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ABSTRACT 

The MITRE Corporation of Bedford Massachusetts and 
Worcester Polytechnic I n s t i t u t e  are developing 
several experiments f o r  a f u tu re  Shut t le  f l i g h t .  W e  
have standardized upon several design pract ices f o r  
the development of  the e l e c t r i c a l  equipment f o r  our 
f l i g h t  hardware. The purpose of  t h i s  paper i s  t o  
present s a m e  o f  our ideas, not as hard and f a s t  
ru les,  but ra ther  i n  the i n t e r e s t  of s t imu la t ing  
discussions f o r  sharing such ideas. 

Since l a t e  15182, The MITRE Corporation and Worcester 
Polytechnic I n s t i t u t e  E l f  (WPI) have been working together t o  
develop and b u i l d  experiments f o r  a f u t u r e  GASCAN payload C 2 1  (43- 
408). Although the experiments have not been launched yet, i n  the 
course of developing the  experiments many ' ideas have been 
implemented concerning the organization o f  the program and the 
design and implementation of  t he  systems necessary f o r  experiment 
contro l  I 

The purpose of  t h i s  document 15 t o  present several of our 
ideas;. WE bel ieve t h a t  t h i s  i s  p a r t i c u l a r l y  important f a r  those 
who have e i t h e r  never attempted t o  develop space-f l ight  hardware 
f o r  the GAS program or  f o r  those who are i n  the ea r l y  stages of 
experiment development. 

F'RCIGRAM ORGANIZATION AND DECISION PROCESSES 

Upon i n i t i a t i o n  of  our program, a Technical Steering 
Committee (TSC) composed of  f i v e  WFI f a c u l t y  and a MITRE engineer 
was appointed. The r e s p o n s i b i l i t i e s  of t h i s  Committee are t o  
insure that:  (a) the  GCIS canis ter  is f i l l e d  w i th  experiments, (b) 
the experiments are chosen f a i r l y  from t h o s e  developed, {c) t he  
experiments comply w i th  appl icable safety, scheduling, budgetary 
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and other l o g i s t i c  requirements, and (d) t h a t  a l l  decisions 
r e l a t i n g  t o  the program are made i n  an order ly  manner. 

The de ta i led  concerns of  the committee have included (a) 
s o l i c i t i n g  pro jec t  ideas, (b) se lect ing students t o  work on the 
projects,  (c) committing WPI f a c u l t y  t o  p ro jec ts  as advisors, (d) 
s e t t i n g  standards f o r  reports,  documentation and presentations, (e) 
act ing as a l i a i s o n  between MITRE, WPI and NASA, ( f )  c o n t r o l l i n g  
the disbursement o f  funds and other resources, ( g )  resolv ing 
technical  issues invo lv ing  a l l  aspects of  the program and of 
course, (h) s e t t i n g  deadlines f o r  and evaluat ing the progress of 
the development of  the  experiments. 

The presence o'f the MITRE engineer/scient ist  on the TSC has 
been of p a r t i c u l a r  help t o  the program. I n  add i t ion  t o  providing 
an i n d u s t r i a l  perspective on the organization and development of 
the  program, f o r  WPI he funct ions as the  point-of-contact w i t h  
MITRE. For example, through him a l l  v i s i t s ,  equipment requests, 
and requests f o r  professional help are directed. 

I ndus t r i  a1 In teract ions 

The f a c u l t y  and students a t  WPI i n t e r a c t  regu la r l y  wi th  l o c a l  
corporate engineers. For example, i n  an e f f o r t  t o  develop a low 
f r i c t i o n  mounting system f o r  a custom accelerometer, the student 
p ro jec t  team members contacted a manufacturer of jeweled bearings 
and bearing assemblies. Gf ter  an i n i t i g l  phone conversation, the 
students arranged f o r  a p lan t  v i s i t  t o  meet w i th  an appl icat ions 
engineer. A s  a r e s u l t  o f  t h e i r  e f f o r t s ,  the e l e c t r i c a l  and 
mechanical engineering students no t  only learned about the use of 
jeweled bearings, but  a lso  convinced the company t o  donate the 
necessary components. 

I n  general, each p ro jec t  team has the  r e s p o n s i b i l i t y  of  
i d e n t i f y i n g  the system design areas they are having problems w i th  
and, i f  they so choose, contact ing a loca3 company which they 
bel ieve can help them solve t h e i r  problems. The corporations, i n  
turn,  have general ly been very recept ive t o  the student requests 
and have committed many hours o f  s t a f f  t ime toward helping our 
students. 

Design Reviews 

I n  add i t ion  t o  the  i nd i v idua l  corporate engineering contacts 
t o  help w i th  system designs and design reviews, we have had p ro jec t  
group design reviews. Most recent 1 y , f i v e  M I  THE 
scient ist /engineers spent a f u l l  week a t  WPI. Each p ro jec t  team 
had to meet w i t h  the  MITRE engineers f o r  a f u l l  morning or 
afternoon. During t h a t  t ime the students presented t h e i r  
experimental equipment, calculat ions,  theory and so f o r t h  f o r  
review. P r i o r  t o  the  meetings the  student teams were, as expected, 
q u i t e  nervous about what the  engineers might t h ink  o f  t h e i r  
e f f o r t s .  A f te r  the meetings, the students f e l t  t h a t  the expert 
comments f r o m  an outside source, the  i n s t r u c t i o n a l  informat ion and 
suggestions and just a5 importantly, the pra ise  they received f o r  
t h e i r  work w a s  wel l  worth the three t o  four haurs spent explaining 
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d e t a i l s  and operational aspects of t h e i r  projects.  
Af ter  the  student meetings, the TSC met w i t h  the  MITRE s t a f f  

members t o  review t h e i r  impressions of the projects. Comments 
ranged from minor suggestions concerning the strengthing of  mounted 
components t o  discussions of  major problems such as the  t rade-of fs 
between expected ba t te ry  power and ant ic ipated canister weight. I n  
short,  the meetings served as a focal  po in t  where both the 
students, the  WPI f a c u l t y  and the MITRE s t a f f  could c r i t i c a l l y  
evaluate the experiments and as a res t i l t ,  improve the chances of  an 
experiment working properly. 

It has become apparant tha t  regu la r l y  scheduled design 
reviews are c r u c i a l  f o r  any GASCAN pro jec t  program. W e  have found 
tha t  these reviews i d e n t i f y  problems i n  designs, can help f i n d  
+laws i n  4asic system approaches t o  experiments, a l low one t o  make 
changes t o  systems before they become d i f f i c u l t  t o  change or  a 
safety  problem, help i d e n t i f y  safety re la ted  issues and provide a 
good educational experience f o r  the students. We intend t o  
schedule these intense reviews f o r  twice a year f o r  our GAS I 1  
program, 

i 

SYSTEM DESIGN GOALS 

A l l  of  the  experiments the  student group5 are working on are 
based OR the  use of  a microprocessor based system con t ro l l e r  and 
the use of  a u x i l l a r y  e lec t ron ic  and electro-mechanical equipment. 
A s  ;3r r e s u l t  of t h i s  dependence we have spent considerable time 
se lect ing components and systems tha t  we bel ieve are su i tab le  f o r  
the GASCAN environment. 

Components And Logic 

Almost un iversa l ly ,  CMOS devices are the  l o g i c  elements of  
choice f o r  any design expected t o  survive the temperature extremes 
tha t  can b e  encountered i n  the canis ter  environment. While 
standard TTL devices can withstand a temperature range of  0 t o  70 
C, the 5 4 x x  ser ies  TTL fami ly  can w o r k  i n  an environment from -55 
t o  +I25 C. However, components i n  the 5 4 x x  l o g i c  fami ly  are not  
r e a d i l y  avai lable,  are expensive and have a high power consumption. 
Other MOS devices are general ly r e s t r i c t e d  t o  a temperature range 
s i m i l a r  t o  t h a t  of  standard TTL devices:- 

CMOS devices inherent ly  have an advantage over other fam i l i es  
f o r  two major reasons; f i r s t ,  t h e i r  operational temperature range 
and second, t h e i r  tolerance t o  supply vol tage f luctuati-ons. The 
nominal operational temperature range f a r  CMOS devices i s  -40 t a  
+85 C f a r  the 74Cxx  family. The supply tolerance f o r  these devices 
ranges from 2 t o  6 v o l t s  f o r  surne high-speed fam i l i es  t o  
approximately 4 t o  15 v o l t s  f o r  most a f  the 4 x x x  ser ies  of  CMOS 
components. I n  short,  the  devices are idea l  far harsh environments 
and have a minimal current draw. 

T h e  choice of  analog devices i s  no t  as c l e a r l y  defined for 
' o f f  -the-shelf ' companents. W e  have had considerable succes5 using 
the Texas Instruments TL061 ser ies  of  biFET operat ional  ampl i f iers.  
These devices have the advantages of having l u w  power supply 
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requirements (+/-3V m i n ) ,  very low cu r ren t  draw (2OOu#, t yp ) ,  
r e l a t i v e l y  h igh  s l e w  r a t e s  (2-3 V/usec t y p )  and a re  a v a i l a b l e  i n  
several  package arrangements. 

Other components, such as analog mul t ip lexers ,  converters, 
5ensors and so f o r t h  a re  chosen f i r s t  f o r  t h e i r  temperature range 
and low power consumption and second f o r  t h e  type  or  con f igu ra t i on  
avai lab le.  I n  a l l  cases, a v a i l a b i l i t y  i s  of prime concern and t o  
some extent ,  i s  more important than power draw. 

F i n a l l y ,  we have provided aur students w i t h  a l i s t  o f  
components t h a t  w e  'guarantee' t h a t  we w i l l  have a v a i l a b l e  f o r  
t h e i r  us2. T h i s  l i s t  inc ludes approximately twenty types o f  CMOS 
74Cxx  devices and approximately f i f t e e n  analog ICs such as 
operat ional  ampl i f ie rs ,  mu l t i p lexe rs  and analog-do-digital 
converters. Same system components such as 8OC85's and associated 
support chips, and other  i tems such as sensors, development 
hardware and connectors a re  a l s o  included i n  t h e  l i s t -  The purpose 
of t h i s  l i s t  i s  t o  cons t ra in  our students t o  components we b e l i e v e  
are  r e l i a b l e ,  easy t o  obtain,  somewhat inexpensive and easy t o  
rep lace i f  found t o  D e  defect ive.  The r e s u l t  i 5  t h a t  many o f  t h e  
c o n t r o l l e r  designs a re  very simple and incorpora,te standard 
components. 

B a t t e r i e s  And Powering 

There a re  several  i n t e r r e l a t e d  problems associated w i t h  t h e  
choice a f  a b a t t e r y  power source. These problems inc lude t h e  
f 01 1 owing: 

- The peak cu r ren t  draw required. 
- The se l f -d ischarge o f  t he  b a t t e r y  over time. 
- The a v a i l a b l e  energy i n  a c e l l  w i t h  temperature. 
- The d e s i r a b i l i t y  o f  recharging a c e l l .  
- The t o t a l  energy capaci ty  versus size/weiqht o f  a c e l l .  

There i s  no s i n g l e  b a t t e r y  t h a t  i s  appropr ia te f o r  a l l  requirements. 
General ly, t h e r e  are  two bas ic  types o f  c e l l s  # t h a t  can be used, 
those t h a t  a re  rechargeable and those t h a t  a re  not. 

Rechargeable c e l l s  have the obvious advantage t h a t  they can be 
reused. Two comman types t h a t  a re  r e a d i l y  a v a i l a b l e  i nc lude  the  
standard nickle-cadmium (nicads) c e l l  and t h e  g e l l e d  lead-acid 
c e l l s .  The lead-acid c e l l s  genera l l y  have a h igh  sel f -d ischarge 
ra te ,  can be recyc led  t o  any discharge l e v e l  w i t h a u t  a memory 
e f f e c t ,  have excep t iona l l y  h i g h  peak-current c a p a b i l i t i e s ,  m u s t  be 
vented and a r e  moderately a f fec ted  by temperature. aur cu r ren t  
can is te r  i s  based on the  use o f  GATES, sealed lead-acid (ge l l ed )  
cells.. 

Nicads are rechargeable, have a ?ow sel f -d ischarge ra te ,  have 
goad peak cu r ren t  c a p a b i l i t i e s ,  and are  genera l l y  more energy dense 
than t h e  g e l l e d  lead-acid c e l l s .  These c e l l s  have t h e  problem, 
however, o f  havirrg a memory f o r  discharge cycles. Unless these 
c e l l s  a re  f u l l y  discharged and charged each t ime they are  used, 
they w i l l  e x h i b i t  a memwy e f f e c t  and w i l l  e i t h e r  n o t  d e l i v e r  t h e i r  
f u l l  energy when discharged o r  w i l l  n o t  accept a f u l l  charge. 

There i s  some experience and t e s t  data i n d i c a t i n g  t h a t  
'heavy-duty' c e l l s  5uch as t h e  Durace l l s  and Eveready CSlkaline 
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c e l l s  are excel lent  f o r  shor t  durat ion space experiments C31. 
Their features inc lude exceptional energy densi ty a t  low current  
draws and a r e l a t i v e l y  s tab le  output vol tage w i t h  time. I n  
addi t ion,  they have a very long shel f  l i f e  and do not  need t o  be 
vented. The primary problem i s  tha t  they cannot provide very high 
peak currents  and t h e i r  energy a v a i l a b i l i t y  i s  s t rongly  dependent 
i3n the average current draw, dropping as much as 40% i n  t e s t s  we 
have performed a t  70ma (13.6wh a t  1.2V) and 3013ma (8wh a t  1,lV) . 
F i n a l l y ,  there i s  evidence t h a t  these c e l l s  are s t rongly  af fected 
by the ambient temperature, loosing much of t h e i r  energy a t  low 
temperatures but  regaining t h a t  capaci ty i f  warmed up C31. 

Data Storage 

Two reasonable approaches ex is t ;  storage on tape using a 
rtiggedized data recorder o r  storage i n  memory using some farm of  
nan-vo lat i le  memory device. Tape storage i s  i dea l  f o r  mas5 data 
storage. Becatise o f  the cost of  such u n i t s  (around 85000 minimum), 
huwever, other a l t e rna t i ves  may be more appropr iate f o r  smaller 
amounts o f  data storage. , 

One a t t r a c t i v e  approach t o  s to r i ng  data i s  the use of  ba t te ry  
backed-up CMOS HAM or  the  use of an inherent ly  s tab le  PROM such as 
an EEROM or an EPROM. CMOS RAM i s  low power, ava i lab le  i n  r e l a t i v e  
dense conf igurat ions and i s  r e a d i l y  in te r faced t o  any 
microprocessor system. I n  addi t ion,  many manufacturers have 32K 
and 64E standard bus CMOS boards ava i lab le  a t  reasonable pr ices.  
In addi t ion,  some of  the  commercial boards have a b u i l t - i n  ba t te ry  
back-up c a p a b i l i t y  based on the  use of  a L i th ium battery.  Since 
NASA w i l l  no t  a l low l i t h i u m  c e l l s  t o  be used i n  a canister,  the  
b a t t e r i e s  m u s t  be removed o r  replaced w i th  NASA acceptable units;.  

EEROM and EPROM need no such ba t te ry  support but  may requ i re  
unusual programming t im ing  and/or valtages. The l a t t e r  requirement 
can o f ten  be mi t igated through the appropr iate choice of  a device 
w i t h  a SV-only programming mode. Although these devices are 
a t t r a c t i v e  from a storage viewpoint, they s u f f e r  from two primary 
problems; storage capaci ty and aperat ional  temperature range. 
EF'ROMS and EEROMS are general ly ava i lab le  i n  2, 4 and 8K s izes w i th  
byte-wide data paths and are, p r imar i l y ,  based on NMOS technology. 
CMOS devices, w i t h  t h e i r  corresponding wider operat ional  
temperature range, are becoming more ava i lab le  however. 

One form of  data storage tha t  should no t  be overlooked i s  the  
use of a 35mm camera w i t h  a close-i;p lens and an autowinder, Such 
an arrangement has been used befure and reported OR dur ing the  
f i r s t  GAS User's Symposium C41. The f i l m  i s  used t o  record 
numerical data v i a  BCD disp lays i n  the  f i e l d  of  view af  the  camera. 
The advantage o f  such an approach i s  p r i m a r i l y  t h a t  f i l m  i s  a 
simple and permanent form of  data storage. To enhance the  amount 
o f  data storage required, the user need on ly  add a la rger  f i l m  
pack. 

Two other forms of  data storage inc lude t h e  use of  a movie 
camera and a video camera and recorder. Several par tab le video 
camera units are  now ava i lab le  t h a t  a re  except ional ly  small and are 
completely self-contained. A l l  necessary power requirements are 
pravided through the  use of the ba t te ry  pack included w i t h  the  
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camera. The user need only f i n d  a way t o  mount the uni t  and e i t h e r  
pad the un i t  or  ruggedize i t  against v ib ra t i ona l  damages. The 
movie ( f i l m )  camera, l i k e  a 3 5 m m  camera, i s  easy t o  use and 
general ly only requires a close-up lens. Such a camera has the 
advantage t h a t  i t  can take s ing le  frame pictures.  Based OR a three 
minute r o l l  of f i l m  a t  24 frames-per-second, a movie camera could 
be sszd t o  take more than 4000 ind iv idua l  frames of p i c t u r e  data. 
T h i s  is ,  obviously, many more than a 3 5 m m  camera can handle. 

Xsat Diss ipat ion 

It i s  imperative t h a t  GAS experimenters recognize t h a t  heat 
d iss ipa t ion  i n  an environment where there i s  RO a i r  convection 
presents a serious problem f o r  heat d iss ipa t ion  from e lec t ron ic  
components. Although one could add a low power fan, a more d i r e c t  
approach and c e r t a i n l y  a more r e l i a b l e  and lower power approach i s  
t o  proper ly heat s ink the ta rge t  devices. Prime candidates are 
pawer t rans i s ta rs  f o r  d r i v i n g  contro l  motors, voltage regulators  
and poss ib ly  special analog s ignal  processing I C ’ s .  

The so lu t ion  t o  the heat s ink pfoblem i s  simply ;to mount the 
devices on a s o l i d  metal wal l  such as the s ide of the e lec t ron ic  
housing. A l ess  a t t r a c t i v e  a l te rna t ive ,  but  accept ib le i f  the heat 
generation problem i s  l ess  severe, i s  t o  securely mount a device t o  
a wide copper ground plane on the host p r i n t e d  c i r c u i t  board. I f  
there is s u f f i c i e n t  metal i n  the ground plane, the device may be 
kept i n  a reasonable temperature range. 

Proper a t ten t i on  t o  t h i s  problem w i th  a lso  solve a second, 
equal ly important design problem, t h a t  of mounting cumportents so 
t h a t  they do not v ib ra te  and f a i l  during launch. A s  an example of 
problem consider the t y p i c a l  3-pin f l a t  pack voltage regulator.  
Proper mounting f o r  heat d iss ipa t ion  o i  t h i s  device w i l l  a l so  
provide a secure mounting mechanism. 

DEVELOPMENT SUPPORT 

With any program such as a GAS experiment development e f f o r t ,  
the host organizat ion should endeavor t o  provide the design teams 
w i t h  t he  proper development tools.  I n  an educational environment, 
except fur general laboratory equipment, design and evaluat ion 
t o o l s  are o-ften not r e a d i l y  avai lable. However, w e  have found t h a t  
there are a number of a ids t h a t  are useful  f o r  developing q u a l i t y  
experimental equipment. Some of these items w i l l  be discussed 
helow. 

Vibrat ional  Testing 

Although not s t r i c t l y  a design too l ,  
shaker t a b l e  c r u c i a l  t o  insure tha t  a 
I aunch envi ronment . I n  p a r t i  c u l  ar , w e  have 
adding accelerometers and have developed a 

we have found t h a t  a 
system w i l l  survive the 
ca l ib ra ted  our t a b l e  by 

special,  white-noise, 
spec t ra l l y  shaped s ignal  generator t o  d r i v e  the  t a b l e  con t ro l l e r .  
Based on pre l iminary shaker tests ,  we have already found problems 
w i th  some o f  our designs and have found v ib ra t i ona l  e f f e c t s  that ,  
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although nut considered a s t ruc tu ra l  problem, have forced us t a  
modify our design approach f o r  a given experiment. A n  example of 
t h i s  i s  a s i t u a t i o n  where we have used a stepper motor t o  ac t i va te  
a p is ton  i n  a pressure vessel. The shaker t e s t s  showed t h a t  the  
mator wottid move from i t s  'home' pos i t ion  t o  an unknown posi t ion.  
To counteract t h i s  action, our software rou t ines  now include an 
i n i t i a l i z a t i o n  procedure t o  force the motor t o  a 'home' pos i t ion,  
regardless of whether i t  wa5 there o r i g i n a l l y .  

Software 

Software support items include UP based development aids, 
word processing, d r a f t i n g  aids, p r in ted  c i r c u i t  board layout t o o l s  
and ana ly t i ca l  modeling aids. Although some o f  the t o o l s  were not 
ava i lab le  f o r  our f i r s t  canister,  we have Sound t h a t  a s i g n i f i c a n t  
amount of t ime i s  wasted i n  tasks t h a t  could be be t te r  handled w i th  
the  help of  a design too l .  Since there are a number of inexpensive 
t o o l s  ava i lab le  f o r  an IEM PC or  equivalent system, we have 
purchased a number of  these t o o l s  f o r  student use. 

6 word processor i s  avai lab le to the  p ro jec t  students. T h i s  
system al lows the  students t o  generate professibnal looking 
reports. This i s  an asset t o  the ind iv idua l  who must i n t e r p r e t  
those repor ts  and generate the PAR, PSDP and so for th .  

D ra f t i ng  a ids  are provided i n  the  form of general PC based 
p i c t u r e  drawing tools.  These too l s  can be used t o  generate 
f i g u r e s ,  mechanical drawings, schematics, system drawings and other 
types of  graphicai p ictures.  The software a lso  f i nds  use GS an a i d  
f o r  developing overheads f o r  presentations and discussion sessions. 
I n  par t i cu la r ,  l i k e  the word processor, the  a ids  are invaluable i n  
the  generation of graphics f o r  NASA documents. 

The Wintek ( t m )  p r i n ted  c i r c u i t  board design software i s  
ava i lab le  f a r  student use. For GAS I, a l l  of  our PCB designs were 
dofie manually, For GAS 1 1  and new GAS I boards, we w i l l  use the 
Wintek software t o  design boards. T h i s  software, whi le not  
providing t r u e  auto-design capabi l i tes,  does handle auto-routing 
and doGble sided boards. I n  addit ion, the output i s  a 2 X  layout  
t h a t  i s  camera ready. 

F i n a l l y ,  several ana ly t i ca l  modeling a ids  are ava i lab le  t o  
the students. These a ids  range from P-SPICE f o r  qeneral c i r c u i t  
analys is% to special ized Cnon-PC based) CAD packages f o r  thermal 
and mechanical model i ng. 

SUMMARY 

An organization considering the development of a GAS 
experiment should c lose ly  examine the support required t o  proper ly 
car ry  out such a development. We were rather  niave when we s ta r ted  
w i th  our GAS I pragram. A s  a result, i t  i s  l i k e l y  t h a t  o f  the 
o r i g i n a l  experiments we developed f o r  our f i r s t  canister,  on ly  a 
few of them w i l l  ac tua l l y  f l y .  

For our GAS I 1  program, w e  be l ieve  t h a t  w e  are much b e t t e r  
prepared t o  develop experiments tha t  w i l l  almost c e r t a i n l y  funct ion 
proper ly  i n  the  canis ter  environment. I n  par t ,  t h i s  i s  a r e s u l t  of  
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the development and evaluation mechanisms we have outlined above. 
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