALENDAR OF EVENTS 

S i g n i f i c a n t  a c t i v i t i e s ,  homework r e q u i r e d ,  and dates for  submission of 
proposa l  related materials are p resen ted  i n  t h e  accompanying document e n t i t l e d  
"Schedule,  AAE 241 ,  Sp r ing  1988.11 
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AAE 241 
Spr ing  1988 

S p a c e c r a f t  S e c t i o n  Schedule 

This  document o u t l i n e s  t h e  AAE 241 schedu le  referred t o  i n  t he  Request 
f o r  Proposa l  f o r  a Manned Mars Aircraft Del ivery  System s e c t i o n  VIII. 

Tues 1-26 

- in t roduce  p r o j e c t  
-handout p r o  j e c t RFP 
- exp la in  grad ing  
-review cour se  o u t l i n e  
-homework 81: complete class su rvey ,  and t e c h n i c a l  preference /group 

-mate q u e s t i o n n a i r e  
#2: d i s t i l l  requi rements  from RFP, n o t i n g  c o n f l i c t s  and 

ambigu i t i e s  

Thurs 1-28 

-design theo ry :  what is des ign ,  methodology, e tc .  
- in t roduce  computer u t i l i t y  f o r  des ign  

-homework #3:  teach M I N D  t o  des ign  s p a c e c r a f t  
* M I N D ,  Mechanically I n t e l l i g e n t  Designer e x p e r t  system 

Tues 2-2 

-more des ign  t h e o r y  
-systems eng inee r ing  

T h u s  2-4 

-gues t  lecture: Me1 Desart, U n i v e r s i t y  of  I l l i n o i s  L i b r a r y ,  IIUsing t h e  

- o r b i t a l  mechanics basics 
-communication concerns  ( l i n e  of s i g h t ,  data rate, etc.)  
- t r a j e c t o r y  g e n e r a t i o n  f o r  earth-Mars t r a n s f e r  
- in t roduce  computer u t i l i t y  f o r  o r b i t a l  s t u d i e s  

"MULIMP, compute o r b i t  parameters  and Av 
-homework #I: t r a n s f e r  o rb i t  Av a n a l y s i s  

U n i v e r s i t y ' s  In fo rma t ion  Resources" 

Tues 2-9 

-more o r b i t a l  mechanics 
-d i scuss  p ropu l s ion  subsystem 

T h w s  2-11 

-recovery day  
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Tues 2-16 

-guest  l e c t u r e :  Bob G i u b i c i ,  MSFC, Marsplane P ropu l s ion  Systems 

-d iscuss  a t t i t u d e  c o n t r o l  subsystem components-function 
-d iscuss  thermal subsystem 
-d i scuss  power subsystem 
-homework #5: thermal trade s t u d i e s ,  s i z i n g ,  component s e l e c t i o n  

Harold Huie, MSFC, Power Systems f o r  Space Appl ica t ions  

#6: power trade s t u d i e s ,  s i z i n g ,  component s e l e c t i o n  

Thurs 2-18 

-d i scuss  communications subsystem 
-homework #8: communications trade s t u d i e s ,  s i z i n g  component s e l e c t i o n  

Tues 2-23 

-guest  l e c t u r e :  S t eve  Hoffman, SAIC, ae robrake  concerns 
- in t roduce  computer minimized s h i e l d  and p r o p e l l a n t  mass requ i r ed  
-homework #7: aerobrake  s h i e l d  des ign  

Thurs  2-25 

-d i scuss  proposa l  response  o r a l  p r e s e n t a t i o n  format  
-review and q u e s t i o n s  
-homework # 9 :  prepa re  o r a l  response  t o  proposa l  

Tues 3-1 

-gues t  lecture: John So ldne r ,  SAIC, Mars o r b i t  t r a j e c t o r y  o p t i o n s  
- d i s c u s s  s t r u c t u r e s  subsystem 
- in t roduce  computer u t i l i t y  f o r  i n e r t i a  c o n f i g u r a t i o n  a n a l y s i s  

-homework # l o :  run  INERT t o  determine acceptable iner t ia  c o n f i g u r a t i o n  
and draw s p a c e c r a f t  component l ayou t  

*INERT, g e n e r a t e  composite c e n t e r  of mass, moments of i n e r t i a  

Thur  3-3 

-ques t ion  and answer time 

Tues 3-8 

-d i scuss  s p a c e c r a f t  dynamics 
- i n t r o d u c t i o n  t o  s i m u l a t i o n  so f tware  
-homework 8 1 1 :  write equa t ions  of motion f o r  s imple  s p i n  ins t rument  bus 

Thurs  3-10 

- d i s c u s s  3-ax is  dynamics 
-homework #12: d e r i v e  s p a c e c r a f t  3 -ax is  equa t ions  of motion 
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Tues  3-15 

-response t o  proposa l  o r a l  p r e s e n t a t i o n s  

Thurs  3-17 

-response t o  proposa l  o r a l  p r e s e n t a t i o n s  

Tues 3-22 

-guest  l e c t u r e :  J o e  San tos ,  MSFC, S t r u c t u r e s  f o r  Space App l i ca t ions  
- c o n t r o l  o p t i o n s  f o r  s p a c e c r a f t  
- i n t roduce  computer u t i l i t y  f o r  dynamics and c o n t r o l  s i m u l a t i o n  

Thurs  3-24 

-more c o n t r o l  sys t em des ign  theo ry  
-homework 1/13: s imple  scan  a c t u a t o r  ga in  computation 

Tues 3-29 
* * 
s p r i n g  break 

Thurs 3-31 
* * 

s p r i n g  break 

Tues 4-5 
-ques t ion  and answer time 

Thurs 4-7 

-mission p lanning ,  command and telemetry requi rements  
-homework ill 4 : F i n a l  r e p o r t  o u t l i n e  

Tues 4-12 

-aerobraking  r e v i s i t e d  

Thurs 4-14 

-homework 615: Tiger  Team exercise 

Tues 4-19 

-mission c o s t i n g  

Thurs 4-21 

-gues t  l e c t u r e :  Col. Stephen Nagel, NASA, STS Sa fe ty  
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Tues 4-26 

-ques t ion  and answer time 

Thurs 4-28 

-misc. t o p i c s  on work i n  t h e  "real world" 
- s p a c e c r a f t  tes t  c o n s i d e r a t i o n s  

Tues 5-3 

-group f i n a l  des ign  r e p o r t  p r e s e n t a t i o n s  
- w r i t t e n  f i n a l  des ign  r e p o r t s  due 5:OO pm 

T h w  5-5 

-group f i n a l  des ign  r e p o r t  p r e s e n t a t i o n s  

Tues 5-1 0 

-group f i n a l  des ign  r e p o r t  p r e s e n t a t i o n s  

Wed 5-11 (evening)  

- s p e c i a l  USRAINASA summary r e p o r t  p r e s e n t a t i o n  
-AAE 391 S p a c e c r a f t  Design Lab presentation/demonstration 
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AAE 391 
Spacec ra f t  Design Laboratory 

Spr ing  1988 

Class Roster 

Dan Bain 
Shawn Holland 
John Hoyle 
Andy Koepke 
Gerhard Lueschen 
S e r g i o  Ochoa 
John R e i l y  
Matt Zell 
C u r t  Zimmerman 
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Appendix H 

Abstract f o r  paper t o  be p re sen ted  a t  t h e  A I A A  Aircraft Design and 
Operations i n  A t l a n t a ,  September 7-9, 1988. 

The Marsplane Revisted 
by 

K . R .  S i v i e r  and M.F. Lembeck 

Abstract 

The s p r i n g  1988 p r o j e c t  f o r  t h e  s e n i o r - l e v e l  des ign  cour se ,  f o r  t h e  
Department of Aeronaut ica l  and A s t r o n a u t i c a l  Engineer ing  a t  t h e  U n i v e r s i t y  of 
I l l i n o i s ,  was a manned f l y i n g  v e h i c l e  for use on Mars. The o b j e c t i v e  was t o  
inco rpora t e  t he  t e c h n o l o g i c a l  advances of the decade s i n c e  t h e  Marsplane was 
s t u d i e d  i n  the 1970 ' s .  
an unrefue led  endurance of 8 hour s ,  and c o n s i d e r a t i o n  of a r e s c u e  miss ion .  

The o v e r a l l  s p e c i f i c a t i o n s  were a payload of 1200 N., 

A s  p a r t  of t h e  U n i v e r s i t y ' s  p a r t i c i p a t i o n  i n  t h e  NASA/USRA Unive r s i ty  
Advanced Design Program, t h e  cour se  was organized  w i t h  a i rcraf t  and s p a c e c r a f t  
des ign  s e c t i o n s .  The aircraft  s e c t i o n  was r e s p o n s i b l e  f o r  t h e  Marsplane 
des ign  and t h e  s p a c e c r a f t  s e c t i o n  was r e s p o n s i b l e  f o r  t h e  system t o  d e l i v e r  
t h e  Marsplane t o  t h e  Martian s u r f a c e .  
e i g h t  s e p a r a t e  des ign  groups.  

The a i r c ra f t  s e c t i o n  was d iv ided  i n t o  

T h i s  paper is based on t h e  des igns  developed by t h e  a i rcraf t  des ign  
groups. 
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AAE 241 
Aerospace Vehicle Design 

Un ive r s i ty  of I l l i n o i s  
Spr ing  1988 

Studen t  Survey of t h e  E f f e c t i v e n e s s  of t h e  NASA/USRA 
U n i v e r s i t i e s  Advanced Design Program ( N / U A D P )  

R e s u l t s  Summary 

T h i s  su rvey  is p r i m a r i l y  f o r  t he  e v a l u a t i o n  of t h e  impact of t h e  N I U A D P  
program on the  AAE 241 des ign  exper ience .  It is not  meant t o  b e ,  p e r  s e ,  a n  
e v a l u a t i o n  of t h e  cour se  o r  t h e  i n s t r u c t o r s .  

Each of t he  fo l lowing  q u e s t i o n s  is m u l t i p l e  cho ice ;  c i rc le  o r  check your 
p r e f e r r e d  answer. However, add comments whenever a p p r o p r i a t e .  

One c o n d i t i o n  of p a r t i c i p a t i n g  I n  t h e  N/UADP program is  that  t h e  p r o j e c t  
must be  "pos t  Space S t a t i o n " .  
about t h i s  semester's des ign  p r o j e c t .  

Keep t h a t  i n  mind when answering ques t ions  

Aircraft SDacecraf t 
S e c t i o n  
No. % 

s e c t i o n  
No. % 

1. Which s e c t i o n  of t h e  cour se  were you i n ?  

a i rcraf t  
s p a c e c r a f t  

2. Your i n i t i a l  i n t e r e s t  i n  t h e  des ign  
p r o j e c t  was 

h igh  
so-so 
1 ow 
none 

3. A t  t h e  end of t h e  cour se  your i n t e r e s t  
i n  t he  des ign  p r o j e c t  had 

inc reased  
not  changed 
decreased 
no i n t e r e s t  

4. Knowledge t h a t  our cour se  was p a r t  of 
a NASA program made t h e  p r o j e c t  

more i n t e r e s t i n g  
had no effect  
less i n t e r e s t i n g  
d i d n ' t  know it was 

24 100 0 0 
0 0 32 100 

12 50 16 50 
1 1  46 15 47 
0 0 0 0 
1 4 1 3 

1 1  46 10 31 
6 25 10 31 
6 25 1 1  34 
1 4 1 3 

71 18 56 41 
13 
0 0 

l 7  29 7 
0 0 

3 1 
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The va lue  of eng inee r ing  c o n t a c t s  a t  
N A S A ' s  Marshall Space F l i g h t  Center  was 

high 
so-so 
low 
d i d  no t  b e n e f i t  
from t h e  c o n t r a c t s  

The va lue  of t h e  t e l e c o n  lectures 
from NASA was 

high 
so-so 
1 ow 
none viewed 
no response  

The v a l u e  of t h e  g u e s t  lectures was 

h i g h  
so-so 
1 ow 

Your o v e r a l l  impress ion  of NASA 
and its programs b e f o r e  t h e  cour se  
s tar t  e d was 

very p o s i t i v e  
p o s i t i v e  
n e u t r a l  
n e g a t i v e  
very nega t ive  
no response  

The change i n  your impression of NASA 
due t o  t h e  expe r i ences  i n  t h e  cour se  was 

p o s i t i v e  
none 
nega t i ve 
no response  

Would you l i k e  t o  work f o r  NASA? 

Yes 
don ' t  know 

4 17 6 19 
6 25 11 34  
3 13 2 6 

11 46 13 41 

1 4 
10 42 

4 17 
7 29 
2 8 

9 38 
10 42 

5 21 

5 16 
1 4  4 4  
13 41 
0 0 
0 0 

14 44 
15 47 

3 9 

8 33 9 28 
13 54 15 47 

2 8 6 19 
0 0 2 6 
0 0 0 0 
1 4 0 0 

4 17 10 31 
18 75 18 56 

1 4 4 13 
1 4 0 0 

18 75 21 66 
4 17 7 22 

no 2 8 4 13 
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11. Because of t h e  course  expe r i ences ,  your 
i n t e r e s t  i n  working f o r  NASA was 

inc reased  
d i d  no t  change 
decr eased 
no response  

12. How d i d  p a r t i c i p a t i o n  i n  t h i s  p r o j e c t  
effect  your j o b  in t e rv i ews  t h i s  sp r ing?  

p o s i t i v e l y  
no effect  
nega t ive ly  
d i d n ' t  i n t e r v i e w  
no re sponse  

13. Did p a r t i c i p a t i o n  i n  t h i s  course  change 
Y 0 UT empl o p e n  t ob j ec t i ves ? 

14. How do you feel  about  having a team of 
s t u d e n t s  from t h e  cour se  r e p r e s e n t i n g  
the  Un ive r s i ty  a t  t h e  N / U A D F  Conference 
t h i s  summer? 

p o s i t i v e  
don ' t  care 
nega t i ve 
no response  

15. Overa l l ,  do you feel t h a t  your work 
r e p r e s e n t s  a c o n t r i b u t i o n  t o  t h e  
n a t i o n ' s  space  program? 

y e s  
no 
have no idea 

7 29 13 41 
16 67  17 53 
0 0 2 6 
1 4 0 0 

8 33 6 19 
7 29 13 41 
0 0 0 0 
8 33 13 41 
1 4 0 0 

4 17 9 28 
20 83 23 72 

21 88 23 72 
1 4 6 19 
2 8 1 3 
0 0 2 6 

9 38 8 25 
11 46 14 44 

4 17 10 31 
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1987 ASME Winter Annual Meeting 
Boston, MA December 13-18, 1987 

P ro to type  Development of a n  Expert  Spacec ra f t  Design System 

by 

M.F. Lembeck , L . J .  Wel ln i tz  , J . V .  Santos  Jr .  1 2 3 

Unive r s i ty  of  I l l i n o i s  
Department o f  Aeronaut ica l  and A s t r o n a u t i c a l  Engineer ing 

101 Transpor t a t ion  Bui ld ing  
104 South Mathews S t r e e t  

Urbana, I L  61801 

ABSTRACT 

T h i s  paper p r e s e n t s  concepts  related t o  p re l imina ry  work f o r  t h e  
development of' an  e x p e r t  system environment for  space  v e h i c l e  design.  
example problem is t h e  des ign  of a h y p o t h e t i c a l ,  l a t e  1990 ' s  miss ion  t h a t  w i l l  
i nvo lve  the  e x p l o r a t i o n  of a comet by a Multi-bodied Comet Explorer  
s p a c e c r a f t .  The v e h i c l e  is comprised of two major components: a 3-axis  
c o n t r o l l e d  ins t rument  bus and a detached, sp inn ing  d u s t  s h i e l d  (Figure 1 ) .  

The 

Conceptual ly  in t roduced  by t h e  f irst  au tho r  i n  t h e  waning days of t h e  
U.S.-Jet P ropu l s ion  Lab Ha l l ey  I n t e r c e p t  Mission des ign  s t u d i e s ,  t h i s  
conf igu ra t ion  decouples  t h e  dynamics of d u s t  impact ing on t h e  s h i e l d  from t h e  
s t r i n g e n t  p o i n t i n g  requi rements  of t h e  imaging experiments .  
i t  o f f e r s  an  abundance of  s imple  des ign ,  a n a l y s i s ,  and s i m u l a t i o n  t a s k s  t h a t  
may be carried o u t  by  t h e  M I N D  e x p e r t  system ( in t roduced  i n  Lembeck and 
Vel insky,  1987).  

A t  t h e  same time, 

The MIND system differs from many other knowledge-based s y s t e m s  i n  t h a t  
it can c a l l  a n a l y s i s  packages or c o n t r o l  system s imula t ion  s u b r o u t i n e s  (as  
d i scussed  i n  Lembeck, Dwyer, and Vel insky,  1987) when r e q u i r e d  by an  i n f e r e n c e  
r u l e .  An i n v e s t i g a t i o n  is be ing  conducted t o  de te rmine  t h e  a p p l i c a b i l i t y  Of 
t h e  system t o  s p a c e c r a f t  des ign .  Already, i t  has been used by s t u d e n t s  i n  a 
NASA-Universities Space Research Assoc ia t ion  sponsored undergraduate  
s p a c e c r a f t  des ign  class t o  c a r r y  o u t  requi rements  d e f i n i t i o n  and component 
s e l e c t i o n  l e a d i n g  t o  a conceptua l  v e h i c l e  des ign .  

~~ 

Graduate  A s s i s t a n t  S e c t i o n  Leader 

Graduate Teaching A s s i s t a n t  

' Undergraduate Teaching A s s i s t a n t  
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SPACE WORLD. April 19HB. 
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lllini Eye Mars 
Aerospace engineering studentr a t  the University of 

Illinois are investigating the use of a special lightweight 
airplane to survey Mars after a permanent outport is 
established. The airplane would be predelivered to orbit 
and would be built to fly in the thin Martian atmosphere. 
The spring 1986 senior design class worked on a lunar 

transportation system intended to mine, p r ~ m r  and 
transport liquid oxygen from the Moon to Earth orbit for 
use as spacecraft fuel. NASA provided phone lectures and 
background reference material. 

Illinois aeronautical and astronautical engineering p w  
fessor Kenneth Sivier. who runs the design course, heard 
about the Advanced Design Rogram in the summer of 
1985 and applied. Illinois was accepted and paired with 
Marshall Space Flight Center in Huntsville. Alabama. 

The Mars airplane project is the first opportunity for the 
aircraft and spacecraft sections of the semester-long 
design clam to work wether. The spacecraft group u 
working on design of the spacecraft to transport the air- 
plane to Mars, including an  advanced aerobraking shell 
and a small telemetry satellite. Finding the proper balance 
between rerobrake size and propellant quantity is one of 
the spacecraft group's design concerns. The aircraft group 
is working on finding the combination of high perfor- 
mance aerodynamics, lightweight structures and fuel etYL 
cient propulsion systems to make manned flight on Mars 
feasi bk. They then must create flexible mission profiles for 
the aircraft once it is operational. 
The M n n  airplane concept was popular in theJate 19701. 

but engineering difficulties and other practical aerorpace 
malitia reduced the interest. Illinois graduate student 
Michael Lembeck. who teaches the spacecraft group. 
worked on a version of the Mars airplane as an undergrad- 
uate student as part of the annual American Institute of 
Aeronautics and Astronautia/Allied National Dcrign 
competition. 

"The studies of aerodynamics and composite materials 
have come along to the point where we can seriously ta lk  
about designing such a vehicle." said Lembeck. The July 
1987 "Case for Mars 111" conference at the University of 
Colorado included a wide variety of strategia for explor. 
ing Man and c o n v i n d  Sivier and Lmbeck to have this 
year's design class work on the airplane concept. 

Students receive a description of the class project in the 
form of a request for proposals (RFP). This formal docu- 
ment describes the mission objectives and constraints. yet 
it is intentionally ambiguous and occasionally even con- 
tradictory in order to promote creative design thinking. 
The students are then split into competing groups and 
assigned a technical subsystem area (structum. propul- 
sion, aerodynamics, attitude and control, systems enpi- 
neering) based on course work experience and personal 
intemt. 

Design work proceeds through the semester. aided by 
homework assignments. guest Iccturers. instructor f e d  
back and personal initiative. In addition to remote Iectum 
by Marshall engineers, last semester's students heard in- 
class talks by Jet  Propulsion Lab scientists and guests 
from TRW. Hughes and Science Applications Interna- 
tional Corporation of Chicago. The course schedule of 
design activities is intended to simulate an actual indus- 
trial design process. including competition and cost 
minimization. 

Computer work has become an integral part of the class 
due to a prototype expert system developed by Lembeck 
that attempts to change engineering desiRn from, "an 
intuitive or creative process to an algorithmic form. The 

~ d Y n o k ~ S t u d w i 1 Y k h w l ~ a n d ~  
~ ~ w i o r r r u m l n  rchmulkdirgnmdrmconpr. 
&errpad syskm(OIwh --- (hlo: Doua 
b#l) 
system, known as the Mechanically INtclligent Designer 
tMIND1, can call up various engineering subroutines t r i p  
gered by N I C ~  of inference in order to iterate and finally 
produce an output. 

Students in the class select initial technical pnriimetrrs 
b a d  on their knowledge of the project, write rules of 
interaction, run the MINI) program on IRM AT personal 
computers and then compare the mults with pnjject 
requirements. The expert system appmach enables them 
to examine many des i i  paths. avoiding the munud 
drudgery that often limits both the extent and types of 
design solutions consided. 

*"herebnoset waywkachdcriyn."uid L e m k k .  The 
strengthofM1Nl)is that"ifyou arenbletotell thecompu- 
ter how b do it lsimulate the stepu of desiynl. then you 
know how b do it." 
MIND was used successfully on the spring I ! W  spitce 

design project. a multi-body cnmeury explorer spiimriift. 
Again an idea developed previously by l r m k k  (during 
his work for NASA at  the Jet Prupulsion l a b  on  the 
aborted Comet Hntley fn t empt  Mission). the c w w b d y  
probe consists of an instrument package protected bv ii 
detached, spinning dust shield. The instrument huli floats 
in the shadow of the shield, iwdated fn)m the itbriisive. 
instrument-jarring impacts of the mmetary dust. The 
comet explorer was  chosen for study bcccruse "just cthout 
anything you'll ever see in a spacecraft drsiyn shows up in 
it." l r m k c k  said. 
The potential of MIND is reflected by itn use at NASA 

headquarters. where NA% mission planncm u s e  it t.a juw. 
gle such elements as budgets. launch windows. priority 
payloads and Shuttle availobility in order to crrutc Enrth- 
orbiting mission timetables. Irmbeck says NASA is 
pleased with MIND nnd that the mission planning soft- 
wore is being made available for use by the Mars uirplane 
design groups. 

The program has many material benefits. Its funding 
(about520.000aycarat Illinois) hasenabled the university 
to purchase supplies, provide travel money for students to 
attend thesummer conference. puy fora griiduiite tritrhlng 
assistant and has led toan entirely new course in building 
and testing space hardware that will begin this year A 
summer internship progrnm has resulted in two of the 
interns becoming NASA employees at Marshall.--lk~uy/nh 
M. b b t l l .  Champaign. lllinocr 
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Univenity of Illinois at Urbana-Champnip 
U. of Idma / SCIENCE - MARCH 88 

New design pmgram Npporb m a n n n d r p e o e m  
Contact Catherine Foster, 8dencr Editor @l7) 244-0469 

CHAMPAIGN, Ill. - The U.S. Mnned apace prognm bar been rWld r in~a the 

Challenger acadent two yeam ago, and governcat rdentirtr are working to nrume flightr latar 
thir yaw. In the meantime, r a s e d  cocrtinnn rn tbr n u t  rtrgb, d t h e  proqrrma. 

Aerorpace engineering ntudenta at the U n i v d Q  d Illinoh are invertigating the 

complentier ofa propod mission to M u r  - the nod  fbr a @ lightweight explorttoq 
aircraft, built to fly in &e thin Mutian atmospbem Whik at thir stage their work ir extremely 
bypathetid, their reeearch may sped the idma into r d Q .  

from the National Aeronautier urd Space Administration and the Univerdties Space Reeeucb 
Auoeiation, a coneortiurn a€ nwucb u n i v d r ,  through their joint UdversiQ Mvmd 
Design Roqnm.  

U. of I. aeronautical engineering p d b o r  Kenneth Sivier, who teacher the deeign ~ouree, 
explained that NASA', goal ia to generata'innontive new i d e u  for rprce #& "beymd the wee 
rtrtioa - th.t ir, well trtotbeittun. NOL ~dothertudentrproduo new h k r t t k p r o j r c t r  
belp improve derign education? 

The drrt year the course war &end, tbr example, the clur mrkd on hmar 
trrnrportrtion y r h m  intended to brnrporL liquid oxygen h m  the moon to the apace atation Ibr 
ura u rpacecr& h l .  

The rtudentr are pUtiapantr in &e rrnhr un&qradurb dew coutw, whicb has mpport 

krt year's clau designed a tw&odied comet explonr that featured a rpecid dud d i e d  

The M u r  pro% the rubjet afthir mme8ter'r clur, mi h tbe f h t  chance for tha 

that would anow the vehicle b pur th& comet MI maaultny. 

rpaeecmft and l irrrdk der* d o n a  oftbe AN to work bgetho?. The ant dl1 dedgn thr 
# p C e C &  to tm8pOd the &pb8 b rad tb8 ycond d bdp the d d  &d. 

'The dudier d aerodynamic1 urd compo& nuterhlr b m  come along b the point where 
we CUI rarioudy talk about derigning rpch a vehicle,' u i d  Michael bmbeck, U. &I. grdurte 
rtudent who teacher the rpracrdt design raclion. 

proceu involving competition of idear and met reduction. 

Der@ work i s  performed throughout the rcmerter, rimdating an industrial derign 

The class begins in the traditional way mort government-indueby projeck begin -- with a 

formal "requert for proposal8" irsued the 'government," or proferror. The hundred-plur clasr 
rnemkrr, divided into project groups of even or eight, re8pond ae indurty would, with an oral 

rerpme that followr a period ofinveetigation md dudy. A h a l  repod by the competing teams at  
the end of the eemester contains the operational design of the project 


