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I. INTRODUCTION 

The system des ign  summer i n s t i t u t e  conducted a t  t h e  Un ive r s i t y  

s f  Houston i n  coopera t ion  wi th  NASA - Manned S p a c e c r a f t  Center  and 

Rice Un ive r s i t y  was modelled on s i m i l a r  programs and academic 

courses  given a t  M. I .  T. and S tan fo rd  dur ing  t h e  p a s t  seven yea r s .  

The l a t t e r  a c t i v i t i e s  have been desc r ibed  elsewhere* and a r e  p r i -  

mar i ly  t h e  b r a i n c h i l d  of  D r .  W i l l i a m  Bollay.  The b a s i c  purpose 

of t h e  i n s t i t u t e  i s  t o  provide engineer ing  f a c u l t y  wi th  exper ience  

i n  t h e  development of m u l t i d i s c i p l i n a r y  engineer ing  design courses .  

The conduct of such courses  fol lows a  p re sc r ibed  p a t t e r n *  and t h e  

i n s t i t u t e  i t s e l f  becomes a  case  s tudy  i n  organized c r e a t i v e  des ign  

f o r  t h e  b e n e f i t  of p a r t i c i p a t i n g  f a c u l t y .  

The academic o b j e c t i v e s  of  t h i s  type  of course  revolve  around 

t h e  fol lowing key concepts  : 

O The systems approach views t h e  problem i n  i t s  e n t i r e t y ,  

no t  a s  a  set  of u n r e l a t e d  a s p e c t s .  

O Communication and coopera t ion  among engineer ing  and 

s c i e n t i f i c  d i s c i p l i n e s  i s  of g r e a t  p o t e n t i a l  importance 

t o  t h e  s o l u t i o n  of major t echno log ica l  problems. 
O Engineering and systems t h e o r i e s  must be app l i ed  t o  

a c t u a l  eng ineer ing  problems t o  be p rope r ly  apprec ia ted .  
O The s u c c e s s f u l  execut ion  of a  system des ign  p r o j e c t  i s  

h igh ly  dependent on t h e  c a r e f u l  o rgan iza t ion  of t h e  tech-  

n i c a l  team f o r  which i n d u s t r i a l  p r o j e c t  management 

concepts o f f e r  a  u s e f u l  model. 

The academic c o n t e n t  of t h e  course  should inc lude  t h e  follow- 

i n g  components : 

O Opportunity f o r  i nven t ion  and innova t ion  

O The formula t ion  of a  complex system problem 

O The s y n t h e s i s  of  a l t e r n a t i v e s  

*Bollay,  William, "MIT and S tan fo rd  P r o j e c t s  i n  Systems Engineering 
- An Educat ional  Experience i n  Crea t ive  Design," Jou rna l  of Engi- 
nee r ing  Education,  pp. 387-390, June,  1966. 



O System a n a l y s i s  and dec i s ion  a n a l y s i s  ( t r a d e - o f f s )  

O The a p p l i c a t i o n  of s c i e n t i f i c  p r i n c i p l e s  t o  r e a l  problems 

O The development of t e c h n i c a l  l e a d e r s h i p  

O P r o j e c t  p lanning and management exper ience  

O Actual  c o n s t r a i n t s  of t i m e  and money on a  system 

O Formal p r e s e n t a t i o n ,  t h e  imagina t ive  use  of v i s u a l  a i d s  

O Assignment of i n d i v i d u a l  r e s p o n s i b i l i t i e s  

O The produc t ion  of  a  formal des ign  r e p o r t  

C r i t i c a l  t o  t h e  conduct of a  s u c c e s s f u l  course  o r  i n s t i t u t e  

is  t h e  choice  of a  problem. This choice  should be compatible wi th  

t h e  r e sou rces  of t e c h n o l o g i c a l  in format ion  and t a l e n t  a t  hand. I n  

t h e  p r e s e n t  i n s t a n c e ,  t h e  proximity  of NASA's Manned Spacec ra f t  

Center  o f f e r e d  an ou t s t and ing  oppor tun i ty  f o r  a  des ign  p r o j e c t  i n  

s p a c e c r a f t  des ign .  The program d i r e c t o r s  and f a c u l t y  a r e  g r a t e f u l  

t o  NASA-MSC f o r  t h e i r  e n e r g e t i c  encouragement and suppor t  i n  t h e  

form of l e c t u r e s ,  r e p o r t s ,  l i b r a r y  s e r v i c e s  and c o n s u l t a t i o n  which 

provided a marvelous c l ima te  f o r  t h e  execut ion  of  a  design of a  

Lunar L o g i s t i c  Vehicle  f o r  s o f t  l and ing  a  2500 pound payload on 

t h e  v i s i b l e  f a c e  of t h e  moon. I n  g e n e r a l  terms, t h e  problem cho- 

sen should be: 

O A s o p h i s t i c a t e d  r e a l  c u r r e n t  system problem 

O A t  t h e  i n t e r f a c e  of t echnologies  and on t h e  f r i n g e  of 

s t a t e - o f - t h e - a r t  s c i e n c e  and engineer ing  developments 

O S i g n i f i c a n t  t o  s o c i e t y  

O S u i t e d  t o  f a c u l t y  and s t u d e n t  i n t e r e s t  

O Inc lude  p o l i t i c a l ,  s o c i o l o g i c a l  and humanis t ic  a spec t s  

The des ign  of an unmanned l u n a r  l ande r  t o  make ou r  middle 

1970 's  a  more produc t ive  p e r i o d , f o r  ou r  manned and unmanned l u n a r  

e x p l o r a t i o n  amply f u l f i l l e d  t h e s e  requirements.  

F i n a l l y ,  t h e  o v e r a l l  philosophy under lying c r e a t i v e  system 

des ign  i s  t o  prov ide  an environment where one can e x p l o i t  t h e  

t e n s i o n  between: 

O What i s  d e s i r a b l e  and what i s  a v a i l a b l e  

O The s t a t e - o f - t h e - a r t  and known t h e o r e t i c a l  l i m i t s  

O System c a p a b i l i t i e s  and e x t e r n a l  c o n s t r a i n t s  

O Cost and e f f e c t i v e n e s s  



This  t e n s i o n  combined w i t h  a n a l o g i c a l  knowledge of n a t u r a l  

o r  man-made systems i n  o t h e r  f i e l d s  i s  t h e  f e r t i l e  ground of human 

inven t iveness .  Invent ion  wi thou t  e v a l u a t i o n  i s  a  s e m i - s t e r i l e  

occupa t ion ;  t h e  program must emphasize a  sys t ema t i c  approach t o  

d e c i s i o n  under u n c e r t a i n t y  through t h e  use  of r a t i o n a l  c r i t e r i o n  

des ign  func t ions .  

The design of a  complex space system such a s  t h e  Lunar Logis- 

t i c s  Vehicle  (LLV) i s  a  m u l t i d i s c i p l i n a r y  engineer ing  a c t i v i t y .  

The development of s o p h i s t i c a t e d  subsystems and components r e q u i r e s  

a  h i g h l y  s p e c i a l i z e d  knowledge wi th  exper ience i n  a  s p e c i f i c  f i e l d .  

I n  a  complete system des ign ,  t h e  i n t e g r a t i o n  of a l l  subsystems t o  

op t imize  t h e  o v e r a l l  performance r e q u i r e s  a  d e t a i l e d  a n a l y s i s  of 

t h e  i n t e r a c t i o n  of a l l  components a s  we l l  a s  t h a t  between man and 

machine. The i n t e g r a t i o n  of designed subsystems i n t o  t h e  LLV i s  

a  major system des ign  e f f o r t  and more t ime than t h e  11 week s e s s i o n  

would have been r equ i r ed  t o  do t h i s  phase i n  d e t a i l .  

This program was an educa t iona l  e x e r c i s e  t h a t  e s t a b l i s h e d  

s u c c e s s f u l  communications between t h e  19 p a r t i c i p a n t s  of d i f f e r e n t  

s p e c i a l t i e s .  The program in t roduced  s e v e r a l  methods of paramet r ic  

e v a l u a t i o n  of t h e  many complex system a l t e r n a t i v e s .  Design t r a d e -  

o f f s  were considered which r e s u l t e d  i n  a  r e l a t i v e l y  s imple  

e f f e c t i v e  system us ing  a  maximum of developed hardware. The d o l l a r  

c o s t  of t h e  LLV program should be q u i t e  low r e l a t i v e  t o  t h e  c o n t r i -  

b u t i o n s  of  t h e  miss ions .  

I n  o r d e r  t o  break t h e  s o c i a l  b a r r i e r  which always e x i s t s  

among s t r a n g e r s ,  a series of s o c i a l  func t ions  were planned and 

h e l d  on an average o f  b e t t e r  t han  one a  week. They were a s  fol lows:  

P i c n i c  and v o l l e y b a l l  game wi th  r e sea rch  group a t  Webster 

Park. 

S i x  product ions  a t  t h e  Houston Music Thea t re  u s u a l l y  followed 

by a f t e r  t h e a t e r  p a r t y  hos ted  by va r ious  members of t h e  

team. 

Outing a t  S u r f s i d e  Beach wi th  P ro fe s so r  A r t  Paul  as h o s t .  

Boat t r i p  down t h e  s h i p  channel .  

~ a m i l y  t o u r  of Manned Spacec ra f t  Center .  

Dinner meeting wi th  Marshal l  Summer Facul ty  Fellows. 



Houston's  t r i b u t e  t o  NASA and Apollo 11 a s t r o n a u t s  a t  t h e  

Astrodome . 
P r e - t h e a t r e  d inne r  p a r t y  hos ted  by D r .  S teve  ~ i c k e r s o n .  

A l l  n ine t een  p a r t i c i p a n t s  i n  t h e  System Design Engineer- 

i n g  I n s t i t u t e  a t t ended  t h e  8 s p e c i a l  seminars on 

Aerospace engineer ing  and sc i ences  r e l a t e d  t o  " I d e n t i -  

fy ing  Ear th  Resources by Remote Sensing".  See Appen- 

d i x  A. 



11. PROGRAM PLANNING 

2A. P u b l i c i t y  and S e l e c t i o n  of  t h e  P a r t i c i p a n t s  

The announcement of t h e  Houston - Rice Engineer ing Systems 

Design fe l lowship  program appeared i n  t h e  December, 1968 i s s u e  of  

t h e  J o u r n a l  of Enqineering Education and t h e  American I n s t i t u t e  of 

As t ronau t i c s  and Aeronaut ics  Jou rna l  along with  t hose  of t h e  pro- 

grams a t  Auburn, Old Dominion wi th  Langley, and S tan fo rd  wi th  Ames. 

I n  a d d i t i o n ,  a  brochure was prepared based on t h e  j ou rna l  announce- 

ments and mai led t o  about 2,000 deans of eng ineer ing ,  department 

heads ,  and o t h e r  r e sea rch  a d m i n i s t r a t o r s .  The announcement bro- 

chure ,  e t c . ,  and t h e  a p p l i c a t i o n  a r e  shown i n  Appendix A. 

2B. Planning 

D r .  W. J. Graff  and P r o f e s s o r  A. N.  Paul  a t t ended  t h e  Co- 

D i r e c t o r s  meeting of ASEE-NASA Summer Facul ty  I n s t i t u t e  a t  

Langley Research Center  i n  October,  1968. A review of t h e  1968 

programs and p lans  f o r  t h e  1969 I n s t i t u t e s  were made and t h e  

announcements of t h e  programs o u t l i n e d .  

On A p r i l  2, 1969, Messrs. Bass Redd, J i m  Youngblood, Bob Ahel, 

Bob Bris tow,  and Paul Thomas of MSC m e t  a t  NASA wi th  D r .  C. J. 

Huang, S. L. Dickerson, Fred Davidson and A. N .  Paul  t o  d i s c u s s  t h e  

des ign  p r o j e c t  t h a t  should be  used f o r  t h e  1969 Houston Engineer- 

i n g  System Design I n s t i t u t e .  The p r o j e c t  suggested a s  being of 

p a r t i c u l a r  i n t e r e s t  t o  MSC w a s  a  s tudy  of extending t h e  l u n a r  

module 's  c a p a b i l i t i e s  on t h e  l u n a r  su r f ace .  This was agreed on 

by a l l  concerned a s  a  s u i t a b l e  p r o j e c t .  However, s h o r t l y  t he re -  

a f t e r  MSC funded a  c o n t r a c t o r  s tudy  of t h i s  problem and i n  o r d e r  

t o  avoid d u p l i c a t i o n  o f  e f f o r t s  a  change i n  p r o j e c t  w a s  suggested 

and by te lephone  conference a  new system which would suppor t  an 

extended LM--namely t h e  LLV--was chosen a s  t h e  1969 des ign  p r o j e c t .  

I t  w a s  agreed a t  t h e  A p r i l  2  meeting t h a t  (1) a cons iderab ly  

more d e t a i l e d  s ta tement  of t h e  p r o j e c t  would be prepared by MSC 

than  i n  earl ier  y e a r s ,  ( 2 )  t h a t  M r .  Bob Abel and M r .  Bob Bristow 

would be  ass igned  a good f r a c t i o n  of t h e i r  t i m e  t o  p repa r ing  f o r  



and adv i s ing  t h e  I n s t i t u t e ,  ( 3 )  t h a t  a  NASA Summer i n t e r n  would 

be  ass igned  t o  t h e  p r o j e c t  t o  a s s i s t  i n  l ayou t  d r a f t i n g  and ( 4 )  

t h a t  MSC would provide a  number of  background l e c t u r e s  dur ing  t h e  

f i r s t  two weeks of t h e  p r o j e c t .  A l l  of t h e s e  were c a r r i e d  o u t  

and proved very f r u i t f u l .  

For  t h e  u se  of  t h e  p r o j e c t  team, one l e c t u r e  room and one 

des ign  d r a f t i n g  type  classroom was set  up wi th  t a b l e s  and c h a i r s .  

A permanent conference-type te lephone  a m p l i f i e r  system was a l s o  

i n s t a l l e d  i n  t h e  l e c t u r e  room f o r  t h e  d u r a t i o n  of t h e  program. 

An overhead p r o j e c t o r  and t ransparency  reproduc t ion  f a c i l i t i e s  

were a l s o  provided f o r  t h e  r o u t i n e  p r e s e n t a t i o n  of  l e c t u r e s  and 

in formal  t a l k s .  One room was used f o r  p r o j e c t  and group meet ings ,  

and one f o r  formal  l e c t u r e s .  The d i s p l a y  of p r o j e c t  l i t e r a t u r e  

and m a t e r i a l s  and a  l i b r a r y  was set up nea r  t h e  l a r g e  d r a f t i n g  ,. 

room which was used a s  a  q u i e t  work a r e a .  

Each p a r t i c i p a n t  was provided wi th  a  b a s i c  set of r e f e r e n c e  

m a t e r i a l s  and a  p r o j e c t  l i b r a r y  was e s t a b l i s h e d  wi th  books and 

r e p o r t s  loaned t o  t h e  p r o j e c t  f o r  i t s  du ra t ion  by t h e  Univers i ty  

of. Houston l i b r a r y  and t h e  MSC l i b r a r y .  The automated l i t e r a t u r e  

s ea rch ing  s e r v i c e  a t  NASA-MSC was of  g r e a t  va lue  t o  t h e  p a r t i c i p a n t s .  

Searches  were run i n  a n t i c i p a t i o n  of t h e  program and were followed 

by a d d i t i o n a l  s e a r c h  r eques t s  by t h e  p a r t i c i p a n t s  a s  t h e  t e c h n i c a l  

needs became more p r e c i s e l y  def ined .  

The C i v i l  Engineer ing Department fu rn i shed  t h e  use  of t h e  

schools  v i s u a l  a i d s  p repa ra t ion  s u p p l i e s ,  2x2 s l i d e  reproduc t ion  

and photocopy equipment, and t h e  s e r v i c e s  of a  t e c h n i c i a n  f o r  

d r a f t i n g  and t r a c i n g  drawings and f i g u r e s  f o r  t h e  p r e s e n t a t i o n s .  

This suppor t ing  s e r v i c e  saved cons ide rab le  t ime and d e t a i l  work 

f o r  each of t h e  p a r t i c i p a n t s .  The many f i n e  f i g u r e s  i n  t h e  f i n a l  

t e c h n i c a l  r e p o r t  r e f l e c t s  t h e  e f f o r t  p u t  f o r t h  by C i v i l  Engineer- 

i n g  Dept. s t u d e n t  a s s i s t a n t ,  Terence Cheng. 

2C. Adminis t ra t ion  

Facul ty  and s t a f f  f o r  t h e  p r o j e c t  included:  

D r .  C. J. Huang, Un ive r s i t y  of Houston, D i r ec to r  

D r .  S. L. Dickerson,  Georgia I n s t i t u t e  of Technology, 

Assoc ia te  D i rec to r  



M r .  A. N .  Pau l ,  Un ive r s i t y  of Houston, A s s i s t a n t  ~ i r e c t o r  

M r s .  Inez  Law, Un ive r s i t y  of Houston, S e c r e t a r y  

To a i d  i n  e s t a b l i s h i n g  i n t e r - i n s t i t u t i o n a l  coopera t ion  and i n  

s e l e c t i n g  p a r t i c i p a n t s ,  an  advisory  c o r n i t t e e  w a s  formed c o n s i s t i n g  

of :  

D r .  Max Fage t ,  NASA-MSC 

Dean W. E .  Gordon, R i c e  Un ive r s i t y  

Dean C. V. K i r k p a t r i c k ,  Un ive r s i t y  of  Houston 

M r .  Paul  Pu r se r ,  NASA-MSC 

The t e c h n i c a l  d i r e c t i o n  of t h e  p r o j e c t  dur ing  t h e  i n i t i a l  

p lanning s t a g e s  c o n s i s t e d  of f a c u l t y  and s t a f f  of t h e  p r o j e c t  and: 

D r .  J i m  Youngblood, NASA-MSC 

M r .  Bob Abelr NASA-MSC 

M r .  Bob Bristow, NASA-MSC 

M r .  B a s s  Redd, NASA-MSC 

M r .  Pau l  Thomas, NASA-MSC. 

D r .  D. B.  Mackay, R i c e  Un ive r s i t y  



111. CONCLUSIONS AND RECOMMENDATIONS 

The p re l imina ry  des ign  of t h e  Lunar L o g i s t i c s  Vehicle  was 

s u c c e s s f u l l y  executed and t h e  f i r s t  r e p o r t  completed. Appendix B 

i s  t h e  P re face ,  Table of  Contents ,  Table of  F igu res ,  and Abs t r ac t  

from t h i s  r e p o r t .  I t  i s  f e l t  t h a t  t h e  c l o s e r  working arrangement 

wi th  MSC was very h e l p f u l  i n  producing an end r e s u l t  more u s e f u l  

t o  NASA. 

I n  o r d e r  t o  s e c u r e  feedback on how t h e  program might be  improved 
O The p a r t i c i p a n t s  each were asked t o  complete a  f o u r  page 

q u e s t i o n n a i r e  on t h e  o p e r a t i o n a l  a s p e c t s  of t h e  program. 
O Each of t h e  p a r t i c i p a n t s  were asked t o  complete a  one page 

q u e s t i o n n a i r e  on t h e  housing s i t u a t i o n  f o r  t h e  summer. 
O A c r i t i q u e  s e s s i o n  was he ld  a f t e r  t h e  f i n a l  p r e s e n t a t i o n  

f o r  d i s cus s ion  of p o s s i b l e  changes. 

A b r i e f  summary of t h e  response t o  t h e  q u e s t i o n n a i r e s  i s  on 

t h e  pages loand 11. Many ques t ions  r e q u i r e d  a  s u b j e c t i v e  w r i t t e n  

answer ( i n  c o n t r a s t  t o  a  Yes o r  No answer).  Some sugges t ions  which 

appeared r epea t ed ly  i n  t h e s e  answers and i n  t h e  v e r b a l  c r i t i q u e  

s e s s i o n  inc luded  
O E s t a b l i s h  a  c l o s e r  r e l a t i o n s h i p  wi th  MSC by such mechanisms 

a s  (1) a s s i g n i n g  a  c o n t a c t  man f o r  each p a r t i c i p a n t  i n  t h e  

f i e l d  of h i s  i n t e r e s t ,  (2 )hav ing  a s e n i o r  engineer  ass igned  

f u l l  t i m e  t o  adv i se  t h e  group o r  a c t u a l l y  s e r v e  a s  p r o j e c t  

manager, ( 3 )  p h y s i c a l l y  housing t h e  i n s t i t u t e  a t  MSC. 

O Grea te r  i n i t i a l  d e f i n i t i o n  of g o a l s ,  r e s p o n s i b i l i t i e s  and 

o p e r a t i n g  procedures  on both t h e  t e c h n i c a l  and management 

a spec t s .  P r i n c i p l e  i t e m s  i nc lude  more complete and p r e c i s e  

( 1 ) s t a t e m e n t  of problem, (2 ) schedu le ,  ( 3 ) j o b  d e s c r i p t i o n s .  

Less f r e q u e n t l y  mentioned sugges t ions  were 
O A s i n g l e  p r o j e c t  manager who i s  a  member of t h e  s t a f f  

r a t h e r  than a p a r t i c i p a n t .  Could be a  NASA employee w e l l  

versed  i n  systems design.  

O L e s s  formal p r e s e n t a t i o n s  f o r  phase I and 11. 
O Have t h e  p a r t i c i p a n t s  a t t e n d  a  r e a l  c o n t r a c t o r s  p r e s e n t a t i o n .  



O Provide b e t t e r  p h y s i c a l  working f a c i l i t i e s .  
O Provide more typ ing  and d r a f t i n g  suppor t .  
O Provide more l e c t u r e s  on systems des ign  philosophy and 

methodology. 
O Provide a  more complete set  of r e f e r e n c e s  a t  beginning 

of p r o j e c t .  

These sugges t ions  w i l l  be considered i n  a r ranging  f u t u r e  programs. 

A s  i n d i c a t e d  i n  t h e  f i n a l  a d m i n i s t r a t i v e  r e p o r t  f o r  1968, 

one of t h e  problems of t h i s  type  of program i s  r ec ru i tmen t  of 

q u a l i f i e d  p a r t i c i p a n t s .  Two f a c t o r s  i n  t h i s  dilemma were recognized 

t h e r e  a s  p u b l i c i t y  and s t i p e n d s .  During t h e  p a s t  yea r  t h e s e  a s p e c t s  

have improved wi th  t h e  r e s u l t  t h a t  more a p p l i c a t i o n s  w e r e  r ece ived  

than  i n  p rev ious  y e a r s .  However, a s  i n  t h e  p a s t ,  t h e  r e sea rch  

program a t t r a c t s  a  l a r g e r  number and it appears  t o  a t t r a c t  t h e  

more s u c c e s s f u l  p r o f e s s o r s ,  a s  i n d i c a t e d  by number of p u b l i c a t i o n s ,  

academic rank,  e t c .  I t  i s  f e l t  t h a t  t h i s  may be r e l a t e d  t o  t h e  

academic environment which b i a s e s  p r o f e s s o r s  and g radua te  s t u d i e s  

(and t o  a  less er  e x t e n t  undergraduate  s t u d i e s )  toward research .  

T K i s  b i a s  i s  p a r t i a l l y  from t r a d i t i o n  and p a r t i a l l y  pragmatic.  

The pragmat ic  reasons  concern p u b l i c a t i o n s  and funding--the two 

p r i n c i p l e  measures of  success  i n  t h e  academic world. Both a r e  

more d i f f i c u l t  t o  ach ieve  f o r  des ign  work than r e sea rch  work. 

With regard  t o  funding i t  is  n o t  s u r p r i s i n g  t h a t  government agenc ies  

and i n d u s t r i e s  t u r n  t o  non-academic o r g a n i z a t i o n s  f o r  des ign  s t u -  

d i e s .  The u n i v e r s i t i e s  a r e  n o t  set  up t o  meet a  t i g h t  schedule  

f o r  r e s u l t s  no r  a r e  t hey  equipped t o  manufacture t h e  f i n a l  r e s u l t  

i f  r equ i r ed .  I t  i s  f e l t  t h a t  i n  t h e  long run t h e s e  f a c t o r s  may be 

more s i g n i f i c a n t  t han  s t i p e n d  and p u b l i c i t y  i n  achieving t h e  g o a l s  

of t h e  Summer Facu l ty  Fel lowships  i n  Systems Engineering and t h a t  

some thought  should be  given t o  f i n d i n g  mechanisms t o  improve t h e  

s t a n d i n g  of des ign  work i n  t h e  u n i v e r s i t y  environment. 



SUMMARY OF PROGRAM EVALUATION QUESTIONNAIRE 

Number of p a r t i c i p a n t s  r e t u r n i n g  q u e s t i o n n a i r e :  16 

The Fel lowship s t i p e n d  was: Meager 2 ;  Adequate 9; Generous 4 .  

Housing arrangements s a t i s f a c t o r y :  Y e s  11; No 3. 

Technical  a r e a  of work w a s  of i n t e r e s t :  Yes 1 4 ;  No 2 

Adequate chance of t e c h n i c a l  a r ea :  Y e s  12;  No 2 

Work cha l lenging :  Yes 13; No 2 

I n  a r e a  of  primary i n t e r e s t s :  Yes 8 ; N o  7  

S t imu la t ed  t o  s t a r t  r e l a t e d  c l a s s e s  

o r  r e sea rch  a t  home u n i v e r s i t y :  Y e s  12 ;  No 3  

I n c l i n e d  t o  use  "systems approach" 

i n  f u t u r e  c l a s s e s :  Y e s  1 4 ;  No. 1 

Desire  i n  p r i n c i p l e  t o  have seminars 

n o t  d i r e c t l y  r e l a t e d  t o  p r o j e c t :  Y e s  11; No 5 

Number of  t e c h n i c a l  l e c t u r e s  was: Too many 1; O.K. 7; t o o  few 7. 

Approve of  approximately 25% gradua te  

s t u d e n t s  i n  p r o j e c t :  Y e s  6 ;  No 1 0  

Enough advisory  suppor t :  Y e s  9 ;  No 7  

Desire more completely s p e c i f i e d  p r o j e c t  

a t  beginning:  Yes 7 ;  No 7  

Should have spen t  more t i m e  on 

Library  r e sea rch  : Y e s  8; No 6 . 

Consul ta t ion  a t  MSC: Yes 12;  No 3  

Design c a l c u l a t i o n s :  Y e s  11; No 4 

Adminis t ra t ive  t a s k s :  Y e s  2 ;  No 12 

P r o j e c t  meetings:  Yes 2 ;  No 13  

Group meetings: Y e s  5; No 10 

I n t e r e s t e d  i n  cont inu ing  a s  Facul ty  Fellow 

dur ing  Summer of 1970: Y e s  15;  No 1 

Design 9; Research 1 4  

Enough s o c i a l  a c t i v i t y :  Y e s  1 4 ;  No 2  

NASA o b j e c t i v e s ( a s  perce ived)  m e t :  Yes 1 4 ;  No 1 

would recommend b e t t e r  s t u d e n t s  f o r  

employment a t  NASA: Y e s  1 4 ;  No 2 



Obtained pe r sona l  o b j e c t i v e s :  

Sus t a ined  a  f i n a n c i a l  s a c r i f i c e  i n  

accep t ing  Fellowship:  

Fee l  t h a t  modern undergraduate  

educa t ion  s u f f i c i e n t l y  emphasizes 

Bas i c  s c i ence :  

Mathematics: 

Engineering p r a c t i c e :  

Design procedures:  

Graphical  communication: 

Ora l  communication: 

Wri t t en  communication: 

Graduate educa t ion  is  more r e sea rch  

o r i e n t e d  than d e s i r a b l e :  

The systems approach i s  d i f f e r e n t  t han  

convent iona l  approach t o  design:  

Yes 1 4 ;  No 2 

Yes 4 ;  No 11 

Yes 11; No 3 

Yes 11; No 3 

Yes 9 ;  No 5 

Y e s  2 ;  No 12 

Y e s  6 ;  No 8 

Yes 3 ;  No 11 

Yes 6 ,  No 8 

Yes 9 ;  No 4 

Yes 11; No 3 



U of H - Rice U - blSC 

ION QUESTIONNAIRE FOR W E  OF PROGWILM STAEnF AK3 BLgVfSORS 

2. Home I n s t i t u t i o n  
r.-*-- 

3, Walr t h e  Fellowship st ipend meager adsquats 
v 

genersus - _.- a 
Pleaae comment i f  you wish: -- 
Were the arrangements f o r  housing s a t b s f a c t o q ?  - 
Suggestions r 

.== ---s 

5. Technical area  of a c t i v i t y  (ego thermal control 1 
-=--- --a 

6 .  W e r e  t hese  areas of i n t e r e s t  t o  you? 
P ----:=: --- = 

7 Did you have an adequate choice of technical  areas? 
__i>.__=i=.---- 

8. W a a  the  .work challenging and within your f i e l d  43.f pz:imarlr iafzere~t 
and competence? 

_IC_ . ..-.. -.?- 

9. -If not ,  do you regre t  it? Why? 
--.-=-----. -- -=- 

10. As a result of t h e  summers work, a r e  you stirn\xlta::z.::d i..~.: ~&a:& 
r e l a t ed  c1ass.e~ o r  research at your homa unfirers:i.f:y,? . - =. . . . . .-. --=- . 

11. Are you inc l ined t o  use t h e  philosophy of t h e  Hs:y%:zr3:" %pp~;2ach~' in 
your present  or fu ture  c lasses?  

-<s --F -r --- - 

12. Do you agree in  pr inc ip le  with t h e  d e s i r a b i l i t y  o f  kzving l ec tu re s  
and seminars i n  areas not d i r e c t l y  rebated to  our p x ~ j s c t ?  

13. Were there too  many o r  too  few technical  leekurea related t o  our  
project?  

14, What technical  areas re levant  to our project should have been 
cowred  i n  more depth? 

- - - - - -  - - 

Lees depth? 

15 . ch one or two l ec tu re s  stand ou t  as most valuable? 



16. HOW would you feel about having a few ( 2 5 % )  c a r e f u l l y  eelectsd - 
graduate s tudents  i n  the progrim? 

17, Was t h e r e  ensuyh advisory support? If not ,  what areas 
need more support? 

L0, Would a more eswBete ly  spec i f i ed  p ro j ec t  a t  t h e  beginning of 
t he  summer have increased t h e  value o f  t h e  eyperience f o r  YOU? 

19, Looking back on t h e  summerp do you th ink you should have spent  
I R O I ~  time on: 
a* Library resea.mh? 
be Consultation with MSG personnel? 
c, Individual  daoign caLcuJ.ations? 
d, AddnPetrativc? t a sks?  

e, Pro jec t  meetings? - 
Eo Group meetings? 

2U0 Are you i n t e r e s t ed  in the p o s s i b i l i t y  of continuing as a Faculty 
Fellow during the summer of 19701 Design? Research? 

_I 

21, Did we kava enough s o c i a l  a c t i v i t y ?  

22. What woubd you suggest f o r  improvement of t h e  spec ia l  Tuesday - 
Thursday l e c t u r e  s e r i e s ?  

23, a. Whak is your genera2 impression of t h e  Summer Systems Design 
P ~ o g P ~ ?  

b. What was the rlost valuable experience of  this sumrmer? 

e, Least valuable? 

. . 24 .  In  what were t h e  NASA objec t ives  and benef i t s  of 
t h f  ow w e l l  do you believe they were met? A r e  any 
bene f i t s  (to NASA] l i k e l y  t o  be of  a long-kern or sb&-term 
nature? 



25, Were you su%%isient ly  impressed by A ' s  work, goals, and 
p r s ~ n n s l  to reco~nnaend that your better  students ser ious ly  
C O P L S ~ ~ ~ R  emp%csyl~en% w i t h  NASA? 

26, What w 5 s e  your palcsonal object ives  i n  participating i n  the 
program? Did you a t t a i n  the objectives? 

Wan there any finiincial.  s a c r i f i c e  on your part i n  accepting the 
ful.lswahip? If so, a b u t  what sum, i n  terms of salai-y, family 
er:penses, trans~partation , etc . ? 

28. Bow couEd fu%ure s;umrwer i n s t i t u t e s  be improved? [Pl Jase make 
- specl f  ie recomme~ldat i o n  21 



DESIGN PRI)CEDURES 

(organization, creat iv i ty ,  optimization, stc.8 

D o  you feel that modem graduate education is more rese 
than it. should begrelative to engineering design)? 

Do you feel that: the systems approach to design differs from the 
otrnventional approach taught (or formerly taught 1 i n  engineering 
a<:hr3a 8 w i' 

I2 s o ,  what ddstinepi~ihes the systems approach? 
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FOREWORD 

S teve  Dickerson 

0.1. I n t r o d u c t i o n  

Nasa, t h e  U n i v e r s i t y  of Houston and Rice Un ive r s i t y  in tend  

t h a t  t h e  Summer Facu l ty  Programs i n  Systems Engineer ing ac- 

q u a i n t  t h e  f a c u l t y  of s e l e c t e d  eng inee r ing  c o l l e g e s  w i th  t h e  

systems approach t o  complex des ign  problems. The technique  

used i s  t o  i nvo lve  t h e  p a r t i c i p a t i n g  p r o f e s s o r s  i n  a  r e a l  

conceptua l  des ign  of  a  space  system. See F igure  0.1-1. These 

summer e d u c a t i o n a l  exper iences  a r e  based on D r .  William B o l l a y l s  

i n i t i a l  g r adua te  cou r se s  a t  MIT and S tanford .  I t  i s  hoped 

t h a t  some of t h e  major b e n e f i c i a l  r e s u l t s  of t h e  program a r e  

t h e  fo l lowing .  

o The p a r t i c i p a n t s  w i l l  have a  b e t t e r  unders tanding of 

NASA's c o n t r i b u t i o n s ,  g o a l s ,  and ope ra t ions .  

o The p a r t i c i p a n t s  w i l l  b e  a b l e  t o  o rganize  new o r  modify 

e x i s t i n g  des ign  courses  a t  t h e i r  home i n s t i t u t i o n s  a long  

t h e  l i n e s  of t h e  summer program. 

o  The p a r t i c i p a n t s  and t h e i r  s t u d e n t s  w i l l  have a b e t t e r  

a p p r e c i a t i o n  of  t h e  c o n t r i b u t i o n s  of o t h e r  d i s c i p l i n e s ,  

i n c l u d i n g  t h e  non-engineeringyand t h e  need f o r  e f f e c t i v e  

cross f e r t i l i z a t i o n .  

o A s tudy  of v a l u e  t o  NASA w i l l  r e s u l t .  

0 .2  P a r t i c i p a n t s  

Nineteen p r o f e s s o r s  and i n s t r u c t o r s  from e igh teen  d i f f e r e n t  

u n i v e r s i t i e s  and c o l l e g e s  a t t ended  t h e  program. By d i s c i p l i n e  

t h e r e  w e r e  t h r e e  i n  e l e c t r i c a l  eng inee r ing ,  f i v e  i n  mechanical  

eng inee r ing ,  f i v e  i n  c i v i l  eng inee r ing ,  t h r e e  i n  aerospace 
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TABLE 0.2-1 PARTICIPANTS AND STAFF 

D r .  Floyd Q, C a l v e r t  
Research I n s t i t u t e  
Un ive r s i t y  o f  Oklahoma 

Prof .  Thomas M. Pe rk ins  
Engineer ing Technology Dept. 
Western Kentucky Un ive r s i t y  

D r .  Jack H.  Cole D r .  Angelo J. Perna 
Mechanical Engineer ing Dept. C i v i l  Engineer ing Dept. 
Un ive r s i t y  of  Arkansas Newark Col lege of  Engineer ing 

D r .  F r e d e r i e  M. Davidson D r .  George Pincus  
E l e c t r i c a l  Engineer ing Dept. C i v i l  Engineer ing Dept. 
Un ive r s i t y  o f  Houston Un ive r s i t y  of  Houston 

D r .  I zydor  E i s e n s t e i n  , D r .  Char les  G. Richards 
Mechanical Engineer ing Dept. ~ e c h a n i c a l  Engineer ing Dept. 
Purdue Un ive r s i t y  Un ive r s i t y  o f '  N e w  Mexico 

D r .  C l i f t  M. Epps Dr..  Joseph E.  Robertshaw 
Mechanical Engineer ing Dept. Phys ics  Department 
Texas Tech Un ive r s i t y  Providence Col lege 

D r ,  George E.  G l e s s  D r .  Juda E. Rozenberg 
E l e c t r i c a l  Engineer ing Dept. C i v i l  Engineer ing Dept. 
Un ive r s i t y  o f  Colorado C h r i s t i a n  Bro the r s  Col lege 

D r .  George F. Hauck 
c ivi l  Engineer ing Dept. 
T r i - S t a t e  Col lege  

D r .  Alvin M. S t r a u s s  
Mechanical Engineer ing Dept. 
Un ive r s i t y  of Kentucky 

Dr . .  Frank J. Hendel P ro f .  Frank R. Swenson 
Aeronaut ica l  Engineer ing Dept. Mechanical & Aerospace Engr. Dept. 
C a l i f o r n i a  S t a t e  P o l y t e c h n i c a l  Un ive r s i t y  of  Missour i  

Col lege  D r .  Jesse M. Wampler 
D r .  Ben jamin Koo Geophysical  Sc iences  
C i v i l  Engineer ing Dept. Georgia I n s t i t u t e  of  Technology 
Un ive r s i t y  of Toledo 

D r .  Samuel J, Kozak 
Geology Department 
Washington & Lee Un ive r s i t y  

C. J. Huang, Director 
Associate Dean o f  Engineer ing 
Un ive r s i t y  of  Houston 

A. N. Pau l ,  A s s i s t a n t  D i r e c t o r  
I n d u s t r i a l  Engineer ing Dept. 
Un ive r s i t y  s f  Houston 

Dennis Laus 
NASA Summer I n t e r n e  
Purdue Un ive r s i t y  

S. L. Dickerson,  Associate 
D i r e c t o r  

Un ive r s i t y  of  Houston and 
Georgia I n s t i t u t e  of Technology 

D. B .  Mackay, Facu l ty  Advisor 
Dept . of Aerospace Engineering 
R i c e  Un ive r s i t y  

Terrence Cheng 
Draftsman 
u n i v e r s i t y  of Houston 



engineering,  one i n  physics  and two i n  geology. Table 0.2-1 

con ta ins  a complete l i s t  of t h e  p a r t i c i p a n t s .  With one 

except ion they had no previous experience i n  space system 

engineering.  

0.3 Time Table 

The program s t a r t e d  June 9 and ended August 2 2 ,  1969. 

This e leven week pe r iod  was broken i n t o  t h r e e  phases,  charac ter -  

i z e d  roughly a s  t h e  problem and a l t e r n a t i v e  d e f i n i t i o n  phase, 

a l t e r n a t i v e  eva lua t ion  phase, and t h e  r e p o r t s  p repara t ion  phase. 

Oral  r e p o r t s  on p r o j e c t  progress  were prepared by t h e  p a r t i -  

c ipan t s  and presented  a t  t h e  end of each phase t o  members of 

t h e  Engineering and Development Di rec to ra te  a t  t h e  Manned 

Spacecraf t  Center. The p resen ta t ion  f o r  Phase I11 was a 
S 

complete summary of t h e e n t i r e p r o j e c t  and was open t o  t h e  

publ ic .  A chronological  l i s t i n g  i f  t h e  major milestones 

during t h e  summer are 'given i n  Table 0.3- 1. 

TABLE 0.3-1 PROJECT MILESTONES 

Date - M i l e s  tones 

June 9 Program begins 

June 13  P r o j e c t  teams organized, Phase I leadership  
s e l e c t e d .  

June 27 Phase I1 ' leadership s e l e c t e d  

J u l y  1 Phase I o r a l  review - statement  of problem, 
a l t e r n a t i v e  s o l u t i o n s , r e v e l ~ n t  technical m a t e r i a l ,  

J u l y  25 Phase I11 l eade r sh ip  s e l e c t e d  

J u l y  29 Phase I1 o r a l  review- t r a d e  o f f  s t u d i e s  and 
recommendation of b a s i c  design. 

Aug 19 F i n a l  o r a l  r e p o r t  -review of e n t i r e  p r o j e c t  and 
p resen ta t ion  of reconunended LLV design. 

Aug 22 A l l  f i n a l  r e p o r t  con t r ibu t ions  due. Program ends. 



0.4 Orsaniza t ion  

The coordina t ion  of t h e  team e f f o r t  was accomplished 

by s t r u c t u r i n g  t h e  group as  ind ica ted  i n  Figure 0.4-1, The 

p r o j e c t  manager and group l eaders  were e l e c t e d  f o r  each 

phase and were members of t h e  execut ive  committee. This 

committee met d a i l y  and was charged with o v e r a l l  t echn ica l  

d i r e c t i o n  of t h e  p r o j e c t .  The t h r e e  p r o j e c t  groups a l s o  

met d a i l y  t o  coordina te  e f f o r t s  i n  t h e i r  a reas  of responsi-  

b i l i t y .  I f  a  t a s k  requi red  s p e c i a l  a t t e n t i o n  and i n  t h e  

opinion of t h e  execut ive  committee could no t  proper ly  be 

assigned t o  one of t h e  p r o j e c t  groups, an ad hoc committee 

was formed t o  accomplish t h e  t a s k  i n  a  s p e c i f i e d  time and 

prepare  a  r epor t .  I t  was then d isso lved .  The s t a f f  advisors  

primary funct ions  were support  of t h e  t e c h n i c a l  work through 

continuous review, a r ranging  f o r  ou t s ide  i n p u t s ,  arranging 

f o r  experimental  work,' model bui ld ing ,  computer a i d s ,  

audio-visual  a i d s ,  d r a f t i n g  work, e t c .  A l l  f i n a l  t e c h n i c a l  

dec i s ions  were i n  t h e  hands of t h e  p a r t i c i p a n t s .  
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ABSTRACT 

The p re l imina ry  des ign  of  an unmanned space  v e h i c l e  t h a t  can 

l and  a  payload of  2500 pounds on t h e  moon i s  presen ted .  The des ign  

i s  based on a  maximum use of  developed,  space  q u a l i f i e d  hardware 

s o  t h a t  t h e  v e h i c l e  can be made o p e r a t i o n a l  by 1973. T5e  T i t a n  

111-D Centaur  w i l l  be t h e  launch v e h i c l e .  This  b o o s t e r  combination 

can i n s e r t  a  12,000 pound s p a c e c r a f t  i n t o  a t r a n s l u n a r  t r a j e c t o r y .  

T o t a l  program c o s t s  f o r  an e i g h t  miss ion program would be approx- 

imate ly  $400,000,000, e x c l u s i v e  of payload c o s t s .  

Lunar touchdown 3-sigma landing  d i s p e r s i o n s  of one k i lome te r  

r e l a t i v e  t o  t a r g e t e d  g e o l o g i c a l  f e a t u r e s  anywhere on t h e  v i s i b l e  

f a c e  of t h e  moon are proposed. These can be ob ta ined  wi th  t h e  u se  

of  d i r e c t  descen t  t r a j e c t o r i e s  and t e r m i n a l  guidance c o r r e c t i o n s  

based on remote t e l e v i s i o n  t r ansmis s ions ,  The v e h i c l e  can be  

s a f e l y  landed i n  l u n a r  s l o p e s  of up t o  35 degrees  w i th  t h e  a i d  of 

low touchdown v e l o c i t i e s ,  hold-down r o c k e t s ,  and a  four-pad landing  

g e a r ,  Re t ro  propuls ion  i s  provided by a  main c ryogenic  s t a g e  t h a t  

c o n s i s t s  o f  a  P r a t t  & Whitney RL-10A-3-3 engine,  and i s  j e t t i s o n e d  

a f t e r  burnout  a t  low a l t i t u d e .  Touchdown i s  accomplished w i t h  t h e  

use  of  a monomethyl hydraz ine ,  n i t r o g e n  t e t r o x i d e  v e r n i e r  propul-  

s i o n  system t h a t  c o n s i s t s  of  s i x t e e n  modif ied Marquardt R-4D 

t h r u s t e r s  . 
Other  proposed major subsystems inc lude  a  f u e l  c e l l  and primary 

b a t t e r y  power supply ,  and a  guidance and nav iga t ion  system composed 

of  t h e  Lunar Module land ing  r a d a r ,  i n e r t i a l  measuring u n i t ,  and 

modif ied guidance computer. 
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