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TECHNICAL KMORANDUH 

RESEARCH AND TECHNOLOGY, 
1984 ANNUAL REPORT OF THE MRSHALL SPACE FLIGHT CENTER 

INTRODUCTION 

The product  of a research and technology program i s  knowledge. The 
i n p u t  t o  the  program i s  the  dedicated e f f o r t  o f  h i g h l y  q u a l i f i e d  people, 
u t i  1 i z ing  spec ia l  i zed equipment and f a c i  1 i t i e s ,  doing t h e o r e t i c a l  , ana- 
l y t i c a l ,  and exper imental  work. 

Thi s r e p o r t  descr ibes t h e  accompl i shments of the Marshal 1 Space F l  i ght  
Center (VSFC) research and technology program f o r  FY-84. The successful  
f l i g h t  o f  OAST-1 and t h e  r e p a i r  o f  the So lar  Maximum Miss ion s a t e l l i t e ,  
enab l ing the  a c q u i s i t i o n  o f  new in fo rmat ion  whose ana lys i s  i s  j u s t  be- 
g i  nni  ng, h i  ghl  i ght  these accompl i shments. There are o thers  too  numerous t o  
ment i on here. 

Th is  r e p o r t  i s  presented i n  t h r e e  s e c t i  ons--Advanced Studies,  
Research, and Technology--wi t h  the Advanced Studies s e c t i o n  p r o v i d i n g  t h e  
background f o r  the  requirements under which t h e  R&T programs are conducted. 

The names, or,anizational symbols, and te lephone numbers o f  the con- 
t r i b u t o r s  t o  t h e  r e p o r t  as w e l l  as p u b l i c a t i o n s  generated d u r i n g  t h e  
r e p o r t i n g  pe r iod  are inc luded a t  the end o f  the  respec t i ve  t o p i c s .  The 
i n d i v i d u a l s  i d e n t i  f i e d  he re in  we1 come d i  r e c t  requests f o r  a d d i t i o n a l  i n f o r -  
mation. 



ADVANCED STUDIES 

SPACE STATION 

NASA spent 2.5 years  i n i t i a t i n g  a c a r e f u l  d e f i n i t i o n  process f o r  a 
Space S t a t i o n  so t h a t  an informed d e c i s i n n  cou ld  be made ?r! h9ather sr  no t  
t h e  Space S t a t i o n  should be the  next  major  s tep f o r  the  U.S. space program. 
I n  May 1982, t h e  NASA Admin i s t ra to r  es tab l i shed  the  NASA Space S t a t i o n  Task 
Force r e p o r t i n g  t o  the  NASA Assoc ia te  Deputy Admi n i  s t r a t o r .  Thi s  a c t i  v i  t y  
was a NASA-wide e f f o r t  i n v o l v i n g  a1 1 NASA Centers and Headquarters. 

The pr imary a c t i v i t i e s  were system and subsystem t r a d e  s tud ies  t o  
a s s i s t  t h e  task f o r c e  i n  d e f i n i n g  an o v e r a l l  Space S t a t i o n  a r c h i t e c t u r e  t h a t  
can be conceptua l ized as a c l u s t e r  i n  space. The c l u s t e r  i nc ludes  both 
manned and unmanned elements. The manned base cons is t s  o f  h a b i t a t  modules, 
1 ogi  s t i c s  modules, resource subsystems p r o v i d i n g  e l e c t r i c a l  power and 
thermal func t i ons ,  and l a b o r a t o r y  modules i n  which t o  conduct experiments 
and o the r  development a c t i v i t i e s .  A i r l o c k s  w i l l  be prov ided f o r  any re-  
q u i r e d  e x t r a v e h i c u l a r  a c t i v i t y  (EVA), and docking p o r t s  w i  11 be prov ided on 
modules f o r  r e c e i v i n g  t r a n s p o r t a t i o n  elements, suppl i e s ,  and i n h a b i t a n t s .  
The unmanned elements perform va r ious  f u n c t i o n s  i n  the  i n f r a s t r u c t u r e ,  such 
as science and Ear th  observat ions o r  m a t e r i a l s  processing. The manned and 
unmanned elements are complemented by o t h e r  f ~ n c t i o n s  and c a p a b i l i t i e s ,  such 
as t h e  a b i l i t y  t o  perform EVA and t o  deploy and r e t r i e v e  f r e e  f l y e r s  w i t h  

9 

t h e  use o f  an O r b i t a l  Maneuvering V e h i c l e  (OMV). The Space S t a t i o n  msy be 
used t o  support  h i  gh-energy o r b i t s ,  i n c l  ud i  ng geosynchronol~s placement and 
r e t r i e v a l  and p lane ta ry  i n j e c t i o n .  

The Johnson Space Center was se lec ted as t h e  lead cen te r  f o r  Space 
S t a t i o n  program development, and an a c t i v i t y  was i n i t i a t e d  t o  support  t he  
Request f ~ r  Proposal (RFP) p repara t i on ,  develop a re ference c o n f i g u r a t i o n ,  
and p rov ide  suppor t ing  data. Th is  was a NASA-wide e f f o r t  i n v o l v i n g  a l l  NASA 
Centers and Headquarters. The re ference c o n f i g u r a t i o n ,  ca l  l e d  the Power 
Tower, i s  presented i n  F igu re  1. 

E a r l y  i n  1984, MSFC was assigned t h e  lead center  r o l e  i n  t h e  advanced 
development area o f  a t t i t u d e  c o n t r o l / s t a b i l  i za t ion ,  onboard p ropu ls ion ,  and 
space mechanisms. The center  was l a t e r  assigned t h e  lead r o l e  f o r  s t r u c -  
t u r e s  which was combined w i t h  the  mechanisms a c t i v i t i e s .  MSFC has a sup- 
p o r t i n g  r o l r  i n  advanced development f o r  those d i s c i p l i n e s  where the  lead i s  
a t  another center .  These areas i n c l  ude thermal c o n t r o l  , env i  ronmental con- 
t r o l  and l i f e  support,  e l e c t r i c a l  power, communications, da ta  handl ing,  and 
hllman p r o d u i t i  v i  ty. These advanced development assignments i n c l  ude the  
f o c l ~ s i n g  o f  t he  O f f i c e  o f  Aeronaut ics and Space Technology (OAST) gener ic  
technology, devel oping t e s t  components, and developing and opera t i ng  ground 
t e s t  beds and f l i g h t  exper i r  r n t s .  

Advanced development plans were developed i n  FY-84 t o  o u t l i n e  the  com- 
I ponent development and t e s t s  needed t o  b r i n g  the  technology t o  a p o i n t  where 

i t  cou ld  be se lec ted by a Phase C/D c o n t r a c t o r .  

. ,.. > , ,, ..- ,<,; i . ; , " c -  I:; , '  - ~ ' - -  \.,:; . ..- . , ' ?  A 



Figure 1. Space S t a t i o n  Concept. 

MSFC developed p l a n s  f o r  a guidance, navigat ion,  and control (GN&C) 
t e s t  bed t e  demonstrate t h e  adequacy of advanced technology hardware and 
software t o  perform GNRC functions and t o  promote r e l i a b i l i t y  and long l i f e  
for  the Space S ta t ion .  

Advanced dewel oprnent p l  ans were devel oped f o r  propul sion,  incl udi  ng 
studf es, analyses, design, fabr ica t ion ,  and test  o f  propel  1 a n t  thermal con- 
d i t i  oner;; waste heat  sirnul a to rs  ; accwnulators; gaseous hydrogen thrusters 
for advanced oxygenjhyd rogen; and gaseous hydrogen propul s i  on systems 
a p p l l c a b r e  t o  the Space S ta t ion .  

The advanced development a c t i v i t y  for structures and mechanisms has 
becn defined t o  f ncl ude struct i l res and environmental protect ion,  mater ia l  s, 
and prototype hardware including rotatf ng j o i n t s ,  berthing systems, mobi 1 e 
m a n i p u l a t o r s ,  latches,  damping techniques, and erectable and deployable 
beams. 

Control Moment Gyroscope (CMG) I f  fe tests of  bearing and 51 t p  r ings 
were continued to  support CMG des ign  madi f f  c a t f  on. The CMG spin bearing 
l i f e  tes t  has now successfully completed 22,000 hours of tes t ing ,  and the 
CHG s l i p  r i n g  l i f e  test  successfully accumulated over 20,000 hours. Out- 
gassing tests continue to Indicate  tha t  the s e a l s  which w r e  added t o  pre- 
vent  excessive lubr icant  outgassing a r e  f u l  ly effect ive.  A m a t h  madel f o r  a 
lCMG hybrid s imula t ion  system was used t o  slmulate Space S t a t l o n  motion and 
i n e r t i a l  propert ies.  



HSFC a1 so conti nued advanced devel opment a c t f  v i  t i e s  i n  re1 ated areas. 
The E lec t r ic31  Power System (EPS)  t es t ing  was contjnved t o  detei-mlne the 
performance o f  h i s h - v o l t a g e  e l e c t r i c a l  power systems using programmable 
power orocessors and the operation and charge control o f  high-rol tage NiCd 
b a t t e r i e s .  Two 88-cell, 55-Ah batter ies are being tested t o  inves t iga te  
charge contro l  techntquer i n  an e f for t  t o  achleve optimum pr fonnance  under 
low-Earth o r b i t  c o n d i t i o n s  and t o  invest igate  the effects of  high-rate pulse 
discharge demands on the b a t t e r i e s .  One battery has accumulated 10,780 
orbf t a l  cycles and l s  presently being reconf igured  for f u r t h e r  tes t ing  , 
while the  seccnd ba t te ry  has  accumulated 10,200 cycles and i s  s t i l l  under- 
going tes t ing .  ( C .  Gregg/PMOl/205-453-0541) 

SPACE STATION TECHNGLOGY 

Thf s s y s t m  analysis was focused on the def ln l  t i o n  of techt~ology appro- 
p r l a t e  f o r  the  early Space S t a t i o n .  Rationale for techno1 ogy select ion 
i ncl uded 'improvement f n 1 -i fe  cycle cost, performance, mass, vol  ume , cmpl ex- 
i ty,  and growth potent ia l .  Specif ic areas o f  the Space S t a t i o n  selected f o r  
study, characterized broadly i n  Figure 2,  were the data management, sub- 
system autonwnous control , a t t i  tude control  , and thermal maqagenent . 

Figure  2 .  Space Stat ion Technclogy. 

I n  the da ta  management area, system requf rments , archi  tecture, and 
s o f t w a r e  were addressed. Archi tectsre analysis included prcl fmlnary def ln i -  
t f o n  c f  the  network i n t e r f a c e  module, and software analysis centered on 
charac te r is t ics  o f  the network operat ing system. For at t i tude  cont ro l ,  a 
typ ica l  Space S t a t i o n  conf igurat ion was modeled w i t h  a candidate two-axi s, 
double-gimbated, paral le l -mounted CMG system. Simulatfons us ing  t h i s  model 
were conducted t e  determine t h e  qua1 i ty and extent of contrc? provjdeu. 



Results were analyzed from these s imulat ions and recommendations made as t o  
akpropr ia te  methods o f  damping f o r  system motions outs ide the  con t ro l  o f  the 
CMG's. Two-phase systems d e f i n i t i o n  and options, bus cha rac te r i s t i c s ,  and 
con t ro l  features were spec i f i c  areas o f  analysis i n  thermal management. A 
comparison o f  s ing le -  and two-phase systems was a lso  included. Ammonia and 
water were studied as working f l u i d s .  For the technology selected i n  each 
area o f  study, a plan f o r  r eso lu t i on  was prepared which included t e s t  re- 
qu i  rements, fac i  1 i t y  needs, schedules, costs, and manpower. Study r e s u l t s  
a re  provided i n  "Space S ta t ion  Systems Techno1 ogy ," Vol s. 1-1 I I, Boei ng 
Aerospace Company Document No. D180-27935, February 1984. (Re Nixon/PD21/ 
205-453-4165) 

THE HUMAN ROLE IN  SPACE 

Appropr iate r o l es  fo r  humans and automation and combinations df  the two 
were examined. This contrzzted a c t i v i t y  focused on the perspect ive o f  human 
r o l e s  i n  con t ras t  w i t h  the  perspect ive of automation. Manned space f l i g h t  
experiences were analyzed and compared w i t h  estab l ished human capabi 1 i t i e s  
and 1 i m i t a t i o n s  i n  the space envi ronment. Contemporary and f u tu re  marlned 
missions were examined t o  prov ide t y p i c a l  tasks t h a t  are r ecu r r i ng  i n  t y p i -  
ca l  manned missions. Categories o f  human involvement f o r  each task were 
establ ished. The categor ies ranged from t o t a l  human involvement t o  t o t a l  
automation. V iab le  combi na t i cns  o f  human and automation involvement i n  each 
task were formulated, and re1 a t i  onshi ps f o r  performance, technol og ica l  r i s k ,  
and task implementation costs were establ ished. Costs were based on support 
requirements fo r  a l t e r n a t i v e  ways o f  performing each task. Compensation was 
i nc l  uded f o r  over1 appi ng support requi rements f o r  groups of simi 1 a r  tasks. 
The f i nd i ngs  are documented ill an arrangement which permits rap id  analys'is 
o f  manlmachi ne ro les  and are especial l y  app l i  cab1 e t o  the p re l  i m i  nary design 
phase o f  p ro jec ts  when dec is ion making i s  p a r t i c u l a r l y  d i  f f i c u l  t and i n -  
volves far-reaching e f fec ts .  F i n a l l y ,  requirements were i d e n t i f i e d  f o r  new 
technol ogi  es which enhance human capabi 1 i ti es . A1 so, speci f i c gui del  i nes 
and c r i t e r i a  regardi  ng human ro l es  f o r  advanced missions were devel oped. 
This contract ,  which was funded j o i n t l y  by the O f f i c e  o f  Aeronautics and 
Space Technology and the O f f i c e  o f  Space F l i gh t ,  was performed by McDonnell 
Doug1 as Aerospace Corporation. (S. Hal 1 /PD24/205-453-4136) 

AFT CARG8 CARRIER (ACZI 

The ACC i s  being studied as a po ten t i a l  improvement t o  the Space Trans- 
p o r t a t i o n  System (STS) . I t s  appl i c a t i o n s  inc lude  large-d i  ameter pay1 oads 
f o r  DOD, 1 arge Orb i t a l  Transfer Vehicles (OTV's) , t ranspo r t  t o  Low-Earth 
O r b i t  (LEO) o f  Large-Di ameter Re f lec to r  (LDR) subassemblies, propel 1 ant  
scavenging tanks f o r  OTV/Space Stat ion,  and add i t i ona l  Pay1 oad Assi s t  
Module-deployed payloads a t  reduced user charge. The ACC can be used t o  
augment the c a p a b i l i t y  o f  the  STS f o r  ca r ry ing  payloads t o  LEO and Geosyn- 
chronous Orb i t  (GEO) (F igure 3). 

During FY-84, the  6.4-percent acoust ic t e s t s  o f  the ST: k i t h  ACC were 
completed. When data review i s  complete, these t e s t s  w i  11 determine the ex- 
t e rna l  acoust ic and over-pressure et~vironment i n  the  v i c i n i t y  o f  the  ACC 
dur ing  the  l i f t - o f f  phase. Other t e s t s  were conducted o f  the  acoust ic 



transmission of ACC test panels (approximately 5 by 7 feet) i n  a special 
test chamber h i c h  allowed the gas on each side o f  the panel to be varied as 
the  acoustic leve ls  and frequencies were varied.  Results showed t h a t  &en 
the ins ide  o f  the ACC i s  purged with the helium a t  low pressures (< I  p s i g ) ,  
acoustic levels reaching the paylead are s i g n i f i c a n t l y  reduced. The ACC 
acoustic environment can be made equal t o  t h a t  i n  the Drbi t e r  payload bay. 
( J  . E. Hughes/PS03/205-453-0162) 
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Figure 3. A f t  Cargo C a r r i e r  (ACC) . 
PROPELLANT SCAVENGING 

The results o f  a study t o  inrestf gate the feasibl I f  t y  and requirements 
t o  scavenge propel lant  from the shutt le  External Tank (ET) and feedl ines a t  
the completion of a shut t le  missfon d l 1  be included I n  f i n a l  reports t o  be 
published fn November 1584. The study estimated t h a t  approximately 2.5 
rnllllon pounds o f  propel lsnt  w i l l  be a v a i l a b l e  far scavenging over a 10-year 
period (1991-2000) based on the current mission model. The study considered 
a number o f  scavenging concepts; two concepts were selected f o r  more de- 
t a i  led invest igat ion:  (1 )  propel lant  col lected i n  tanks located i n  the A f t  
Cargo Car r je r  ( A C C )  and the tanks delivered fran Low-Earth Orb1 t (LEO) t o  
Space S ta t ion  orhi  t v l  a an Orb1 t a l  Maneuvering Vehicle (OMV) , and ( 2 )  pro- 
pellant collected i n  tanks located f n  the ACC and del ivered from CEO to  
Spacn Stat ion o r b i t  with an integral propulsfon system. The systems wlll  be 
designed to  be returned t o  Earth v i a  the shuttle cargo bay. 

Techno1 ogies requl red to t ransfer  cryogenic propel 1 ants  from  he Et 
i n t o  the transfer tanks and from the transfer tanks i n t o  the o r b f t a l  
holding/starage tank a t  the Space Station r i c i n i  t y  under zero grav l  t y  w l  P 1 
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need t o  be developed. Gaugf ng the mount of cryogenfc propellant I n  a tank 
1 n a zero-gravi t y  envi ronment i s  a1 so a techno1 ogy t h a t  requi res dewel op- 
men t .  

Plans are t o  contfnue the ewaluatfon o f  the selected scavenging 
concepts/systms i n  1985 t o  invest1 gate scavengf ng tanks and other hardware 
recycling techniques and interfaces and t a  enhance cost estimates. (M. A. 
Page/PS03/205-453-0162) 

GEOSTATIONARY PLATFORM 

Past conceptual studies have 1 ndicated t h a t  a single shutt l  e-1 aunched 
experimental p l a t f o m  is needed in the early 1990's to enable operational 
geostat ionary p l a t  forms. This p l a t f o m  w o l d  demonstrate an integrated 
system o f  c m u n i c a t i o n s  and platform techno1 ogies. 

Current studies are evaluating the imp? i c a t i  ons o f  the ant i  c i  pared 
availability of a Low-Earth OrbS t (LEO) Space Stat ion and of updated projec- 
t i o n s  of Geosynchronous Orbit (GEO) O r b i t a l  Maneuvering Vehicles (OMV's )  and 
LEO-GEO t ransfer  vehicles. Although these studies have just begun, an ax- 
perimental geostationary p l a t f o m ,  such as shown in Figure 4 ,  might also 
serve to demonstrate Space Station, OMV, and Orbital  Transfer Vehicle (OTV)  
capabi 1 i t i e s  . Future r e d e f i n i t i o n  t o  incorporate these roles i s  ant ic i -  
pated. 

Figure 4. Gi?~stftti~nary Rl atform. 

Regardless of the f i n a l  form the experimental geostationary platfonn 
takes, the technologies t h a t  wuld be demonstrated by such a platform in-  
cl ude deployable structures and s t ruc tura l  mechanisms; act! r e  stabili z a t i o n  
of l a rge  space structures;  a high efficfency ac power system; LEO-to-GEO 

I 



t rans fer  o f  deployed structures; automated unmanned servf c i  ng a t  GEO; p l a t -  
form intermodule docking; an Integrated a t t i t ude  contro l  system f o r  docked 
p l  a t f  om modul es; mu1 ti beam antennas; scanning beam antennas ; accurate beam 
point ing ; i nterpl  a t f o m  11 nks; onboard c m u n i c a t l o n  swf t ch i  ng and process- 
i ng ; a pl atfonn c m u n i c a t i  ons control 1 er/pmcessor; 1 ink performance en- 
hancement techniques ; ef fec t i  ve i so t rop ic  rad ia ted hl gh power and sma l l  
Earth s ta t4  on antennas; dual pol ari z a t i  an Ka-band ; and use o f  h l  gh-power, 
1 ong-1 I fe ,  travel i ng-wave tube mpl i f i ers. ( R .  Durrett/PS04/205-453-2792) 

Pub1 i cat1 on: 

Ramler, J . ,  and R. Oorrett, "NASA's Geostationary Cmun ica t i ons  Platfonn 
Program," Palper No. AIM-84-0702 i n  Proceedings o f  the 10th AIM Comnuni- 
cat ions S a t e l l i t e  S stems Conference (Orlando, Flor ida ,  March 19-22, 
m w p .  61  3-623). 

STRUCTURAL ASSEMBLY DEMONSTkATION EXPERIMENT I SADE l 

SADE i s  a proposed 1987 s h u t t l e  f l i g h t  experiment t ha t  wil l  demonstrate 
t h a t  r e l a t i v e l y  complex s t ruc tura l  systems can be b u i l t  i n  space. Two 
ground t e s t s  serfes were canpleted i n  MSFC? Neutral Buoyancy Simulator i n  
1984. The SAD€ s t ruc ture  was assembld i n  almost i t s  fu l l  f l i g h t  configura- 
t ion ,  p e m f t t i n g  a funct ional evaluat ion o f  a l l  basic hardware elements; 
i . em,  connectors, 1 atches, moving s t ruc tura l  members, etc. A1 1 assembly 
procedures were verf f i  ed , and a prel  i m i  nary assessment o f  fl ight-real i s t i c  
time1 ines was obtained. The assembly time va r ied  frm about 50 mf flutes for 
the f i r s t  run t o  about 25 minutes for the seventh run. The corresponding 
disassembly t ime range was 20 t o  40 minutes, A quick-look t e s t  repor t  was 
published by the Massachusetts I n s t i t u t e  o f  Technology i n  August 1984. 
F i  gure 5 depicts the SAD€ concept. (J .  Harri sonlPS04J205-453-2795 1 

l i 
F i  gure 5, Structural  Assembly Dmonstratf on Experiment (SADE). 



SOLAR ARRAY FLIGHT EXPERIMENT VOLT I 1  - 
The proposed VOLT I 1  f l i g h t  experiment w i l l  r e f l y  the solar array 

equipment (w i th  some modi f i ca t ions ladd i  t ions)  from the OAST-1 experiment. 
The OAST-1 f l i g h t  p r imar i l y  evaluated the dynamicslmechanics o f  the large 
1 ig'tweight so lar  array and deployment boom operation, while the proposed 
VC'L.: I 1  experiment w i l l  add addit ional ac t ive  solar  e l e c t r i c  panels ( t o  
se' t'-generate voltages above 400 Vdc) and diagnost ic i ns t rumata t i on  so tha t  
t 1::. in teract ions of the Earth's plasma wi th a large, high-voltage (> lo0 Vdc) 
scl a r  array can be fu l  l y  evaluated i n  operational system configurations. 
Sol a r  array desi gn considerations cur ren t ly  1 i m i  t operational vol tages (and 
thus e f fec t i ve l y  spwecraf t  d i s t r i b u t i o n  voltages) t o  be1 ow 2100 Vdc due t o  
po ten t ia l  insu la t ion  breakdownlcurrent leakage resu l t ing  from interact ions 
w i th  the Earth's plasma. The size o f  the array i s  increased, and the weight 
o f  :onductor wire i s  a1 so increased i n  the array and i n  the Spacecraft Dis- 
tr i ~ u t i o n  System due to  lower operating voltages. 

The proposed VOLT I 1  experiment o f fe rs  unique potent ia l  opportunit ies 
f o r  low cost b: using previously flown and avai lab le equipment (w i th  modi f i -  
cations f o r  p l  asma instrumentation and addit ional a c t i  ve sol a r  col 1 ectors) , 
and p r o t o f l  i g h t  system configurations. Plans f o r  potent ia l  involvement o f  
the science community i n  the proposed f l i g h t  experiment have been defined 
and coordinated with NASA Headquarters. (R. L. Middleton/PS04/205-453-2792) 

Pub1 icat ion:  

Carruth, M. R., and C. K. Purvis, "Space Test Program of High Voltage Solar 
ArrayISpace Plasma Interactions," USAF Spacecraft In teract ions Tech- 
no1 ogy Conference, A i  r Force Academy, Colorado, October 4, 1983. 

DEPLOYABLE ANTFhJA FLIGHT EXPERIMENT 

F l i g h t  t e s t  de f in i t ion lp lann ing  was continued i n  FY-84 together w i th  
i n i t l a t i o n  o f  t e s t  hardware designs f o r  aperture deploymentlretraction 
ground tests. These f o l  low-on a c t i v i t i e s  augment the para1 l e l  system 
d e f i n i t i o n  studies during FY-80 through FY-83 on a 50-meter antenna 
(Orbi ter-attached) f l i g h t  test .  Candidate conf igurat i?ns analyzed for  
f l i g h t  test ing are depicted i n  Figure 6. The base1 i n e  50-meter antenna tes t  
program addressss preva i l ing  needs f o r  la rge  space sensor capab i l i t i es  on 
future appl i c a r  ~ n s  o f  microwave radiometry, mu1 t i  beam canmunicati ons, 
spaceborne rilrlar, and radio astronomy. The f l i g h t  t e s t  a r t i c l e  i s  con- 
f igured a-  a reusable t e s t  bed which u t i l i z e s  a l ightweight  prec is ion 
s t r u c t w e  f o r  large, phased-array apertures as well as parabolic r e f l e c t o r  
apertures. This s t ruc ture  systems tes t  wi 11 va l ida te  the integrated perfor- 
mance o f  several component technology thrusts undergoing development and 
t e s ~  by NASA and DOD (prec is ion s t ruc tura l  j o i n t s ,  lenslarray membrane, 
7 rge rleployable mast, large mesh apertures, antenna feed systems, etc .). 
Oeveloped f l i g h t  hardware, such as the f l i g h t  support system developed f o r  
the Mu1 t i m i  ssi  on Modular Spacecraft (MMS) , i s  used for s t ruc tura l  integra- 
t i o n  wi th thc~ Orbiter.  

C:~(rent program a c t i v i t i e s  are focused on development o f  smaller t e s t  
a r t f  z l e  designs f o r  s t ruc tura l  ground t e s t  which can also be u t i l i z e d  f o r  
s~osequent f l i g h t  tests. Test a r t i c l e  designs i n i t i a t e d  i n  FY-84 are based 
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on radiat ing membrane configurat ions dewel aped duri  ng recent Defense 
Advanced Research Projects Agency (DARPA) /USAF techno1 ogy programs. The 
s t ruc tura l  depl oymentl retract i  on val idat i  on tes ts  are being pursued as a 
cooperative NkSAJOOD t e s t  program t o  support large spaceborne radar sensors 
and at  her app l  i c a t  i ons. (U. Thompson/PS04/205-453-2792 1 

t Figure  6. k p l  ayable Antenna F1.l ght Experiment. 

The space shuttle prottfdes an eff icient method of deliverfng and re- 
trfeving spacecraft t o  and from low-Earth o r b i t .  The efficfency of  the 
s h u t t l e  can be enhanced by using a minispace tug called OMV uhich has been 
studied a t  MSFC f o r  several years, The OMV will operate I n  orb j ts  higher 
than the shut t le  parki  ng o r b j t  and may a1 so be used i n  geosynchronous o r b i t s  
when delivered by high-energy upper stages such as t h ~  Transfer Orbit Stage 
(JOS), Centaur, and Orb1 t a l  Transfer Vehicles ( O T V ' s ) .  Th is  system i s  
close1 y associated wi  t h  the o r i g i n a l  Teleoperato~ Retrieval System (TRS), 
nhi c h war developed earl ie r  to  mboostldeboost the Sky 1 ab , 



In-house and contracted conceptual (Phase A) studies were coneluded i n  
October 1983. These studies Id to the conceptual d e f i n i t i o n  o f  a highly 
e f f i c i e n t  vehf c l e  vrhich can be used for a d d e  range o f  services. A repre- 
sentatf  ve conf igurat ion sham i n  Figure 7 depicts the use o f  the rehlcle to  
support the delivery, r e t r i e v a l ,  tebaost, viewing, and servicing of  free- 
f ly ing s a t e l l i t e s .  I n  addi t ion,  the a l V  veh ic le  will be a v a i l a b l e  f o r  
assembly and bui ldwp of  the in1 t i a l  Space Stat ion and wi 11 provide augmenta- 
t f  on and enhancment t o  the Space Stat ion.  Many spec1 f i c  configurat ions a re  
befng studied, but the vehicle can genera l ly  be described as a r e l a t i v e l y  
t h i n  wafer, approximately 3 t o  4 f ee t  th ick  and approximately 15 feet i n  
diameter, T h i s  conf igurat ion allows i t  to be directly mounted t o  the 
shuttle longerons and keel without the use o f  a cradle and thereby maximizes 
the shut t le  payload manifesting f l e x i b i l i t y .  The OM1 dl1 be contro l led 
i n i t i a l l y  from the ground and l a t e r  from the  Space Stat ion when it becanes 
operat ional .  

Many advanced m i  ssl ons are visual i zed beyond the missions shorn i n  
Figure  7. The OMV can support on-orbi t re fue l ing  and serv ic ing functions by 
the addi t ion o f  mission k i t s  consist ing o f  r e f u e l i n g  s a d u l e ~  and 
manipul a t a t l s e r v i c e r  s y s t m s  capable of module exchange. In addi t ion,  
specialized docking systems and/or end effectors wil l  make f t  possible t o  
col  lect debri s and lret r i  ere tumbl i ng spacecraft,  

F igure  7. I M V  Operatf onal Missions. 

The Request f o r  Proposal (RFP) f o r  OMV Phase B studies was released i n  
January 1984. Contracts f o r  th ree  12-month Phase B studies were awarded i n  
August 1984 t o  Mart in P a r l e t t a ,  LTV, and TRW. These a c t i v i t i e s  a re  being 
suppolBted by concentrated supporti ng devel opment a c t i  v-i ti es 1 n the rendet- 
vous and docking simul at1 an areas, i ncl ud i  ng the design, t e s t 1  ng , and eval u- 
a t  i an o f  var ious dockl ng interfaces and dockl ng/rendezvous aids,  Part1 cut ar 
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mphari s I s bei ng p l  aced on manlmachi ne system control  s and rendezvous and 
docking sensors. These a c t i v i t i e s  utilize the simulat ion capabilities of 
the Docking Dynamic Sirnulatar ( s i x  degrees of freedom), the OMV F l a t  Floor  
Simulator Facility, and the Target Motion Simulator, and are fur ther  sup- 
ported by several fndustr ja l  f a c i l i t j e s .  ( W .  Huber/PF14/205-453-5311) 

ORBITAL TRANSFER VEHICLE (OTV) 

Marti n Nar iet ta Aerospace Corporati on and Boei ng Aerospace Company were 
awarded contracts i n  July 1984 t o  perform para1 lel 15-month concept defi n i  - 
t i o n  studies o f  Orb i ta l  Transfer Vehicles (OTVLs) .  These studies are 
j o i n t l y  funded by the Advanced Programs Off ice o f  the O f f i c e  o f  Space F l i g h t  
and the Space S t a t j  on Program Office. The studies wi 1 1 invest igate  a1 terna- 
t i  ve OTV concepts and conduct program-1 eve1 trade stud1 es which wi 1 1 a1 1 ow 
focusing the OTV program toward f u tu re  development. The studies w i  11 a1 so 
de f ine  potent i  a1 Space Stat ion accomnodati ons, hardware el ments,  resources, 
and i n te r faces  necessary to  support a space-based OTV f l e e t .  A rep r~sen ta -  
t ive  space-based OTV concept i s  shown i n  Figure 8. 

Figure R. Orb i te l  Transfer Vehfcle. I 
A study completed by General Oynamics/Canvalr def ines the t e s t  bed ro le  

o f  an ear ly  manned Space Statfon i n  the context clf technology development 
and demonstratton for space-based OTV se rv ic ing .  This study resulted f n an 
1 ntegrated OTV serv i  c f  ng technol  ogy dpLtel opment p1 an t h a t  addpesses the  

1 requirements for ground analysis and test ing, shut t le  s o r t i e  rnf ssi  ons, and 
Space Stat ion technol ogy devel olpnent m i  s s i  ons in several technol ogy d l  sc i  - 
pP i ne areas and provf des schedule and funding est f  mates. 



Technology studies aimed a t  improving the performance o f  cryogenic 
stages have been underway f o r  several years and involve advanced engine 
studies, cryogenic propel 1 ant management breadboard t e s t i  ng , and aero- 
ass i s t  system technology and fl i g h t  experiment de f i n i t i on .  A reference OTV 
mission model has been developed tha t  covers f i s c a l  years 1993 through 2010. 
(D. Saxton/PS03/205-453-0162) 

ADVANCED TRANSPORTATION SYSTEMS 

Studies o f  Shuttle-Derived Vehicles (SDV's) (Figure 9 )  continued t o  in-  
ves t i  gate means t o  u t i  1 i ze Shut t le  components t o  configure unmanned vehicles 
t h a t  have increased payload weight and size capab i l i t ies .  Emphasis has been 
on conf igurat ions tha t  have capab i l i t i es  t o  evolve t o  a Heavy L i f t  Launch 
Vehicle (HLLV). The two conf igurat ions w i th  intermediate payload capab i l i t y  
(80,000-160,000 pounds) are the side-mount concept wi th the Orbi ter  replaced 
w i th  a cargo c a r r i e r  and propul sion/avionics module; and the in-1 i n e  concept 
w i th  the Orbi ter  removed, the Space Shutt le Main Engine (SSME) placed under 
the External Tank (ET), and the payload placed above the ET. Each concept 
has been studied with expendable and reusable propulsion systems. A vehic le 
w i th  expendable propul sion systems could be developed i n  approximately 4 
years and serve as a complementary cargo vehicle t o  the shutt le.  This 
vehic le could evolve to  a vehicle w i th  the reusable propulsion system which 
would be more economical . 

Studies have also been performed t o  configure an HLLV w i th  a payload 
range o f  200,000 t o  500,000 pounds. These concepts evolved from the SDV and 
empl oyed 1 i quid boosters w i th  hydrocarbon booster engines and t h i  r d  stages 
w i th  1 ox/ hydrogen engines . (M. A. Page/PS03/205-453-0162) 
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Figure 9. Shutt l  e-Deri ved Vehicles. 
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TETHER APPLICATIONS I N  SPACE 

Research and development efforts over the past several years have se- 
slrlted i n  the implementation o f  a tethered satell'lte system l o  Inves t iga te  
electrodynamic power and force generati on, as we? 1 as upper atmospheric 
phenmena, 

As an outgrowth o f  tnvest igat jons of tethers i n  space, a large number 
and varfety of other tether  applicatf ons are under study. dmong them are 
tethered momentum transfers  between the O ~ b i  ter and v a r l  ous pay1 oads , 
tethered p l  a t  forms and constel 1 a t i  ons, power and thrust generation through 
el ectrodynamic tethers,  and propel 1 a n t  storage and t ransfer  by tethered fuel 
depots under f rac t iona l  gravj  ty  ( F f  gure 10). Effor ts  are underway t o  deter- 
mine tether  appl i c a t ~ o n s  to  t h e  Space Statden. A study on the Impact of 
t e t h e r  operations t o  the Space Station was concluded and subm4 tted t o  the 
Space Stat ion Task Group. 

Figure 10. Tether App1lcatlons i n  Space, 

The werall program pl annfng for FY-85 and later years has been per- 
formed by a H4Sd Tether Appl fcetions I n  Space Task Group chsl red by MSFC, 
and i s  continul ng on an annual bas4 s. Various promising concepts are under 
study by the Smithsonfan I n s t i t u t i o n ,  Martin Marietta Aerospace Corporation, 
McDonnel 1 Doug1 as Aerospace Corporatf on, and other organi x a t i  ons , 



Major e f f o r t s  are planned i n  te ther  appl i c a t i o n s  t o  spacecraf t  deploy- 
rne..t and unpowered reentry,  t o  te thered constel  1 a t i ons  o f  spacecraf t  or  pay- 
1 oads, and t o  electrodynamic power generat ion through te thers .  

Although t e the r  app l i ca t i on  inves t iga t ions  are a r e l a t i v e l y  new devel- 
opment, they i nd i ca te  great promise i n  t h e i r  po ten t i a l  t o  enhance mission 
economics i n  power generat i  on, o r b i t  change o f  spacecraf t ,  and improved 
spacecraf t  serviceabi  1 i t y  by c l u s t e r  formation. (G. von Tiesenhausen/PSOl/ 
205-453-2789) 

Pub1 i ca t ions :  

von Tiesenhausen, G., "Tethers i n  Space--Bi r t h  and Growth o f  a New Avenue t o  
Space U t i l i z a t i o n , "  NASA TM-82571, Marshall Space F l i g h t  Center, 

Alabama, 1984. 

NASA Techer i n  Space Working Group ( G .  von Ti esenhausen, Chai rman) , "Tether 
Appl icat ions i n  Space, a 4-Year Program Plan, 1984-1987," Marshall  
Space F l i g h t  Center, Alabama, 1984. 

GRAVITY PROBE-B (GP-B) 

Stanford Un i ve r s i t y  and MSFC have f o r  a number o f  years been developing 
::,perimental techniques aimed a t  de tec t ing  the grav i  tomagnetic f i e l d  pre- 
d i c t ed  by E ins te in ' s  General rheory of R e l a t i v i t y .  This new t e s t  o f  the 
theory invo lves measuring the precession o f  an o r b i t i n g  gyroscope as caused 
by the pred ic ted gravitomagnetic f i e l d .  Since t h i s  precession i s  only on 
the order o f  0.05 arc  second per year, the task o f  measuring i t  i s  indeed 
formidable. A t  the t ime t h i s  t e s t  was conceived, several areas o f  technol-  
ogy were requi red t h a t  were beyond the s ta te-of - the-ar t .  However, i n  June 
1580, a review committee o f  s p e c i a l i s t s  selected by NASA sta ted t h a t  the 
present technology was now ready f o r  f l i g h t  development, and the Grav i ta-  
t i o n a l  Physics Committee o f  the  Space Science Board i d e n t i f i e d  i t  as the 
number one p r i o r i t y  program i n  g r a v i t a t i o n a l  research. MSFC and Stanford 
Un i ve r s i t y  completed a comprehensive Phase B study on the GP-B observatory 
i n November 1982. The design con f i gu ra t i on  and prograimnatic planning re- 
s u l t i n g  from t h i s  study subsequently have been res t ruc tu red  t o  reduce the 
o v e r a l l  cost (see F igure 11). The Nat ional  Academy o f  Sciences has given 
t h i s  rest ructured program a strong endorsement (December 1983) and has urged 
i t s  near-term development f o r  f l i g h t .  I n  l a t e  1983, several Nobel laureates 
wrote the NASA Admin is t ra tor  dec la r ing  the s c i e n t i f i c  importance o f  the GP-B 
miss ion and urg ing i t s  support avd implementation by NASA. I n  March 1984, a 
p lan  f o r  the development o f  GP-B wbs presented t o  the NASA Administrator,  
and he agreed wi th  the proposed development approach. Because GP-B requi res 
t h a t  a number o f  h igh technology components be in tegra ted  i n t o  a func t ion ing  
i nstrument/spacecraft system, the planred implementation approach includes 
an engineering development phase i n  which the i n t e g r a t i o n  and t e s t  o f  many 
o f  these technologies w i l l  be demonstrated on the ground and i n  a s h u t t l e  
f l i g h t  before i n i t i a t i n g  development o f  the actual  science mission. The 



present schedule and planning are f o r  the engineering development phase t o  
begin i t - *  FY-85 w i t h  a s h u t t l e  t e s t  f l i g h t  i n  FY-89. The s t a r t  o f  the 
science mission could begin as e a r l y  as FY-88 and w i l l  be based OP r esu l t s  
o f  the overa l l  program sta tus and ground tes t ing .  

Advanced development e f f o r t s  are cont inu ing a t  Stanford and MSFC. A 
new suspension system f o r  l e v i t a t i n g  the gyro r o t o r  was tested and has 

'.! apparent ly solved the problem o f  resonance pumping o f  energy i n t o  the r o t o r  
! t h a t  resu l ted i n  considerable r o t o r  damage. This advance, coupled w i t h  pro- 

gress i n  r o t o r  po l i sh i ng  and depos i t i on  o f  a t h i n  niobium f i l m  of uniform 
thickness on the ro to r ,  has resu l ted  i n  the l e v i t a t i o n  and spin-up o f  a 
f l i g h t - q u a l i t y  r o t o r  f o r  the f i r s t  time. 

A three-axi s, scanning Superconducti ng Quantum In te r fe rence  Device 
(SQUID) magnetometer capable o f  mapping f i e l d  reg1 ons o f  l om8 gauss was 
developed and tested. I n  add i t i on  t o  obta in ing a more de ta i l ed  and accurate 
mapping o f  the on-axis magnetic f i e l d  w i t h i n  the low f i e l d  region, i t  a';c 
a1 lows o f f - ax i s  measurements t o  be accompl i shed, r e s u l t i n g  i n  a complete 
topo log ica l  map o f  the magnetic f i e l d .  A f a c i l i t y  cons is t ing  o f  a Wayne- 
George ti 1 t i n g l r o t a t i n g  tdb le  on which a slosh-proof l i q u i d  he1 ium dewar can 
be mounted f o r  t e s t i n g  a s i ng le  gyro has been designed, fabr icated, and 
p a r t i a l l y  assembled. This f a c i l i t y  w i l l  a1 low very accurate d r i f t  t e s t s  o f  
a s i ng l e  gyro t o  be accommodated. 

An apparatus f o r  measuring the e l e c t r i c a l  breakdown vol tage o f  niobium- 
sputtered samples was designed, bui 1 t , and tested. Samples produced by 
var ious spu t te r ing  techniques have been eval bated using t h i  s t e s t  device. 
Surfaces prepared by i on  m i l l i n g  resu l ted  i n  samples w i t h  the h i g i c r t  break- 
down voltages, and burn- in o f  the surface a1 so ra ised  the breiikdown 
vol tage. 

An ana l y t i ca l  method o f  assessing the gyro torques due t o  surCace topo- 
graphy, va r i a t i ons  i n  coat ing thickness, and inhomogenei t i e s  was developed. 
This technique w i l l  a l low more rap id  turnaround on and i n s i g h t s  i n t o  assess- 
i n g  the impact o f  t radeo f fs  among the various r o t o r  parameters. 
(A. Neighbors/PF16/205-453-5585) 
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F i g u r e  11. Gravi  ty Probe-B. 

EXTENDING V L B I  TO SPACE 

Radio inter ferometry  c t ~ o t v a t i  ons o f  ce les t i  a1 sources a re  rout ine ly  
performed on Ear th  by using atomic Fteq~ency standards t o  synchronize redfo 
telescopes tha t  may be  separate^ by as much as in te rcont inenta l  distances. 
Angul a r  resol u t i  on superf or  t o  t h a t  o f  Earth- based o p t i c a l  t e l  escapes has 
been a c h i e v e d .  By pl acing one or more o f  the observing elements i n  Earth 
o r b i t  and making observatfons i n  concert with those on the ground, s i g n i f i -  
cant  advantages over purely ground-based systems can be obtained. 

An fnf t i a l  step wuld be to  utf  l i z e  the c a p a b f l i t y  of  the space shut t le  
t o  demonstrate orbi t i r lg  Very Long Baseline Interferometers (VLB1'5) by de- 
ploying a large re:.rtevable antenna attached t o  the shutt le .  T h i s  mission 
c o u l d  be p a r t  o f  the large Deployable Antenna F l i g h t  Experiment t h a t  has 
been under act1 be study by MSFC and aerospace contractors  during the past  
several years, pravfding an on-osbit tes t  of an antenna system that has 
po ten t ia l  app:icatians I n  c m u n i c a t f  ons and Earth observatians. One pos- 
sible antenna concept i s  shown tn  Figure 12. During the missfon, about 3 
days would be devoted t o  V t B  J observatl ons. An a1 t e r n a t i v e  system now under 
study a t  MSFC i s  a 15-meter antenna aboard the shuttle t h a t  could l a te r  be 
used on the Space P l a t f o m  or perhaps on an Explorer-class mission. 
Although a larger aperture antenna i s  desirable, an important set of b r i ~ h t  
sources could be observed w i t h  a space antenna as small as 10 meters i n  
diameter. 

During 1981, a technica? wrk ing group ws establ ished to ass is t  i n  the 
science and mission design g f  a VLBI  experiment. S c i e n t i f i c  objectives and 
m l  ss i  on and system/subsystm requi r m e n t s  for perform1 ng a VSB 1 dmonst ra- 
t i o n  have been established. 



F i g u r e  12. Very Long 8aseline In ter ferometer  (VLSI) 
Possi bt e Antenna Concept. 

Future VLBI missions wil l  be i n t e r n a t i o n a l  i n  scope. The working group 
has met several times wf th  s c i e n t i s t s  from the Centre Nat iona l  DbEtuudes 
Spat ia les  (CNES) and Europcan Space Agency (ESA) working groups f n support 
o f  a VLBI m iss ion  study which wu;d use spacecraf t  developed by Europe and 
the U.S. i n  highly el 1 i p t i c a l  o r b i t s .  3ne spacecraf t  concept which i s  now 
being pursued i n  more depth i s  Quasat ,  based on a j o l n t  U.S./ESA prupgsal t o  
f l y  a 14- t o  25-meter antenna Fn a 15,000 km apogee o r b l t ,  Study e f f o r t s  a t  
MSFC a r e  cont inu ing t o  concent ra te  on a cooperat ive  venture  w l t h  Langley 
Research Center t o  mcdl f j  an antenna dewel oped by the Har r i  s Corporatl 'on . 
T h i s  antenna cou ld  be used f o r  a VLBI s h u t t l e  d m o n s t r a t l o n  a t  a cost o f  
approximately f 12-15 m i l  1 ion. (M. Weinll'SOZJ205-453-3430) 

ADVAYCED X-RAY ASTROPHYSICS FACILITY IAXAF 1 

A c r i t i c a l  element o f  the AXAF observatory i s  t he  High-Resolvtf  on 
Mf r r o r  Assembly (HRMA), cons is t ing  of s i x  concent r ic  p a l  rs o f  glass m i r r o r  
elments which are figured, pollshed, and p r e c i s e l y  al igned t o  r e f l e c t  and 
focus high-energy x rays (up t o  10 keV) a t  the fochl plane o f  science i n -  
struments 1 ocated 10 meters away. I f  the perfomance goal s for the HRHA are 
achieved, the AXAF observatory w l  1 1 o f f e r  an x-ray a s t  r o n m y  capabi 1 i ty  100 
t imes  more s e n s i t i v e  t h a n  i t s  predecessor, HEAO 2. AXAF, t n  c o n j u n c t i c n  
w l  t h  1 arge, ground-based r a d i o  te lescopes and the opt1 cal Space Tel escope 
(ST )  t o  be laurched i n  1986, w i l l  c m p l  ete the trl ad o f  astropnysf  cs  capa- 
b f l i t i e s  needed to support man's e x p l o r a t i o n  o f  the un iverse through the 



remainder of the 20th century. AXAF w i i ?  have the c a p a b i l i t y  t o  study a l l  
knawn c a t e g o r i ~ ;  o f  astronomical  objects and t o  d i scove r  new ones. MSFC's 
ongoi ng Techno1 ogy Pi rror Assembly (TMA) program i 3 Strbcturod t o  veri fy 
t h a t  che technology goals establ ished f o r  the HRMA are achievable i n  a t ime- 
Frame compat ib le wi th  i n i t i a t - i n g  development go-ahead (Phase C / D )  f o r  AXAF 
i n  FY-87. Ea r l y  i n  1985, TMA t e s t  a c t i v i t i e s  will be i n i t i a t e d  a t  MSFC to 
assure t h a t  t h i s  technology i s  well i q  hand and well understood on a timely 
bas i  s. Para1 lel Phase 9 observatory systems de f in i t i on  cont racts  were 
awarded i n  June 1984, and wi 1 1 be funded through June 1986. Forty-one re -  
sponses have been received t o  an AXAF science announcement o f  oppostunj ty. 
Science instruments for AXAF wi 1 1  be selected by a peer group i n  December 
1984; 2-year d e f i n i t i o n  e f f o r t s  w i  1 I be inS ti ated i n  February-March 1985. 
These a c t i v i t i e s  and the technology support e f f o r t s  now i n  p lace w i l l  readi-  
l y  support the p r i o r i t y  new s t a r t  f o r  AXAF i n  FY-87, leading t o  an opera- 
t i o n a l  AXAF observatory program s t a r t i n g  i n  1991. A 15-year program i s  
planned based on prov i  s i  ons f o r  on-orbi  t maintenance and re fu rb i  sbirnent c f  
both +,he obs2rvatory subsystems and the science instruments. An a r t i s t ' s  
rendi Eion of the AX! observatory i s  shown i n  Figure 13. 

F i g u r e  13. Advanced X-Ray Astrophysics Faci  1 i ty  ( AX.IF) . 
Progress i n  m i r ro r  gr ind ing and p o l i s h i n g  i n  the TMA program proceeded 

toward c m p l e t i e n  i n  ear ly  1985. Both the Perkin-Elmer (P-E)  approach, 
which i s  based on an improved vers ion of t h e  HEAO 2 process, and the I t e k  
v e r t i c a l  hoping approach cont inue t o  show promise. The l t e k  process has 
lever before  been demonstrated but i s  considered very important because i t  

i s  much f a s t e r  than the P-E process. If i t  continues t o  be successful, i t  
w i  1 l represent a ral uabl e a p t i  on i n  the ove ra l l  op t i c s  rnanuf ac i u r i  ng process 
t o  be baselined l a t e r  f o r  AXAF. The m i r ro r  f i gu re  accuracy i n  the P-E 
process now exceeds 1 arc second, which i s  approximately fou r  t imes b e t t e r  
than the kt40 2 o v e r a l l  m i r r o r  pe r f onance  timates. The goal f o r  the TMA 
i s  0.5 arc second ( a f t e r  assembly and alignment), 



As pa r t  o f  the TMA e f f o r t ,  the MSFC x-ray t e s t  and c a l i b r a t i o n  f a c i l i t y  
has been undergoing cont i  nued modi f i  c a t i  on t o  support the eval u a t i  on o f  the 
completed and assembled TMA m i r r o r s .  Most modi f icat ions were completed 
dur ing  FY-84. 

A key technology-related a c t i v i t y ,  s t a r t ed  i n  l a t e  FY-84, i s  the motion 
de tec t ion  system. This system w i l l  use a laser  i n  con junct ion w i t h  special  
detectors  t o  sense small v i b ra t i ons  which w i l l  be present i n  the vacuum 
chamber and t e s t  f i x t u r e  dur ing m i r r o r  tes ts .  The e f f e c t  o f  these motions, 
which would otherwise degrade the t e s t  data, w i  11 be au tomat i ca l l y  removed 
from the data by software. The completion and successful operat ion o f  the 
motion detect ion system w i  1 1 be a s i  gn i  f i  cant accornpl i shment because i t  can 
be eas i l y  adapted t o  support the f u t u r e  AXAF f l i g h t  op t i ca l  system tests .  

A1 so, a la rge  Invar  o p t i c a l  bench capable o f  support ing the TMA and the 
array o f  detectors  needed t o  evaluate the op t i ca l  system was designed dur ing 
FY-84. Assembly w i  11 occur dur ing  e a r l y  FY-85. The bench w i l l  a1 so support 
a h igh p rec is ion  t u rn tab le  on which the TMA w i l l  be i n s t a l l e d .  This turn-  
t a b l e  w i l l  permit  very accurate angular repos i t i on ing  o f  the  MA over a 
range o f  about +0.5O t o  evaluate the  performance o f  the m i r r o r  under o f f -  
ax i s  condi t i  o n s r  

Plans were completed i n  FY-84 f o r  a f u l l - up  t e s t  i n  November o f  the 
SO56 m i r r o r  l e f t  over from the Apol lo  Telescope Mount program. S056, a 
small x-ray m i r ro r ,  w i l l  s imulate the  TMA i n  a t e s t  o f  the  ove ra l l  t e s t  
f a c i  1 i t y  readiness, i nc l ud ing  the  vacuum system, x-ray generator, instrumen- 
t a t i o n ,  and t e s t  procedures. Any problems encountered dur ing t h i s  t e s t  can 
be corrected wel l  i n  advance o f  the x-ray t e s t i n g  o f  the f i r s t  MA, sched- 
u led  f o r  de l i ve r y  i n  ea r l y  A p r i l  1985. F a c i l i t y  readiness i s  c ruc i a l  
because of the shor t  t ime ava i l ab l e  f o r  accumulation o f  t e s t  data needed t o  
support a major NASA review o f  the AXAk program i n  June 1985. 
( D. C. Crambl i t / C .  Dai 1 eylPF191203-453-0788) 

PINHOLE OCCULTER FACILITY (POF) 

The POF i s  an observatory imaging the Sun and c e l e s t i a l  ob jects  i n  hard 
x rays and observing the so la r  corona i n  v i s i b l e  and u l t r a v i o l e t  wave- 
lengths (F igure 14). It i s  i n i t i a l l y  t o  be f lown as a shutt le-based 
payload, w i t h  eventual i n c l us i on  i n  semipermanent f a c i l i t i e s  such as the 
Space Stat ion.  The POF u t i  1 i zes  a 35-meter deployable boom o f  an e x i s t i n g  
design t o  pos i t i on  an occu l t i ng  mask between the so la r  instruments and the 
so la r  disk.  The coronal imaging instruments observe the so la r  corona around 
t he  edge o f  the d isk ,  wh i le  m u l t i p l e  aperture imaging systems observe the 
hard x-ray a c t i v i t y  o f  the Sun. The imaging systems, occu l t i ng  mask, and 
deployable boom are pointed and s t a b i l  i zed  by the Instrument Po in t ing  System 
(IPS). Funct ioning i n  the c e l e s t i a l  observing mode, the  system can be used 
t o  form h igh-reso lu t ior !  images o f  c e l e s t i a l  ob jects  i n  much higher energies 
than prev ious ly  possible.  



An in-house Phase A feasib'i l  i ty study report was published i n  1984 w i t h  
the results given t o  NASA Headquarters in May 1984. En-house d e f i n i t i o n  i s  
underway o f  candidate aspect and a1 i gmnent systems. Poi n t i  ng and control 
studies are cur ren t ly  underway which w i  11 characteri re contro l  1 aws neces- 
sary far  utilizatien o f  the I P S  and associated systems, ( J .  OabbslPS02J205- 
453-3430) 

m ,  

1 Pub1 f cation: 

MSFC, Program Devel opment Office , " P i  nhol e Occulter Faci 1 i ty" (Phase A 
study, in te rna l  pub1 i c a t i o n )  , Marshal 1 Space F l ight  Center, A1 abama, 
January 1984. 

Figure 14. Pinhole Occulter Facility (POF} I n i  t i a l  Shuttle Deployment, 

SPACE BASE COHERENT OPTICAL SYSTEM OF MODULAR IMAGING COLLECTORS (COSMIC) 

Increased col l  ec t ing  area and higher overall precision t o  achf eve 
higher resolut ion are the p r i n c i p a l  requirements f c r  advanced telescopes o f  
the future. Increasi rig the col l e c t i  ng area by simply seal i ng conventional 
telescope configurat ions seems t o  have reached i t s  l i m i t s  with the Space 
Telescope on one hand and the largest  e x i s t i n g  ground-based telescopes on 
the ather. Of a1 1 new design concepts, the segmented mirror and phased- 
array telescopes have a t t r a c t e d  the most a t t e ~ t i  on. 

To achieve hf gh perfanance most economically , unconventional aperture 
shapes such a5 elongated or p a r t i a l l y  f i l l e d  apertures a r e  being inves t i -  
gated t o  cmply wi th  physical constra ints  imposed upon the overa l l  system by 
the a v a i  1 able  shut t le  payload space and w e i g h t  l i m i t a t i o n s .  



Despite the h igh degree o f  complexity, the phased-array te lescope has 
sane d e f i n i t e  advantages which warrant f u r t he r  inves t iga t ion .  For instance, 
t h e  1 i nea r  arrangement o f  the te lescope i s  p a r t i c u l a r l y  s u i t a b l e  f o r  storage 
i n  the s h u t t l e  payload bay. Another major advantage i s  i t s  po ten t i a l  t o  
y i e l d  the highest poss ib le  r eso lu t i on  fo r  any given c o l l e c t i n g  area. Ev?n 
though maximum reso lu t ion  i s  instantaneously obtained i n  on ly  one dimensior,, 
a two-dimensional po i n t  spread f unc t i on  y i e l d i n g  h igh reso l  u t i  on may be 
synthesized by r o t a t  .ig the aperture. Because o f  these primary reasons, 
1 i near-phased arrays have been analyzed as po ten t i a l  next-generation 
u l  t r a v i o l  e t l o p t i c a l  telescope systems. 

F igure 15 shows the  COSMIC concept and the evo lu t ionary  cons t ruc t ion  o f  
a l a rge  array. The i n i t i a l  array contains four Afocal I n t e r f e rome t r i c  Tele- 
scopes ( AIT's)  w i t h  a Beam Combining Telescope (BCT) a t  one end. The COSMIC 
spacecraf t  module p i vo t s  from i t s  launch pos i t i on  a t  the end o f  the  BCT t o  
i t s  deployed p o s i t i o n  below the  BCT. The so la r  arrays deploy from stowed 
pos i t i ons  alongside the telescope module. The foca l  planes o f  the BCT and 
sunshades are extended above the telescope apertures. 

I n  1983, an in-house study o f  d i f f e r e n t  concepts f o r  COSMIC was can- 
p l  eted t o  i nves t i ga te  var ious t e l  escope con f igu ra t ions  and 1 aunch opt ions 
based on the assumption t h a t  a long basel ine i s  more important than a l i g h t -  
gather ing capabi 1 i t y  . The selected concept i s  t o  package two para1 1 e i  
ar rays i n  the payload bay t h a t  can be deployed on-orbi t i n t o  one long base- 
1 i n e  conf igurat ion.  

I n  June 1984, a technology study (funded by the  O f f i c e  o f  Aeronautics 
and Space Technology) was i n i t i a t e d  w i t h  indus t ry  t o  assess the advan~ed 
technol ogy requi rements and t o  categor i  ze generic and speci f i c  technology 
d r i v e r s  t o  which so lu t ions  must be developed p r i o r  t o  developing r e a l i s t i c  
te lescope designs. This study i s  a1 so concentrat ing on the  o r b i t a l  assembly 
and ~na i  ntenance requi rements because o f  t he i  r determining i n f l  uence on the 
design o f  the  op t i ca l  and s t r u c t u r a l  systems. Another study i s  c u r r e n t l y  
underway t o  develop novel op t i ca l  concepts which would f a c i l i t a t e  and sim- 
p l i f y  the  manufacture o f  l a rge  numbers o f  op t i ca l  m i r r o r  segments required 
f o r  these advanced telescopes. P r m i  s i  ng concepts such as spher ical  primary 
m i r r o r s  w i t h i n  two- and three-mi r r o r  systems are being evaluated based on 
p o i n t  spread func t ion  analyses o f  the o p t i c a l  performances. 

F igure 16 dep ic ts  another novel concept which i s  based on the assembly 
o f  several afocal  telescopes forming a c i r c u l a r  array. This o f f e r s  some 
s i g n i f i c a n t  advantages because the r e s u l t i n g  image i s  o f  uniform reso lu t i on  
w i thou t  r o t a t i n g  the telescope, as i s  requi red i n  a l i t t e a r  array. Also, the 
s t r ay  l i g h t  manal;mnent i s  s i m p l i f i e d  over a s ingle,  l a rge  aper ture system 
because o f  the  compact shor t  l i g h t  sh ie lds which can be b u i l t  as s t r u c t u r a l  
elements f o r  the e n t i r e  system. However, r eso lu t i on  i s  less  s ince the base- 
1 i ne  diameter increase f o r  the imount o f  primary mirror.  area invested i s  
l ess  than i n  a l i n e a r  array. 

The simp1 e comparison a1 ready ind ica tes  the  d i f f i c u l t  assessment o f  
design approaches wi t h  due cons iderat ion o f  technol ogy requi rements and 
science object ives.  (M. Nei nlPS02 j205-453-3430) 
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Figure 15 .  Coherent Opt ica l  System of  Modular 
Imagi ng Col 1 ectors (COSMIC). 

F igure  16. Modu: a r  Mu1 t i m i  rrer Tel er;cope. 
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LONG-TERM CRYOGENIC STORAGE FAC lL iTY 

The recent approval o f  the NASA Space Stat ion and the eventual space 
basi ng of a cryogenic Orb i ta l  Transfer  Vehicle (OTV) w i  11 require o r b i t a l  
storage o f  1 arge quant i t ies ( r'100,OQO pounds) o f  cryogenics. The capabi l i t y  
t o  s to re  large quant i t ies o f  cryogenics 'nn space for 1 ong p s i  ods of t ime 
w i  1 1  requi r e  thermal l y  e f f i c i e n t  systems t o  precl ude excessi ve cost  penal - 
t i e s  resu l t ing  from Earth o r b i t  resupply transportat ion costs.  The loss of 
p r o p e l l a n t s  stored i n  o r b i t  must be minimized by use o f  advanced i nsu la t i on  
design concepts, support systems, f l u i d  acqui s i  t i sn / t rans fe r  systems, and 
re f r i ge ra t i on  systms. A p re l im inary  in-house study analyzed a lox/LH? 
arbi  t a l  storage system, The study resu l ts  concluded tha t  a coupled tank 
design, u t i l i z i n g  vapor-cooled shie lds i n  conj l rnct ion wi th  a r e f r i g e r a t i o n  
system and approximately 4 inches o f  mu1 t i  layer  insulat ion,  appears t o  be a 
v i a b l e  one. The use o f  l iquefac t ion  t o  c o n t r o l  b o i l - o f f  losses resulted i n  
excessive power penal t i es .  F l u i d  t rans fe r  losses less than 5 percent per 
transfer were cal cut ated. Future studies are requi red t o  establ ish deta i  1 ed 
desi gnlperfomance data,  techno1 ogy requi rments, and ground and f 1 i g h t  
t e s t i n g .  An overall t e s t  plan and a conceptual design o f  the test a r t i c l e ,  
I eading t o  a demonstration f l i g h t  experiment (Figure I f ) ,  w i  11 be developed. 
( ll. HueterlPDZZ 1205-4534263) 

f i g u r e  17 .  Long-Term Cryogenic Storage Faci  1 i t y  Demonstrati on Experiment. 

PROPOSED FLIGHT DEMONSTRATIONS 

The Office o f  Space F l i g h t  issued the f i r s t  annual call f o r  f l i g h t  
demonstrati on proposal s t h a t  wi  1 1 ex tcnd and expl o i  t the capabi 1 i t  i es of the 
space shuttle/Space Transportation System. MSFC prepared 13 proposals i n  
response t o  t h i s  request, w i t h  7 proposed fo r  FY-65 funding new s t a r t s  and 6 
proposed for FY-85 funding new s ta r t s .  While some o f  the proposed demon- 
s t ra t 'ons  were fo r  progrdms described separately i n  t h i s  report, m o s t  were 
new and o r i  g i  nal submi ssions. 
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The proposed FY-85 new s t a r t  demonstrations, arranged i n  MSFC' s recom- 
mended p r i o r i t i e s ,  are the: S t ruc tu ra l  Assembly Demonstration Experiment 
(SADE) , Phased-Array Lens F l i g h t  Demonstration, Aerodynamics Demonstration 
Sate1 1 i t e  (ADS), Tethered Sate1 1 i t e  Engineering Demonstration F l i g h t  Experi- 
ment, Deployable Conductive Surface Sphere Technology Demonstrations f o r  
Tether Appl i ca t ions ,  Tether Appl i c a t i o n s  Mother-Daughter Experiment, and 
Super f lu id  He1 i um F l u i d  Transfer. The proposed FY-86 new s t a r t  demonstra- 
t ions,  arranged i n  MSFC's recommended p r i o r i t i e s ,  are the: Major Repair o f  
Structures i n  O rb i t a l  F l i g h t  Experiment, Long-Term Cryogenic Storage Faci 1 i - 
t y ,  Spacecraft Serv ic ing Demonstration, Recovery of Tumbl i n g  Sate1 1 i te ,  
Suspended Experiment Mount (SEM) , and Remote Fl l!i d Resupply Demonstration. 

The proposed f l i g h t  demonstrations are now under eva luat ion by a NASA 
Headquarters team. Fo l lowing t h i s  eva luat ion process, c e r t a i n  experiments 
w i  11 be funded f o r  po ten t i a l  f l i g h t  demonstrations. (R. L. Middl eton/PS04/ 
205-453-2796) 
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R E S E A R C H  P R O G R A M  

SPACE SCIENCES 

Solar Physics 

U l t r a v i o l e t  Spectrometer and Pol ar imeter  (UVSP) 

The r e p a i r  o f  the Sclar Maximum Mission (SMM) s a t e l l i t e  i n  A p r i l  1984 
i s  making poss ib le  renewed observations o f  the  Sun. Analyses o f  the  new 
data are only j u s t  beginning. Some o f  the  t op i cs  which are t o  be examined 
w i t h  the UVSP instrument on SMM are h igh t ime reso lu t i on  observat ions of 
f l a res ,  s t a t i s t i c s  o f  UV bursts,  h igh spa t i a l  r eso lu t i on  imaging, and po- 
l a r i z a t i o n .  

Studies i n  several areas o f  so l a r  research are cont inu ing using data 
obtained by the UVSP i n  1980. 

Physical condi t ions i n  a quiescent prominence were s tud ied us ing spec- 
t r a l  data cover ing a wide range of temperatures. The spect ra l  l i n e s  i n -  
c l  uded 1215 A o f  H I, 1401 A o f  S i  I V ,  1548 A o f  C I V ,  1640 A of He I, and 
1655 A o f  C I. The conclusion was t h a t  the prominen consisted of f l u x  ' K .  I n  t h  h o t t  r tubes a t  var ious temperatures ranging from 5000 t o  10 
regions o f  the plasma, the dens i ty  reached values o f  about 3 x 10 $1 ,,-4 
This work was done i n  c o l l a b o r a t i ~ ~ i  w i t h  a cc l league a t  the Goddard Space 
F l  i ght Center. 

The dynamics o f  prominences have a lso  been studied. I n  the  case of 
the  surge o f  October 2, 1980, simultaneous observat ions i n  H-alpha and C I V  
show t h a t  the co ld  and hot mate r ia l  f o l  low t he  same channel, and t he  event 
las ted  about 10 minutes i n  both l i nes .  There was good c o r r e l a t i o n  betwe n - F t h e  H-alpha and C I V  ve l oc i t i e s ,  which were i n  t he  range 40 t o  60 km s . 
However, the  strong upward acce lerat ions d i d  not appear s t  the same t ime 
and place i n  t he  two l i nes ,  which i nd i ca tes  t h a t  a model where a hot 
t r a n s i t i o n  l aye r  sheath surrounds a cool surge i s  not appropr iate.  Re- 
cu r ren t  surges are o f t en  observed i n  a c t i v e  regions where f l a r e s  occur. I n  
the case o f  the ebeni o f  September 1, 1980, two new ac t i ve  centers merged 
and squeezed an inverse p o l a r i t y  spot, causing recurrent  e j e c t i o n  o f  mat ter  
a t  i n t e r v a l s  o f  about 10 minutes. Both co ld  (ti-alpha) and hot (C IV) ma- 
t e r i  a1 had t he  same pro jec t ion ,  a1 though the  upward v e l o c i t y  s t r u c t u r e  
could be seen f u r t h e r  i n  C I V .  This work was done i n  co l l abo ra t i on  w i t h  
col leagues a t  the Observatory o f  Par is,  Meudon. 

Possible magnetic f i e l d  changes dur ing  so la r  f l a r e s  are a lso  be ing 
studied. I n  connection w i t h  a f l a r e  on Ju l y  13, 1980, the re  appear t o  have 
been some b r i e f  magnetic t r ans i en t s  on the order o f  several thousand gauss 
observed i n  the t r a n s i t i o n  reg ion i n  C I V ;  however, the  s i gn i f i cance  o f  the 
r e s u l t s  may be open t o  doubt because o f  the d i f f i c u l t y  o f  unrave l ing po la r -  
i z a t i  on changes, v e l o c i t y  changes, and i n t e n s i t y  changes. This work i s  
being done i n  co l l abo ra t i on  w i t h  Dr. Wi l l i am Henze a t  Teledyne Brown 
Engineering , Huntsvi 1 l e ,  A1 abama. (E. A. Tandberg-Hanssen/ESO1/205-453- 
0027) 
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Solar Magnetic Fie1 ds 

Studies have continued of so l a r  magnetic f i e l d s  t o  determine and 
understand t h e i r  basic empi r ica l  p roper t ies  and t h e i r  e f f e c t s  i n  the so la r  
atmosphere. The approach i s  t o  analyze MSFC vector magnetograms together  
w i t h  complementary data from other  observator ies and from space-based 
instruments, espec ia l l y  the  SMM instruments, and t o  i n t e r p r e t  the observed 
e f f e c t s  w i t h  physical  models. 

Two developments i n  magnetostat i c  models o f  so la r  magnetic f i e l d s  have 
 bee^ inves t iga ted  t o  ext rapol  a te  observed photospheric f i e l d s  i n t o  t he  
t r a n s i t i o n  region and corona i n  order t o  understand the morphology and 
energet ics o f  these f i e l d s  above the  photosphere. From l i n e a r  fo rce - f ree  
f i e l d  theory,  a theorem has heen der ived s t a t i n g  t h a t  the  photospheric 
t ransverse f i e 1  ds can be used t o  determi ne uniquely the ext rapola ted 
f i e l d s .  A1 so, a computational procedure developed by Pridmore-Brown f o r  
ex t r apo la t i ng  photospheric f i e l d s  using nonl inear  fo rce - f ree  f i e l d  theory 
has been used f o r  the f i r s t  t ime w i t h  actual  measurements from the MSFC 
vector magnetograph; some r e s u l t s  are shown i n  F igure 18. 

I n  a s t a t i s t i c a l  study t o  c o r r e l a t e  f l a r e  s i t e s  w i t h  observed s t ress 
i n  the photospheric magnetic f i e l d  o f  an a c t i v e  region, i t has been found 
t hh t ,  i n  most cases, f l a r e s  occur i n  areas o f  the magnetic neu t ra l  l i n e  
where the  t ransverse magnetic f i e l d  i s  i n  a sheared o r i e n t a t i o n  r e l a t i v e  t o  
t he  neut ra l  l i n e ,  and t ha t  the  i n i t i a l  f l a r e  po in ts  are a t  the  s i t e s  of 
maximum shear. The development and evo lu t ion  o f  magnetic shear and i t s  
c o r r e l a t i o n  w i t h  f l a r e  a c t i v i t y  are shown i n  Figures 19 and 20. I n  con- 
j unc t i on  w i t h  the F la re  Bui ldup Study Workshops, a scenario was developed 
f o r  f l a r e s  i n  sheared f i e l d s  such as those shown i n  Figure 21; the  model i s  
depicted schematical ly i n  Figure 22. Joint. research between so la r  and 
magnetospheric s c i e n t i s t s  of the MSFC Space Science Laboratory y i e l ded  an 
array of evidence t h a t  the ove ra l l  i n s t a b i l i t y  fo r  magnetospheric substorms 
i s  e s s e n t i a l l y  the  same as t h a t  for  two-ribbon f l a res  such as shown i n  
F igure 22. 

F igure 21 a lso shows a c l ea r  example o f  :lux disappearance i n  the  
ac t i ve  reg ion between A p r i l  6 and 7. From analys is  of the MSFC vector  
magnetograph data, together w i t h  associated s t r uc tu re  and changes i n  the  
chromosphere and t r a n s i t i o n  region observed from the  ground and w i t h  the  



UVSP on SMM, i t was concluded t h a t  the  magnetic f l u x  was removed by submer- 
gence. These observations suggest t h a t  even dur ing  the growth phase o f  
ac t i ve  reaions, f l u x  submergence i s  a s t rong process comparab:e i n  magni - 
tude t o  f l u x  emergence. 

Observations o f  sheared, photospheric magaetic f i e l d s  are i n t e r p r e t e d  
as evidence o f  e l e c t r i c  cur rents  i n  the atmosphere above the photosphere. 
From measurements of sheared transverse magnetic f i e l d s  obtained w i t h  the 
MSFC magnetogrdph, d i s t r i b u t i o n s  have been ca lcu la ted  o f  the v w t i  cal  com- 
ponent o f  the e l e c t r i c  cur rent  densi ty,  JZ, i n  many ac t i ve  regions t o  study 
t h e i r  co r re l a t i ons  w i t h  f l a r e s  and other mani festa t ions o f  a c t i v i t y .  I n  
one example s tud ied i n  d e t a i l ,  i t was found t h a t  loca t ions  o f  maxima i n  J, 
were approximately cospat ia l  w i t h  the  s i t e s  o f  f l a r e  onset; t h i s  r e s u l t  i s  
i l l u s t r a t e d  i n  Figures 23 and 24. A study was i n i t i a t e d  o f  t he  o r i g i n a t i o n  
and evo lu t ion  o f  these currents  near f l a r e  s i t es .  Ear ly  r e s u l t s  seem t o  
i n d i  t a t e  t h a t  these pat terns o f  J, concent ra t ions are f a i  r l y  pe r s i s t en t  
throughout t he  per iods o f  observat ions dur ing  which s i g n i f i c a n t  f l a r e  
a c t i v i t y  takes place; for  example, F igure 25 shows t h a t  the general s t r uc -  
t u r e  and l oca t i on  o f  the 3, pa t t e rn  i n  a f l a re -p roduc t i ve  a c t i v e  reg ion 
were maintained over a 5-hour per iod.  

For several years an observat ional  and analys is  program has been 
ca r r i ed  out t o  study the e f f e c t s  o f  Faraday r o t a t i o n  on measurements o f  
vector magnetic f i e l d s  and t h e i  r imp1 i c a t i o n s  f o r  observat ions w i t h  space- 
based magnetographs. It has been found t h a t  subs tan t ia l  r o t a t i o n  o f  t he  
plane of l i n e a r  p o l a r i z a t i o n  occurs i n  a sunspot's umbra and outwards t o  
about mid-penumbral areas. Recently, an i nves t i  g a t i  on was completed o f  t h e  
magnitude o f  these magneto-opti ca1 e f f ec t s  i n  complex magnetic regions 
ca l l ed  de l tas  i n  which umbrae o f  opposi te p o l a r i t i e s  occur w i t h i n  a common 
penumbra; these are general l y  areas of s i g n i f i c a n t  f l a r i n g  a c t i v i t y .  It 
was found t h a t  magneto-optical e f f e c t s  are not important i n  de l t a  regions 
and should not a f f e c t  the i n t e r p r e t a t i o n  of sheared t ransverse f i e l d s  i n  
these areas. F igure 26 i s  an i l l u s t r a t i o n  o f  the analys is  used i n  t h i s  
study, and a lso  shows r e s u l t s  from the  recen t l y  upgraded MSFC vector  
magnetograph. 

I n  May 1984, a workshop on Measurements of Solar Vector Magnetic 
F i e l ds  was conducted i n  the  Space Science Labctatory a t  MSFC. A t  t h i s  
workshop, 12 i n t e rna t i ona l  and 45 U.S. s c i e n t i s t s  met t o  discuss t he  
various techniques sva i  l a b l e  f o r  vector f i e l d s  measurements, t o  i 1 luminate 
cu r ren t  methods f o r  the  i n t e r p r e t a t i o n  of these measurements, and t o  
develop d i  a1 ogue between observers and t h e o r i  s t s  concerning the r o i e  o f  
vector magnetic f i e 1  ds i n  our present understandi ng of so l a r  processes. 
(M. J. HagyardlR. L. Moore/ESS2/205-453-0118) 
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Fi gure 18. Computati anal Results o f  a Nonl i near Force-Free F ie ld  Model 
Showing the Convergence of Current F i e l d  (A,B,C) Towards t h e  
Magnetic F i e l d  Confi guratf on (D). The rari at ional  procedure, 
deve loped  by Pridrnore-Brown, minimizes the Lorentr force I n  a 
volume. The current f i e l d s  were generated f ra  a set of  bas-lc 
funct ions whose coefficients are determined from m i n i m i  zing the 
Lorentz force i n  the volume and requi r ing the magnetic azimuth 
d i rec t ions  t o  agree on the surface. 
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Figure 19. Magnetic Evo lu t ion  of an Active Region (AR 2776) Over the 
Perf od November 2-5, 1980. Ir a l l  11 ne-of - s i  ght magnetic f i e l d  
maps (8 ) ,  sol i d  (dashed) contours represent p a s i t i  ve 
(negatl  we\ fields. In o v e r l a l d  transverse f l e l d  plots ( A Z )  , 
the transverse f i e l d  strength and d i rec t fon  are indicated by 
the length and orientation of the l i n e  segments. ( a )  Overlay 
o f  AZ and BL for November 2. The area o f  i r t e r e s t  and s i t e  o f  
future f l a r i n g  i s  the d i v i d i n g  lfne (neutral l i n e )  hetween the 
areas o f  p o s i t i v e  and negative B p o l a r i t y  that  l ies  j u s t  below \ the center of the panel. Analys s of the l i n e  segments reveals 
a generally unstressed f ield a l f  gned more or less directly from 
the p o s i t i v e  t o  the negatlve centers across the neutral l i n e .  
( b ) ,  ( c )  Silmilar data for November 3 and 4; the f i e l d  remains 
general ly unsheared. ( d l ,  (e) Data for t!ovember 5; the f i e l d  
has become s t rong ly  stressed as seen f n the  or fenta t i  cn of the 
AZ l f n e  segments which are  now lylng along the neutral  l i n e  
instead of across it. ( f )  Contours o f  the vertical component 
of the e l e c t r f e  current densfty (aZ) far  November 5. 
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Figure 20. Histogram of X-Ray Flare  Intensitfes for AR 2776 Durlng the 
Perlod November 1-12, 1980. The peak so f t  x-ray intensi ty  of 
f la res  observed in this a c t i v e  region are shown i n  a l o g a r i t h -  
mlc scale w i t h  *. 7. and X denotf ng declmal powers of -3. -2,  
and -1 erg ern' s- . Note the Increased f l a r e  freqcency and 
m a g d  tude s t a r t  f ng on November 5 when the magnet f c f f el d devei - 
oped a h ighly  sheared conf7guration. 
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Figure  21. Sheared 'Magnetic Structure of AR 2372 i n  Apri 1 1980. The oves- 
a l l  configurzt ion o f  t h e  magnetic field i r ;  the photosphere and 
chromosphere i s  shown i n  these panels. Top ;ow: grey scale 
maps o f  the l i n ~ - o f - s i g h t  f i e l d  w i t h  sunspot darkness contgurs 
superposed. Middle row: maps of the direction ( l i n e  segments) 
and szrength (grey t o w )  of  the transverse f i e l d ;  i n  both rDws 
an area i s  l ight .  (dark)  if the l ine-of -s ight  f i e l d  i s  p o s i t i v e  
(negative) .  The area of  flaring i s  located along the neutrd l  
l i n e  d i v i d i n g  the regions o f  p o s i t i v e  and negative f i e l d s  i n  
t h e  l e f t -o f -center  poriions o f  a l l  three panels i n  the middle 
row. The stressed fiature of the f i e l  d i s  seen by the  a1 i ~nrnent 
of  t h e  l i n e  segm~nts along the neutra l  l i n e  instead of across 
it. Note t h a t  the stress i n  the f i e l d  i n  t h i s  area has dis-  
agpeared on Apri l  7; f l a r e  a c t i v i t y  was seen t o  decrease 
a1 so. Bottom row: center-1 i ne H-a1 phc f i  1 tergrams. The chro- 
mospheric f i e l d  inferred f rom the filamentary structures 
r e f l e c t s  the sheared conf igurat ion of the photospheric f ie l  d 
seen i n  the  panels o f  the middle row; t h i s  i s  p a r t i c u l a r l y  
evident i n  the mi ddle panel . 



PREFLAFE - I -- ONSET 

k'\ 1 
IMPULSIVE PHASE 

Figure 22. Overall Conf igu ra t ion  o f  the Sheared Field and Its Erupt ion i n  
a F l a r e  (perspective and end views).  The field i s  stressed 
until it reaches a c r i t i c a l  conf igurat ion o f  shear, whereupon 
it begins t o  reconnect; t h i s  occurs i n  the closed, strongly 
sheared f i e l d  below o r  l o w  i n  the f i l amen t  along the neutra l  
l i n e .  The onset of  reconnection releases the f i e l d  i n  and 
arcmd the  filament from i t s  t i e s  t o  the photosphere and, ir. 
consequence, the f i e l d  erupts upward. The overall f i e l d  i s  
thereby made globally unstable 50 as t o  d r i v e  further recon- 
nection and erupt ion,  etc.  



Figure  23. Concentrations o f  Electrjc Currents i n  AR 2372 on April 6, 
1980. ( a )  The line-of-sight magnetic f i e l d  i n  the area of the 
magnetic dipole t h a t  was internal to t h i s  region; the  d ipole  
was the s i t e  o f  most of the early f l a r e s  i n  t h i s  region. Solid 
(dashed) curves denote posj ti ve n e g a t i  ve) contours of  the 
f i e l d .  ( b )  Calculated v e r t i c a l  e l e c t r i c  current d e n s i t i e s  
(Jz!. The heavy solid curve del ineates the magnetic neutral 
line i n  ( a ) .  Solid (dashed) contorlrs represent p o s i t i v e  (nega- 
t i v e )  values of JZ w i t h  p o s i t i v e  i n d i c a t i n g  JZ flowing up- 
ward. Note the seven areas of  concentrated maxim of JZ. 



Figure 24. Locations o f  Flare Intensities i n  AR 2372. The fleld-of-view 
o f  t h i s  f igcrp  4s centered on the dfpole area of t h e  previous 
f igure,  and the heavy dashed curves locate the two segments of 
the neutral l ine corresponding t o  those shorn i n  t h a t  f igure. 
The hatched regions show the areas of mst intense off-band H- 
a l p h a  emission, whi le  t h e  dots ou t l ine  areas of  f a i n t e r  emis- 
sion.  The loops sketched a t  0 are inferred from the  H-alpha 
emission seen a t  Fj ne center and 20.4 A. The area desl'qnated 
by A marks the locat ion of onset for a flare as seen i n  s o f t  x- 
ray observations from SMM. Clearly, the s i t e s  of f lare onset 
as inferred from the locations of these emissions were approxi- 
mately cospatial  w i t h  the areas of enhanced JZ as seen in the 
p revi ous f i gu re. 



Figure 25. Evolut ion of E l e c t r i c  Currents i n  AR 2372 i n  A p r i l  1980. Top 
row: evo lu t ion  of  line-of-sight magnetic f i e l d s  ( B L )  o v e r a  5- 
hour i n t e r v a l  i n  the area o f  the d ipole  region where the ma- 
j o r i t y  of  flares occurred. The heavy sol i d  curve denotes the  
magnetic neutra l  l i c e  separating p o s i t i v e  ( s o l i d  curves) from 
negative f i e l d s .  Middle  row: the observed transverse f i e l d  
(By) w i t h  the neutral  Fine superposed. The l i n e  segments 
represent i n  length and d i  tect ion the strength and orSent a t i  on 
of  the transverse f i e l d .  Bottom row: the  derived v e r t i c a l  
e lectr ic current density (J,) aga in  w i t h  the neutra l  l i n e  
superposed. Contours dennte p o s i t i v e  ( s o l i d  l i n e s )  and nega- 
t i v e  (dashed l i n e s )  values of JZ. Note the persistence of the 
p o s i t i v e  area of J, above the neutra l  l i n e  and the negative 
area below and t o  the r i g h t  o f  t h a t  line. 
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Figure 26. A Study of  Magneto-Optical E f f e c t s  i n  a Magnetic De l ta  Re- 
gion. The l ine-ef -s ight  component of  the magnet ic  f ie ld  i s  
shown i n  a grey scale format while the  transverse f i e l d  i s  
depi cted by superposed 1 i ne segments whose length and d i rec t ion  
g ive  the magnitude and orientat ion of t h a t  f i e l d .  ( a ) #  (b)  The 
magnetic f i e ld  of a large sunspot, observed at  -90 mA and a t  
l i n e  center, respectively.  Not ice  the change i n  d i rec t ions  of 
the  t ine segments in the penumbral areas f o r  the two different 
spectral ohservati ans; t h i s  i s  i n d i c a t i v e  of Faraday rota-  
t i o n .  ( c ) ,  ( d )  The magnetic f ield i n  the delta region a t  
-90rnaand line center. The sheared d i ~ e c t f a n ~  of the l i n e  
segments along the neutra l  l i n e  i n  the v i c i n i t y  of the de l ta  
conf igurat ion do not change appreciably a t  the two spectral 
posi t ions;  t h i s  indicates tha t  there  i s  no I-arsday r o t a t i o n  of 
the linear polar i za t ion .  



Coronal and In te rp lane ta ry  Phystcs 

Research on physical  processes i n  the  corona and i n t e rp l ane ta r y  med'um 
includes documenting the  c o r r e l a t i o n  between coronal mass e jec t ions  and 
disappear ing f i laments  and between po ten t i a l  r i g n e t i c  f i e l d  models fo r  the 
so la r  corona and so la r  wind speed. A magnetohydrodynamic model was used t o  
understand the recent Pioneer 10 discovery o f  meridional  t ranspor t  i n  t he  
outer so la r  system. A numerical model o f  time-dependent f low i n  the s o l a r  
corona was appl ied t o  s imulate  shock effects, and development was begurl on 
the computation o f  globa: coronal models a t  MSFC using data from the  
Stanford Solar Observatory. A completely new method of ca l cu l a t i ng  t he  
topology o f  the he l iospher i c  cur rent  sheet i s  being appl ied t o  spacecraf t  
data analysis. 

The h e l i  ospheric cu r ren t  sheet, a  t h i n  l aye r  separat ing regions o f  
opposi te magnetic p o l a r i t y  i n  the i n t e rp l ane ta r y  medium, i s  formed high i n  
t h e  corona above streamers. I n  the  h i gh l y  i dea l i zed  case o f  t o t a l l y  homo- 
geneous so lar  wind flow, the  form o f  the cur rent  sheet 's i n t e r sec t i on  w i t h  
a  Sun-centered sphere i s  independent of the rad ius of the sphere. However, 
the rea l  Sun produces so la r  wind which i s  inhomogeneous; i t  has a speed 
grad ient  along the cur rent  sheet a t  constant he ight  i n  the  corona. This 
i nhomogenei t y  causes d i s t o r t i o n  i n  the cu r ren t  sheet o f  progressi  ve ly  
greater  amplitude w i t h  increas ing distance from the  Sun, and which occurs 
even f o r  purely r ad ia l  f low. A kinematic analys is  o f  t h i s  e f f ec t  has been 
made and shows how the  o r i g i n a l l y  smooth cu r ren t  sheet becomes r u f f l e d  
(Figure 27 ) .  Even a small gradient produces s i g n i f i c a n t  and observable 
d i s t o r t i o n  so tha t ,  i n  order t o  know the  shape o f  the cu r ren t  sheet, i t  i s  
essent ia l  t o  consider the  so la r  wind i n  which the sheet i s  embedded. A t  
l eas t  three observational t e s t s  o f  the  model p red i c t i ons  are i d e n t i f i e d .  

LONGITUDE 

Figure 27. Current Sheet Cross Section a t  2.5 Solar Radi i  and 20 AU. 

4 0 



A comparison was made between t h e  p r o p e r t i e s  a t  t h e  source sur face of 
a  p o t e n t i a l  f i e l d  model of t h e  s o l a r  corona and s o l a r  wind p r o p e r t i e s  ob- 
served w i t h  t h e  I n t e r n a t i o n a l  Sun-Earth Exp lo re r  ( I S E E )  3 a t  1 AU and 
extrapo:ated hack t o  t h e  Sun. Th is  was done f o r  t h r e e  consecut ive  
Car r i ng ton  r o t a t i o n s  i n  t h e  sumner o f  1979. The a1 ready known p r o p e r t i e s  
o f  a v e l o c i t y  minimum a t  t h e  ' i n te rp lane ta ry  c u r r e n t  sheet and a  tendency 
f o r  t h e  average v e l o c i t y  t o  increase w i t h  l o n g i t u d i n a l  d i s tance  from t h e  
c l r r rent  sheet are  recovered. A b e t t e r  c o r r e l a t i o n  between source surface 
p r o p e r t i e s  and v e l o c i t y  i s  demonstrated by us ing  t h e  f i e l d  s t reng th  on t h e  
source surface r a t h e r  than longs t u d i n a l  d i s tance  from t h e  c u r r e n t  sheet 
(F igure  28). App ly ing  a  s imple a l g o r i t h m  t o  d i s t i n g u i s h  between t r a n s i e n t  
and c o r o t a t i n g  i n t e r p l a n e t a r y  v a r i a t i o n s  s u b s t a n t i a l l y  increases the  c o r r e -  
l a t i o n .  However, g iven a  reasonable es t ima te  o f  t he  number o f  degrees o f  
freedom f o r  t he  sample, on l y  the  c o r r e l a t i o n  between source surface f i e l d  
s t reng th  and f l o w  speed a f t e r  t he  t r a n s i e n t s  have been e l i m i n a t e d  i s  s t a -  
t i s t i c a l l y  s i g n i f i c a n t  a t  t he  1-percent l e v e l .  

CONTOURS OF CONSTANT ~ A D I A L  MAGNETIC F IELD STKENGTH 
ON THE SOURCE SURFACE OF A POTENTIAL FIELD MODEL 

'HE SOURCE SURFACE RADIUS = ? 6 SOLAR RADII . - -- . - - . -. , . ~- 1 

Left Solar W r d  Projufed to One SoIm R D ~ I U S  from On A U  

Assuming Constant Veloc~ty 
RlqM Soorce Surface Mopnel~c F~e ld  Screnglh m ~ l  7 : I I I 7 - 1 5  
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F igu re  28. Re1 a t i  onshi  ps Between t h e  Coronal Magnetic F ie1 d 
and t h e  So lar  Wind. 



The s p i r a l i n g  o f  t he  i n t e r p l a n e t a r y  magnetic f i e l d ,  which i s  l a r g e s t  
a t  t h e  equator  and zero over the  po les  of t h e  Sun, can d r i v e  a mer id iona l  
t r a n s p o r t  o f  s o l a r  wind mass and magnetic f luxes.  Th is  e f f e c t  has l ong  
been recognized. Recently, i t  has a1 so been exper imen ta l l y  v e r i f i e d .  
These new observat iqns  were eva luated i n  t h e  contex t  o f  present  t h e o r e t i c a l  
madels and show t h a t  the  observed f l u x  d e f i c i t s  a t  Pioneers 20 and 11 agree 
we1 1 w i t h  p r e d i c t i o n s .  Impor tant  parameters i n  theo ry  a re  t h e  s t r e n g t h  o f  
t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  t h e  magnitude of t he  s o l a r  wind f l o w  
speed, and p o s s i b l e  n e r i d i  onal  g rad ien ts  i n  t h e  f low speed, temperature, 
dens i ty ,  and r a d i a l  f i e l d  s t reng th .  The o r i g i n a l  theory  d i d  not  comple te ly  
deal w i t h  the  e f f e c t s  of l a r g e  mer id iona l  g rad ien ts  on t h e  most observable 
fea tu re - - the  azimuthal magnetic f i e l d  s t reng th .  Th is  l a s t  p o r t i o n  o f  t h e  
t h e o r e t i c a l  development has now been completed and awai ts f u r t h e r  data from 
the  ou te r  s o l a r  system. The ana lys i s  i s  a l so  useful  i n  s t e l l a r  wind and 
mass loss  modeling, and e v a l u a t i o n  o f  t h e  r e s u l t s  f o r  o t h e r  s t a r s  i s  now i n  
progrezs. 

Large-scale magnetic f i e l d  data from t h e  Sun are used f o r  de termin ing 
t h e  l o c a t i o n  o f  t he  n e l ~ t r a l  l i n e  a t  t h e  photosphere and computation o f  
p o t e n t i a l  f i e 1  d models of coronal  s t r u c t u r e .  F u r t h e r  development has been 
conducted, under a c o n t r a c t  w i t h  t h e  Space Environment Labora tory  o f  t h e  
Nat iona l  Oceanic and Atmospheric Admini s t r a t i o n  (NOAA) , t o  begin t h e  steps 
necessary t o  make these r e s u l t s  i n t o  a fo recas t i ng  t o o l .  A new program a t  
MSFC has been i n s t i t u t e d  t h a t  w i l l  r e s u l t  i n  t h e  computation o f  these co- 
rona l  f i e l d  models and a p p l i c a t i o n  o f  t h e  r e s u l t s  t o  t h e  i n t e r p r e t a t i o n  o f  
data from a v a r i e t y  o f  s o l a r  and i n t e r p l a n e t a r y  missions. 

Numerical s imu la t i ons  o f  t h e  phenomenon known as a thermal p recu rso r  
have been c a r r i e d  out. Th is  precursor  i s  p r e d i c t e d  t o  occur i n  t h e  s o l a r  
corona. Numerical s imu la t i ons  fo r  a d i a b a t i c  and p o l y t r o p i c  f l o w  understand- 
a b l y  do not  i l l u s t r a t e  t h i s  e f f e c t .  A new model developed a t  MSFC i l l u s -  
t r a t e s  and accu ra te l y  reproducer t h e  e f f e c t ,  which on ly  occurs i n  phys i ca l  
s i t u a t i o n s  l i k e  t h a t  i n  t h e  s o l a r  corona where t h e  propagat ion  speed o f  a 
thermal wave i s  much l a r g e r  than t h e  sound speed and A l f v e n  speed. 

Research r e l a t e d  t o  coronal  mass e j e c t i o n s  revealed a 1 i n k  between 
i n t e r p l a n e t a r y  magnetic c louds f o l  1 owing shocks observed a t  Earth,  on t h e  
one hand, and meter-wave, Type 11, f l a r e - r e l a t e d  r a d i o  bu rs ts ,  i n d i c a t i v e  
o f  coronal shock waves and coronal  mass e j e c t i o n s  nesr c e n t r a l  mer id ian,  on 
t h e  other.  For c louds un re la ted  t o  shocks, c o r r e l a t i v e  events are much 
more d i f f i c u l t  t o  d iscern.  Evidence has been found t h a t  many o f  t h e  mag- 
n e t i c  c louds can be associated w i t h  x-ray long decay events, and t h e r e  i s  
very conv inc ing evidence a s s o c i a t i n g  a t  l e a s t  one magnetic c loud  w i t h  a 
d i  sappeari ng f i 1 ament. (S. T. Suess/ES52/205-453-2024) 
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S t a t i s t Q a l  So lar  Studies ', 
A cornparati ve study of sunspot cyc les  has revealed severa l  c y c l e -  

r e l a t e d  parameters t h a t  can be evaluated e a r l y  i n  a c y c l e  and then used t o  
p r e d i c t  subsequent parameters (e.g., us ing  e a r l y  s lope t o  p r e d i c t  t h e  maxi- 
mum sunspat number achieved a few years l a t e r ) .  Evidence t h a t  t h e  run of 
s o l a r  cyc les  i s  bimodal, each c y c l e  o c c u r r i n g  e i t h e r  as a sho r t -pe r iod  
cyc le  ( ~ 1 2 8  months) o r  as a long-per iod  c y c l e  (> I33  months), has been pre-  
sented. Fur ther ,  a p e r i  od/growth dichotomy i s  apparent i n  t h e  sunspot 
record (1755-1976), which p r e d i c t s  t h a t  t h e  cu r ren t  c y c l e  (No. 21) w i l l  be 
a long-per iod  cyc le ,  ending about February 1988 ( f 6  months). An e m p i r i c a l  
method f o r  e s t i m a t i n g  sunspot number was a1 so developed and puhl  i shed. 
(R. M. W i  1 son/ES52/205-453-2824) 
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Trans i  t i  on Regi on 

An emp i r i ca l  study by deLoach e t  a l ,  o f  e l e c t r i c  c u r r e n t  and hea t ing  
i n  an a c t i v e  reg ion observed j o i n t l y  by the MSFC vector  magnetograph and 
t h e  Solar  Maximum Miss ion (SMM) U l t r a v i o l e t  Spectrometer and Po lar imeter  
(UVSP) l e d  Rabin and Moore t o  develop a  new model o f  the  Sun's lower 
t r a n s i t i o n  region. The s o l a r  t r a n s i t i o n  reg ion t r a d i t i o n a l l y  has been 
regarded as the  thermal connection between the corona and the  chromosphere; 
i .e., r a d i a t i v e  losses from t h e  t r a n s i t i o n  reg ion have been thought t o  be 
balanced by energy t r a n s f e r r e d  down from the  corona along magnetic f i e l d  
l i n e s .  However, soph is t i ca ted  models based on t h i s  idea f a i l  by orders  o f  
ma n i  tude t o  produce enough emission from the lower t r a n s i t i o n  reg ion (T < !I 10 K).  Because o f  t h i s  discrepancy, and because t h e  lower t r a n s i t i o n  
reg ion  i s  s t r u c t u r a l l y  more l i k e  t h e  upper chromosphere than the  upper 
t r a n s i t i o n  region,  Rabi n  and Moore concluded t h a t  t h e  lower t r a n s i t i o n  
reg ion i s  not heated by energy t r a n s f e r  from the corona but  by i n  s i t u  
heat ing,  as are t h e  chromosphere and corona. For t h i s  reason, and because 
o f  the  suggest ive r e s u l t s  o f  deLoach e t  a1 ., they explored a  new model of 
t h e  lower t r a n s i t i o n  reg ion based on ohmic hea t ing  by f i l amen ta ry  e l e c t r i c  
c u r r e n t s  t h a t  f l ow  along f i e l d  l i n e s  i n  c losed magnetic loops i s o l a t e d  from 
t h e  corona (F igu re  29). 

To supply t h e  observed r a d i a t i v e  l o s s  from t h e  lower t r a n s i t i o n  
region, Rabin and Moore showed t h a t  t h e  c u r r e n t  f i l amen ts  must be very t h i n  
( w i t h  a  narrow dimension i n  t h e  range 1 cm t o  1 km), t h a t  the  masnetic 
f i e l d  must be g rea te r  than about 10 gauss ( i n  agreement w i t h  the otjserved 
f i e l d  s t r e n g t h  i n  regions o f  enhanced hea t ing ) ,  and t h a t  t h e  ohmic hea t ing  
i s  balanced l o c a l l y  by thermal conduct ion out the  s ides of the  c u r r e n t  
f i laments .  I n  c o n t r a s t  t o  convent ional  models, t h i s  model produces a  d i s -  
t r i  b u t i  on of emission measure over temperature t h a t  i s  i n  good agreement 
w i t n  observat ions o f  the  lower t r a n s i t i o n  reg ion (F igure  30), 

I n  the  new view o f  the  t r a n s i t i o n  -egion sketched i n  F igu re  29, t h e  
magnetic f i e l d  t h a t  f i l l s  the  upper t r a n s i t i o n  reg ion and corona i s  rooted 
i n  a  small f r a c t i o n  o f  the s o l a r  surface.  The consequent c o n s t r i c t i o n  of 
t h i s  f i e l d  i n h i b i t s  t h e  conduct ion o f  heat down from t h e  corona, thereby 
s t r o n g l y  a f f e c t i n g  the energy balance i n  the corona and upper t r a n s i t i o n  
region. Dowdy, Moore, and Wu c l a r i f i e d  how t h e  shape of the  c o n s t r i c t i o n  
ac ts  togz the r  w i t h  the  amount o f  c o n s t r i c t i o n  t o  i n h i b i t  t he  heat flow. 
Th is  e f f e c t  might  a l l o w  t h e  corona t o  be sustained by much l e s s  hea t ing  
than p rev ious ly  thought.  



Figure 29. Sketch of the Magnetic S t ruc tu re  of the  T rans i t i on  Region En- 
v is ioned i n  the Model o f  Rabin and4Moore. M s t  o f  the plasma 8 i n  the  lower t r a n s i t i o n  region (10 < T f 10 K )  i s  contained 
i n  small magnetic loops of l eng th  $5 x 10 km distributed along 
the emission network; only a small f r a c t i o n  o f  the lower t r a n -  
s i t i o n  region i s  i n  t he  f ee t  o f  f i e l d  reaching i n t o  t he  co- 
rona. As depicted i n  the enlargement, the heat ing i n  the small 
loops i s  by f i e l d -a l i gned  currents  of much f i n e r  scale ( 4  km 
i n  diameter), each surrounded by a sheath heated by c r o s s - f i e l d  
thermal conduction. 

Analysis o f  u l t r a v i o l e t  observat i  ons by Porter,  Toomre, and Gebbi e 
revealed frequent and rap id  f l u c t u a t i o n s  i n  t r a n s i t i o n  region 1 i ne  emission 
a t  selected b r i g h t  po in ts  i n  an ac t i ve  region. The observations were ob- 
ta ined using a very high sampling r a t e  mode of the UVSP onboard SMM. I n -  
t e n s i t y  increases o f  20 t o  100 percent l a s t i n g  fo r  20 t o  60 seconds were 
common. The UV emission appears t o  be coming mostly from small unresolved 
elements w i t h i n  t he  spa t i a l  sampling window of 3 x 3 arc seconds. Some 
modulations i n  i n t e n s i t y  were found t o  co r re l a te  w i t h  j i t t e r  i n  the s a t e l -  
l i t e  po in t ing ,  a l low ing  estimates of the  poss ib le  s i ze  and con t ras t  o f  
these b r i  ght elements. 

These r e l a t i v e l y  weak br ighten ings occur more o f t en  than those o f  
l a r g e r  amplitude detected w i t h  the O r b i t i n g  Solar Observatory (OSO) 8; t h e  
energet ic  events c l a s s i f i e d  as f l a r e s  are even more rare. Further,  t he  
cha rac te r i s t i c s  o f  the b r i gh ten i  ngs are cons is tent  w i t h  an almost ins tan-  
taneous hea t i  ng event f o l  lowed by rad i  a t i  ve cool i ng. The r e s u l t s  suggest 
t h a t  heat ing due t o  magnetic f i e l d  reconnection w i t h i n  an a c t i v e  reg ion i s  
proceeding almost s t ochas t i ca l l y  ; events i n v o l v i n g  on ly  a modest release o f  
energy occur most f requen t l y  . (Re L. Moore/J. G.  Porter/ES52/205-453- 
0118). 
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Figure 30. The D i f f e r e n t i a l  Emission Measure as a Function o f  Temperature 
Through the T rans i t i on  Region. The dashed curve i s  the ob- 
served d i s t r i b u t i o n .  The sol  i d  curve i s  f o r  the  model o f  Rabin 
and Moore: t h i n  f i laments  heated by ohmic d i s s i p a t i o n  and 
cooled by cross- f ie1 d thermal conduction i n  combination w i t h  
rad ia t ion .  The dot ted curve i s  f o r  a model o f  Athay; i t  i l l u -  
s t r a tes  tha t  t r a n s i t i o n  region models based on heat ing by t he r -  
mal conduction f ran the coronr produce qua1 i t a y  ve ly  co r rec t  
behavior i n  the  upper t r a n s i t i o n  region (1 > 1% K )  but  f a i l  
completely i n  the lower t r a n s i t i o n  region (T < 10 K ) .  

Magnetospheric Physi cs 

I n t r oduc t i on  

The r e l a t i v e  importance o f  the Ear th 's  ionosphere versus the so la r  
wind as the p r i n c i p a l  source o f  plasma i n  the t e r r e s t r i a l  magnetosphere 



continues t o  be the primary focus o f  research a c t i v i t i e s  o f  the Magneto- 
spher ic Physics Branch at  MSFC. This research ob jec t i ve  requi res a com- 
p l e t e  undvrstanding of the Ear th 's  supply source, the ionosphere, which 
invo lves the e f f e ~ t i  ve measurement o f  the energy, composition, and dynamics 
o f  t h i s  plasma region combined w i t h  the  measurement o f  the  t ranspor t  o f  
these plasmas up i n t o  the magnetosphere. To a id  i n  the understanding o f  
the  important physi ca l  processes t h a t  provide i nterchar~ge o f  p l  asma between 
the  ionosphere and magnetosphere, the Magnetospheric Physics Branch a t  MSFC 
i s  invo lved i n  the  development, t es t i ng ,  and analys is  o f  data from new 
l nstrumentat i  on which measures the composition, t ranspor t ,  and energi z a t i  on 
o f  low-energy plasmz i n  the  near Earth environment. These R&T a c t i v i t i e s  
have 1 a id  the groundwork f o r  the successful devel oprlrer' of  ins t rumentat ion 
f o r  p ro jec ts  such as Spacecraft Charging a t  Hich A l t i t udes  (SCATHA), Dy- 
namics Explorer (DE), I n t e rna t i ona l  So la r -Ter res t r ia l  Physics ( ISIF), and 
Spacelab 1 and 2. These p ro jec ts  are major con t r i bu to r s  t o  the  k n c ~ l e d g e  
of  the ot ' g in  o f  magnetospheric plasmas. The various R&T a c t i v i t i e s  which 
have cont r ibuted t o  the devel opnlent and t e s t i n g  o f  new inst rumentat ion and 
t o  the analys is  o f  the  acquired data using the Space-plasma Computer 
Analysis Network (SCAN) are r e l a ted  t o  the ove ra l l  d i s c i p l i n e  a f  so l a r -  
t e r r e s t r i a l  physics i n  the f o l  lowi  na paragraphs. (C. R. Chappel 1 lES511205- 
453-3036) 

Retarding Ion Mass Spectrometer (RIMS) 

Instrument development a c t i  i i t i e s  sup;?lied by RAT funds over the past 
several years made poss ib le  the s u c c e s s f ~ l  design and development o f  the  
Retardi ng Ion Mass Spect ronieter (RIMS) which was flown on the Dynamics 
Explorer (DE) 1 spacecraf t .  Since i t s  launch i n  August 1981, i t  has 
f u n c t i m e d  wel l  and made poss ib le  an exp lo ra t ion  of the  near Earth thermal 
plasma i n  a manner never before possible.  The ins t rument 's  a b i l i t y  t o  
measure the low-energy (O t o  50 eV), three-dimensional d i s t r i b u t i o n  func- 
t i o n  fo r  a l l  major ion  species has made poss ib le  the discovery o f  several 
new major components o f  magnetospheric plasma. These important new fi rid- 
i n g ~  inc lude (1 )  v e r i f i c a t i o n  o f  the supersonic nature of  the po la r  wind, 
( 2 )  discovery of an ionospher ic jeomagneti c mass spectrometer i n  the  po la r  
cusp, (3 )  irr,portant new f ind ings  about low-energy plasma i n  the n i gh t s i de  
p l  asmasheet, and (4)  increased understanding of the re f  i 11 i ng and energi za- 
t i  on o f  the plasmasphere. 

One o f  the important t heo re t i ca l  q ~ e s t i o n s  c o ~ c e r n i ~ g  the  l i g h t  i on  
out f low from the Ear th ' s  ionosphere known as the po lar  wind i s  whether the  
i ~ n  outf low i s  subsonic o r  supersonic. Continued analys is  o f  the DE 1IRIMS 
po la r  wind data has v e r i f i e d  tha t  the  po la r  wind can indeed be supen- 
sonic. The importance o f  the po la r  wind as a source o f  magnetospheric 
plasma remains an open question which i s  present ly  being pursued using the 
DE l / R I M S  data. 

The po la r  wind i s  not the  only source of low-,energy i on  out f low from 
the  h i  gh-1 a t i  tude ionosphere i n t o  the magnetosphere. Perhaps the most 
i n t e r e s t i n g  discovery by RIMS t h i s  past year has been a s t a t i s t i c a l  study 
o f  h i g t - l a t i t u d e  outf lows which has revealed an intense local!zed sou:ce of 
H', He , and 0 i o n  i n  he egion o f  the po la r  cusp. H', He , and 0 w i t h  
f l uxes  exceeding 10 ' cm -' s - ~  appear t o  be upwel l ing frm the tops ide iono- 
sphere i n  the region o f  the po la r  cusp. The ions appear t o  rece ive equal 



amounts o f  ene rg i za t i on  regardless o f  t h e i r  i o n  i d e n t i t y i  AS a r e s u l t ,  H+ 
i ons  have a l a r g e r  f i e l d - a l i g n e d  f l o w  v e l o c i t y  than +He ions, which, i n  
tu rn ,  have a l a r g e r  f i e l d - a l i g n e d  f l o w  v e l o c i t y  than 0 ions .  As a r e s u l t  
o f  the  mass independent v e l o c i t y  f i l t e r  due t o  f x i o n  convect ion,  t h e  
various i on  species are spread across t h e  p o l a r  cap by the  a c t i o n  o f  t h e  
geomagnetic mass spectrometer. Such an example i s  shown i n  F igu re  31, 
where a combination of i o n  t r a j e c t o r y  modeling and DE 1 and 2 i o n  measure- 
ments have been used t o  t r a c e  t h e  geomagnetic mass spectrometer f rom i t s  
l o c a l i z e d  source i n  the  tops ide  ionosphere (DE 2 data)  t o  i t s  extended 
ou t f l ow  ove? the  p o l a r  cap a t  h i g h  a l t i t u d e s  ( 3  RE DE 1 data) .  Th is  new 
source o f  0 iofs appears t o  be connected t o  the  e a r l i e r  RIMS o b s e r v a t i o  
of low-energy 0 over t h e  p o l a r  cap, and i t s  l a r g e  source s t r e n g t h  of > l u  9 5 
O i ons  per sfcond makes i t  an important ,  i f  not  dominant, source o f  mag; 
netospher ic 0 . Indeed, one o f  t h e  most i 3 t r i g u i n g  a t t r i b u t e s  o f  t h i s  0 
ou t f l ow  i s  t h a t  i t s  re1 a t i  ve l y  small  f i e l d - a 1  i gned v e l o c i t y  couplad w i t h  
s i r o n g  antisunward i o n  convect ion makes it an impc r tan t  p o t e n t i a l  source of 
0 t o  feed the  aurora l  acce le ra t i on  reg ion and n i g h t s i d e  plasmasheet. 

The RIMS data taken du r ing  per iods  when t h e  apogee o f  DE 1 was loca ted  
near the  equa to r ia l  p lane a f fo rded  the oppor tun i t y  t o  o b t a i n  f i e l d - a 1  i gned 
i o n  measurements f o r  several  hours near t h e  plasmapause boundary and a t  t h e  
i nne r  edge of t he  plasmasheet. The most i n t r i g u i n g  aspect of t h i s  data has 
been the frequency o f  occurr:?nce o f  equa to r i  a1 l y  t rapped and heated ions  
and micropul  sat ion- induced OF c i  11 a t i ons  o f  t he  thermal plasma. Both of 
these processes i n d i c a t e  th f  importance o f  pa r t i c l e -wave  i n t e r a c t i o n s  i n  
the  dynamics o f  the  p l  asmashraet. 

The RIMS Pc5 event on J u l y  14, 1982, has been s tud ied  i n  d e t a i l  us ing  
both wave and p a r t i c l e  measurements onboard the  DE 1 spacecra f t .  For t h e  
f i r s t  Lime, p a r t i c l e  measurements have been c l o s e l y  compared t o  d i  r e c t  
measurement o f  the  quasi - s t a t i c  e l e ~ t r i c  f i e l d .  A remarkable degree of 
s i m i l a r i t y  i n  t h e  measurements i s  demonstrated i n  F igu re  32. Such d i r e c t  
comparisons promise t o  g i ve  new i n s i g h t  i n t o  the  source of e n e r g i z a t i o n  of 
Pc5 osci  11 a t i  orls. I n  addi t i  on, c a l c u l a t i o n s  o f  t h e  resonant p e r i  od from 
ion  mass load ing measurements i n d i c a t e  t h a t  both c o l d  and hot  heavy i ons  
p lay  a s i  gni f i c a n t  r o l e  i n  determin ing t h e  propagat ion  and s tand ing reso- 
nance cna rac te r i  s t i  cs o f  1 ow-f requency p l  asma waves i n  t h e  plasmasheet. 

The equa to r ia l  DE 1 apogee passes have a l s o  been used i n  con junc t i on  
w i t h  the  Geosynchronous Ear th  O r b i t i n g  S a t e l l i t e  (GEOS) data t o  study t h e  
r e f i l l i n g  o f  t he  ou te r  plasmasphere. Here one f i n d s  an extremely complex 
p i c t u r e  t h a t  does not  r e a d i l y  agree w i t h  the  s imple theory  o f  an e q u a t o r i a l  
two-stream i n s t a b i  1 i t y  t h a t  leads t o  downward propagat ing  shock f ron ts ;  
i .e., a plssmasphere t h a t  f i l l s  from the  top  down. The DE/GEOS data se t  
i n d i c a t e s  an extremely dynamic s i t u a t i o n  w i t h  l a r p e  hemispher ical  i o n  den- 
s i t y  and p i t c h  angle asymmetries t h a t  seem t o  be present  throughout t h e  
r e f i l l i n g  process. l h i s  study has on ly  begun t o  sc ra tch  t h e  surface o f  
t h i s  i n t e r e s t i n g  subject ,  and much more research i s  needed before  a co- 
herent  phys ica l  d e s c r i p t i o n  o f  plasmasphere r e f i  1 l i n g  can be in t roduced.  

The study o f  t he  thermal s t r u c t u r d  o f  t he  plasmasphere i s  another 
major accomplishment o f  RIMS du r ing  FY-84. I n i t i a l  r e s u l t s  i n d i c a t e  a ho t  
ou ter  p l  asmasphere whose r a d i  a1 thermal grad ient  appears t o  be i n t i m a t e l y  
t i e d  t o  t h e  l e v e l  o f  geomagnetic a c t i v i t y ;  i.e., t h e  h ighe r  t h e  magnetic 



act iv f  t y  , the colder the inner nfghtsfde plasmasphere, and the stronger the 
radial  thermal gradient. These observations may suggest important propaga- 
t i o n  e f fec ts  for wave-part icle heating processes t h a t  a re  changed as a 
result of geomagnetic a c t i  rtty; i .em, the steepness o f  the plasmapause 
density gradient  . 

Figure 31. Energy Spectrograms frm OE+RIMS$ Top ttree panels: sample 
modeled ion  trajectories ( 0 ,  H e ,  and H ). Lower portion: 
observations for three experiments on DE 2 for a close-field 
conjunction between the two satellites. The ions observed by 
R I M S  are traced back t o  a narrow source region (cormran to al l  
three fon species) a t  the dayside cusp fo r  a model dawn-dusk 
convection elect r ic  f ie ld.  Character ist ic  flow, temperature, 
and magnetic t i e l d  signatures are observed by DE 2 a t  t h i s  
source locat ion,  The R I Y S  spectrograms display mass and energy 
dispersions of l onospheric ions in jected i n t o  the  polar magnet - 
osphere a t  the dayslde cusp. 

These a r e  only a brfef glfmpse a t  a whole host of excft ing discoveries 
of the near Earth low-ene~gy plasma which have been made possf ble by the 
DE/RIMS project and the associated R&f research a c t i u i t f e s  that  are an 
i n t f  mate part o f  t h i s  research. (3. H. Waite/ES53/205-453-3918) 
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F igu re  32. C l ~ s e  C o r r e l a t i o n  o f  F ie ld -Der i  ved Flow V e l o c i t y  and Measured 
He F lux  a long the  DE 1 Spin Ax is  f o r  t h e  Pc5 Event o f  J u l y  14, 
1982. Upper panel : d r i f t  v e l o c i t y  component &a long  t h e  DE 1 
sp in  axis.  D r i f t  v e l o c i t y  i s  de r i ved  from E x 8 ,  where t h e  
e l e c t r i c  and magnetic f i e l d s  are  measured by t h e  s t a t i c  e l e c -  
t r i c  f i e l d  (PYI)  and magnetometer ins t ruments ,  r e s p e c t i v e l y .  
Bottom panel: f l u x  o f  He determined from measurements by t h e  
-2 head o f  t he  RIMS. 
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Ionosphere/Pl asmasphere Model i ng and Coordinated Measurements 

The r e s u l t s  from the simultaneous observations o f  the h i  gh - l a t i t ude  
ionosphere and magnetosphere using Dynamics Explorers (DE) 1 and 2 and the  
Chatanika radar and from numerical s imulat ions are reported i n  a research 
a r t i c l e  which i s  cu r ren t l y  under peer review. This work i d e n t i f i e d  plasma 
boundaries a t  h igh l a t i t u d e s  and showed how the boundaries mapped from t h e  
ionosphere t o  the  magnetosphere. Combi n i  ng data from several instruments 
a1 lowed the dynamics and energet ics  o f  these ions t o  be ou t l i ned .  Numeri - 
ca l  modeling r e s u l t s  showed how plasma i s  exchanged between the  ionosphere 
and the  outer  plasmasphere. 

Data from the coordinated s a t e l l i t e  and ground-based radar observa- 
t i o n s  at  l ow- la t i tudes  have been reduced and i n i t i a l  comparisons made. The 
combination o f  these two data sets has provided p r o f i  1 es o f  temperature and 
dens i ty  vs. a l t i t u d e  from 200 t o  6000 km over a narrow range o f  L-values 
(1.5 < L < 1.9). Fur ther  analys is  i s  being done by the  co - inves t iga to rs  t o  
more f u l l y  understand some o f  the  more i n t e r e s t i n g  r e s u l t s  such as t he  
small gradients i n  ion  tsrnpcrature and the  nigh r a t i o  of e lec t ron  tempera- 
t u r e  t o  i on  temperature a t  h igh a l t i t udes .  F igure 33 i s  an example o f  one 
such compari son. Numeri cal model i ng has continued w i t h  emphasis on under- 
standing these i n t e r e s t i n g  features i n  the thermal s t r uc tu re  o t  t he  
ionosphere and plasmasphere. 

I n  an extension o f  the cur rent  plasmasphere modeling eff+9rt, a yodel 
o f  the densi ty,  temperature, and v e l c c i t y  o f  the minor ions 0 and N has 
been added t o  the e x i s t i n g  plasmasphere model . This work has been done i n  
con junct ion w i t h  s c i e n t i s t s  a t  the Un ive rs i t y  o f  M i  ch i  gan. Extensive t e s t  - 
i n g  o f  t h i s  new model and comparisons w i t h  previous models have been done. 
The con t r i bu t i on  o f  thermal d i f f l ~ s i o n  t o  the s t r uc tu re  and composit ion of 
minor ions i n  the plasmasphere i s  being studied. Comparisons t o  observa- 
t i o n s  o f  0" and N' made by the DEIRetarding Ion Mass Spectrometer are 
being used i n  t h i s  study. (J. H. Wai te/M. 0. Chandl er/ES53/205-453-3918) 
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Figure 33. E lec t ron  and Ion Temperature Measurements from the  Areci bo 
Radar and the RIMS taken on March 6, 1983 (data shown are 11 
hours LT f o r  the  F-region, 11 t o  13 hours LT f o r  the  high- 
a l t i t u d e  radar, and 11.6 hours LT fo r  the  RIMS). 

L i g h t  Ion Mass Spactrometer (LIMS) 

Analysis o f  data from the  LIMS on the Spacecraft Charging a t  High 
A l t i t u d e s  (SCATHA) sate1 1 i t e  has continued. A cha rac te r i za t i on  o f  t he  
plasma i n  t he  plasmasphere and plasma trough regions i n  terms o f  densi ty,  
temperature, mass composition, and f lw  v e l o c i t y  has been made and pub- 
1 ished. The data are present ly  being converted f o r  storage and use on the  
VAX computer system a t  MSFC. Data tapes t h a t  are now aging w i l l  be copied 
f o r  continued arch i  v i  ng . (D. L. ReasonerIP. D. CravenjES53/205-453-3037) 

Pub1 i c a t i o n :  

Reasoner, D. L., P. D. Craven, and C. R. Chappel 1 , "Characteri s t i c s  o f  Low 
Energy Plasma i n  the Plasmasphere and Plasma Trough," J. Geophys. 
Res., 813, 7913-7925 (1983). - 



Superthermal Ion Composition Spectrometer (STICS) 

The Superthermal Ion Composition Spectrometer (STICS) was successful l y  
f lown on the  Norwegian poleward leap sounding rocket.  The primary objec- 
t i v e  o f  STICS i n  t h i s  program was the measurement o f  t ransverse ly  accele- 
ra ted  ionospher ic ions w i t h  energies i n  excess of 10 eV. Although the  
rocket passed over very a c t i v e  aurora l  forms, no evidence o f  such accelera- 

'4 t i o n  was observed i n  t h i s  f l i g h t ,  which had an apogee o f  450 km a l t i t u d e .  
It i s  known t h a t  such acce le ra t ion  o f  ionospher ic plasma i s  in f requent  a t  
such a l t i t udes ,  the re  being on ly  one observat ion of t h i s  phenomenon below 
1400 km. One lesson learned from t h i s  program, and from the observat ions 
o f  the  Retarding Ion Mass Spectrometer (RIMS) instrument on the Dynamics 
Explorer (DE) s a t e l l i t e ,  i s  t h a t  study of t h i s  phenomenon requi res i n s t r u -  
mentat i o n  capable o f  simultaneously observing both the thermal ionospher ic 
plasma and i t s  h igher  energy superthermal t a i l .  Moreover, the  optia;; 
ins t rumentat ion w i  11 have d i f f e r e n t i a l  energy response, so t ; l d i  t he  f u l l  
d i  s t  r i  b u t i  on may be mapped out. 

A more complete eva luat ion o f  STICS than had p rev ious ly  been poss ib le  
was done i n  the Low-Energy Ior; F a c i l i t y  a t  MSFC. Though the instrument 
behaved nominal ly a t  the  energies f o r  which i t  was designed, i t  became 
apparent t ha t  mod i f i ca t ions  w i l l  be necessary i n  order t o  achieve the de- 
s i r e d  response down t o  very low energies on the  order o f  f r a c t i o n s  of all 

e lec t r on  v o l t .  STICS w i l l  f l y  t h i s  w in te r  on the  Un i ve r s i t y  o f  New 
Hampshire's TOPAZ and ARCS 3 rocket payloads. The t i g h t  schedule and 
l i m i t e d  resources ava i l ab l e  do ~ o t  permit  a redesign p r i o r  t o  these 
f l i g h t s ;  however, TOPAZ w i l l  f l y  t o  a l t i t u d e s  above 1000 km where i t i s  
much more l i k e l y  t o  encounter t ransverse acce le ra t ion  regions. ARCS 3 w i  11 
conta in  an ac t i ve  experiment em i t t i ng  ions i n  the  tens o f  e l ec t r on -vo l t  
energy range, so t h a t  STICS i s  needed t o  monitor the i on  beam and any d r t i -  
f i c i a l  l y  induced i on  acce le ra t ion  processes. I n  add i t i on  t o  the ana lys is  
o f  r e s u l t s  o f  these programs, FY-85 e f f o r t s  w i l l  be d i r ec ted  toward the  
design o f  an instrument having the  d i f f e r e n t i a l  energy response o f  STICS 
and the low-energy range capabi 1 i t y  o f  RIMS. (T. E. Moore/ES53/205-453- 
0818) 
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Body-Plasma Electrodynamic I n t e rac t  i o n  Studies 

The i nves t i ga t i on  o f  the electrodynamic i n t e r a c t i o n  o f  a f lowing,  
r a r e f i e d  plasma w i t h  t e s t  bodies i n  the  labora to ry  i s  an ongoing e f f o r t  
which continues t o  con t r i bu te  t o  tbe understanding of t h i s  basic phys ica l  
problem and i t s  poss ib le  app l i ca t ions  t o  so l a r  system plasma physics and t o  
spacecraft-space p l a s m  electrodynamic i n t e rac t i ons .  Spec i f i ca l l y ,  c e r t a i n  
phys ica l  mechanisms can be s tud ied (such as the  dynamical behavior o f  
b inary  or  mul t ispec ies plasmas) which may have relevance t o  the plasma 
electrodynamic i n t e r a c t i o n  w i t h  na tu ra l  bodies i n  the  so la r  system. From a 
technica l  po in t  o f  view, the spacecraft-space plasma i n t e r a c t i o n  creates a 
d is tu rbed  region i n  the ambient medium i n  which d iagnost ic  instruments must 
operate t o  determine the  ambient p l  asrna cha rac te r i s t i c s .  The 1 aboratory 
r e s u l t s  have proven t o  be usefu l  i n  analyz ing i n  s i t u  data, p a r t i c u l a r l y  i n  
a recent new look at data from the A r i e l  1 and Explorer  31 s a t e l l i t e s  and 
i n  p lanning and i n t e r p r e t i n g  experiments fo r  Spacelab. I n  add i t i on ,  
enhanced i n v e s t i g a t i o n  of the anomalous i o n i z a t i o n  of  neu t ra ls  i n  the 
v i c i n i t y  o f  pos i t  i vely  charged surfaces i n  a background plasma has been 
made. This study may have broad app l i ca t i cns  t o  la rge  s t ruc tu res  i n  space 
and t o  the electrodynamic te thered sate1 1 i t e  system missions. I n  addi t ion,  
t h i s  ground-based e f f o r t  po in ts  the way toward o r b i t a l  experiments which 
make use of the same experimental techniques and ins t rumentat ion developed 
fo r  the  laboratory  t o  s imulate so la r  system body-plasma i n te rac t i ons  such 
as t he  i n t e r a c t i o n  caused by the  moon 10 moving w i t h i n  t he  Jovian 
magnetosphere. The dimensi on1 ess sca l i ng  parameters i nd i ca te  t ha t  the 
ionosphere a t  300 km provides s i m i l a r  condi t ions t o  the  Jovian environment 
o f  10. This makes poss ib le  a re1at ive;y inexpensive and t ime l y  method o f  
i n v e s t i g a t i n g  such so la r  system plasma phenomena which should permit  a 
greater  s c i e n t i f i c  r e t u rn  from subsequent p lanetary  missions. 
Inves t iga t ions  have been made on the p o t e n t i a l  f o r  o r b i t a l  s tud ies o f  a 
spec i f i c  e f fec t  o f  i n t e r e s t  t o  so la r  system plasma physics--the expansion 
o f  plasma i n t o  a vacuum o r  a more r a r e f i e d  region. 

The d i r e c t i o n  o f  the laboratory  e f f o r t  i n  FY-84 has been t o  cont inue 
t he  study o f  b inary  (two species) plasma f lows i n  order t o  more accurate ly  
s imulate the  m u l t i  cons t i  tuen t  ionospher ic plasma. This w i  11 permit  
i n ves t i ga t i on  o f  the i n t e r a c t i o n  between combinations o f  heavy and l i g h t  
ions i n  the prssence o f  strong dens i ty  and po ten t i a l  gradients.  It i s  
thought tha t  t h i s  i n t e r a c t i o n  may generate i n s t a b i l i t i e s  and o s c i l l a t i o n s  
i n  the wakes of ionospher ic s a t e l l i t e s  and i n  the v i c i n i t y  of na tu ra l  
dens i t y  gradients produced i n  var ious so la r  system plasmas. This 
capabi 1 i t y  w i  11 a1 so prov ide a more c h a r a c t e r i s t i c  envi ronment fo r  f l i g h t  
instrument t e s t  and c a l i b r a t i o n .  

A dual i on  plasm8 acce lerator  which was breadboarded f o r  t h i s  purpose 
has been studied, and tne const ruct ion o f  an opt imized design i s  near ing 
completion. This b inary  plasma source w i l l  a l l ow the  generation o f  two 
completely independent s t  reams of ions which are then superimposed and 
neu t ra l i zed  t o  form a s i ng le  b inary  plasma stream. This permits the  



se lec t i on  o f  d i f f e r e n t  masses, d r i f t  energies, and dens i t i e s  f o r  each 
species o f  the stream. 

The D i f f e r e n t i a l  Ion Flux Probe (DIFP), which was p rev ious ly  developed 
t o  provide d i  f f e r e n t i  a1 vector measurements o f  i on  f low d i r ec t i on ,  dens i ty ,  
and energy, has been successfu l ly  f lown on the  STS-3 mission as p a r t  o f  the 
Plasma Diagnost ics Package ex?eriment (F igure 34) and on two Pro jec t  

\.I Centaur Mu1 t i p l e  Auroral Probe sounding rocket missions. I n i t i a l  r e s u l t s  
from the  STS-3 mission have shown how the  ionospher ic environment i s  
perturbed by the motion o f  the  s h u t t l e  and have given new i n s i g h t s  i n t o  
plasma f low phenomena around l a rge  t a rge t  bodies, i n c l ud ing  the c rea t ion  of 
secondary ion  streams a t  l a rge  angles o f  a t tack w i t h  respect t o  the  ram 
current,  as shown i n  the data i n s e r t  o f  Figure 34. These i o n  streams are 
shown schematical ly i n  Figure 35. (N. H. Stone/ES53/205-453-0029) 

Pub1 i ca t i ons :  

Stone, N. H., U. Samir, K. H. Wright, Jr., D. L. Rcasoner, and S. D. 
Shawhan, "Mu l t i p l e  Ion Streams i n  t he  Dear V i c i n i t y  o f  the  Space 
Shutt le,"  Geophys. Res. Lett.,  - 10, 1215 (1983). 

Stone, N. H., B. J. Lewter, W. L. Chisolm, and K. H. Wright, "An Instrument 
f o r  D i f f e r e n t i a l  Ion Flux Vector Measurements on Spacelab 2," Review 
o f  S c i e n t i f i c  Instruments, i n  preparat ion.  

Stone, N. H., K. H. Wright, Jr., and U. Samir, "The Extent o f  the Disturbed 
Plasma Environment o f  the  Space Shu t t l e  O rb i t e r :  A P re l im inary  
Assessment," Planetary Space Science, i n  preparat ion.  

Murphy, G., N. DeAngelo, J. P i cke t t ,  S. D. Shawhan, U. Samir, N. H. Stone, 
and K. H. Wright, Jr., "Elevated Plasma Temperature i n  the  Near Wake 
of  the  Shu t t le  Orbi ter ,"  Transactions American Geophysical Union, EOS, 
i n  press. 

Sami r, U., R. H. Comfort, N. H. Stone, and C. R. Chappell, "Thermal Ions i n  
the Wake o f  the DE 1 Sate1 1 i te , "  Transactions American Geophysical 
Union, EOS, i n  press. 

Wright, K. H., Jr., N. H. Stone, and U. Samir, "A Comparison Between the  
I n te rac t i ons  o f  the Space Shu t t l e  and Small, Unmanned Sate1 1 i tes  w i t h  
t he  Ionosphere," Transactions American Geophysical Union, EOS, i n  
press. 

Samir, U., N. H. Stone, and K. H. Wright, "The Excursion o f  H igh ly  Raref ied 
Space Plasma i n t o  a Vacuum," presented General Assembly of t he  
I n te rna t i ona l  Union o f  Radio Science, Florence, I t a l y ,  August 28- 
Septembel 5, 1984. 

Wright, K. H., Jr., N. H. Stone, and U. Sami r, "A Study of Plasma Expansion 
Phenomena i n  Laboratory Generated Plasma Wakes: Pre l  i m i  nary Results," 
Journal o f  Plasma Physics, submitted. 



Figure 34. MSFC RPA/DIFP Instrument on the STS-3 POP and Detection o f  
Secondary Ion Streams i n  Addi t ion  t o  the Ram Ion Current. 

Ff gure 35. P o s l  t i on  and Orj en ta t f  on of the POP and the Ram and Secondary 
Ion Streams w i t h  Respect t o  the Space Shuttle Orbiter.  
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P a r t i c l e  Acce le ra t i on  Mechani sms i n  t h e  Aurora l  Zone 

I n  December 1981, two D i f f e r e n t i a l  I on  F l u x  Probe (DIFP) i ns t rumen ts  
were prov ided f o r  t h e  M u l t i p l e  Aurora l  Probe (MAP) 1 and 2  sounding rocke t  
payloads. Th is  campai g r ~  was designed t o  i n v e s t i g a t e  charged p a r t i c l e  
a c c e l e r a t i o n  mechanisms i n  t h e  p o l a r  c l e f t  r eg ion  o f  t h e  E a r t h ' s  magneto- 
sphere w i t h  t he  mot ion o f  t h e  thermal i ons  be ing  p rov ided  by t h e  DIFP. The 

I p r e l i m i n a r y  r e s u l t s  show a  s t r o n g  azimuthal  asymmetry (around t h e  f i e l d  
l i n e s )  o f  t h e  thermal i o n  n o t i o n  w i t h  an upward d r i f t  w i t h i n  t h e  c l e f t .  As 
t h e  rocke t  emerged from t h e  c l e f t  and passed i n t o  t h e  p o l a r  cap reg ion ,  t h e  
v e r t i c a l  component o f  t h e  i o n  mot ion changed d i r e c t i o n s  and became d i r e c t e d  
Earthward. I n  a d d i t i o n  t o  geophysics e f f e c t s ,  i t  appears t h a t  t h e  data  se t  
w i l l  p rov ide  a  s i g n i f i c a n t  i n s i g h t  i n t o  spacec ra f t  cha rg ing  e f f e c t s  i n  t h e  
p o l a r  reg ion  o f  t h e  magnetosphere. Data from t h e  Southwest Research I n s t i -  
t l l t e  Charged P a r t i c l e  Spectrometer are now be ing  analyzed t o  p rov ide  i o n  
energy measurements when t h e  range o f  t h e  DIFP ins t rumen t  was exceeded 
( t h i s  occurred much o f  t h e  t i m e  w i t h i n  t h e  cusp). Th i s  w i l l  a l l o w  i o n  
p i t c h  angle de terminat ions  f o r  two a c t i v e  miss ions.  These e f f e c t s  w i l l  be 
pub l ished next  year i n  t h e  Canadian Journal  o f  Physics. (N. H. Stone/ES53/ 
205-453-0029) 

Re ta rd ing  Po ten t i  a1 A n a l y z e r l D i f f e r e n t i a l  Ion  F l u x  Probe (RPAIDIFP) 

The RPAIDIFP was success fu l l y  f lown on t h e  U n i v e r s i t y  o f  Iowa Plasma 
D iagnos t i cs  Package on t h e  STS-3 miss ion.  The pr imary  s c i e n t i f i c  o b j e c t i v e  
of t h e  ins t rument  was t o  study t h e  plasma environment around t h e  s h u t t l e  
O r b i t e r  w i t h  p a r t i c u l a r  emphasis upon p e r t u r b a t i o n s  t o  t h e  plasma envi  ron-  
ment produced by t h e  O r b i t e r  wake and sheath e f f e c t s  and by e l e c t r o n  beam 
emissions from t h e  Fast  Pulse E l e c t r o n  Gun exper iment .  The i ns t rumen t  
performed p e r f e c t l y  i n  a l l  respects,  and approx imate ly  64 hours o f  f l i g h t  
da ta  were received. The data  show t h a t  t h e  O r b i t e r  produces s i g n i f i c a n t  
p e r t u r b a t i o n s  t o  t h e  l o c a l  plasma. Ana lys is  o f  d i r e c t i o n a l  i o n  f low data  
has revea led t h e  presence o f  m u l t i p l e  i o n  streams due t o  t h e  i n t e r a c t i o n s  
between t h e  O r b i t e r  and t h e  i onospher i c  plasma. 
(N. H. Stone/D. L. Reasoner/ES53/205-453-0029) 

Spacecraft-Plasma I n t e r a c t i o n s  

Envi ronmental e f f e c t s  on spacec ra f t  i n c l u d e  t h e  cha rg i  ng o f  spacec ra f t  
by t h e  ambient plasma. Such charg ing  can cause e f f e c t s  which range f rom 
t h e  annoying, such as d i s t o r t i o n s  i n  plasma measurements, t o  c a t a s t r o p h i c ,  
as i n  t h e  l o s s  o f  a  s a t e l l i t e  due t o  a r c i n g  and h i g h - v o l t a g e  ( k i l o v o l t )  
d ischarges.  The study o f  such processes i s  based on a n a l y s i s  o f  t h e  i n t e r -  
a c t i o n  between s a t e l l i t e  and plasma, based, i n  t u r n ,  on s t u d i e s  o f  t h e  
envi  ronment . 

Dur ing  FY-84, ana l ys i s  o f  thermal  plasma da ta  f rom t h e  Re ta rd ing  Ion  
Mass Spectrometer (RIMS) has been surveyed t o  determine t h e  change i n  
spacec ra f t  p o t e n t i  a1 which occurs when t h e  sate1 1  i t e  i s  e c l  i psed. When t h e  

3  plasma d e n s i t y  i s  over 100 cm' , i .e., i n  t h e  plasmasphere, p o t e n t i a l  
s h i f t s  o f  l ess  than a  v o l t  a re  observed. The b u l k  of t h e  plasma p o p u l a t i o n  
can be observed, and t h e r e  are no hidden popu la t i ons  f o r  t h i s  exper iment .  



An apparent c o l d  p o p u l a t i o n  noted p r e v i o u s l y  has been shown t o  be an 
i ns t rumen ta l  a r t i  f a c t .  

A p p l i c a t i o n  of t h e  aper tu re  b ias  charg ing model developed l a s t  year  
has been made i n  t h e  a n a l y s i s  of t h e  supersonic p o l a r  wind and i n  t h e  
i n t e r p r e t a t i o n  o f  a c o l d  plasma background discovered h igh  above t h e  p o l a r  
cap. 

Data from t h e  European Geosynchronous Ear th  O r b i t i n g  Sate1 1 i t e  (GEOS) 
2 were compared w i t h  data from t h e  Spacecraft Charging a t  High A l t i t u d e s  
(SCATHA) sate1 1 i t e  t o  determine i f  t h e  p a r t i c l e  and wave experiments on 
GEOS cou ld  observe t h e  hidden i o n  popu la t i on  observed by the  SCATHA 
e l e c t r o s t a t i c  analyzers i n  ec l i pse .  It was found t h a t  t h e  a c t i v e  boom b i a s  
technique used on GEOS 2 was genera l l y  successful  i n  making the  hidden i o n  
popu la t i on  v i s i b l e  even when GEOS 2 was i n  s u n l i g h t .  

E l e c t r i c  f i e l d  observat ions  on h i g h - a l t i  tude sate1 1 i t e s  are h e a v i l y  
contaminated by a 1 mV/m sunward e l e c t r i c  f i e l d  caused by Sun-induced photo 
emission. Measurements taken i n  e c l i p s e  a1 low observat ion  o f  e l e c t r i c  
f i e l d s  a t  s u b s t a n t i a l l y  lower l e v e l s  (down t o  0.1 mV/m on t h e  SCATHA sate1 - 
l i t e ) .  Ana lys is  of such data taken near t h e  plasmapause a t  l o c a l  m idn igh t  
a l l ows  s e n s i t i v e  t e s t s  o f  t he  c o n t i n u i t y  o f  t h e  e l e c t r i c  f i e l d  across t h a t  
boundary. General ly ,  t h e r e  i s  l i t t l e  o r  no v a r i a t i o n ,  on l y  a monotonic 
v a r i a t i o n  w i t h  p e n e t r a t i o n  i n t o  t h e  plasmasheet. F igu re  36 shows one 
example. (R. C. Olsen/ES53/205-453-0505) 
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F igu re  36. E l e c t r i c  F i e l d  Data from t h e  SCATHA S a t e l l i t e .  The s a t e l l i t e  
moves from t h e  plasmasphere, a t  t h e  beg inn ing o f  t h e  p l o t ,  
th rough t h e  plasmapause, a t  21:40, on i n t o  t h e  plasmasheet. 
Top panel : e l e c t r i c  f i e l d  component i n  t h e  Sunward d i  r e c t i  on. 
Bottorn panel : raw data showing f i e l d  f l u c t u a t i n g  b r i e f l y  a t  t h e  
p l  asmapause. As t h e  sate1 1 i t e  moves i nto  t h e  p l  asmasheet, 
t h e r e  i s  a monotonic increase i n  t h e  f i e l d  i n  t h e  t a i l w a r d  
d i  r e c t  i on. 

MSFCISPAN System 

The Space Physics Ana lys is  Network o r  SPAN ( f o r m a l l y  c a l l e d  SCAr4) has 
expanded g r e a t l y  t h i s  year  from 9 t o  22 remote computer nodes. The SPAN 
system has cont inued t o  be used as a Lest bed between space science inves -  
t i g a t o r s  w i t h  the  i n t e n t  o f  e x p l o r i n g  and employing modern computer and 
comnunication technology as a t o o l  f o r  doing space science research. Th is  
can be accomplished s ince  SPAN i s  not  a project-dependent system t h a t  r e -  
qu i res  a s t a t i c  hardware and sof tware  c o n f i g u r a t i o n  f o r  t h e  d u r a t i o n  o f  a 
mission.  

As shown i n  F igu re  37, t h e  l o c a t i o n  o f  t he  nodes i n  t h e  network are:  
the  Southwest Research i n s t i t u t e  (Texas), U n i v e r s i t y  o f  Texas a t  D a l l  as, 
Los Alamos Nat iona l  Laboratory,  S tanford  U n i v e r s i t y ,  Utah S ta te  U n i v e r s i t y ,  
the  Uni v e r s i  t y  o f  Iowa, t h e  Uni v e r s i  ty o f  M i  c h i  gan (Space Physi cs Research 
Labora tory) ,  Goddard Space F l i g h t  Center, t h e  Uni v e r s i t y  of Alabama- 
H u n t s v i l l e ,  TRW, Lockheed, U n i v e r s i t y  o f  Ca l i f o rn ia -San  Diego, U n i v e r s i t y  
o f  Cal i f o r n i  a-Los Angel es , and t h e  Space Science Labora tory  a t  Marshal 1 
Space F l i g h t  Center (MSFC). The number o f  computers l i n k e d  i n t o  the  n e t -  
work a t  each o f  t he  above l i s t e d  nodes i s  shown i n  F igu re  37 i n  parenthe- 
ses. The c e n t r a l  node o f  t h e  SPAN system i s  a t  MSFC. 

There a re  several  c a p a b i l i t i e s  and fea tu res  t h a t  t h e  SPAN network i s  
developing which make i t  unique w i t h i n  t h e  space science community. SPAN 
can support many users simultaneously a t  each remote node through computer 
t o  remote computer comnuni c a t i o n  software. Users a t  t h e i r  i n s t i t u t i o n s  can 



p a r t i c i p a t e  i n  a  number o f  network f u n c t i o n s  i n v o l v i n g  o t h e r  remote com- 
p u t e r  f a c i l i t i e s .  Data f i l e s  and graphics f i l e s  can be t r a n s f e r r e d  between 
network nodes. Program execut ion  can be i n i t i a t e d  from any of t h e  network 
nodes ( d i s t r i b u t i v e  prdcess ing) .  A l l  o f  t h e  nodes have the  c a p a b i l i t y  rr;' 
message r o u t i n g  snabl i n g  t h e  ?emote nodes t o  communicate w i t h  each o t h e r  as 
if a d i r e c t  phone l i n e  e x i s t e d  between them even though they may not  be 
ad jacent  nodes. 
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F i g u r e  37. Cur rent  SPAN System Nodes. The number o f  computers l i n k e d  i n t o  
a  l o c a l  area network i s  shown i n  parentheses. 

Another impor tant  f e a t u r e  o f  t h i  s  network i s  t h c t  remote users have 
easy access t o  each o the r  through an e l e c t r o n i c  mai l  f a c i l i t y .  Data and 
message communication over t h e  SPAN network i s  done r o u t i n e l y  w i t h  r e l a t f  ve 
ease and i s  not  l a b o r  i n t e n s i v e .  Coordinated workshop pe r iods  enable phys- 
i c i s t s  t o  a t t a c k  a  sc ience problem by i n t e r a c t i v e  a n a l y s i s  u t i l i z i n g  both  
l o c a l  and remote computing f a c i  1  i t i e s  and data bases. 

The t r a d i n g  of so f tware  has been ex tens i ve  i n  t h e  space science com- 
muni ty  over SPAN w i t h  s t rong  i n d i c a t i o n s  t h a t  i t  w i l l  con t i nue  i n  t h e  
f o l l o w i n g  years. The network has a l so  been e x t e n s i v e l y  used f o r  t h e  t r a n s -  
m iss ion  and recep t ion  o f  s c i e n t i f i c  manuscr ipts.  A l l  t h e  above capa- 
b i l i t i e s  o f  SPAN have helped s c i e n t i s t s  t o  s i g n i f i c a n t l y  reduce t h e  t ime  i t  
takes t o  perform c o r r e l a t i v e  work w i t h  authors l oca ted  across the  country.  
SPAN has been used t o  complete t h e  a n a l y s i s  o f  more than 30 s c i e n t i f i c  
papers. 

Because o f  SPAN'S d i s t r i b u t i v e  nature,  computat ional  and t e c h n o l r g i  c a l  
systems a re  a v a i l a b l e  f o r  remote i n v e s t i g a t o r  use. A new t e c h n o l o g i c a l  
system near ing  complet ion i s  be ing developed a t  MSFC under t h e  Data System 
Technology Program (DSTP). The DSTP u t i  1  i z e s  l a r g e  o p t i c a l  d i s k  s torage 
and t h e  l a t e s t  i n  J iber o p t i c s  technology t o  c r e a t e  a  system capable o f  
c a p t u r i n g  up t o  10 b i t s  of data a t  r a t e s  up t o  50 Mb/s. Th is  l a r g e  a r -  
c h i v e  keeps a l l  i t s  data o n l i n e  and access ib le  th rough a developed data 
base management system. Tile DSTP has been used by marly space s c i e n t i s t s  a t  
t h e  remote network nodes. 



Because of SPAN'S c a p a b i l i t i e s ,  t h e  use o f  t h i s  network f o r  Spacelab- 
r e l a t e d  a c t i v i t i e s  occurred n a t u r a l l y  t h i s  year.  Spacelab 1 i n v e s t i  ga tors  
used SPAN f o r  d e v i s i n g  ins t rument  ope ra t i on  plans,  message o r  ma i l  t r a n s -  
mission,  data ana lys is ,  data storage, data r e t r i e v a l ,  data exchange, and 
sof tware development tasks.  Also, i n v e s t i  ga to rs  connected t o  SPAN have 
been u t i l f z i n g  t h e  network fo r  development o f  i n v e s t i g a t i o n s  t o  be f l w n  on 

I Spacelab 2  and 3  and have demonstrated t h e  e f f e c t i v e n e s r  o f  t h e  network i n  
reduc ing t h e  t ime requ i  red  t o  t r a n s f e r  miss ion s p e c i f i c  i n fo rma t ion ,  t o  
respond t o  quer ies  from t h e  p r o j e c t  o f f i c e ,  and t o  develop ins t rument  r e -  
q u i  rements. As more Spacel ab P r i n c i p a l  I n v o s t i  ga tors  and Co- Invest i  ga to rs  
a re  connected i n t o  t h e  network, t h e  Spacel ab - re la ted  ac t1  v i  t i  es w i  l 1  
g r e a t l y  increase.  

Another space f a c i l i t y  t h a t  i s  , ,JW a v a i l a b l e  through t h e  SPAN system 
i s  t h e  MSFC Miss ion I n t e g r a t i o n  and Planning Systems (MIPS). I n v e s t i g a t o r  
i n p u t s  i n t o  t h e  MIPS through SPAN inc lude :  experiment f u n c t i o n a l  ob jec-  
ti ves, phys ica l  s i z e  and p o i n t i n g  i n fo rma t ion ,  and o the r  s im i  1 a r  pay1 oad 
i n f o r m a t i o n  requ i red  f o r  miss ion implementat ion.  I n  r e t u r n ,  PIPS e lec -  
t r o n i c a l l y  provjdes a l a r g e  amount o f  v i t a l  m iss ion  schedule i n fo rma t ion .  

The SPAN srstem c u r r e n t l y  connects t h e  l a r g e s t  number o f  U.S. Spacelab 
i n v e s t i g a t o r s  i n t o  a  common computer network. It i s  a n t i c i p a t e d  t h a t  t h i s  
network w i l l  cont inue t o  prov ide a  means f o r  accompl isbing s c i e n t i f i c  r e -  
search i~ t h e  eas ies t  and nlost cost  e f f e c t i r e  manner. The network, w i t h  
adv ice  from t h e  Data System Users' Group ( c o n s i s t i n g  o f  SPAN and prospec- 
t i  ve SPAN science users) ,  b r i n g s  i n t o  NASA and t h e  s c i e n t i f i c  comtn~~ni t y  
needed techno1 og i  c a l  e x p e r t i  se, thus i n c r e a s i  ng t h e  capabi 1  i t i  es and pro-  
d u c t i  v i  t y  of t oday ' s  s c i e n t i s t s .  (3. L. Green/ES53/205-453-0028) 
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Ast ronomv 

X-Ray Astronomy 

The research program i n  x-ray astronomy i s  d iv ided  'n to  th ree  areas: 
analys is  and i n t e r p r e t a t i o n  o f  data from the T ime I n t e r v a l  Processor of t he  
Monitor Proport ional  Counter t h a t  f lew onboard the HEAO-2 dbservatory, the  
laboratory  development o f  x-ray detectors t ha t  e x p l o i t  fluorescence of t he  
detector  gas, and support t o  the  Advanced X-Ray Astrophysics r a c i  1 i t y  
(AXAF) program. 

A l a rge  nur,iber o f  i n t e r e s t i n g  HEAO observations were analyzed and 
in te rp re ted  dur ing FY-84 which led  t o  the ma jo r i t y  o f  refereed l i t e r a t u r e  
pub l i ca t ions  t h i s  year. These pub l i ca t ions  inc lude a comparison of the two 
black hole candidates, Cygnus X - 1  and LMC X-3, and pa r t  o f  a se r ies  of 
papers re levant  t o  the study o f  x-ray po la r i za t ion .  Work on the  develop- 
ment o f  the x-ray detectors continues and was incorporated i n  a proposal 
f o r  an AXAF experiment. l'he AXAF technology program t e s t s  o f  x-ray scat -  
t e r i n g  from f l a t  samples o f  glass were completed and published. Prepara- 
t i o n s  are being made f o r  t e s t s  o f  the technology m i r r o r s  which w i l l  be 
completed i n  1985. This research i s  sponsored by the O f f i c e  of Space 
Science and Appl icat ions.  (M. C. Wei sskopf/ES62/205-453-5133) 
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Gamma-Ray Astronomy 

Data analys is  was completed from two ba l loon  f l i g h t s  o f  l a rge  area 
s c i n t i l l a t i o n  detector  arrays i n  1980 and 1982. Results o f  gamma-ray burs t  
observations show a de f i c iency  of weak gamma-ray bursts.  This would i n d i -  
cate  a ga lac t i c  o r i g i n  f o r  t he  burs ts  and the  poss ib l  ex is tence of a 
minimum burs t  l uminos i t y  th resho ld  a t  approximately erg. A more 
d e f i n i t i v e  measurement w i  11 requ i re  longer dura t ion  ba1 loon f l i g h t s .  Modi - 
f i  c a t i  ons t o  the  present b a l l  oon-borne experiment have begun t o  a1 low 
f l i g h t  durat ions o f  up t o  2 weeks. An i n i t i a l  t e s t  o f  a long-durat ion 
ba l loon  f l i g h t  system from Aus t ra l i a  i s  planned f o r  January 1985. 
(G. J. F i  shman/ES62/205-453-0117) 
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Cosmic Ray and P a r t i c l e  Physics 

The f o u r t h  i n  a s e r i e s  o f  bal loon-borne cosmic ray  experiments de- 
signed t o  study high-energy cosmic rays and the  i n t e r a c t i o n s  produced by 
them was f l own  from Pales t ine ,  Texas, on September 23, 1983, and a t t a i n e d  
an exposure o f  57 hours above 120,000 f e e t .  Th is  was t h e  longest  ever 
f l own  from Pales t ine ,  Texas. 

The s e r i e s  of i n v e s t i g a t i o n s  i s  be ing performed by a c o l l a b o r a t i o n  
which i nc ludes  members o f  several  U.S. and Japanese u n i v e r s i t i e s .  The 
experiments a re  c a l l e d  Japanese-American Cooperat ive Emu1 s i o n  Experiments 
(JACEE). The p r i n c i p a l  o b j e c t i v e s  are  t h e  l p d y  o f  lHhe composi t ion and 
energy spect ra  o f  t h e  cosmic rays between 10 and 10 eV, and t h e  s tudy 
o f  i n t e r a c t i o n s  between heavy n u c l e i  a t  h igh  energies. The nucleus-nucle 
i n t e r a c t i o n  s tud ies  extend from 20 GeV/atomic mass u n i t  t o  around 10 Y 8 
eV. The lower end o f  t he  range i s  a f a c t o r  o f  10 l a r g e r  than t h a t  a v a i l -  
a b l e  a t  heavy i o n  p a r t i c l e  acce le ra to rs .  The data a n a l y s i s  from past  
f 1 i ghts has achieved major r e s u l t s  concerning composi t ion of cosmic rays  
and i n t e r a c t i o n  s tud ies .  

An ana lys i s  of t h e  small  sample o f  heavy n u c l e i  measured above 1014 eV 
on t h e  f i r s t  two JACEE f l i g h t s  has revealed t h a t  t h e  cosmic ray compos i t ion  
i n  t h a t  energy range i s  no t  r a d i c a l  d i f f e r e n t  from t h a t  p rev iou  ' . I  mea- 
sured by o the r  experiments around 10'' eV. Th is  i s  a d i f f e r e n t  res  'rom 
t h a t  p r e d i c t e d  by some cosmic ray  a i r  shower experiments, and , i s  
d i f f e r e n t  from an e x t r a p o l a t i o n  o f  t h e  lower energy spectra, which NOU 

p r e d i c t  a much l a r g e r  component o f  heavy nuc le i  (Mn, Cr, Fe, Ni ) above 10 1d 
eV. The spect ra  o f  t h e  heavy n u c l e i  apparent ly  steepens above the  energy 
reg ion  covered by prev ious bal  loon-borne experiments. 

Data gathered d u r i n g  t h e  1982 h y b r i d  counter-emulsion chamber e x p e r i -  
ment (JACEE 3 )  have produced a se t  of 650 nuc lea r  i n t e r a c t i o n s  between 
cosmic ray p r o j e c t i l e s  ( n u c l e i  o f  Ne, Mg, Si,  etc., t o  Fe) which s t r i k e  
t a r g e t s  (C, Pb, Ag, B r )  i n  t h e  emulsion chamber. Th is  sample has an 
average energy 15 t imes t h a t  a v a i l a b l e  a t  acce le ra t i on .  The data have been 
exce l l e n t  and, i n  many respects, unexpected when compared w i t h  a s imple 
superpos i t i on  model of heavy nucleus c o l 1  i s i o n s .  Simple superpos i t i on  
means t h a t  t h e  r e s u l t s  might be p r e d i c t e d  by superimposing t h e  number o f  
produced p i  mesons and angular  d i s t r i b u t i o n s  ( f rom a c c e l e r a t o r  data)  from 
an equ iva len t  number o f  wounded pro tons and neutrons. The average number 



o f  produced p a r t i c l e s  i s  h i  yher than simple superpos i t ion models would 
pred ic t .  Col 1 i s i  ons between Fe p r o j e c t i  1 es and carbon t a rge t s  show some 
events w i t h  many more p a r t i c i p a n t  protons and neutrons i n t e r a c t i n g  o r  
wounded than p red ic ted  by geometrical arguments. This may be taken as 
evidence f o r  a c o l l e c t i v e  behavior i n  the  i n t e r a c t i o n s  ra ther  than an i n -  
dependent nucleon p ic tu re .  About one-fourth of the  i n t e rac t i ons  from t h i s  
f l  i ght have been analyzed. (T. A. Parne l l  /ES62/205-453-5130) 
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The Marshall M id - In f  rared Array Camera 

MSFC has developed a camera detector  system f o r  astronomical observa- 
t i o n s  i n  the  wavelength range 5-30 ran. Although t h i s  h i gh l y  s e n s i t i v e  
system i s  app l i cab le  t o  a broad range o f  ?rograms, i t s  primary purpose i s  
t o  obta in  i n f r a r e d  maps o f  s tar - forming regions i n  the M i l ky  Way and other  
gal axies and t o  i nves t i ga te  sources discovered by the  I n f r a red  Astronomical 
Sate1 li t e  (IRAS). I n  co l l abo ra t i on  w i t h  several u n i v e r s i t y  groups, i t  w i l l  
a lso be used t o  study comets, p a r t i c u l a r l y  Hal ley  and Giacobini-Zinner i n  
1985186. An externa l  view of the camera i s  showr! i n  F igure 38. Dur ing 
astronomical observations, the te lescope foca l  plane i s  re-imaged onto t h e  
camera's array o f  20 square f i e l d  m i r r o r s  arranged i n  4 columns and 5 
rows. The m i r r o r s  are close-packed w i t h  e s s e n t i a l l y  no dcsd space 
between. Each f i e l d  m i r r o r  w i l l  provide a p i x e l  s i ze  of 5 arc seccnds when 
used a t  the  NASA 3-meter In f ra red  Telescope Faci  1 i t y  telescope tin Mauna 
Kea, Hawaii, w i t h  a corresponding t o t a l  ar ray s i ze  of 20 x 25 arc  
seconds. The r a d i a t i o n  i nc i den t  on each f i e l d  m i r r o r  i s  focused onto a 
square bolometer detector  ch ip  0.3 inn i n  s ize.  To achieve h igh s e n s i t i v i -  
ty,  the bolometers arid camera op t i cs  are cooled t o  below 1.6 K using 1 i q u i d  
helium. The f i r s t  f i e l d  t e s t  o f  the ar ray (wi thout  the MSFC data system) 
occurred i n  June 1984 a t  the 2.4-meter Wyoming I n f r a red  Observatory (WIRO) 
telescope using the W I R O  data system. The ar ray performed very we l l ,  and 
maps o f  two galaxies and a gamma-ray bu rs te r  reg ion were obtained. F u l l  
charac te r i za t ion  o f  the camera, i nc l ud ing  t he  MSFC data system, i s  sched- 
u l  ed f o r  November 1984 a t  WIRO. (C. M. Tel esco/ES63/205/453-5136) 
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F igu re  38, External  View of the MSFC 'Mid-Infrared Array Camera (called Big  
MAC for Marshall Array Camera). The height and diameter o f  the 
c y l i n d r i c a l  cryogenic dewar are  12.5 and 10 inches, respective-  
l y .  During operat ion,  the four flanges near the dewar t o p  are 
used t o  suspend the camera from an i n t e r f a c e  box, which i n  t u r n  
i s  bolted t o  the telescope Cassegrain focus. The in f ra red  heam 
from t h e  telescope passes v e r t i c a l l y  through t h e  pressure 
w i n d w  ( l oca ted  on far side of  dewar tap)  and i s  then i n c i d e n t  
on the camera opt ics and detectors.  F i l t e r s  are changed using 
the knob a t  upper l e f t .  The two tubes near top center access 
the  l i q u i d  helium and l i q u i d  ni t rogen chambers for  cool i n g  the 
detectors. 

I nfraped Astronomy 

Development cont i  nued on fl i ght  hardware f o r  t he  l n f  ra red  Te lescope  
( I R T )  experiment scheduled for the Spacelab 2 mission i n  1985. The IRT i s  
a j o i n t  endeavor o f  the Smithsonian Astrophysical Observatory (SAO) ,  the 
University of  Arizona (UA), and MSFC. SAO i s  p r o v i d i n g  the Pr incipal  In- 
v e s t i g a t o r  (G. Faz io ) ,  p r o j e c t  management, and p o s t - f l i g h t  data ana lys i s ;  
UA i s  responsible f o r  the i n f r a r e d  o p t i c s ;  and MSFC provides the  cryogenic 
system, mechanical equipment, and a l l  i n t e g r a t i o n  and t e s t  funct ions.  The 
U n i v e r s i t y  of Alabama-Hu~tsvilie has collaborated w i t h  MSFC i n  the develop- 
men t o f  the cryogen i c apca ra t us. 

The i n f r a r e d  op t i c s  are carr ied i n  a helium gas-cooled, a r t i c u l a ~ e d  
c ryos ta t  which w i  11 scan about a single  a x i s .  Coupled w i th  O r b i t e r  motion, 
th is  w i l l  generate an extensive map o f  low-surface brightness and d i f f t ise  
astronomical o b j e c t s  and w i  11 produce da ta  on the Orbi terJSpacel3b i nduced 
envi roqrnent and i t s  ef fect on cryogenic i n f r a r e d  astronomy. Superfl u i  d 
helium i s  stored in a 250- t i te r  dewar which provides the c o a l i n g  gas t o  the 
cryos t at. 



Following extensive cryogemc and mchanical  q u a l f f i c a t i o n  t e s t i n g  of 
the cryostat  and the dewar subsystems, the IRT was assembled and q u a l i f i e d  
as a system. Testing a t  MSFC included mchanical  and e l e c t r i c a l  funct iona l  
tests, cryogenic performance t e s t s  w l t h  superf lu id  he1 i u m ,  an acoustic 
t e s t ,  and a thermal vacuum t e s t .  The experiment was also f i t  checked wi th  
an engineering model Spacelab p a l l e t ,  as shown i n  Figure 39. The 1R1 was 
delivered t o  KSC i n  Apri 1 1984 and i n s t a l  led i n t o  the Spacelab 2 payload. 
I n  p r e p a r a t i o n  for the Level I V  Mission Sequence Test (MST)  i n  Ju ly ,  the 
system underwent high vacuum and l i q u i d  he1 i urn serv ic ing  operat ions,  as 
they w i l l  be performed during Level I. Host t e s t  objectives were success- 
f u l l y  completed p r i o r  t o  and during HST. However, it has been necessary t o  
repeat som i nf rared detector tests  and simulation of  the superf 1 u i d  he1 i urn 
conversion and t o p o f f  servic ing which w i  11 be performed on the launch 
pad. Th is  e f f o r t  i s  sponsored by the Of f ice  of Space Science and Rppl i ca- 
t i  ons . (E. W. Urban/ES63/205-453-5132) 

Figure 39. Infrared Telescope Mounted i n  Spacelab Pallet. 



MATERIALS PROCESSING IN SPACE 

Vapor C r y s t a l  Growth 

Pro fessor  Wiedemeier (Renssel aer Po ly techn ic  I n s t i t u t e )  r e c e n t l y  com- 
p l e t e d  t h e  ana lys i s  o f  h i s  vapor c r y s t a l  growth experiment on STS-7. GeSe 
c r y s t a l s  were grown by phys i ca l  vapor t r a n s p o r t  i n  c losed ampoules w i t h  an 
Xe bu f fe r  gas a t  4  and 8 atmospheres. The source end o f  t h e  ampoules was 
main ta ined a t  600 OC, and the  growth reg ion  was main ta ined a t  500 O C  us ing  
t h e  MSFC-devel oped general -purpose rocke t  f ~ r n a c e .  The o r i g i n a l  purpose o f  
t h e  experiment wa: t o  reso lve  the  anomalous t r a n s p o r t  r a t e s  observed i n  t h e  
growth of GeSe by chemical vapor t r a n s p o r t  us ing ha logen-ca r r i e r  gases on 
Sky1 ab and Apo l l  o  Soyuz. 

The t r a n s p o r t  r a t e s  observed on STS-7 were w i t h i n  2r) percent  o f  those 
p r e d i c t e d  by simp1 e  one-dimensi onal  d i f f u s i o n  theo ry  and approximately a  
f a c t o r  o f  2 lower  than the  ground c o n t r o l  t e s t s  i n  a  v e r t i c a l  s t a b i l i z i n g  
c o n f i g u r a t i o n  ( h o t  over co ld) .  Th is  i s  cons is ten t  w i t h  t h e  recent  theo- 
r e t i c a l  r e s u l t s  from Rosenberger ( U n i v e r s i t y  o f  Utah) who has shown t h a t  
convect ion  i s  imposs ib le  t o  avo id  w i t h  such a  system i n  a  g r a v i t y  f i e l d .  
The d i f f e r e n c e  between t h e  observed l o w - g r a v i t y  t r a n s p o r t  r a t e  and the 
one-dimensional d i f f u s i o n  model i s  p robab ly  due t o  w a l l  e f f e c t s  which 
Rosenberger has shown are  impor tant  i n  such a  process. The r e s u l t s  a re  i n  
c o n t r a s t  t o  the  f o u r f o l d  increase i t 1  t r a n s p o r t  observed by Wiedemeier i n  h i s  
e a r l i e r  f l i g h t s  us ing a  chemical t r a n s p o r t  agent. Th is  tends t o  con f i rm  h i s  
c o n j e c t u r e  t h a t  the  anomalous r e s u l t s  were due t o  thermochemical e f f e c t s  o f  
t h e  homogeneous gas phase reac t i ons  . A two-dimensional t r a n s p o r t  code i s  
be ing devel op?d a t  MSFC u t i  1  S z i  ng the  theory  devel oped by Rosenberger t o  
check the  d e t a i l s  o f  these r e s u l t s .  Th is  code w i l l  a1 so be used t o  model 
t h e  vapor c r y s t a l  growth experiment being developed by 3M Corporat ion.  

Wiedemeier's experiment no t  o - ~ l y  dccompl ished i t s  o r i g i n a l  o b j e c t i v e ,  
b u t  produced a  s u r p r i s i n g  and unexpected r e s u l t .  The ground c o n t r o l  exper i -  
ments conducted by MSFC produced a  t h i n  c r u s t  o f  p o l y c r y s t a l l i n e  m a t e r i a l  on 
t h e  w a l l  o f  t h e  growth reg ion  w i t h  i n d i v i d u a l  c r y s t a l l i  t e s  no l a r g e r  than %l 
mm. Th is  was acceptable s ince  the  o b j e c t i v e  o f  t he  experiment was t o  meas- 
u r e  t r a n s p o r t  ra tes- -not  grow good c r y s t a l s .  The f l i g h t  samples, however, 
produced loose web- l ike s t r u c t u r e s  o f  l a r g e  t h i n  c r y s t a l s  t h a t  grew i n  the  
i n t e r i o r  of t he  growth ampoule i ns tead  o f  on the  w a l l ,  suggest ing t h a t  t he  
c r y s t a l s  nucleated homogeneously i n  the  gas phase. Some o f  these c r y s t a l s  
were as l a r g e  as 4  x  10 mm and were 10-100 microns t h i c k .  The most s t r i k i n g  
f e a t u r e  i s  t he  sur face morphology shown i n  F igu re  40. The ground c o n t r o l  
c r y s t a l  1  i t e s  show numerous and i r r e g u l a r  growth te r races  w i t h  a  s w i r l  -1 i ke 
p a t t e r n ,  suggest ing s i g n i f i c a n t  convect ive  f low. Also, t h e  Earth-grown 
c r y s t a l s  show a h i ~ h  d e n s i t y  o f  su r face  p i t s ,  t he  o r i g i n  o f  which has n o t  
been i d e n t i f i e d .  I n  c o n t r a s t ,  t h e  space samples are  extremely smooth w i t h  
more regu la r  and wide ly  spaced growth te r races  and show no evidence o f  sur- 
face p i t t i n g .  These samples were grown under i d e n t i c a l  c o n d i t i o n s  except 
f o r  t h e  g r a v i t y  f i e l d .  It i s  c l e a r  t h a t  the  more un i fo rm growth c o n d i t i o n s  
i n  the  absence of g r a v i t y - d r i v e n  convect ion  have a  profound e f f e c t  on 
su r face  morphology. (R. J. Naumann/ES71/205-453-0940) 
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Figure 40. Opt ica l  Photomicrographs o f  GeSe Crystal Surfaces Using Nmarski 
Di f ferent ial  Interference 11 1 urnination and Magn i f i ca t ion  o f  
100X. The ground control sample ( a )  was grown under ident ica l  
conditions except for gravity as the f l i g h t  sample ( b ) .  Compare 
the smooth surfaces and widely spaced growth terraces on the 
f l i g h t  sample with  the i r r e g u l a r  growth terraces and surface 
p i t t i n g  on the ground contra1 sample. 

Crystal Growth and Character1 z a t i  - on 

Substantial progress has been made i n  the development o f  theore t ica l  
models for the temperature d i  strf bution and cmposi t ional  red is t r ibut ion  
dur ing the d i rect ional  s o l i d i f i c a t i o n  o f  s o l i d  so lu t ion  alloy systems. Such 
models are needed for requirement d e f i n i t i o n  and f o r  the i n t e r p r e t a t i o n  o f  
experimental data from spaceborne c rys ta l  growth experiments. I n  part icu-  
l a r ,  accurate numerical codes have been generated for the analysis o f  the 
thermal and compositional f i e 1  ds during the Bridgman-type growth of  
Hgl,xCdxTe ( 0  c x (1) semiconducting alloys.  The ca lcu la t ions  in- 
c 1 ude previ ously-measked temperature and cmposi t i o n  dependences f o r  the  
melt  and s o l i d  thermal d i f f u s i v i t i e s .  The c a l t u l a t l o n s  allow for both 
r a d i a t i v e  and conductive heat exchange between the  furnace walls and t h e  
alloy samples. Based an the  ca lculat ions and a conceptual analysis of the 
heat f low patterns during Bridgman-type crystal  growth, a navel method has 
been described for f nterface shape con t ro l  during Bridgman-type crysta l  
growth of HgCdTe a1 loys. The method requires a proper combination of 
furnace geometry, upper- and l ower-zone temperatures , and growth r a t e  t o  
r e a l i z e  the desired growth i n t e r f a c e  shape. I t  has been demonstrated ex- 
perimental ly t h a t  the proposed method works well for a l l  alloy canposit ions 
o f  technological  i n t e r e s t .  



An experimental apparatus has been designed and developed t o  make high 
temperature e l e c t r i c a l  conductivity measurements o f  mater ia l  s by a contact- 
less technique and has been used to  acqui r e  data on HgTe frm room temper- 
a ture  t o  temperatures above the m e l t i n g  po in t .  The resu l ts  for the me1 t 
show a marked increase in conductivity w i t h  temperature and thus support the 
exi stence of the r ~ c r n t l  y discovered semiconductor-to-metal t ransi  t i o n  i n  
the l i q u i d  s ta te  f o r  HgCdTe a l loys .  The apparatus i s  sens i t i ve  enough to  
detect changes i n  conductivi ty due t o  thermal annealing which a f fec ts  the 
concentrat ion of point  defects i n  the materi a1 . 

The design and development o f  an engineering prototype of an Advanced 
Automated D i  sectional So1 i d i  f i c a t i  on Furnace (AADSF) system f o r  the process- 
i n g  and crystal growth o f  e lec t ron ic  mater ia ls  (e.g., HgCdTe) has been 
near ly  completed. The AADSF shown i n  Figure 4 1  was designed t o  provide a 
broad range of material  s processing condit ions.  I t  i s  a rnul t i  tone furnace 
capable o f  es tab l i sh ing  very steep thermal gradients as we1 1 as long iso- 
thermally heated regions. The highly modular design allows it t o  be assem- 
bled i n  many d i f ferent  forms t o  meet a wide array of  a n t i c i p a t e d  materials 
processing needs. ( S ,  L. Lehoczkyl ES72/205-453-3090) 

Figure 41. Prototype of AADSF System, 
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Model Immiscible Systems 

There e x i s t  a l a rge  number o f  m e t a l l i c  systems t ha t  do not form a l l oys  
f rom the me1 t because they e x h i b i t  a region o f  l iquid-phase immisci b i  1 i ty. 
As a melt  i s  cooled i n t o  t h i s  region, the dens i ty  d i f fe rences  between the 
two l i q u i d  phases r e s u l t  i n  r ap id  phase separation. Ear l y  experiments i n  
low g r a v i t y  found t h a t  phase separat ion s t i l l  dcclcrred even i n  the absence 
o f  buoyancy, i n d i c a t i n g  the ex is tence o f  other phase separat ing mechanl sms 
t h a t  had been p r e v ~ o u s l y  masked by the g r a v i t a t i o n  e f f ec t s .  

Research w i t h  t ransparent model systems w i th  s i m i l a r  p roper t ies  has 
revealed a number o f  i n t e r e s t i n g  surface and c a p i l l a r i t y  e f f e c t s  t h a t  p lay a 
r o l e  i n  phase separation. These e f f ec t s  are being i so l a ted  and studied 
i nd i v i dua l  l y .  

Fundamental t o  such a study are accurate phase diagrams of the proposed 
model system,  A 1 i gh t - sca t t e r i ng  technique f o r  determining cloud po in ts  
has been developed by James Smith (Un i ve r s i t y  o f  A1 abama-Huntsvi 11 e) . S i  g- 
n i  f i c a n t  co r rec t ions  (as much as 11 -4  percent i n  monotectic composit ion) 
have been made t o  the succinoni t r i l e - w a t e r  system which i s  somewhat o f  a 
standard. These improvements w i l l  have an impact i n  the i n t e r p r e t a t i o n  o f  
previous experiments. Phase diagrams o f  combinations o f  succinoni tr i 1 e and 
o ther  mater ia l  s such as benzene, cyclohexanol , anhydrous ethanol , azcotropic 
ethanol-water, and mixtures o f  D20 and H20 (which a l low adjustments t o  
prov ide neut ra l  buoyancy) have been improved o r  determined f o r  the f i  r s t  
time. 

One o f  the n~echanisms responsible f o r  such phase separations i s  c r i  t i -  
ca l  wet t ing and spreading on the contained surface. Theory p red i c t s  t h a t  
one o f  the two i m m i  sc i  b l  e phases w i  1 1 become p e r f e c t l y  we t t i  ng above a par- 
t i c u l a r  c r i t i c a l  wet t ing temperature. I n  Ear th 's  g rav i t y ,  the  i n t e r f a c e  
between the two phases i s  f l a t t ened  because o f  the dens i ty  d i f ferences,  thus 
o;ving the appearance o f  a 90' contact  angle ra ther  than the expected 0' 
c m t a c t  angle. Techniques t o  measure the l i q u i d - s o l  i d  i n t e r f a c i a l  energies 
a re  being developed by K. Chang (Alabama MM l i ve rs1  t y )  which w i l l  a l l ow 
t h e  p red i c t i on  o f  the c r i t i c a l  we t t ing  temperature as wel l  as the modeling 
o f  the nuc leat ion and growth o f  the l iquid phases. Removal o f  g r a v i t y  
zhould a l low the i n t e r f a c e  t o  re lax  so t ha t  i t s  t r u e  stta?e may be obser~ed.  
Attempts t o  observe t h i s  d i r e c t l y  i n  the drop tower and the KC-135 a i r c r a f t  
have produced some i n t e r e s t i n g  r esu l t s ;  t he  i n t e r f a c e  tends t o  become f l a t -  
t e r  instead o f  more hemispherical as the temperature approaches the c r i t i c a l  
consolute po in t .  It i s  suspected t h a t  t h i s  i s  caused by the fact  t h a t  the 
i n t e r f a c i a l  epergy becomes vani sh ing ly  small a t  the consol u t e  po in t .  A t  
these low i n t e r f a c i a l  energies, the  dr iv ' i  ng force i s  probably not s u f f i c i e n t  



to  form the equi l ibr ium i n t e r f a c e  shape i n  the time ava i lab le .  A space 
s h u t t l e  experiment i s  needed t o  resalve t h i s  e f fec t .  

Key t o  the control o f  unwanted phase separatfon from c r i t i c a l  wett ing 
i s  selectfqn o f  a container t h a t  i s  wet by the host phase ra ther  than the 
minor i ty  phase. A technique for reversing the hydrophi 1 l i c  nature o f  pyrex 
has been developed i n  t h i s  study. 

Another unexpected e f f e c t  has been observed j n  the s o l i d i f i c a t i o n  of 
succ i  noni  t r i  1 e-Hz0 monotectic. A pecul i a r  worm-1 i ke s t ruc ture  4 s observed 
a t  the s o l i d i f i c a t i o n  i n t e r f a c e  (see F i g u r e  4 2 ) .  The s t a l k s  meander about, 
and occasionally the heads may pop o f f  and rap id ly  move away. The exact  
nature o f  t h i s  s t ructure  has not  yet Seen deremin~cr ,  but f t  i s  believed t o  
occur because the c r i t i c a l  wett ing temperature i s  be? ow the monotect l c  
temperature, thus preventing a s table  tr i  j unct ion between the two l i q u l d  
phases and the monotectic so l id .  (D, 0. Frazier/ES74/205-453-3090) 

F i  gure 42. S x c i  noni t r i  l e-Benzene Sol i d-Li quf d Inter face.  idorm-c t a l  k phase 
widths  are t y p i c a l l y  less than 1011rn for most systms and grcwth 
c o n d i t i o n s .  
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il ec t  rophoresi s  

A more de ta i led  study o f  the r o l e  o f  the sample cons t i tuen ts  i. ~t.l prop- 
e r t i  es i n  Continuous Flow Elect rophores is  (CFE) was begun t k i s  year. 
F l i g h t  experiments on STS-6 and -7 showed the importance o f  d i  f f e ren t  elec- 
t r i c a l  proper t ies .  The e l e c t r i c a l  conducti ~ i t y  o f  t h e  sample and the 
b u f f e r  so lu t ion  must be c a r e f u l l y  r t j tched t o  f u l l y  u t i l i z e  the  h igh sample 
concentrat ion possible i n  low grav i  ty .  Otherwise. e l e c t r i c  f i e l d  d i  s t o r -  
t i o n s  near the bu f f e r  cause an increased Sandspread and reduced reso lu t i on  
( the  advantagec of  low-grav i ty  operat ions).  It has heen shown t ha t  dramat- 
i c  increases 1; throughput can be rea l  ized i n  CFE perforner! i n  low g rav i t y  
by increas ing the f low channel width and the concentrat ion of  the sample 
stream. This i s  h i gh l y  s i gn i  f i c a n t  f o r  McDonnell 9ouglas Aerospace Cor- 
porat ion which i s  developing a  space CFE device for  commercial use since 
t h i s  i s  the major advantage o f  low-gravit-y operat ion t h a t  has been i d e n t i -  
f ied. From a  s c i e n t i f i c  po in t  o f  vi: ., the sample runs f o r  NASA, as p a r t  
o f  the Jo in t  Endeavor Agreemsnt, revealed some i n t e r e s t i n g  i n s i g h t  on the 
ef fec t  of  conduc t i v i t y  mismatch between the sample stream and the buffer.  
The high sample concentrat ion a t t a i nab le  only i n  low g rav i t y  al lows con- 
s iderab ly  more mismatch between the e l e c t r i c a l  conduc t i v i t y  than i s  usua l l y  
experfenced on Earth. 'This causes a  d i s t o r t i o n  i n  the e l e c t r i c a l  f i e l d  i n  
the v i c i n i t y  of  the bu f f e r  which causes the sample t o  migrate t.oward the 
wal ls .  

These resu l t s  have been confirmed by a  ser ies  o f  l aoora to ry  exper i -  
ments done wi th  h e ~ o g l o b i n  ( the  sample mater ia l  o f  STS-6) and po lys tyrene 
l a t e x  (used on STS-7 j . Conducting two-dimensional analogs o f  CFE, hemo- 
g lob in  samples o f  d i f f e r e n t  e l e c t r i c a l  conducti v i i y  have been i nsertrld i n t o  
ce l l u l ose  acetate gel strip:. The spread o f  the sample dur ing  e l ec t r o -  
phoresis has been measured and cor re la ted  w i th  a  mathematical model. 
F igure 43 shows the d i s t o r t i o n  o f  the e l e c t r i c a l  f i e l d  i n  the  v i c i n l  cy of a  
sample o f  hemoglobin. The hemoglobin was placed on a  ce l l u l ose  acetate 
p l a t e  w i t h  an e l e c t r i c a l  f i e l d  a t  150 v o l t s  appl ied as shown. These re- 
s u l t s  simulate e l e c t r i c a l  f i e l d  d i s t o r t i o n  i n  a  CFE chamber; t h i s ,  i n  turn ,  
causes the sample t o  m v e  toward the chamber wal ls,  thu5 causing sample 
bandspreadi ng and, hence, degradation i n  ch~mber reso lu t ion .  Since t h i s  
phenomenon i s  not g rav i t y  dependent, it i s  important t o  i nves t i ga te  ways tt 
attenuate i t s  e f f e c t  so t h A t  optimum performance can be obtained from 
s9ace-based electrophoresi  s  devi ces. 



Figure 43. D i s t o r t i o n  of E l p c t r i c  F i e l d  Around a Sample o f  Hemoglobin 
Applied l e l l u l  o:? Acetate. 

Polystyrene l a t ex  samples of d i  f f e ren t  concent ra t ion and conducti v i  t y  
have shown comparable r e s u l t s  i n  the  Beckmall Cont i  nuocs P, r t i c l e  E lec t ro -  
phoresis System. Conducting experintents both i n  space and i n  t he  labora- 
t o r y  have y ie lded  s i g n i f i c a n t  s c i e n t i f i c  r e s u l t s  t h a t  w i l l  impact fu tu re  
separat ion techno1 ogy . 

Electroosmosis has been a sub ject  of ir:tense research since t he  Apc' l o  
16 e1ectrop.lores i s  experiment. A1 though electroosmosis can be u t i  1 i zed t o  
advactage dur ina CFE, i t  i n d i r e c t l y  caused most o f  the  bandspreadi ng dur ing  
the  Conti nuous Flow Elect rophores is  System experiments. Electroosmosi s 
a1 so i nf 1 uences i soel e c t  r i  c focusing, and a f l  i ght experiment t o  measure 
and con t ro l  i t by a c ~ m b i n a t i o n  of ba r r i e r s  and coat ings was done on STS- 
11. Tke experiment snowed t h a t  electroosmosis i s  a much more complex 
phenomenon i n  the  presence of an amphoteric b u f f e r  used i n  i s o e l e c t r i c  
focusing than i t i s  i n  e lec t rophore t i c  buf fers .  Also, t he  f lows i n  i s o -  
e l e c t r i c  focusing chambers show unexpected s i ze  sca le  effects, u n l i k e  flows 
i n  e lec t rophore t i c  chambers, which are i nva r i an t  w i t h  s ize.  Such flows are 
being modeled, and a fo l low-up experiment t o  t e s t  these models i s  ready f o r  
the next t l i ght opportuni ty.  

Mathematical model i r i g  and analys is  f o r  bc th  e lect raphares i  s and i so -  
e l e c t r i c  focusing f s provided by Pr inceton Un i ve rs i t y  (0. A. F a v i l l e )  and 
Rabarts Associates (G. 0. Roberts). The Isoe l  e c t  r i  c Focusing Experirncnt. 
kaa develo~jei j  by the Un i ve r s i t y  o f  4rizona (P Bie r ) .  This research i s  
sponsored by the  ?4i  c rograv i  ty Scl ences and Appl icat ions D i v i s i on  o f  the  
O f f i c e  of Space Science and Appl i ca t ions .  (R. 5 .  Snyder/ES73/205-453-3537) 
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Growth o f  Precis ion Latex Microspheres i n  Low Grav i ty  

The purpose o f  the  Monodisperse Latex Reactor (MLR) i s  t o  produce 
la rger ,  more uniform p a r t i c l e - s i z e  monodisperse po lys tyrene la texes i n  
m ic rograv i t y  than can be manufactured on Earth. 

A l a t ex  i s  a suspension of very t i n y  (micrometer-size), p l a s t i c  
sphl~res i n  water, s t a b i l i z e d  by emu ls i f i e rs .  The ob jec t i ve  o f  t h i s  ex- 
periment i s  t o  grow b i  11 ions o f  these microspheres t o  l a r g e r  s izes than can 
be grown on Earth, wh i le  keeping them p e r f e c t l y  spher ica l  and monodis- 
perse. The word monodisperse means a l l  exac t l y  the  same size, and it i s  
def ined i n  t h i s  experiment as mainta in ing a standard dev ia t i on  of diameter 
of less than 2 percent f o r  a l l  microspheres i n  the batch. Thus far ,  l a t e x  
batches have been returned t o  Earth from several o f  the  MLH f l i g h t s  w i t h  
standard dev ia t ions b e t t e r  than 1.4 percent. A t y p i c a l  l a t e x  recipe, such 
as t ha t  ca r r ied  aboard the  most recent s h u t t l e  f l i g h t  (STS-l l ) ,  produces 
1.7 b i l l i o n  microspheres o f  30 toll diameter, o r  45 b i 1  l i o n  microspheres 
o f  l a  un diameter-  the d i f f e rence  i n  numbers i s  due t o  each l a t e x  rec ipe 
being he ld  cons tar,^ a t  about 25 percent t o t a l  s o l i d  content by weight. The 
microspheres comprising these la texes can only be grown i n  quan t i t y  on 
Earth t o  about 5 un diameter wh i le  remaining monodisperse due t o  buoyancy 
and sedimentation e f f~ac ts .  They cannot be s t i r r e d  s u f f i c i e n t l y  t o  maintain 
the suspension dur ing po lymer izat ion because they would undergo shear- 
induced coagulation. However, i n  microgravi  ty the  absence o f  buoyancy 
ef fec ts  has thus far  al lowed growth o f  these spheres t o  30 m diameter. 
The MLR has now flown f i v e  t imes on the space s h u t t l e  (STS-3, -4, -6, -7, 
and -11), and three more f l i g h t s  dre present ly  scheduled t o  be completed by 
mid-1985. 

This experiment has now prcdcced the f i r s t  commercial space product; 
i.e., the f i r s t  commercial mate r ia l  ever manufactured i n  space t o  be 



marketed on Earth. The 10 un l a t e x  mar,ufactured during the STS-6 mission 
was o f f i c i a l l y  accepted by the L1.S. National Bureau o f  Standards (NBS) on 
July 17, 1984. NBS; plans t o  market t h i s  latex t o  researchers worldwide as 
the Wni ted  States nat ional  10 wn Standard Reference Materi a1 . NASA 
t rans fe r red  15 g o f  t h i s  10 un l a t e x  t o  NRS where it was d i l u t e d  and 
packaged by N0S into 700 v i a l s  of 4 mL each. Each o f  these v i a l s  was 
priced by NBS a t  $400, thus g i v i n g  the batch o f  15 g a t o t a l  market, value 
o f  $280,000. This computes t o  about $18,700 per gram o f  sol i d  polymer, or  
9530,000 per oz. I f  the chemistry and a l l  four recctors operate proper ly ,  
about 2 t o  3 m i l l i o n  d o l l a v s '  w ~ r t h  of l a tex  can be produced on each space 
shut t le  f l i g h t .  NBS has also ~ificially requested t h a t  N4SA produce 30 g 
o f  30 m l a tex  and 80 g of !00 um l a t e x  which they a1 so p lan  t o  market. 
The goal i s  t o  accompl f s, t h i s  by the end o f  the next th ree  f l i g h t s .  
Figure 44 graphically illustrates the difference i n  quality hetween the 
l a t e x  made i n  space ( a )  whic was t ransferred t o  NBS and the ground cont ro l  
latex ( b )  which was made from the same seed la tex  from the s?me b o t t l e  and 
was po lymr ized  on Earth under ident ical  c o n d i t i o n s  except for  micro- 
gravity.  

Figure 44. 10 p latexes.  ( a )  NBS f l f g h t  l a t e x  (800X; standard deviat ion:  
1.15 percert). (b)  Ground control l a t e x  (800X; standard devia-  
t ion :  4 percent). 

Once it i s  demonstrated t h a t  t h e s e  1 arge-si ze rnonodi sperse 1 atexes can 
be rout ine ly  produced i n  quantity and qua1 f ty, they can be marketed for 
nany types of sci ent i f i c appl i cat  i on5 . Biomedical research appl i cat  1 ons 
include such t h i n g s  as drug carriers and t racers  i n  ?he body, human and 
animal b1or.j f l o w  studies,  membrane and pore s i z i n g  i n  the body, and 
medical diagnostic tes ts .  Other appl icat ions inc lude use as c a l j b r a t i o n  
standards for o p t i c a l  and e lec t ron  microscopes, Coul te r  counters, li ght- 
s c a t t e r i  ng equf pment, $flu many othhe types o f  1 aboratory equj prnent , 



This p ro j ec t  was d i rec ted  by Dr. John W. Vanderhoff, P r i nc i pa l  I n -  
ves t i  gator (Lehigh Univers i ty ,  Bethlehem, Pennsylvania), along w i t h  Co- 
Invest igators ,  Drs. Fortunato J. Micale and Mohamned S. El  -Aasser (a lso  o f  
Lehigh Un ivers i t y ) ,  and Dale M. Kornfe ld  (MSFC). This e f f o r t  was sponsored 
by the  Micrograv i ty  Sciences and Appl icat ions D i v i s i on  o f  t he  O f f i c e  o f  
Space Science and Appl i cat  i ons, w i t h  the  hardware development be i  ng managed 
by MSFC. (D. M. Kornfeld/ES73/205-453-0185) 
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ATMOSPHERIC SCIENCES 

I n t  roduct i o~ 

Research e f f o r t s  are d i r ec ted  toward increased understanding of atmo- 
spheric processes through the  app l i ca t i on  o f  space technology. This i n -  
vol  ves the  d iagnost ic  and modeling s tud ies i n  which space-based ( s h u t t l e  
and f r e e - f l y e r  s a t e l l i t e s )  sensor data are requi red inputs.  I n  the p u r s u i t  
o f  t h i s  ob ject ive,  extensive use i s  made o f  l a rge  computer systems t h a t  ar2 
requi red t o  accommodate cu r ren t  t heo re t i ca l  and ana l y t i ca l  models repre- 
sen ta t i ve  o f  the behavior o f  the  atmosphere. F i e l d  experiments are a lso  
requi red t o  prov ide ground t r u t h  data for  comparison w i th  the a i rborne and 
space-based sensor systems t h a t  dre being developed t o  prov ide t he  more 
accurate and h igher  r eso lu t i on  data requi red as inpu ts  t o  the  models. 
Laboratory support i s  a1 so requi  red i n  the  development, refinement, and 
c a l i b r a t i o n  o f  these measurement systems. The complete system fo r  s tudy ing 
atmospheri c processes cons is ts  of t heo re t i ca l  modeling, l abora to ry  and 
f i e l d  experiments, and shu t t l e / sa te l  1 i t e  sensor data. 

Global Scale Atmospheric Processes 

Appl icat ions o f  remotely sensed atmospheric var iab les i n  the  lowest 20 
km are being made t o  d iagnost ic  and p r e d i c t i v e  s tud ies o f  atmospheric 
f lows. Two main areas o f  i n v e s t i g a t i o n  have been pursued. The f i r s t  o f  
these i s  a study o f  long wave and p lanetary  wave s t ruc tu res  and how they 
are maintained by boundary forc ing.  Global observat ions o f  so l a r  and i n -  
f ra red  r a d i a t i o n  taken from po la r  ul t , i t i n g  s a t e l l i t e s  have k'een used t o  
show t h a t  the re  e x i s t  prominent 20-25 day p e r i o d i c i t i e s  i n  t he  s t reng th  o f  
wester ly t ropospher ic  winds and t h a t  these p e r i o d i c i  t i  es are dynami c a l  l y  
l i n k e d  t o  f l u c tua t i ons  i n  c loud cover and net so l a r  i n f r a red  heating. 

Condensation and how i t  a1 t e r s  barocl  i n ic  waves has been i nves t i ga ted  
i n  some d e t a i l .  Observational determinatior! of how condensation a l t e r s  
wave energet ics  has been completed a t  Purdue Un i ve rs i t y  and Penn S ta te  
Un i ve r s i t y  i n  associat.ion w i t h  MSFC sc i en t i s t s .  Sate1 1 i te-observed cloud 
populat ions have proven i n t e g r a l  t o  these studies.  Theoret ica l  models of 
the  moisture process 9nd cloud format ion have been developed and can now be 
compared t o  sa te l l i t e -observed  cloud cover. A technique for  i n f e r r i n g  
r a i n f a l l  from geostat ionary sate1 l i t e  i n f r a r e d  imagery has a lso  been devel-  
oped. 

Resul ts from 21 1 o f  these i nves t i ga t i ons  have def ined requirements f o r  
remotely sensing atmospheric moisture on a globdl  basis. A Shu t t l e  Atmo- 
spher ic Science Experiment (SASE) has been suggested as a means of making 
the requi  red measurements. 

Science recommendations and strawman payloads have been establ ished. 
(J. W. Kaufman/ED42/205-453-3104) 
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Geophysical F l u i d  Flow C e l l  (GFFC) 

The GFFC experiment, designed t o  s i m u l a t e  geophysical  atmospheri c 
dynamics us ing a scaled model atmosphere w i t h  a r a d i a l  g r a v i t y - l i k e  body 
fo rce ,  w i  11 f l y  on Spacelab 3. The GFFC w i  11 be used t o  conduct more bas i c  
experiments i n  fundamemtal f l u i d  mechanics and heat t r a n s f e r .  Computer 
s imu la t i ons  have been developed t o  understand t h e  f l u i d  f l ows  expected t o  
occur i n  t h e  GFFC. Conversion o f  a numerical s i m u l a t i o n  code t o  NASA's 
Cyber 205 computer has a l s o  been i n i t i a t e d  t o  exped i te  data i n t e r p r e t a -  
t i o n .  Ground experiments have been performed w i t h  t h e  GFFC t o  eva lua te  t h e  
i ns t rumen t ' s  performance and capabi 1 i t y .  Resu l t s  were coupled w i t h  numeri - 
ca l  s imu la t i ons  and Earth-based 1 abora tory  experiments t o  develop t h e  
f l  i ght  scenar ios which were programmed i n t o  t h e  ins t rument  . Exper i  ments 
were p r i o r i t i z e d  f o r  t h e  mission,  and a cont ingencv stratecjy was de- 
veloped. The data reduc t i on  system f o r  ana lyz ing  t h e  GFFC data  f i l m  has 
been improved t o  reduce a n a l y s i s  time. The f l i g h t  hardware was c a l i b r a t e d ,  
read ied f o r  f l i g h t ,  and d e l i v e r e d  t o  KSC. It has been i n t e g r a t e d  i n t o  
Space1 ab and s u c c e s s f u l l y  completed t h e  Level I 11/11 M iss ion  Sequence 
Test. (F. W. Lesl  i e/ED42/205-453-2047). 

Numeri ca l  Studies o f  G e o ~ h v s i  ca l  F l  a i d  Dvnami cs 

Theore t i ca l  s tud ies  o f  b a r o c l i n i c  i n s t ~ b i  1 i t y  a p p l i c a b l e  t o  t h e  atmo- 
spheres o f  Earth,  and ( p o s s i b l y )  J u p i t e r  and Saturn, were conducted. A 
j o u r n a l  a r t i c l e  was pub l ished on t h e  f u l l y  n o n l i n e a r  e q u i l i b r a t e d  symmetric 
(two-dimensional ) i n s t a b i  1 i t i e s ,  and another was accepted on t h e  de ta i  l e d  
energe t i cs  o f  t h e  1 i near symmet r i c  i ns tab i  1 i t i e s .  More recent  r e s u l t s  o f  
three-dimensional  l i n e a r  s t a b i l i t y  and lys i s  i n d i c a t e d  t h a t  t h e  p u r e l y  sym- 
m e t r i c  d i s t~ t rbances  may not  he as impor tant  i n  t h e  atmosphere as n e a r l y  
symmetric d is turbances o f  mesoscale s ize .  Plans i nc lude :  ( 1 )  deve lop ing a 
f u l l y  non l i nea r  three-dimensional  Navier-Stokes model t o  study the  competi- 
t i o n  between var ious  modes o f  i n s t a b i  l i t y ,  (2 )  des ign ing  l a b o r a t o r y  exper i  - 
ments, and ( 3 )  per forming a n a l y s i s  o f  sate1 1 i t e  and mesoscale modeling 
data. Numerical ~ d e l s  o f  t h e  s t r a t i f i e d  spin-up experiments t o  be con- 
ducted i n  t h e  Geophvsical F l u i d  Flow C e l l  (GFFC) apparatus on Spacelab 3 
3 re  be ing developed, and a c y l i n d r i c a l  ve rs ion  of t h e  code has been v a l i  - 
dated by comparing t h e  r e s u l t s  w i t h  prev ious ones i n  the  l i t e r a t u r e .  Work 
i s  underway t o  v a l i d a t e  t h e  spher i ca l  code. (T. L. M i  1 ler/ED42/205-453- 
5508) 
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Monte Car lo  Turbulence S imu la t i on  Work 

Two separate Monte Car l  o tu rbu lence  s i  1n1ll a t  i on programs were 
developed, tes ted,  and documented d u r i n g  FY-84. The s p a t i a l  model o f  wind 
shear and turbu lence combines measured three-dimensional  atmospheric wind 
shear data w i t h  s imula ted three-dimensional  tu rbu lence.  The r e s u l t  i s  t h e  
most r e a l i s t i c  wind s imulant  a v a i l a b l e  today. A t  t h e  o t h e r  end o f  t h e  
spectrum, a Von Kdrmdn Approximant (VKA) , one-dimensi onal model has 
developed. Atmospheri c  t u rbu lence  o u t s i d e  o f  t h e  p l  anetary  boundary 1 ayer 
obeys t h e  i r r a t i o n a l  Von Kdrmdn spectrum, but  a h igh  computat ional  p r i c e  i s  
p a i d  f o r  i r r a t i o n a l  s imu la t i ons .  An excel  l e n t  r a t i o n a l  approximat ion t o  
t h e  Von Kdrmdn spectrum was found and e x p l i c i t  t u rbu lence  d i f f e r e n c e  equa- 
t i o n s  generated. The VKA method prov ides t h e  s o l u t i o n  t o  t h e  problems o f  
accuracy and s t a b i l i t y  encountered i n  e a r l i e r  s tud ies .  The best  f e a t u r e  o f  
i r r a t i o n a l  s imula t ions ,  i .e., r e a l  ism, i s  combi ned w i t h  the  computat ional  
s i m p l i c i t y  of the  r a t i o n a l  s imu la t i on .  (W. Campbell /ED42/205-453-1886) 

Remote Wind Measurements 

Dur ing  t h e  past  year  t h e  F l u i d  Dynainics Branch has developed and con- 
ducted experiments w i t h  an airborne-based (CV-990) Doppler L i d a r  System 
(DLS) t o  remotely measure wind f l ows  dssoci a ted  w i t h  smal l  -sca le  (meso- 
sca le)  atmospheric phenomena. These experiments i n v o l v e d  s c i e n t i s t s  from 
va r ious  uni  v e r s i '  2s and research i n s t i t u t i o n s .  Studies have been con- 
ducted r e l a t i  ve .o  developing design and o p e r ~ t i  onal requ i  rements f o r  a 
sate1 l i t e  DLS wind p r o f i  let-. The s tud ies  focused Qn a v a i l a b i l i t y  o f  s u f -  
f i c i e n t  aerosol t o  backscat ter  l a s e r  r a d i a t i o n  t o  make a Doppler s h i f t  wind 
measurement, scanning concepts, and hardware technology issues.  It has 
been recognized t h a t  a s ~ t e l l i t e  DLS w i l l  p rov ide  fundamental new measure- 
ments t o  advanc? t h e  a r t  o f  computat ional  fll:id dynamics o f  l a rge -sca le  
atmospheric f lows.  (D. F i  tz jarra ld/ED42/205-453-3104) 

Ana lys is  o f  MSFC Ground-Based Doppler L i d a r  Data 

The MSFC 10.6-mi cron-pul  sed Doppler L i  dar  System (DLS) and another 
Doppler l i d a r  were used i n  t h e  J o i n t  A i r p o r t  Weather Stud ies  (JAWS) p r o j e c t  
f i e l d  experiment. Subsequent data a n a l y s i s  success fu l l y  demonstrated t h a t  
observat ions  from more than one Doppler l i d a r  can be combined t o  d e r i v e  t h e  
three-dimensional  Car tes ian wind f i e l d .  F ind ings  were c o n s i s t e n t  w i t h  
sur face anemometers. A c o l l o c a t e d  comparison w i t h  a 5-c~n Doppler radar  f o r  
t h e  case o f  c l e a r  a i r  r e t u r n s  a t  low e l e v a t i o n s  showed t h e  l i d a r  v e l o c i t y  
measurements t o  be f r e e  o f  b ias  frm ground c l u t t e r  contaminat ion.  These 
and o t h e r  f i n d i n g s  were presented G: radar  and l i d a r  conferences and i n  a 
j ou rna l  a r t i c l e .  A c t i v i t i e s  du r ing  FY-84 a l s o  i nc luded  p a r t i c i p a t i o n  i n  
t h e  f a l l  1984 a i rbo rne  Doppler l i d a r  f l i g h t  ser ies .  A t  MSFC, d e t a i l e d  
measurements o f  h o r i z o n t a l  winds and v e r t i c a l  p r o f i  1 es o f  t ropospher i c  
backsca t te r  and e x t i n c t i o n  were acqu i red d u r ~ n g  over 60 days of opera- 
t i o n .  Ana lys is  o f  I he  data i s  con t inu ing ,  and s ~ v e r a l  j o u r n a l  a r t i c l e s  a r e  
fo r thcomi  ng. The data, c o l l e c t e d  under a v a r i e t y  of atmospheric condi - 
t i o n s ,  a re  beirrg used t o  d e f i n e  f u t u r e  f l i g h t  experiments and design of a 
sate1 li te-borne Doppler l i d a r  wind measurement system. ( J e f f r y  Rothermel l  
ED421205-453-2283) 



Warm Fg~g Dispersal  Research 

A patent app l i ca t i on  was f i l e d  on a new technique for improving the  
v i s i b i l i t y  i n  warm fogs. I f  the  proposeci technique proves s u c c e s s f ~ ~ l ,  i t  
should be o f  substant ia l  bene f i t  i n  c l ea r i ng  fog along a i r c r a f t  and s h u t t l e  
runways. The concept u t i  1 i zes 1 arge-volume (approximately 100,000 gal / m i  n )  
recyc lab le  water sprays. As fog passes through a c u r t a i n  of water spray 
created by high-volume water j e t s ,  spray drops coalesce w i th  fog drops and 
p r e c i p i t a t e  t o  the  ground, thereby d i s s i p a t i n g  the  fog i n  the  area o f  and 
somewhat downwind o f  the water sprays. The e f f i c i e n c y  o f  the fog drop 
removal process and t he  resu l t an t  v i  s i  b i  1 i t y  improvement i n  t he  c leared 
area c r i t i c a l l y  depend upon the  s i ze  spectra o f  the  spray drops. Present 
research emphasis i s  on i d e n t i f i c a t i o n  o f  water nozzles and operat ing con- 
d i t i o n s  which w i l l  produce and p ro j ec t  optimum drop spectra (0.3 t o  1.0 mm 
d i  ameter) t o  hei ghts i n  excess of 25 meters. ( V .  Kel ler/ED43/205-453-0941) 

Publ i c a t i o n :  

"Warm Fog Di ss i  p a t i  on Usi ng i a rge  Vol ume Water Sprays," NASA Patent Case 
NO. MFS-25962 (1983). 

Natural  Envi ronment Desi gn C r i  t e r i  a 

The Atmospheric Sciences D i v i s i on  of the Systems Dynamics Laboratory 
has the responsi b i  1 i t y  for  developing and de f i n i ng  the na tu ra l  envi  ronment 
c r i t e r i a  f o r  t he  Space S ta t ion  program elements and o ther  f l i g h t  pro- 
jec ts .  This requi res the maintenance of a source for  cur rent  models and 
data bases on key na tu ra l  envi ronments such as atmospheric thermodynamic 
and kinematic parameters, atmospheric composition, meteoroids, r ad ia t i on ,  
phys ica l  constants, etc. Thi s a1 so i n c l  udes mai n t a i  n i  ng an understandi ng 
of the va r i  ous f 1 i ght p ro j ec t s  desi  gn and operat iona l  requi  rements, espe- 
c i a l l y  those concerning i n t e r a c t i o n  w i t h  the  na tu ra l  environment, I n  a new 
approach t o  automate these c r i t e r i a ,  development has s ta r t ed  on a software 
package designed f o r  use w i t h  the  S p ~ c e  S ta t ion  program element p re l im inary  
design and d e f i n i t i o n  studies.  This should permit  more rap id  r e t r i e v a l s  
and enable users t o  incorporate  updated c r i t e r i a  i n t o  the  var ious design 
studies.  The i n i t i a l  data base being used was reported i n  a NASA Technical 
Memorandum, (W. Vaughan/ED41/?05-453-3100) 

Publ i c a t i  on: 

Vaughan, W. W., "Natq~ral Envi ronment Design C r i t e r i a  f o r  the  Space S t a t i o r ~  
D e f i n i t i o n  and Pre l iminary  Design ( F i r s t  Rev is ion)  ," NASA Technical 
Memorandum TM-86460, Marshal 1 Space F l  i ght Centel*, Alabama, September 
1984. 

Wind Shear 

Hor izontd l  wind p r o f i l e  measurements recorded a t  the  NASA 150-meter 
Ground Winds Tower F a c i l i t y  a t  Kennedy Space Center, F lo r ids ,  were analyzed 
t o  evaluate wind shears known t o  be hazardous t o  the  ascent and descent o f  
the  space s h u t t l e  and conventional a i  r c r a f t .  Graphical and mathematical 



descr ip t ions  of speed and d i r e c t i o n  shears w i t h  a l t i t u d e  and along t he  
f l i g h t  path were presented as funct ions o f  i n t e n s i t y  categor ies and s i  gn i f -  
i can t  val ues. (M. 9. Alexander/ED42/205-453-2087) 

Publ i c a t i  on: 

Alexander, M. B., and D. W. Camp, "Analysis o f  Low-Alt i tude Wind Speed and 
D i rec t i on  Shears," Journal o f  A i r c ra f t ,  submitted. 

Atmospheric Turbulence 

Experiments were conducted i n  a small wind tunnel  i n  which atmospheric 
flow around arrays o f  one, two, three, and four  model bu i ld ings  was ana- 
lyzed. Wake p ro f  i l es o f  v e l o c i t y  and turbulence were measured t o  i ndi ca te  
the  e f f e c t  of obstacles on the  wind environment encountered by a i r c r a f t  
du r ing  land i  ng o r  take-of  f operations. (M. 9. Alexander/ED42/205-453-2087) 

Publ i c a t i o n :  

Logan, Ear l  , Jr., Shu Ho L i  n, and M. B. Alexander, "Wakes from Arrays o f  
Bui 1 dings ," Journal o f  Atmospheric and Oceanic Techno1 ogy, submitted. 

Turbulence Model i ng 

Two-dimensional geostrophic turbulence d r i  ven by a random fo rce  was 
invest igated.  A group-k inet ic  theory o f  turbulence was developed, and t he  
k i n e t i c  equation o f  the  scaled s i n g l e t  d i s t r i b u t i o n  was der ived t o  i n v e s t i -  
gate the spectrum o f  turbulence. The hydrodynami cal equat i  ons of turb l l -  
lence were transformed i n t o  a master equation f o r  the  v e l o c i t y  d i s t r i b u t i o n  
funct ion.  Group sca l ing  was introduced f o r  the closure. (M. B. Alexander/ 
ED421205-453-2087) 

Publ i c a t i  on : 

Tchen, C. M., "Theory and Yodeling o f  Atmospheric Turbulence," NASA Con- 
t r a c t o r  Report CR-3817, August 1984. 



f ECHNOLOGY PROGRAMS 

PAOFULSION TECHNOLOGY 
1 

I Carbon Deposl ti on from Oxygen-Hydrocarbon Propel l a n t  

I Rocket engine combusti on products resul ti ng from cmbust l  on of l i q u t d  

I oxygen and hydrocarbon fuel contain various amounts o f  carbon depending upon 
the hyd~ocarbon fuel used and the combustion condi t f  - 7s such as mixture 

i .  r a t i o  and chamber pressure, Pas t  engine experience has shown t h a t  a t  low 
mixture r a t i o s  la rge  mounts o f  carbon tend t o  be produced which deposf t on 

i turbine nozzles, reducing flow area and thus d c c ~ ~ e a s i  ng engine p e r f ~ ~ ~ a n c e ,  
T h i s  deposit ion process i z  o f  concern f o r  advanced high pressure qydrocarbon 
engines because of potent la1  degradation o f  engine perfomance over long 
engine use periods and potent i  a1 l y  increased maintenance costs  due t o  
clogged main injectors i n  staged combustion engines. 

Work recently sponsored by thcl Marshal 1 Space Flight Center and con- 
ducted by the Aerojet  Tech Systems Company has acquired data on carbon 
deposi ti on cha r a c t e r i  s t i  cs fa t m  the 1 i q u i  d oxygenlRP-l propel 1 ant c m b i  na- 
t i o n .  A t  preburner/gas generator r a t i o s ,  t e s t  data revealed a marked change 
i n  exhaust gas carbon content as mixture r a t i o  was varied. This i s  i l -  
lustrated i n  Figure 4 5  where the exhaust gas condi t ion  can be seen a t  
barious mjxture r a t i o s .  The h ighest  carbon content occurs a t  a mixture 
r a t i o  o f  about 0.55. Carbon deposit ion rates on a turbine simulator device 
durjng these tes ts  were t y p i c a l l y  0.005 inch per 100 seconds of run time. 
Carbon d e p o s i t i o n  a t  m a i n  chamber mixture r a t i o s  was not  detected. This 
e f f o r t  was sponsored by the O f f i c e  of Aeronautics and Space techno] 051.  
( F. BraamlEP22 J205-453-4827) 

Ftgure 45. LoxfRP-l  Exhawst Cas Characteristics 
f a r  Various Mf xturt R a t i o s .  



High Pressure Lox/Nstural Gas Staged Combustion Technologx 

During the past several years, i n t e r e s t  has increased i n  the po ten t i a l  
use o f  hydrocarbon f ue l s  i n  combination w i t h  l i q u i d  oxygen f o r  launch 
veh ic le  booster engines. Several fue l  s have been considered, i n c l  udi ng RP-1 
and methane. A1 though ne i t he r  o f  these generates a s p e c i f i c  impulse as h igh 
as hydrogen, the greater  dens i t i es  and reduced tankage weights associated 
w i t h  the hydrocarbon f ue l s  o f f e r  the po ten t i a l  o f  payload increases. To 
support t h i s  in te res t ,  a program was conducted to  i nves t i ga te  i g n i t i o n ,  com- 
bustion, and heat t r ans fe r  cha rac te r i s t i c s  o f  1 i q u i d  oxygen and high methane 
content natura l  gas appl i cab1 e t o  high pressure staged combustion rocket 
engines. A pressure-fed combustion system rated a t  a 40,000 pound t h rus t  a t  
3000 ps ia  chamber p r e s s u r ~  was used f o r  a l l  tes t ing .  

Preburner performance data were obtained dur ing n ine preburner tests .  
Mai nstage gas temperature uni formi t y  and combusti on performance a t  chamber 
pressures t o  3100 p s i  e i t h e r  met o r  approximated program goals. Combustion 
gas temperature data measured by a six-thermocouple rake i s  shown i n  F igure 
46. There was no combustion i n s t a b i l i t y  dur ing any preburner tests .  Flush- 
mounted, fast-response pressure inst rumentat ion ind ica ted  t h a t  combusti on 
pressure osci  11 a t i on  amp1 i tudes were we1 1 w i t h i n  the program goal s. 
A l  though these resu? t s  cannot be extrapolated t o  f u l l  - s i  ze preburner combus- 
t i o n  chambers, they prov ide a l eve l  of confidence t h a t  i n s t a b i l i t y  i n  l a rge r  
chambers would be manageable by e i t h e r  using b a f f l e s  o r  acoust ic cav i t i es .  

F igure 46. Comparison o f  Test Data t o  Theoret ical  Combustion Temperature. 

Carbon accumulation as a r e s u l t  o f  preburner combustion does not  appear 
t o  be a po ten t ia l  problem f o r  oxygen-methane engines. The mount  accumu- 
l a ted  i n  e i t h e r  the preburner chamber o r  the fue l  i n l e t s  t o  the main i n -  
j e c t o r  was i n s i g n i f i c a n t  a t  the end o f  the t e s t  ser ies.  

The only preburner problem encountered dur ing the pr9gras was d i f f i c u l -  
t y  w i t h  propel 1 ant ign f  t i o n  using normal tu rb ine  drive-gas mix ture ra t ios .  
A temporPry so lu t i on  o f  s h i f t i n g  the overa l l  preburner m ix tu re  r a t i o  t o  more 
ox id i ze r  r i c h  dur ing the s t a r t  t r ans ien t  allowed the  program t o  cont inue, 
bu t  i t  i s  unacceptable f o r  an engine system because o f  t u rb i ne  blade 



exposure t o  the r e s u l t i n g  high temperature spike. Addi t ional  work w i l l  be 
requi red t o  develop an i n j e c t o r  design which w i l l  provide zones o f  higher 
m ix tu re  r a t i o  near the i n j e c t o r  face t o  promote i g n i t i o n  y e t  s t i l l  provide 
the  subsequent mixing requi red f o r  a uniform temperature p r o f i  1 e. 

1 

The ca lor imeter  chamber was tested nine times a t  pressures ranging from 
1382 t o  2135 ps ia  w i t h  p rope l lan t  mass mix ture r a t i o s  from 2.38 t o  3.52. 
Charac te r i s t i c  ve loc i t y  e f f i c i e n c i e s  exceeded 97 percent dur ing a1 1 calorim- 
e t e r  tests .  Combustion chamber heat ing ra tes were as pred ic ted a t  the lower 

,: \ m ix tu re  r a t i o s  but  exceeded the p red i c t i on  i n  the nozzle th roa t  by approxi- 
, mately 17 percent a t  the higher mix ture ra t i os .  B ias ing the outer  r i n g  o f  

i n j e c t o r  elements t o  a m ix tu re  r a t i o  of approximately 2.5 proved t o  be 
e f f e c t i v e  I n  reducing heat ing rate.  De ta i l s  are shown i n  Figure 47. This 
i s  an acceptable approach on ly  f o r  l a rge  engines i n  which the number o f  
outer  r i n g  i n j e c t o r  elements i s  a small percsntage o f  the t o t a l .  For a 
600,000-pound t h r u s t  engine, the pred ic ted performarrce loss  using a biased 
mix tu re  r a t i o  i s  2.0 t o  3.8 sec spec i f i c  impulss. Test hardware deter iora-  
t i o n  dur ing the ca lor imeter  t e s t i n g  was l i m i t e d  t o  r e l a t i v e l y  minor erosion 
of  several main i n j e c t o r  f uc l  sleeves. Erosion occurred on ly  dur ing the 
lower pressure tests ,  and t h i s  i s  bel ieved t o  have been caused by i n j e c t o r  
element operat ion  a t  m ix tu re  r a t i o s  greater than s to ich iomet r i c  , not count- 
i n g  the face cool ant flow. 

F igure 47. Heat F? ax Prof  i 1 es, 3000 ps i  Oxygen-Natural Gas Combustion. 

The regenera t i i e  chamber was tested four times. The resu l t s  were 
character ized by a sharp reduct ion i n  combustion e f f i c i e n c y  and an increase 
i n  nozzle t h roa t  heat ing ra te  as p rope l lan t  mass f low rates were incr-.,=ed. 
It i s  suspected t h a t  the increased 1:quid oxygen f low ra te  resu l t s  i n  
reduced oxygen vapor izat ion which, i n  turn,  d i  s rupts  the nozzle boundary 
l aye r  and increases the heat ing rate.  The primary contributor t o  reduced 
vapor izat ion ra te  as cmpared t o  the oxygen-hydrogen system i s  bel ieved t o  
be the lower fuel i n j e c t i o n  v e l o c i t y  associated w i t h  the higher molecular 
weight fue l  . An i n j e c t o r  redesign wi 11 be requi red t o  improve both vapori- 
za t ion  and mixing. This e f f o r t  was sponsored by the O f f i c e  o f  Aeronautics 
and Space Techno1 ogy . (C. R. Bai 1 eylEP231205-453-1049) 



PubS i c a t i o n :  

Ba i ley ,  C. R., "CPIA Pub l i ca t ion  3'30," JANNAF Propuls ion Meeting, February 
1984. 

I g n i  Lion Flow V i sua l i za t i on  S y s t m  Concept 

Special ins t rumentat ion techniques were requi red t o  prov ide hot t e s t  
empi r i c a l  data t o  support development o f  a comprehensive combustion ana l y t i -  
ca l  code. Speci f i c a l  l y ,  a b e t t e r  f l ow v i s u a l i z a t i o n  technique was developed 
t o  compare w i t h  the ana l y t i ca l  code p red i c t i ons  o f  p re - ign i  t i o n  i n j e c t i o n  
f l ow  f i e l d  m ix tu re  r a t i o s  and r e s u l t i n g  i g n i t i o n  processes. 

Most o f  the data co l l ec ted  i s  i n  the form o f  high-speed laser  Schl ieren 
cinematography and u l t r a v i o l e t  cinematography o f  the actual  i g n i t i o n  and 
combustion process i ns i de  a combustion chamber system. A laser  Schl i e ren  
system (9000 frameslsec) was used t o  observe a canbustion model o f  the Space 
Shu t t l e  Main Engine (SSME) ox i d i ze r  preburner coaxial  i n j e c t o r  element. The 
combustion assembly used f o r  the i g n i t i o n  t e s t  ser ies  i s  shown i n  Figures 48 
and 49. 

The chamber has two unique fused-si 1 i c a  window assembl i e s  through which 
t he  combustion process can be viewed op t i ca l  l y .  

The high-speed cinematography d iagnost ic  system i s  shown i n  F igure 50. 
The primary d iagnost ic  system consisted o f  two separate subsystems: a high- 
speed u i  t r a v i o l  e t  cinematography system and a high-speed laser  Schl i e ren  
cinematography system. The high-speed u l t r a v i o l e t  c inmatography system was 
used t o  view the  OH species concentrat ions i n  the combusting f low. The 
a b i l i t y  t o  view on ly  the OH concent ra t ions i s  very useful  i n  studying the 
oxygenlhydrogen combustion process. The OH rad i ca l  i s  very short-1 i ved and 
k i n e t i c  ( a t  the t e s t  condi t ions) ,  and e x i s t s  mainly as a pa r t  o f  the  ove ra l l  
cha in  o f  react ions i n  the combustion process. Therefore, the OH concentra- 
t i o n s  are a d i r e c t  i n d i c a t o r  o f  the loca t ions  where the actual  combustion 
reac t ions  are tak ing  place. The hiqh-speed laser  Schl i e ren  cinematography 
system proved t o  be a very useful  d iagnost ic  t oo l  f o r  t i le oxygenlhydrogen 
combustion system. Run a t  very h igh framing ra tes (9000 frameslsec), the  
system was able t o  record f l ow pat terns,  spark-heated gas pu f fs ,  spark 
i g n i t i o n ,  propagation o f  the i g n i t i o n  process, flame outs, and steady-state 
cunbus t ion l f l ow patterns.  

The review o f  the high-sneed laser  Schl ieren and u l t r a v i o l e t  f i l m s  has 
y i e l ded  soup new i n s i g h t s  i n t o  the mechanisms o f  gaslgas coaxial  element 
i g n i  t i o n .  

There appears t o  be a feature w i t h i n  the coaxial  element f l ow  stream 
t h a t  i s  ac t i ng  as a flame holder near the i n j e c t o r  face. This fea tu re  i s  
ab le  t o  flamehold even though the mean j e t  v e l o c i t i e s  are several t imes the 
t heo re t i ca l  flame prop?gat ion speed f o r  a well-mixed gas o f  s i m i l a r  m ix tu re  
r a t i o .  Since the combustion process i s  unable t o  propagate upstream i n  the 
h igh-ve loc i t y  j e t  flow, another i g n i t i o n  mechanism i s  requi red to i g n i t e  the 
f lame ho ld ing fea tu re  near the i n j e c t o r  face. The observed mechanism 
appears t o  hare two basic requirements. F i r s t ,  the gaslgas flu. stream must 



be disturbed, e i t he r  slowed down, reversed, o r  blown sideways away from the 
element. Second, t h i s  d is tu rb ing  act ion must take place while there i s  cm-  
bust ion (an i g n i  t i o n  source) present i n  the rec i  r cu l  a t ing  gases surrounding 
the j e t  f low near the i n j e c t o r  face. When the high-veloci ty j e t  i s  d is-  
turbed, the flame holding feature becomes exposed and can be i gn i ted  by the 
combustion i n  the surrounding gases. 

Two forms o f  the required disturbance were observ~d. F i r s t ,  the rapid 
flame propagation w i th in  the high mixture r a t i o  rec i  rcu l  a t ion  gases present 
i n  the ox id izer  lead tes ts  provided the required disturbance. The rapid 
pressure increase from combustion ir, the rec i r cu la t i on  gaseL ac tua l ly  re- 
versed the element flow stream i n  some o f  the tests. Second, i g n i t i o n  o f  a 
high mixture r a t i o  flow stream (approximately 2 inches from the i n j e c t o r  
face) was v io len t  enough t o  d is tu rb  the element flow stream and a1 low i g n i -  
t i o n  o f  the flame holder near the face. The phenomenon was observed on fuel 
lead tes ts  tha t  had s u f f i c i e n t l y  high mixture r a t i o s  i n  the rec i r cu la t i on  
zones t o  a1 low flame p rop~ga t ion  w i th in  the slow moving rec i r cu la t i on  gases 
tha t  i n  t u rn  ign i ted  the element stream approximately 3 inches from the 
face. The i g n i t i o n  o f  t h i s  zone propagated rap id ly  and provided a pressure 
surge and the required disturbance of the element stream near the face. 
However, the flame d id  not propagate up the element stream. Only a f t e r  the 
element stream was disturbed was the flame holding region able to  be 
igni ted.  

The Schlieren system u t i l j z e d  a 0.5-watt argon ion laser, standard 
Sch l ie red laser  opt ics, and a Hycam camera wi th 40C ASA f i l m .  Figures 51 
and 52 show the actual diagnostic setup. The use o f  a 1;ser : ight  source 
fo r  the Schlieren work i s  advantageous f o r  two reasons. F i r s t ,  the in tens i -  
t y  of the laser makes i t  possible to  record Schlieren data a t  high framing 
rates on standard f i l m .  Second, i t  i s  a zimple task to  f i l t e r  out the lumi- 
nat ion crested by the combustion process and view only the nnrerow band 
wavelengths o f  the laser  Schlieren system flow f i e l d  dat.a. An addit ional 
benef i t  i s  t ha t  a laser  system i s  easier t o  work wi th op t ica l l y .  

Figure 53 i s  a co l l ec t i on  of p r i n t s  made from the high-speed ldser  
Schlieren f i l m  from Test No. 10.1, which was a t y p r - ~ l  fuel lead tes t  wi th a 
high mixture r a t i o  (1.1 oxygenlhydrogen). '{he sequence ?f photos (only  15 
frames out o f  a 400-foot r o l l )  i s  presented to  give n rel!resentation of the 
type o f  i n f o n a 2 i o n  avai lab le from the laser  Schlieren films. Every f i f t h  
frame o f  the actual sequence was pr inted. The sequence goes from l e f t  to  
r i gh t .  The actual f r n i n g  ra te  was near 9000 frames/sec. Unfwtunately,  
the rekroduction o f  the f i l m  does i lot por t ray the qua l i t y  and tha infonna- 
t f o n  avai lab le from these f i lms. 

The high-speed laser  Schl ie ren  and u l t r a v i o l e t  disgnoct ics have proven 
t o  be extremely useful too ls  i n  the study o f  the low-nfxture rat!o i g n l t f o n  
and combustion o f  hydrogen and oxygen i n  a rocket combustion system. With 
the high-speed laser  Schl ieren cinematography system f low p a t t e r x ,  the 
actual spark i g n i t i o n  process, combustion propagation, and flame o t t s  can he 
visual i r e d  w i th  great detai  1. The high-speed u l t r a v i o l e t  cinematography has 
allowed v isua l iza t ion  o f  high OH concentrations and zones c f  the actud? 
canbustion process. These very graphic v i  sual i zat ion techniques cmplemant 
each other. 
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Becaure of the ruccessfuT appl icat ion o f  these techniques and the large 
amount o f  i nsl  ght gained , add! t i  onal refined studies 1 nto 1 ow-mi xture r a t i o  
oxygen/ hydrogen igni ti on and combusti on are bei ng pursued t 3  further under- 
stand the mechanisms lnvol  ved. T h i s  e f f o r t  was sponsored by the Off ice of  
Aeronautics and Space Techno1 ogy . ( D .  Pryom-JEP25 J205-453-3793)  

Pub1 i c a t i  on: 

Fisher, S. C., "Laser Schlferen and U l t r a v i o l e t  Diagnostics o f  Rocket Can- 
bus t i  on ," presented Advanced High Pressure OxygenlHydrogen Conference, 
Huntsvi 1 1 e, A1 abama , June 1984. 

F igure  48. Cwbustion Assembly Schematic Vred f o r  I g n i t i o n  Test Series. 

F lgure  49. Combustf on Assembly Used f o r  Igni  t l  on Test Series. 
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Figure 59. Hi gh-Speed Cinematography 3i a g n o s t i c  System. 

Figure 51. Diagnosttc Setup of SchlisrenlLaser O p t i c s .  



Figure 52. Diagnost ic  Setup o f  SchlierenjLaser O p t i c s .  

FSgure 53. Collection o f  P r i n t s  f rorn High-Speed Schl ieren F i l m .  



Space Shut t le  Al ternate Nozzle Ablat ives Program 

The object ive o f  t h i s  e f f o r t  i s  t o  develop and demonstrate a l ternate 
shu t t l e  Sol id Rocket Motor (SRM) nozzle ablatives. Concern has been ex- 
pressed about the vol ume requi rement o f  the present abl at1 ve precursor bei ng 
i n s u f f i c i e n t  t o  ensure c.onti nued p r o f i  tab i  1 i t y  and re ten t i  on of the supply 
source. Two other precursors have been invest igated i n  t h i s  e f fo r t .  P i tch  
i s  an a t t r a c t i v e  a1 ternate precursor for carbon f ibers because i t  i s  read i ly  
avai lable, i s  low i n  cost, has a high carbon content, and requires a r e l -  
a t i v e l y  low amount o f  energy f o r  conversion i n t o  a pyro l ized product. Like- 
wise, p o l y a c r y l o n i t r i l e  (PAN) i s  a t t r a c t i v e  because i t  has a stable market, 
i s  low i n  cost, has a high carbon content, and has mu1 t i p l e  producers. 

Four 10-inch-throat-diameter tes ts  were conducted t o  invest igate p i tch-  
and PAN-based ablat ives a t  selected nozzle locations. Figure 54 depicts a 
typ ica l  subscal e tes t  nozzle conf i gura t i  on. A1 1 four SRM subscal e r~ozzl  e 
assembly tes ts  were conducted successfully. I n  these four tests, eighteen 
a1 ternate carbon-phenol i c ,  tape-wrapped abl a t i  ves were tested i n  d selected 
nozzle locat ion; e.g., throat, nose, o r  e x i t  cone. F i f teen contained rein- 
forcement fabr ic  made of carbon yarn tha t  u t i l i z e d  a PAN precursor, and 
three contained reinforcement fabr ic  made o f  carbon yarn t h r t  u t i l i z e d  a 
p i t c h  precursor. Three o f  the PAN carbon-phenolic mater ia ls  were made using 
no f i l l e r  i n  the phenolic resin, and another four used carbon microballoons 
as the f i l l e r  i n  the phenolic res in  t o  achieve a low density (1.21 t o  1.30 
g/cm3) i n  the as-cured state. The remainder of the PAN carbon-phenolic 
mater ia ls  used carbon powder as the f i l l e r  i n  the phenolic res in  a t  various 
percentages by weight loading (5 t o  18 percent), and had densi t ies i n  the 
as-cured state tha t  ranged from 1.50 t o  1.56 g/cm3. The three p i tch-  
based, carbon-phenolic mater ials a1 1 contained carbon powder as a f i l l e r  i n  
the  phenolic res in (ranging from 10 t o  18 percent by weight), and had as- 
cured densi t ies ranging from 1.63 t o  1.66 g/cm3. Three a l ternate com- 
posi te mater ials were tested as the backface insu la tor  of the nozzle throat.  
One was a ceramic f i be r  (a1 uminum, s i  1 icon oxides), mat-phenol i c  res in mate- 
r i a l  wi th no f i l l e r  i n  the res in  and w i th  an as-cured density of 0.90-1.0 
g/cm3. The other two were E-glass, f i b e r  mat-phenolic res in  mater ials 
w i th  no f i l l e r  i n  the resin, and wi th as-cured densi t ies o f  1.0 t o  1.1 
g/cm3. A l l  three o f  the i nsu la t i on  mater ia ls  were processed i n t o  the 
nozzle components by the tape-wrap technique. Only one a1 ternate material  
was tested as the st ructura l  overwrap component of the e x i t  cone l i n e r .  It 
was a carbon fiber-epoxy material ,  using PAN-based carbon f ibers, t ha t  was 
applied to the nozzls by the f i  1 ament winding technique. It had an as-cured 
density o f  1.55 g/cm . 

From analyses and inspect ion of post-test nozzle sections from the sub- 
scale tests, i t  was concluded tha t  a fu l l - sca le  SRM nozzle can be success- 
f u l l y  designed using materials tested i n  the program. The design would: 
(1)  weigh less than the current qua l i f i ed  SRM nozzle assembly; (2)  include 
PAN-based carbon cloth-phenolic mater ial  i n  the th roa t  region to  provide a 
15  t o  24 percent dwreased erosion over tha t  experienced w i th  the baseline 
rayon-based carbon cloth-phenol i c materi a1 ; (3) employ 1 i ghtweight PAN-based 
carbon cloth-phenolic mater ial  f o r  the a f t  e x i t  cone, f i xed  housing, and 
cowl ; (4) use 1 i ghtwei ght g l  ass-phenol i c  materi a1 fo r  a1 1 Insu la tor  com- 
ponents; and (5) have a PAN-based graph1 t e  fi ber-epoxy f i  1 ament wound e x i t  
cone overwrap. The a1 ternate fu l l - sca le  SRM nozzle assembly shown i n  Figure 



55 would prov ide an increase i n  payload c a p a b i l i t y ,  a  m u l t i p l e  supply 
source, and a  cos t  reduc t i on  due t o  the  lower cos t  o f  raw m a t e r i a l s .  
(B.  Powers/EP25/205-453-4739) 

P u b l i c a t i o n :  

K i m e l ,  N. A., " A l t e r n a t e  Nozzle M a t e r i a l s  Program," JPL Report No. 84-58, 
i n  press. 

F i g u r e  54. A1 t e r n a t e  Ab la t i ves  Subscale Test Nozzle. 
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Hi gh-Speed Cryogenic Turbomachi nery Mai n Shaft Bearing Research, 
'Techno1 ogy , and Model i ng 

The ob jec t i ve  o f  t h i s  e f f o r t  i s  t o  advance t he  s ta te-of - the-ar t  i n  
bear ing technol  ogy, p r imar i  l y  cryogenic turbomachi nery bear ing technol  ogy, 
by exp lo r ing  the  l i f e  and performance ef fects under var ious loads o f  de- 
sign, mater ia ls ,  manufacturing, and l u b r i c a t i o n  system changes; t o  compare 
each new v a r i a t i o n  against the cu r ren t  bear ing design i n  f u l l - s c a l e  cryo- 
genic t es t s ;  and t o  u t i l i z e  t e s t  data t o  v e r i f y  thermal and mechanical 
cryogenic bear ing models. Many o f  the  SSME turbomachi nery f a i  l u res  and 
l i f e  problems can be a t t r i b u t e d  t o  t h e i r  r o t o r  support bearings and t he  
loads and speeds being imposed upon them. Bearing l i f e  and load ca r r y i ng  
capaci ty improvements are requi  red. 

A t  MSFC, an in-house bear ing t e s t e r  and hazardous t e s t  f a c i l i t y  have 
been designed and b u i l t  such t h a t  f u l l  -scale cryogenic turbopump t e s t s  can 
be made u t i l i z i n g  l i q u i d  n i t rogen  o r  oxygen. Future plans are t o  expand 
the  f a c i l i t y  t o  permit  l i q u i d  hydrogen, f u l l  -scale bear ing t es t s .  The 
present f a c i l i t y  can accommodate l o x  bear ing bore s izes from 45 t o  85 mn 
and sha f t  speeds t o  42,000 r/min. The t e s t e r  and f a c i l i t y  w i l l  be u t i l i z e d  
t o  t e s t  various new bearing mater ia ls ,  i n c l ud ing  new a1 l oys  and some powder 
metal 1 urgy mater i  a1 s. Concepts being planned o r  being designed and manu- 
fac tured out-of-house inc lude  powder meta l lu rgy  b a l l  bearings ( th ree  
d i f f e r e i l t  a1 loys ) ,  r o l l e r  bear ing designs ( th ree  d i f f e r e n t  a1 loys  and/or 
designs), and various bear ing a1 l oys  which have been surface-a1 t e r e d  w i t h  
d i f f e r e n t  ion  imp1 an ta t ion  o r  i o n  p l a t i n g  processes. A magnet ica l ly  1 ev i  - 
t a ted  bear ing i s  being studied. Various l u b r i c a t i o n  scheme stud ies and 
t e s t s  are a1 so planned. Out-of-house feasi b i  1 i t y  cont racts  which culminate 
w i t h  the manufacture o f  bearings are intended t o  supply t he  bear ing t e s t e r  
w i t h  t e s t  a r t i c l e s .  A l l  concepts, designs, and mate r ia l s  w i l l  be tes ted  i n  
d i r e c t  comparison t o  the standard 440C angular contact  bearings c u r r e n t l y  
being u t i l i z e d .  An out-of-house cont ract  was a lso l e t  f o r  a study o f  
ava i l ab l e  bear ing computer programs and the  analys is  o f  data being gene- 
ra ted by the bearing t es te r .  The i n t e n t  i s  t o  have mechanical and thermal 
t ea r i ng  computer programs generated and adjusted t o  p red i c t  thermal per fo r -  
mar:r.e, cryogenic bearing 1 i f e ,  and other pe r t i nen t  turbopump bear ing design 
parametars. 

A lumped-node thermal network model of the SSME l o x  turbopump tu rb i ne  
end bear ing has been developed. This model represents the bear ing e l e -  
ments, the shaf t ,  ca r r i e r ,  housing, and cryogenic f l u i d  f low. The two- 
phase heat t rans fe r  c .haracter is t ics  o f  the cryogen are modeled t o  account 
f o r  the various regimes o f  forced convection bo i l i ng .  Typical  r e s u l t s  show 
t h a t  f o r  s p e c i f i c  loading condi t ions the re  i s  a thermal mechanical coupl ing 
t h a t  can cause loss  of operat ing clearances (due t o  thermal growth o f  the 
bear ing),  increased loading, and heat generat i  on, subsequently causing 
premature bear ing f a i l u r e .  It has a lso been found t h a t  the  bear ing con- 
t a c t s  operate a t  temperatures we l l  above the l oca l  sa tu ra t i on  temperature 
o f  the cryogenic f l u i d  and are, therefore, operat ing i n  vapor r a the r  than 
1 iqu id .  Consequently, any f l u i d  l u b r i c a t i o n  o r  bene f i t s  t h a t  might be 
expected from f l u i d  f i l m  separat ion of the  contacts do not  occur a t  those 
condi t i ons. 



This  i n f o rma t i  on provides v i  s i  b i  1 i t y  i n t o  po ten t i  a1 l y  d i  f ferenx 
f a i l u r e  mcdes fo;- these operat ing condi t ions.  Elevated temperatures can 
reduce 1 u b r i  ca t  i on, increase s u r f  ace f r i c t i o n  and shear, and reduce surface 
hardness. These cond i t i ons  support a surface f a i l u r e  mode ra ther  than t he  
t rad i  t i  ona1 subsurface f a t i g u e  experienced by conventional l y  operated 
r o l l i n g  bearings. The modeling techniques developed are v i t a l  i n  t h e  
assessment of new mater i  a1 s f o r  h i  gh-speed bear ings operat ing i n  cryogenics 
due t o  the  strong in f luence  o f  mate r ia l  p roper t ies  on contact  temperatures 
and thermal gradients.  I n  addi t ion,  these modeling methods have extended 
t he  capabi 1 i t y  f o r  a n a l y t i c a l  eva lua t ion  o f  t he  thermal and mechani ca1 
operat ing i h a r a c t e r i  s t i  cs of high-speed 1-01 1 i ng bearings i n  cryogenics. 
Figurez 56 through 60 show indepth explanat ions o f  the  features o f  t h i s  
bear ing thermal model . (F. Do1 an/EH14/205-453-1504) 

Figure 56. F i n i t e  Element Representation, 57 mn Bearing. The inner  race, 
b a l l ,  and outer  race are shown. There are 642 nodes i n  t h e  
model. Surface nodes are connected by the  appropr ia te  thermal 
r e s i s t o r s  t o  the  cryogenic f l u i d ,  Techniques have been devel-  
oped t o  ad just  these res is to rs ,  as t he  surface temperature o f  
t h e  node changes, t o  represent t he  var ious regi~i ies of f l u i d  
b o i l i n g .  
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r i g u r e  57. 1r;ner Race Heat Generated a t  Contact E l l i p se .  An est imate o f  
the f r i c t i o n a l  heat generated across the inner  r a c e l b a l l  con- 
t a c t  f o r  t he  ind ica ted  operat ing condi t ions i s  shown. This 
d i s t r i b u t i o n  accounts f o r  the f r i c t i o i  generated due t o  b a l l  
s l i d i n g  and spinning i n  the  contact .  The minimum values repre- 
sent the areas o f  r e l a t i v e  r o l l i n g .  The maximum value a t  t he  
inner  race shoulder i s  due t o  the  la rge  r e l a t i v e  v e l o c i t y  
caused by b d l l  spin. The outer  race neat d i s t r i b u t i o n  i s  ob- 
ta ined  i n  a s i m i l d r  manner, and these values are inpu t  t o  t he  
bearing thermal model. This permits a de ta i  l ed  representat ion 
o f  the surface temperature i n  t he  bear ing contacts. 
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F igure 58. Ro l l  i ng Element Temperature D i s t r i b u t i o n  f o r  Lox Pump Turbine 
End Bearing. These temperatures were bas2d on the load and 
envi ronment condi t ions.  Not ice t h a t  the  contact  temperdtures 
are wel l  above the l oca l  sa tu ra t ion  temperature (-241 O F )  cf  
the  LN2 cool ant. 
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F i  gure 59. Average Bearing Component Temperature Versus Cool ant Flow. The 
component temperatures become inc reas ing ly  nonl inear  as t he  
f low i s  reduced due t o  t he  increased r a t e  o f  clearance 
reduct ion caused by thermal growth. 
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Figure 60. Operating Clearances Versus Cool ant Flow. The reduct ion i n  
operat ing clearances as the coolant f low i s  reduced causes 3n 
increase i n  heat generat i  on, bear ing thermal grad ient  , thermal 
growth, and contact 1  oads. 

E f f ec t s  o f  Sodi um on Processing and Proper t ies  of Carbon/Phenol i c 
l o z z l e  Mater i  a1 s 

A systematic eva luat ion has been completed on e f f e c t s  o f  sodium on the  
res i n  chemistry, and, therefore,  the p rocessab i l i t y  and cure o f  the res in ,  
and on the  mechani ca l  and thermal oxi  d a t i  ve p roper t ies  o f  carbon/phenol i c 
composite mate r ia l s  used as an a b l a t i v e  l i n e r  i n  the s o l i d  pocket motor 
nozzle o f  the space shu t t le .  The r e s u l t s  show tha t  an inc reas ing  sodium 
l eve l  has t he  f o l l ow ing  e f fec ts  on p r o c e s s i ~ ~ g  and cure o f  the  r es i n :  
increased moisture pickup by the  B-stage res in ;  lower ing o f  the polymeriza- 
t i o n  onsec temperature; and an increase i n  r es i n  cure k i ne t i c s .  Mechanical 
p roper t ies  show a p l a s t i c i z i n g  c f f e c t  due t o  increas ing sodium l e v e l  ; i .e., 
increased shear s t rength and 1 cwer f l e x u r a l  strength.  Thermal o x i d a t i  ve 
s t a b i l i t y  i s  lowered by increas ing sodium leve ls ,  and thermal expansion and 
water vapor absorpt ion are increased. This work was perfontied a t  MSFC 
through funding from the  Shu t t le  So l i d  Rocket Booste. Pro ject  Off ice. The 
r e s u l t s  provide the most comprehensive data set avai l ab le  on the impact of 
impu r i t y  sodium i n  t h i s  c lass of mate r ia l s  and a basis f o r  the  proper 
s p e c i f i c a t i o n  o f  mate r ia l s  f o r  f l i g h t  motor nozzles. ( B e  GoldSerg/EH34/ 
205-453-1227) 

Powder Metal l u r g y  Techniques 

State-of - the-ar t  440C bearings are c u r r e n t l y  used i n  t he  space s h u t t l e  
main engine turbopumps. However, these bearings have a re1 a t i  ve ly  shor t  
l i f e  i n  the  h igh pressure ox i d i ze r  turbopump. The problems are h igh wear 
ra tes and s p a l l i n g  by r o l l i n g  contact  fa t igue.  To a l l e v i a t e  these prob- 
lems, improved bear i  r?g mater i  a1 s  are ~ e i  r ~ g  developed which have greater  
res is tance t o  wear and spa l l i ng .  These new mate r ia l s  are prepared by 
powder metal 1  urgy (PM) techniques. The mai n  advantage c f  PM techniques 
l i e s  i n  the a b i l i t y  to  con t ro l  the volume percent and s ize  of carbides. 
The mic ros t ruc tu res  show uni form d i s t r i b u t i o n  o f  f i n e  carbides, which helps 
t o  improve the  r o l l i n g  contact  f a t i gue  l i f e .  Higher volume percent of 



carbides tends t o  increase t he  hardness and hence, the  wear res is tance of 
bear ing mate r ia l .  Hot i s o s t a t i c  pressing i s  used t o  ob ta in  100 percent 
densi ty.  

Several promi s i ng  candidate mater i  a1 s (some having r o l  li ng contact  
f a t i gue  l i v e s  5 t o  10 t imes t he  standard 440C) have been i d e n t i f i e d .  These 
mater i  a1 s are being f u r t h e r  character ized f o r  f r a c t u r e  toughness and corro-  
s ion resistance. I n  add i t i on ,  bear ing b a l l s  w i l l  be manufactured and 
tes ted  i n  a f i v e - b a l l  t es te r .  Based on the r e s u l t s  o f  tes ts ,  three most 
pron,i s ing  candidates w i  11 be se lected f o r  manufacturing f u l l  -scale 
bearings. (B. N. Bhat /EH23/205-453-5509) 

SSME In te rna l  Flow Process Model i ng 

The Space Shu t t le  Main Engine (SSME) Computational F l u i d  Dynamics Team 
o f  the Systems Dynamics Laboratory 's F l u i d  Dynamics Branch continued i t s  
a c t i v i t i e s  toward the  development o f  a strong MSFC in-house capabi 1 i t y  f o r  
ga in ing a b e t t e r  physical  and q u a n t i t a t i v e  understanding of f ac to r s  gov- 
e rn ing  phys ica l  and chemical processes i n  SSME i n t e r n a l  flows and charac- 
t e r i  z i  ng such environments by su i t ab l e  mathematical models and computer 
codes. Pre i i m i  nary studies on the preburner fuel / ox i d i  zer m i  x i  ng and hot 
gas mani fo ld  flows, together w i t h  a two-dimensional ( a x i  symmet r i c )  tu rbu-  
l e n t  f l ow and heat t rans fe r  o f  three conf igurat ions o f  the  turnaround duct, 
have been completed along w i t h  a three-dimensional ana lys is  of the hot gas 
mani fo ld  system using a constant eddy-viscosi ty turbulence model. An i n -  
house code f o r  t r ans i en t  f low condi t ions i s  b e i t y  developed us ing the 
method o f  l i nes .  Analysis o f  t u rbu len t  f l ow and heat t r a n s f e r  i n  SSME 
turnaround ducts w i l l  be publ ished i n  t he  Jour1~11 o f  Propuls ion and 
Power. (N. C. Costes/ED42/205-453-0946) - 
Effec ts  o f  Geometry on L inear  Shaped Charges (LSC's) 

The loss of two So l i d  Rocket Boosters (SRB's) dur ing  the STS-4 miss ion 
i n  June 1982 prompted an i n v e s t i g a t i o n  o f  LSC's and the  shock they ..ro- 
duce. A p ro j ec t  was i n i t i a t e d  t o  evaluate the  e f f e c t s  o f  geometrical v a r i -  
a t ions  of LSC's, the e f f ec t s  o f  chevron i r r e g u l a r i t i e s ,  and the  v a r i a t i o n  
i n  the  shock response spectra (SRS) produced by the f i r i n g  o f  LSC's from 
t h e  same product ion l o t .  

Geometrical va r i a t i ons  have been inves t iga ted  w i t h  each of the th ree  
vendors o f  the LSC's tha t  are used on MSFC space s h u t t l e  programs. This 
i n v e s t i g a t i o n  invo lved a phys ica l  measurement o f  the chevron shape and an 
inspec t ion  o f  the l i n e r  area fo r  any v i s i b l e  i r r e g u l a r i t i e s .  A t  l e a s t  50 
samples from each vendor were inspected. Most o f  the  observed i r r e g u l a r i  - 
t i e s  were in t roduced dur ing  the  forming process. They were found t o  have 
been caused by defects i n  the r o l l i n g  wheels such as chips caused by 
repeated usage, fo re ign  mate r ia l  embedded i n  the  wheels, or  poor l y  manu- 
fac tured wheels. The most ser ious type of i r r e g u l a r i t y  observed i s  a curv-  
a ture i n  one o r  both surfaces o f  the l i n e r  (F!gure 61). This curvature i s  
an i n d i c a t i o n  of a separat ion o f  the l i n e r  from the  exp los ive and occurs 
when the l i n e r  spr ings back a f t e r  the forming process. This cond i t i on  i s  
usua l l y  caused by an i n s u f f i c i e n t  number of forming operat ions.  A survey 



o f  t he  l i t e r a t u r e  documenting the  pyrotechnic shock associated w i t h  the 
f i r i n g  of an LSC has been completed. Most o f  t h i s  l i t e r a t u r e  was generated 
i n  the l a t e  1960's and the e a r l y  1970's. An i n v e s t i g a t i o n  o f  the top ic  
proposed f o r  t h i s  study was not found. 

The t e s t i n g  program t o  i d e n t i f y  the  v a r i a t i o n  i n  SRS fo r  LSC's from 
the  same product ion l o t  has been defined. Explosive Technology has been 
awarded a cont ract  t o  perform t h i s  t e s t i n g  beginning i n  October 1984. 
(J. L. Smi th/E023/205-453-2521) 

L I Y E A R  S H A P E D  C H A R G E  

M A T E R I A L  

Figure 61. Types o f  Gecmetri ca l  Vari a t ioqs  A f f ec t i ng  LSC's. 

Development o f  Dynamic Coe f f i c i en t s  -- for Turbopump Seals 

During the ea r l y  phase o f  the Space Shu t t le  Main Engine (SSME) develop- 
ment program, both the High Pressure Fuel Turbopump (HPFTP) and the High 
Pressure Oxidi zer Turbopump (HPOTP) experienced severe v i b r a t i o n  problems 
which l i m l  t ed  t h e i r  operat ions cons ider i~b ly .  Both pumps exh ib i ted  tenden- 
c i es  to  subsynchronous wh i r l  w i t h  la rge  anp l i  tude motions a t  speeds below 
t h e  SSME Rated Power Level (RPL) . Stable and re1 i able operat ion a t  RPL was 
made poss ib le  by changes which inc luded use o f  annular seals i n  place o f  
l a b y r i n t h  seals i n  the HPFTP pump i n te r s tage  and the HPOTP t u r b i n e  i n t e r -  
stage. The annular seals provided increased s t i f f n e s s  and damping forces a t  
those locat ions,  wh i le  p rov id ing  reduced tangent i  a1 destabi 1 i z i  ng forces 
which a re  i nhe ren t l y  large i n  l a b y r i n t h  seals, The seal design was based on 
t heo re t i ca l  ca l cu l a t i ons  which were experimental l y  v e r i f i e d  on ly  by water 



t e s t s  a t  r e l a t i v e l y  l o v  Reyr~olLis numbers, Dynamic a n a l y s i s  and t e s t  data 
ob ta ined  subsequently i n d i c a t e d  t h e  pumps were m a r g i n a l l y  s t a b l e  a t  power 
l e v e l s  above RPL t o  F u l l  Fower Level  (FPL). Due t o  l a c k  o f  i n s t r u m e n t a t i o n  
i n t e r n a l  t o  t h e  pumps, t h e i r  s t a b i l  i t y  margins cou ld  no t  be ascer ta ined.  

A research program was undertaken which prov ided a  h i g h  Reynolds 
number seal  data base fo r  c a l c u l a t i n g  r o t o r  dynamic c o e f f i c i e n t s  o f  annular  
seal s. 4 reasonable c o r r e l a t i o n  between exper imental  data and a n a l y t i c a l  
p r e d i c t i o n  was es tab l i shed .  Th i s  formed t h e  b a s i s  f o r  a m o d i f i e d  a n a l y t i c a l  
p r e d i c t i o n  technique w i t h  improved accuracy. The i n v e s t i g a t i o n  f i n d i n g s  
a l s o  i n d i c a t e  t h a t  annular  sea ls  w i t h  optimum c h a r a c t e r i s t i c s ,  depending on 
t h e  s p e c i f i c  appl i c a t i o n ,  are f e a s i b l e .  From a  performance v iewpo in t ,  m i n i -  
mum leakage i s  desi  red. For r o t o r  dynamic c o n ~ i c ' ~ ~ r a t i o n s ,  maximum e f f e c t i v e  
damping i s  des i rab le ,  but  t he  pre ference fo r  e f  r e c t i  ve s t i f f n e s s  may vary. 
Some a p p l i c a t i o n s  may b e n e f i t  from sea ls  w i t h  moderate s t i f f n e s s ;  whereas, 
f o r  o t h e r  appl i c a t i o n s ,  maximum s t i f f n e s s  may be p r e f e r r e d .  The des i red  
c h a r a c t e r i s t i c s  can be achieved by app ly ing  a  s p e c i f i c  degree o f  roughness 
on t h e  s t a t i o n a r y  sur face o f  t h e  seal .  

Table 1 i s  a  summary o f  t h e  f i n d i n g s  o f  t h i s  i n v e s t i g a t i o n .  It i s  
shown t h a t  tapered smooth sea l s  have approx imate ly  t w i c e  t h e  e f f e c t i v e  
s t i f f n e s s  and e f f e c t i k e  dsmping o f  comparable stepped smooth sea ls  w i t h  t h e  
same leakage. The e f f e c t i v e  s t i f f n e s s  and added mass terms de r i ved  from 
measured data a re  much l a r g e r  than p red i c ted .  Also, a  comparison o f  t h e  
r e l a t i v e  m e r i t s  o f  t h e  seal roughness c o n f i g u r a t i o n  i n d i c a t e s  t h e  round 
pocket  c o n f i g u r a t i o n  i s  p r e f e r a b l e .  These f i n d i n c s  s t r o n g l y  support  t h e  use 
o f  t h e  tapered smooth seal c o n f i g u r a t i o n  i n  t he  HPFTP pump i n t e r s t a g e  seal 
and t h e  roughened s t a t o r  seal c o n f i g u r a t i o n  f o r  t h e  HPOTP sea ls .  
( F. Garci a//EP23/205-453-3812) 

Pub1 i c a t i  on: 

Ch i l ds ,  D. W., "SSME I n t e r s t a g e  Seal Research Progress Report," Report  No. 
RD-1-84 (Turbomachinery Labora tory ,  Mechanical Eng ineer ing  Department, 
Texas AbM U n i v e r s i t y ,  Col l ege  S ta t i on ,  Texas), 1984. 



Table 1. Comparison o f  Annular Seal Test Results 

Stepled vs. Tapered K~~ C~~ c~ w w w  
Smooth Stepped Seal 
Smooth Tapered Seal 

Experimental vs. Theory 
EX EX EX 

K ~ ~ ( ~ )  EFW M~~ (m) 
Smooth StatorISmooth Rotor 1.5-2.0 -1 .O 1-0-1.5 
Rough StatorISmooth Rotor i. 5-2 .O -1.0 1 .O-2.0 

Smooth Stator  vs. Roughened 
Stat or  

Smooth 
Diamond Pockets 
Round Pockets 

Nomenclature: KEF = E f f ec t i ve  S t i f f n e s s  

CEF = E f f ec t i ve  Damping 

MEF = E f fec t i ve  Added Mass 

CL = Leakage Coe f f i c i en t  

EX = Experimental 

TH = Theoret ical  



E f f e c t  o f  Trace Impu r i t i e s  on Reac t i v i t y  o f  Mate r ia l s  i n  Hydrazine 

The fue l  i s o l a t i o n  valve from the  So l i d  Rocket Booster A u x i l i a r y  Power 
Un i t  on S1S-11 showed signs of a  whi te  mate r ia l  on the cog and shaf t .  
Analysis o f  t h i s  mate r ia l  i nd i ca ted  a h igh ch lo r i de  content. An i nves t i ga -  
t i o n  led  t o  the  p o s s i b i l i t y  t ha t  hydrazine could have reacted w i t h  t races  
o f  ch lo r ina ted  sol vents used i n  c leaning operations. 

Trace amounts o f  Freon TF were added t o  hydrazine dnd placed under a  
steam bath t o  evaporate t o  dryness. It was found t h a t  hydrazine reacts  
w i t h  Freon t o  form hydrazine monohydrochloride. This s a l t  i s  h i gh l y  a c i d i c  
and cor ros ive  t o  n~eta ls .  Analysis of the  cor ros ion products by energy 
d i  spersi  ve x-ray f l  uorzscence and erergy d ispers ive  analys is  by x  rays 
i nd i ca ted  a h igh ch lo r i de  content as we1 1 as the  presence o f  i ron ,  chromi - 
um, and molybdenum. 

Fur ther  i n v e s t i  g j t i  ons are underway t o  ascer ta in  whether o ther  reac- 
t i o n  products were formed and whether the  hydrazine-Freon TF combination 
has a de le te r ious  me ta l l u rg i ca l  e f f e c t  on s tee l  components. (R. T. Congo/ 
EH32/ 205-453-1286) 

In f luence  o f  Var ia t ions i n  Grav i ty  on the M ic ros t ruc tu re  o f  

MAR-M246(Hf) was d i r e c t i o n a l  l y  s o l i d i f i e d  i n  a  h igh temperature f u r -  
nace w i t h  a  water-cooled quench block wh i le  onboard NASA's KC-135 
a i r c r a f t .  This a i r c r a f t  f l i e s  a  se r ies  o f  parabolas dur ing which the  ex- 
perjments and personnel experience up t o  30 seconds o f  low-grav i ty  t ime  
(10 g) and up t o  1.5 minutes of p u l l o u t  and c l imb (up t o  1.7 g). There- 
fore, a  sample which i s  being s o l i d i f i e d  experiences a r e 2 e t i t i  ve sequence 
o f  low- and h igh-g rav i t y  forces. Growth ra tes o f  1.0 and 1.6 cm/min were 
selected for  the  a l l o y  s ince these produced exce l len t  d e n d r i t i c  s t r u c t u r e  
i n  the labora to ry  and would enable around 5 mn o f  sample t o  be s o l i d i f i e d  
dur ing  the  low-grav i ty  periods. Ground-based con t ro l  samples were so l  i d i  - 
f i e d  i n  the same furnace under i d e n t i c a l  cond i t i ons  except ing the  g r a v i t y  
fo rce  va r ia t ion .  

Secondary dendr i te  arm spacing measurements and vol ume f r a c t i o n  car -  
b ide measurements were taken along each ingo t  length.  I n  each instance, 
secondary arm spacings increased i n  low g r a v i t y  and decreased i n  h igh  
g rav i t y .  The primary arm spacings were a lso l a rge r  f o r  the low g r a v i t y  
than f o r  the h igh-g rav i t y  sections. There i s  a  d i s t i n c t  d i f f e rence  i n  the  
amount o f  i nterdendr i  t i c  phase present. The 1 ow g rav i t y  has s i  gni f i  c a n t l y  
less  than the  h igh-g rav i t y  sect ion,  an e f f ec t  t h a t  i s  p a r a l l e l e d  by t he  
carbides. However, a  microprobe t race  a1 ong t he  sample i nd i ca tes  t h a t  
the re  i s  no gross d i f f e rence  i n  t he  cons t i tuen ts  i n  the  two regions. The 
volume i r a c t i o n  of carbides a lso decreases w i t h  decreasing g r a v i t y  force,  
bu t  i t  lags the  change i n  dendr i te  arm spacing. The ground-based samples 
d i d  not show any va r i a t i ons  i n  dendr i te  arm spacings or  segregation o f  
cons t i tuen ts  as a  func t ion  o f  d istance along the  axis.  

Var ia t ion  i n  g r a v i t y  fo rce  dur ing  d i  rec t iona?  s o l i d i f i c a t i o n  o f  t h e  
superal l o y  MAR-M246(Hf) produces a concomitant v a r i a t i o n  i n  m ic ros t ruc tu re  



and microsegregation. Both primary and secondary dendr i te  arms spacings 
are l a rge r  i n  the  low-grav i ty  por t ion,  the  l a t t e r  being due t o  an increased 
coarsening rate.  The amount o f  i n te rdendr i  t i c  cons t i tuen ts  and carbides 
decreases w i t h  decreasing g r a v i t y  and i s  an ef fect  general ly seen when arm 
spacings increase. A1 though the ove ra l l  homogeneity of the  sample remained 
constant, the  actual  composition o f  the  carbides and i nterdendr i  t i c  eu- 
t e c t i c  was found t o  vary w i t h  g r a v i t y  leve l .  (M. H. Johnston/EH22/205-453- 
5510) 



MATERIALS 

E lec t  rochemi ca l  Studies of Hydrogen Uptake and El  i m i  n a t i  on by Bare 
and Go1 d-Pl a ted Wasoal ov 

E lec t  rochemi ca l  studies,  us ing samples charged w i t h  h i gh  pressure 
hydrogen (5000 ps i  ), of hydrogen uptake by bare Waspaloy a t  room tempera- 
t u r e  have i nd i ca ted  t h a t  such hydrogen i s  contained i n  t he  i n t e r s t i t i a l  
s o l i d  so l u t i on  of the metal. This r e s u l t  was obtained using a new method 
f o r  the  analys is  of hydrogen desorpt ion proposed by Zakroczymski, which 
d is t ingu ishes  between fast  hydrogen and hydrogen desorp t i  on con t ro l  l ed  by 
t h e  d i f f u s i c n  process. The r e s u l t  fo r  h igh pressure hydrogen charging i s  
i n  cont rast  t o  t h a t  for  e l e c t r o l y t i c a l l y  charged samples, where the hydro- 
gen i s  i n  the  form o f  surface and subsurface hydrodes which are unstable a t  
room temperature and which represent the so-cal led f a s t  hydrogen. The fac t  
t h a t  the r a te  of e l im ina t i on  for  e l e c t r o l y t i  ca l  l y  charged samples i s  fas te r  
than t h a t  fo r  samples charged a t  h igh  pressure was v e r i f i e d  i n  t h i s  study 
by measuring t he  ra tes o f  e l im ina t i on  of hydrogen for  both methods of 
charging. The r a t e  constant fo r  e l e c t r o l y t i  ca l  l y  charged samples was 
greater  by over a fac tor  o f  2. 

Studies of hydrogen uptake by gold-plated samples were a1 so made. The 
breakthrough po in t  for  samples charged a t  h igh pressure f o r  a per iod o f  1 
hour was de te rm ined  t o  l i e  between 0.0005 and 0.001 i nch  o f  gold p la te .  
Although hydrogen penetrated 0.0005 i nch  o f  gold p l a t e  a t  5000 psi ,  t he  
reverse process (d i f f us i on  of hydrogen out of the sample a f t e r  remcval o f  
the  sample from the  charging chamber) was prevented by the gold p la te .  The 
go ld  p la te ,  therefore,  t raps  the  hydrogen which enters under h igh  pressure 
condi t ions.  

The e f f e c t  o f  e l ec t r opo l i sh i ng  the  Waspaloy metal surface was a lso  
determined. It was found t ha t  e l ec t r opo l  i s h i n g  d r a s t i c a l l y  reduces t h e  
amount o f  hydrogen absorbed by the  metal sample when chzrged under the  same 
condi t ions a t  h igh pressure. This observat ion i s  i n  agreement w i t h  o ther  
studies,  using d i f f e r e n t  techniques, o f  the e f f e c t  o f  e l  ec t ropo l  i sh i  ng on 
hydrogen uptake by metals under h igh pressure condi t ions.  

The e l e c t  rochemi ca l  methods themsel ves Mere s tud ied and evaluated as 
pa r t  o f  t h i s  study. The electrochemical  method i s  a powerful means f o r  
determining hydrogen concentrat ions i n  metals where the  hydrogen concentra- 
t i  ons are small.  It was determined t h a t  hydrogen c o n c e ~ ~ t r a t i  ons, meas1rred 
us ing the  Cot t  re1 1 equation, are h igh  when deal ing w i t h  e l e c t r o l y t i c a l  l y  
charged samples because o f  the  fas t  hydrogen. It i s  i m p l i c i t  i n  t h e  
C o t t r e l l  equation t h a t  a1 1 hydrogen e l im ina t i on  i s  con t ro l  l e d  by d i  f fusion, 
a cond i t i on  not s a t i s f i e d  by the  e l e c t r o l y t i c a l l y  charged sampies, where 
t h e  r a t e  o f  e l im ina t i on  i s  much fas te r  than could be accounted for by t he  
d i f f u s i o n  process. I n  the case o f  samples charged a t  h igh pressure, t he  
C o t t r e l l  equation holds q u i t e  wel l ,  s ince t he  hydrogen i s  contained i n t e r -  
s t i t i a l l y ,  and e l im ina t i on  i s  con t ro l l ed  by d i f f u s i o n .  The Zakroczymski 
method provides an accurate and re1 i able means f o r  determi n i  ng hydrogen 
concentrat ions on an absolute basis f o r  samples charged a t  h igh pressure 
and f o r  e l e c t r o l y t i c a l l y  charged samples, a1 lowing the  percent c o n t r i b u t i o n  
of i n t e r s t i t i a l  hydrogen and surface hydrogen t o  be obtained. 
(M. D. Danford/EH24/205-453-5872) 



Cure Studies of Hi gh Molecular Wei ght Si 1  phenylene- 
m a n e  (SPS) P --- olymers 

The need t o  develop h igh temperature elastomers t h a t  w i  11 perform i n  
extreme therms-oxidat ive environments i s  wide ly  recognized. Long-term 
thermal, hyd ro l y t i c ,  and ox i da t i ve  s t a b i l i t y  as we1 1 as r e ten t i on  of me- 
chani f  31 p roper t ies  are sought f o r  these mater ia ls .  A l o g i c a l  s t a r t i n g  
po i  n t f o r  t h i s  development i s  t he  s i  1  i cone polymers w i t h  t h e i  r inherent  
' neb-n' i l  I o x i d a t i  ve s tab i  1  i ty .  Substant i  a l  research i n  the 1  aboratory has 
')eel d i  rec ted toward a c lass o f  a r y l  -modi f i e d  s i  loxane polymers designated 
as s  ,l phenyl e w - s i  1  oxane. 

The i n i t i a l  goal of development of polymer 'zat ion methodology for SPS 
polymers w i t h  molecular weights approaching 10' was met. The mu1 t i s t a g e  
po l  y m r i  za t i on  methodology i n v o l v i n g  p repa ra t i on / i so l a t i on  of a  s i  l a n o l -  
termi  ~ a t e d  prepolymer and subsequent chain extension w i t h  add i t i ona l  
aminc i i l a n e  monomer proved t o  be an e f f e c t i v e  route t o  the  formation o f  
u1tr.i: i i gh  molecular weight polymer. Scale-up t o  100-gram q u a n t i t i e s  wi  t 4  
reter '  :ion o f  h i  gh Aw was demonstrated. 

The SPS polymers were s t r u c t u r a l l y  modif ied t o  incorpora te  v i n y l  
,)roup5, and the r e s u l t i n g  gum stock was successful ly cured t o  a  thermoset 
e l a s t  mer  v i a  peroxide vu lcan izat ion.  Tens i le  p roper t ies  o f  the  cured SPS 
polymer appear a t  l eas t  as good as the  comparably formulated commercial 
d imethy ls i  1  i cone polymer w i t h  a  considerable increase i n  thermal s tab i  1  i t y  
over the  commerci a1 product. (N. H. Hundley/EH33/205-453-1231) 

Cure Moni tor ing Methodology f o r  Advanced Composite Mater i  a1 s  - 
Two methods o f  d i e l e c t r i c  cure moni tor ing have been i nves t i ga ted  which 

ha e p o t e n t i a l  app l i ca t i on  t o  s h u t t l e  s o l i d  rocket motor nozzle and 
f i lament  wound , ~ s e  prozessi ng: para1 l e l  p l a t e  e lect rodes (Audrey) and 
microch?p monopr-obe (Mi cromet ). While evidencing po ten t i  a1 v i  ab i  1 i t y  fo r  
low c : ~ n d u c t i v i t y  epoxy res i n  monitor ing,  t he  Audrey system w i t h  cu r ren t  
e lect rodes appears t o  be incompat ib le w i t h  phenol ic composite mater ia ls .  
Fur ther  work !s necessary t o  determine whether these incompati b i  1  i t i e s  are 
inherer l t  Audrey l i m i t a t i o n s  o r  electrode- induced l i m i t a t i o n s .  

The Micromet sys*,em I 1  appears t o  be a v i ab le  means f o r  cure monitor-  
i n g  o f  b t? th  epoxiec 2nd phenol ic mater ia ls .  While i n i t i a l  cure mon i to r ing  
data f o r  phenol ic composite mater i  a1 s  d i sp l ay  reproduc ib le  events, f u r t h e r  
work i s  neces--i-y t o  determine data s ign i f i cance .  Fur ther  promise i s  added 
t o  t i l e  mic pr-obe moni tor ing technique by co r robora t ion  w i t h  dynamic me- 
chanical  ana lys is  data. It must be noted tha t ,  as yet ,  no data e x i s t  t o  
i ndi cata  the  appl i cabi 1  i t y  of the  M i  cromet system t o  feedback con t ro l  . 

F i n a l l y ,  an add i t i ona l  conduct i  v i  t y - re1  ated tenn has been i nd i ca ted  
f .  the  a i e l e c t r i c  p e r m i t t i v i t y ,  E'  . Thi s  unreported term becomes impor- 
t a n t  whm bounda-y l aye r  e f fec ts  and subsequent e l e c t  rode sh ie l d i ng  are 
noted. I n i t i a l  i n ves t i ga t i ons  i n d i c a t e  t h a t  t h i s  term should be d i f f u s i o n  
con t ro l  led.  (M. L. Semel /EH33/205-453-1229) 



Mechanics o f  Granular Mater i  a1 s a t  Low In te rg ranu la r  Stresses 

A Phase A/B study, r ecen t l y  completed by MSFC's Program 9evelopment 
Off ice, es tab l ished t h a t  the  performance of t h i s  m ic rograv i t y  experiment i n  
t h e  O rb i t e r  middeck i s  feas ib le  and resu l ted  i n  the  p re l im inary  design o f  a 
f l i g h t  apparatus. This experiment which has been proposed by t he  
Un i ve r s i t y  o f  Colorado, Boulder (S te in  Sture)  and MSFC i s  sponsored by the  
Physics and Chemistry Experiments i n  Space (PACE) program. The purpose o f  
t he  experiment i s  L 3 uetermi ne the  stress-deformati on c h a r a c t e r i s t i c s  and 
f a i l u r e  modes o f  dry, granular mate r ia l s  a t  very low i n t e r g r a n u l a r  
stresses. Such in format ion cannot be obtained on Earth because o f  g r a v i t y -  
induced s t ress  grad ients  and the  i n a b i l i t y  of t e s t  specimens t o  sus ta in  
t h e i r  own weight. The experimental r e s u l t s  are expected t o  prov ide a 
b e t t e r  s c i e n t i f i c  understanding o f  the  extent  t o  which t he  f o l l o w i n g  
f ac to r s  con t ro l  the  bulk f r i c t i o n a l  res is tance t o  deformation o f  dry  granu- 
l a r  mate r ia l s  a t  very low con f i n i ng  pressures: d i  1 atancy (coup1 i ng o f  shear 
stresses w i t h  vol  umet r i  c changes!, p a r t i c l e  i n t e r l ock i ng ,  grav i  t y - i  nduced 
s t ress inhomogeneity, k inemat ic aspects of s t ress  paths (s t ress  h i  s t o r y ) ,  
grav i  ty - i  nduced mater i  a1 i nhomogenei t y  and ani so t  ropy i n  1 aboratory t e s t  
specimens, and l oca l  and global  c t ab i  1 i t y  condi t ions.  A Conceptual Desi gn 
Review (CDR) o f  the experiment by s c i e n t i f i c  and engineer ing peer grol;ps i s  
scheduled dur ing the fa1 1 o f  1984. (N. C. Costes/ED42/205-453-0946) 

Thin F i lm  Research 

Concepts and techniques proposed i n  1975 f o r  a Long-Duration Exposure 
Faci 1 i t y  (LDEF) experiment and hardware developed f o r  the Induced Envi ron- 
ment Contamination Monitor (IECM) were combined w i t h  new hardware t o  
i nves t i ga te  the  fundamental processes occur r ing  when o r b i t i n g  surfaces 
i n t e r a c t  w i t h  ambient atomic oxygen. Various t h i n  f i l m  coat ing and m a -  
surement techniques acqui red f o r  e a r l  i er  R&T programs (Grav i t y  Probe-0, 
superconducting instrumentat ion,  IECM, and LDEF) were e f f e c t i v e l y  u t i  1 i zed 
t o  i nves t i ga te  the  accommodation, react ion,  and recombination o f  atomic 
oxygen on o r b i t i n g  surfaces. 

The format ion o f  v o l a t i l e  and degrading oxides o f  c e r t a i n  metals and 
other mate r ia l s  leading t o  des t ruc t i ve  e f fec ts  on f i lms  and mate r ia l s  was 
reported which has in f luenced t he  design, fab r i ca t ion ,  and experimental 
procedures i nvol veci w i t h  hardw3re a1 ready flown and much o f  the  subsequent 
hardware. 

The lack o f  f u l l  accommodation on a reprezentat ive surface has been 
shown. The f a c t  t h a t  only a r e l a t i v e l y  small f r a c t i o n  of the atoms reacts  
w i t h  most surfaces has been determined, and very accurate etch ra tes  have 
been measured. Most atoms i n t e r a c t i n g  w i t h  a representat ive carbon sur face 
were r e f l e c t e d  as ac t i ve  oxygen (probably atoms), suggesting recombination 
scarcely occurs. Unexpected a c t i v a t i o n  energies associated w i t h  t he  
e tch ing  o f  c e r t a i n  surfaces were discovered and measured. 

Surp r i s ing  topo log ica l  s t ruc tu res  produced by e tch ing  have been 
observed, but not ye t  s a t i s f a c t o r i l y  explained. 



An absence of ef fects o f  so lar  rad ia t ion  and ions on the etching o f  
carbon was measured, and the large ef fect  o f  very small quant i t ies  o f  
ce r ta in  contaminants on etcn ra te  and other effects was discovered. The 
protect ive nature of the c~ntaminants indicates tha t  very t h i n  coatings can 
be developed t o  protect  future hardware. 

These atomic oxygen studies were a  col  laborati've e f fo r t  invo lv ing  the 
Marshal 1  Space F l i g h t  Center, the Univers i ty  of Alabama-Huntsvi 1 le ,  and the 
Uni vers i  t y  o f  A1 abarna (Tuscal oosa) d i  rec t ly ,  and Johnson Space Center and 
numerous other groups i nd i rec t l y .  (P. N. Peters/ES63/205-453-5134) 

Pub1 i c a t i  011s: 
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PROCESSES 

We1 d Model i ng 

Heat appl ied t o  a metal surface by an e l e c t r i c a l  beam or  a welding arc 
l i q u i f i e s  the metal out t o  the  me l t ing  isotherm of the  temperature d i s t r i -  
bu t ion  produced by the  power source. 

MSFC has assembled and made frequent use of a minicomputer weld heat 
f l ow model. The model computes the me l t ing  isotherm o f  a combined moving 
po in t  and l i n e  heat source. Matching the  model isotherm t o  the  crown and 
root  widths o f  a rea l  weld permits an est imat ion o f  model power inpu t  t o  
the  we1 d i  ng device and provides a means of es t  imat i ng process e f f  i c i  ency. 
Given the cor rec t  power parameters, the  model computes the power needed t o  
produce a given weld, the temperaturel t ime h i s t o r i e s  o f  various s i t e s  i n  
the v i c i n i t y  of the  weld, and weld puddle cross sect ions.  

It i s  observed t h a t  i d e n t i c a l  power appl ied t o  i d e n t i c a l  metal does 
not necessar i ly  produce i d e n t i c a l  me1 t i  ng isotherms; i .e ., weld puddle 
shapes. It i s  now understood t h a t  f l u i d  cur rents  i n  the weld puddle have 
an important ef fect  on the weld puddle shape. Important f l u i d  flows are 
d r i ven  by maqnetic pumping, which depends on e l e c t r i c a l  cur rent ,  and by 
v a r i a t i o n  of surface tens ion w i t h  temperature. 

Quadrupoles (as wel l  as d ipo les represent ing the e f f ec t  of the l a t e n t  
heat o f  phase t r a n s i t i o n s  a t  the melt  zone in te r face)  have been added t o  
t he  MSFC minicomputer weld model . Use o f  the  quadrupole representat ion 
permits the analys is  o f  weld phenomena which have e i t h e r  been p rev ious ly  
ignored o r  which have on ly  been dea l t  w i t h  i n  a qua1 i t a t i v e  manner. It i s  
an t i c i pa ted  t h a t  t h i s  ana l y t i ca l  t o o l  w i  I 1  lead t o  new d iscover ies  and w i l l  
advance the understandi ng o f  the  con t ro l  o f  we1 d i  ng processes. 

Weld model software incorpora t ing  thermal d ipo les and quadrupoles i s  
being forwarded t o  the  Un ive rs i t y  o f  Georgi a/NASA Computer Software Manage- 
ment and In format ion Center. 

One use for  t he  weld model, which i s  contefi~plated f o r  the  immediate 
future,  i s  t o  assess the c a p a b i l i t y  f o r  es t imat ing  weld penet ra t ion from 
temperature d i s t r i b u t i o n s  measured on the workpiece surface adjacent t o  the  
weld puddle and, i f  i t  appears feasible,  t o  determine an a lgor i thm t o  per-  
form the  estimate. (A. C. Nunes/EH42/205-453-0012) 

Large Weld Tool i ng Techno1 ogy Development 

A f u l l - s c a l e  assembly t o o l  s imu la t ing  the Mar t in  Mar ie t ta  5019 Major 
H Tank Weld F i x t u r e  has been designed, fabr icated,  and i n s t a l l e d  i n  the  
sz ruc tu ra l  tower o f  b u i l d i n g  4707. Hardware i n s t a l l e d  i n  the t o o l  are  
ba r re l s  3 and 4 t h a t  are surplus External  Tank (ET) heavyweight number 7, 
This i n s t a l l a t i o n  i s  u t i l i z e d  t o  determine the product ion impact o f  t o o l i n g  
and assembly improvements f o r  the  ET. Add i t i ona l l y ,  t h i s  i n s t a l l a t i o n  i s  
used t o  develop welding parameters and process con t ro l s  for  c h a ~ g e  over of 
the  5019 t o o l  from Tungsten I n e r t  Gas (TIG) welding t o  Var iab le  P o l a r i t y  
Plasma Arc (VPPA) welding. The new welding process and t o o l i n g  improve- 
ments cu r ren t l y  under i n v e s t i g a t i o n  w i  11 s i g n i f i c a n t l y  reduce manpower and 



f low time i n  the 5019 f i x t u r e  a t  the New Orleans Michoud Assembly Facili - 
ty .  To date, two innovat ions i n  assembly too l ing  have been developed and 
are i n  the process of  implementation a t  the Hjchoud Shut t le  ET Assembly 
Fadlity.  These are  grea t ly  s i m p l i f i e d  internal and external clamping 
too ls  t h a t  o f f e r  greater ease i n  j i g g f  ng For welding and improvements i n  
peaking and mismatch for the welded jo in ts .  I n  add i t ion ,  a t rue t rack 
system for separating welded j o i n t s  has been developed t h a t  has a p p l i c a t i o n  
f a r  product i on. Work cont i  nues on weld process parameter devel oprnent/ 
refinement and on other t o o l i n g  developments for the ET, Figures 62 
through 64 show various i n s t a l l a t i o n s  of the ET barrel assembly p r i o r  t o  
i n i t i a l  welding. ( J .  H. Ehl/EH44/205-453-1520) 

F igure  62. Internal V i e w  o f  ET Barre l  Assembly w i t h  Weld Attachment Clamps 
I n s t a l  led .  



Figure 63. Pre-Installation Inspection of ET Barrel Assembly Tool lng  R i d s .  I 

Figure 64. Installation of ET Rarrel Assembly Weld Alfqnme~t Clamps. 



Alltomated TPS Removal System f o r  SRB 

To remove Thermal Pro tec t ion  System (TPS's) and other  p ro tec t i ve  
coatings from recovered So l i d  Rocket Booster (SRB) f l i g h t  s t ruc tu res  a t  a  
turnaround t ime compatible w i t h  an t i c ipa ted  s h u t t l e  launch rates,  i t  became 
necessary t o  develop a high-speed computerized system and improved s t r i p -  
p ing processes (Figure 65). Operaticnal safe ty  i s  improved by removing the 
personnel from the h o s t i l e  environment of a  manual high pressure w a t w  
b l a s t  operat ion where spl i t-second decis ions i n  the  manipulat ion o f  a  hand 
gun must be made under adverse condi t ions o f  noise, poor v i s i b i  1  i t y ,  and 
wet r e s t r i c t i v e  c lo th ing .  With t h i s  new automated capabi l i t y ,  the TPS, 
whether Marshall  Sprayable Abla tor  (MSA), cork, K5NA, or Marshall  Trowel- 
able Abla tor  (MTA), may be p r e f e r e n t i a l l y  s t r ipped  t o  the  whi te  Bost i  k 
epoxy pa in t .  This leaves the subst ra te  i n  a cond i t i on  most des i rab le  for  
refurbishment w i th  TPS. A f t e r  s t r i p p i n g  the TPS, i f  there i s  pa in t  darnage, 
the white pa in t  may be str ipped. Walnut h u l l s  are i n j e c t e d  i n t o  the water 
b l a s t  stream t o  remove the  pa in t  from the hardware t o  bare metal w i t h  the 
automated robo t i c  system. This capabi 1 i ty has a1 ready been demonstrated on 
t e s t  panels, the SRB St ruc tu ra l  Test A r t i c l e  (STA) forward s k i r t  (TPS and 
pa in t ) ,  the SRB STA a f t  s k i r t  ( pa i n t ) ,  and the  f l i g h t  SRB nose cones 
(pa i  n t  ) (Figure 66). 

Figure 65. SRB Automated TPS Removal System. 



Figure 66. SSME Robotic Welding Work Ce l l .  

A master computer i ntegrates and cont rels the equl pment whl ch consis ts  
o f  a h igh  pressure pump fo rc fng  water a t  supersonic speeds through a robot- 
manipulated nozzle t o  b l a s t  TPS from SRB hardware positioned by an air 
bearing turntable.  The high pressure water b l a s t  pumping system consists 
o f  two 200 hp electric motors d r i  v i  ng two 5-pl unger, posi ti ve d i  spl acement 
pumps through hydraul ic drives whlch are i n f i n i t e l y  var iab le  between 50 and 
400 r/min. The robot used t o  manipulate the b l a s t  nozzle over the SRB 
hardware 1 s a cornputeri zed, r i  x -ax i  s , 25 hp waterproofed indust r i  a 1  robot 
able t o  withstand the 225 pounds of reaction force and still maintain art 
accuracy of  0.050 inch. The tu rn tab le  provides the seventh axis  of rota- 
t i o n  f o r  the system and has the a b i l i t y ,  under direction f r c i m  the  systwn 
computer, t a  r o t a t e  the SRU hardw2re past the b l a s t  nozzle.  A i r  bearings 
are provided t o  support the t a b l e  p la ten  during r o t a t i o n  and also to move 
the  loaded tu rn tab le  on the  f l o o r  t o  accomodate various hardware sires and 
t o  move hardware i n t o  and out of the  b l a s t  area. Retractable wheels are 
used f c r  over-the-road transport. Powered by two 9 hp e l e c t r i c  motors, the 
tu rn tab le  platen has an angular  pos i t ion ing  accuracy of 0.05 degree under 
the control of the system computer. The system computer I s  a PDP 11/23+ 
with RS232 interface t o  monitor and control the process parameters such as 
turntable location, positton, and speed; b las t  water pressure, f low rate,  
and pump rJmi n; and robot program up1 oading and downloading. 

This system of fers  several advantages over t h e  present manual 
system, These Include expedf t i  ous hardware flow with increased removal 
r a t e  and improved operating safety f o r  personnel and hardware; reduced 
fo l  low-on refurbishm~nt operations by stripping t o  selected levels and 
leaving the surface ready for topcoat r. r lp l i ca t ion ;  reduced costs ($53,000 
for the  first vehic le ,  or  $8 m l  l l i o n  for the t o t a l  program); and reduced 
labor costs (serial  time work hours: one-tenth the tfme f o r  automation 



versus manual; t r i g g e r  t ime on equipment: o n e - t h i r t i e t h  the t ime f o r  auto- 
mat i on versus manual ). 

This system has been basel ined f o r  i n s t a l l a t i o n  a t  KSC i n  the  High 
Pressure East Wash F a c i l i t y  due t o  s t a r t  cons t ruc t ion  i n  January 1986. 
Future developmental e f f o r t s  inc lude op t i ca l  scanning f o r  automated re -  
programming of touchup and automated assessment o f  removal ef fect iveness 
and coat ing damage, and o f f - l i n e  computer programming t o  make program 
changes without t y i n g  up the f a c i  1 i t y  and/or f 1 i ght hardware f o r  r,~anual 
mani pu l  a t i  ve programming. (M. L. Roherts/EH43/205-453-0643) 

SSME Robotic Weld System 

Fabr icat ion o f  the  Space Shu t t le  Main Engine (SSME) requi res , . A -  

imate ly  23,000 inches o f  welding, o f  which 60 percent i s  performed b. :) - 
mat ic equipment. The remainder o f  the welds are mdde manually, at  a . .t 
r a t e  more than twice t ha t  o f  the  automated welds. App l i ca t ion  of LUII- 

vent ional  automatic weldi  ng equipment t o  the  welds (p resen t l y  done 
manually) i s  not p r a c t i c a l  s ince they are r e l a t i v e l y  inaccessible,  i m -  
, p rac t i ca l  t o  t oo l  f o r  automation, o r  requ i re  compensation fo r  f i t u p  beyond 
t h e i r  capab i l i t y ,  

The SSME robo t i c  welding system being developed by the Marshal 1 Space 
F l  i ght Center (MSFC) represents a d i s t i n c t  improvement over conventional 
welding automation because o f  the extensi  ve p o s i t i o n i n g  capabi l i t y  of i t s  
f i ve -ax i s  torch manipulator as wel l  as the a b i l i t y  t o  t i l t  ar;3 r o t a t e  t he  
p a r t  as i t  i s  welded. I n  addi t i o v ,  the robot cart be programmed t o  perform 
welds on any number of d i f f e r e n t  par ts  w i t h  the program stored on magnetic 
cassette tapes. The robot c o n t r o l l e r  a lso programs the  operat ion o f  a l l  
t he  weiding process equipment t o  a degree o f  repeatabi  1 i t y  unat ta inable  9y 
i t s  human counterparts. This system i s  equipped w i t h  a computer i n t e r f ace  
t o  a vision-based welding sensor t ha t  can compensate f o r  va r ia t ions  i n  seam 
alignment and puddle s i ze  as the weld i s  being made. The i n t e r f a c e  w i l l  
a l low the sensor t o  o f f s e t  the welding path acd ve loc i t y ,  as wel l  as 
process parameters, whi le  the  weld i s  being made. 

Rocketdyne welding engineers are working c l ose l y  w i t h  MSFC t o  charac- 
t e r i  ze the c r i t i c a l  parameters necessary t o  develop equipment and processes 
f o r  SSME hardware. A p e n ~ t r a t i o n  con t ro l  sensor being developed by 
Rocketdyne shows great promise t o  a1 low optimal con t ro l  of the welds. 

The robot has been i n s t a l l e d  i n  the Process Engineering D i v i s i o n ' s  
Produci b i  1 i t y  Enhancement Center a t  MSFC, and representat  i ve par ts  are 
being welded t o  determine the c a p a b i l i t i e s  and l i m i t a t i o n s  of the robot as 
they apply t o  j o i n i n g  SSME parts.  The vision-based welding system devel-  
oped by Ohio State Un i ve r s i t y  has been in ter faced t o  the con t ro l  system of 
t he  robot. The v i s i on  system has demonstrated i t s  a b i l i t y  t o  t r ack  the  
weld j o i n t  and compensate f o r  varying gaps by modi fy ins  the w i re  feed rate.  
Development work i s  con t inu ing  t o  a l low t r ack i ng  on a greater  va r i e t y  o f  
weld j o i n t s  and con t ro l  the  welding cur rent  as a func t ion  o f  weld puddle 
s ize.  Other work underway includes the  downloading of programs fo r  the  
robot from a computer-ai ded desi gn/computer-ai ded manufactur i  ng data base. 
F igure 67 shows the major components o f  the r obo t i c  weld system. 
(C. S. Jones/EH42/205-453-0012) 



Ffgure 67. SSME Robotlc Weld System. 

C S p a c e  
Shuttle tx te rna l  Tank 

Two addi t ional  major External Tank (ET) weld f ix tures were converted 
t o  the  VPPA weldfng process during 1984. Excel l e n t  qual i ty we1 Js are being 
obtaf ned from thSs r e l a t l  vely new alumf num neldi  ng process (process de- 
velopment work began a t  MSFC i n  1979) with over 40,000 inches of hardware 
welded without any Internal defects (Figure 68). The e n t i r e  weldjng 
system, contro l led by a computer, has proven 50 reliable t h a t  weiding sche- 
dules developed a t  MSFC can k transferred t o  identrlcal welding systems a t  
the Mlchoud Assembly Facility (HAF) and used on ET hardware wfth only minor 
adjustments. 

Reduced clean1 ng requi rements, peaking, repat rs ,  eventua t reductl  on i n  
the 100 percent radj ographic requf rements, and improved weld qual I ty a r e  
the benefits gained by implementing the VPPA process on a l l  major weldSng 
t o o l s  a t  MAF. F ive  addf t lonal  f f x t u r e s  a r e  belng p l a n n d  for irnplementa- 
t i a n  during 1985. 

A sf g n i f i c a n t l y  improved VPPA welding torch, which uses hermetf c 
seal f ng I n  l f eu of 0-rf ngs t o  separate the cool i ng water and shf e l  d l  ng gzs, 
was conceived by MSFC and fabricated by BLB Phchi ne under contract t o  MSFC 
(F f  gure 69). The new torch i s  belng introduced in to  ET productron a t  MAF 
t o  reduce setup t lme and eliminate weld i n t e r r u p t i o n  as;oelated with the 
operation31 breakdown of the p ~ e s e n t  comnercf a1 torch. (E. 0 .  'Payless/ 

I EH42/205-453-0011) 



Figure 68. Ogi ve Melded by VPPA Process a t  Michoud on Fixture 5014. 

Figure 69. MSFC "'asma Torch. 
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Min ia tu re  Cassearai n i  an Concentrator Solar Arrav 

Development of the mini  a tu re  Cassegrai n i  an concentrator so l a r  array 
has been ongoing f o r  several years. Experimental and a n a l y t i c a l  eval  uat! on 
has ind ica ted  t h a t  t h i s  so l a r  ar ray concept shows s i g n i f i c a n t  promise fo r  
reducing both so la r  array cost and area. The m i n i a t u r i z a t i o n  o f  the e l e -  
ment al lows i t  t o  operate i n  low-Earth o r b i t  a t  a t e ~ p e r a t u r e  o f  about 
85 O C  u t i l i z i n g  only passive, r a d i a t i v e  cool ing.  The e f f i c i e n c y  o f  t h e  
element's GaAs c e l l  a t  t h i s  temperature i s  near 20 percent. Each element 
i s  approximately 50 mn i n  diameter and uses a GaAs so la r  c e l l  which i s  on ly  
4 tnn i n  diameter. 

Most o f  the past e f f o r t  has been d i r ec ted  a t  design, fab r i ca t ion ,  and 
t e s t i n g  o f  the so la r  c e l l s  and i n d i v i d u a l  elements. The emphasis hds begun 
t o  s h i f t  more toward the  development o f  a s t r uc tu re  t o  which the  i n d i v i d u a l  
elements are attached i n  order t o  produce a so la r  array. 

Because o f  the high concent ra t ion r a t i o  o f  the element, i t  i s  sensi-  
t i v e  t o  o f f - p o i n t i n g  e r ro r .  Therefore, a high degree o f  p l a n a r i t y  must be 
maintained by the  s t ructure.  Graphi te epoxy was selected as the s t r uc tu re  
mater ia l .  Graphite epoxy panels o f  the design depicted i n  Figure 70 had 
not prev ious ly  been produced. I n  FY-84, 25- by 28-inch panels were suc- 
cessfu l  l y  fab r i ca ted  and elements i n s t a l  l ed  f o r  t es t i ng .  (M. R. Carruth/  
EBi2/205-453-4275) 

Publ icat ion:  

Patterson, R., "A Min ia ture Cassegrai n i  an Concent r a t o r  Solar Array f o r  High 
Power Space Appl i c a t i  on ," presented 21st Space Congress, Cocoa Beach, 
F lo r ida ,  Apri I 1984. 

Figure 70. M in ia tu re  Cassegrai n i  an Concentrator Solar Array Elements i n  
Graphite Epoxy Panel St ructure.  
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Programmable Power Processor (P') 

The Programmable Power Processor (p3) has been employed as a  power 
source regu la to r  and power source charger f o r  several years a t  the Marshal l  
Sgace F l i g h t  and Johnson Space Centers. I n  FY-84, the  v e r s a t i l i t y  of the 
P wg fu r t he r  demonstrated i n  a  s i g n i f i c a n t  manner. By simpljy changing 
the  P software t o  support a  Space Telescope ba t t e r y  t es t ,  the  P simulated 
the Space Telescope charge current  con t ro l  , so la r  array degradation and 
off-normal operation, constant power load t o  t e s t  ba t t e r y  w i t h  r e s i s t i v e  
load, and the s i  -bat tery  con f igu ra t ion  w i t h  only the  one bat tery .  F l e x i -  
b i l i t y  of the P' kept ba t t e r y  t e s t  setup t ime and costs t o  a  minimum. 
Figure 71 shows a s i m p l i f i e d  block diagram of the  p3. (J. R. Bush/EB12/ 
205-453-4952) 

Pub1 i c a t i  on: 

Bush, J. R., Jr., "A High Voltage E l e c t r i c a l  Power System f o r  Low Earth 
O rb i t  Appl icat ions ," NASA Technical Memorandum TY-86453, Marshal 1  
Space F l i g h t  Center, Alabama, June 1984. 

Figure 71. p3 S imp l i f i ed  Block Diagram. 

Bat tery  Protect ion and Recondi t i  oni  ng C i  r c u i  t (BPRC) 

The BPRC develooment and t e s t i n g  has been underway f o r  several years 
a t  MSFC, culminat ing i n  a  f l i g h t  design i n  FY-84 for  the  Space Telescope 
(Figure 72). On the Spsce Telescope ba t te ry  t es t ,  the  BPRC recondi t ioned 
the ba t te ry  i n  2 days versus 9 days required by the recond i t i on ing  system 
proposed by the cont ractor .  

Capable o f  p ro tec t i ng  up t o  120 c e l l s  i n  one or  more ba t t e r i es ,  the 
BPRC protects  weak c e l l s  from c e l l  reversal  du r ing  the discharge cycle, 



p ro tec t s  low-capaci t y  c e l l  s  from c e l l  reversa l  du r ing  b a t t e r y  recond i t i on -  
ing, and al lows ba t t e r y  discharge t o  less  than 0.5 v o l t  per c e l l  f o r  
recondi t ion ing.  (L. F. Lo1 1 ar/EB12/205-453-2510) 

N LOW VOLTAGE OUTPUTS 
TO SYSTEM 

I 

Figure 72. Simpl! f i e d  Satter; P ro tec t ion  and Recondi t ioning C i r c u i t  . 
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Programmable Transformer Coupled Converter (PTCC) 
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Development o f  a  PTCC has been underway a t  YSFC f ~ r  2 years, r e s u l t i n g  
i n  a  successful breadboard model i n  FY-84. This converter i s  a promising 
candidate t o  i n t e r f a c e  e x i s t i n g  28 Vdc power systems such as the space 
s h u t t l e  w i t h  h igher  vo l tage d i s t r i b u t i o n  systems o f  f u t u r e  spacerra f t .  
Another app l i ca t i on  would be t 3  i n t e r f a c e  high-vol tage equ ipme~t  (120 Vdc) 
I-equi r i n g  regulated power w i t h  d i  r ec t  energy t r a n s f e r  d i s t r i b u t i o n  systems 
whose bus vol tage i s  bat tery- regula ted up t a  270 Vdc. 

- - 

Featur ing programmable microprocessor con t ro l ,  the PTCC outputs 5.4 kW 
w i t h  93 t o  94 percent e f f i c i ency .  U t i l i z i n g  Cuk magnetics, the PTCC pro- 
v ides source-to-bus i so l  a t i  on and minimum e lec t r~ :~ i ' ; gne t i c  i n t e r f e rence  
emissions a t  regu la to r  u n i t  and cutput  terminals.  F igure 73 gives an il- 
l u s t r a t i o n  of the PTCC concept. (H. E. Kapustka/EB12/205-453-4952) 

Pub1 i cat  i on : 

L I 

Kapustka, R. E., "A Programmable Transformer Coupled Converter fo r  High 
Power Space Appl icat ions,"  presented IEEE 15th Power E lec t ron ics  
Spec ia l i  q ts  Conference, Gai thersburg,  Maryland, June 1984. 
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Figure  73. I l l u s t r a t i o n  of Programnable Transformer 
Coup1 ed Converter Concept. 
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TELEOPERATIONS AND ROBOTICS 

The focus o f  technol ogy i nves t i  g a t i  ons i n  t e l  eoperat i ons and robo t i cs  
a t  MSFC i s  systems-oriented. The i n v e s t i g a t i v e  approach emphasizes ground- 
based experimental and s imulat ion techniques, using .an appropr ia te  blend of 
hardware and software techniques. Special t e s t  and s imu la t ion  systems are 
a  key ing red ien t  i n  t h i s  approach, and i n  FY-84 major enhancements and 
augmentation o f  s imu la t ion  systems were completed. A new s imu la t ion  system 
was completed which u t i l i z e s  a  remotely con t ro l l ed  m o b i l i t y  veh ic le  on an 
a i r  bear ing f l o o r  t o  r e a l i s t i c a l l y  s imulate f r e e - f l y i n g  te leoperdtors .  A 
remote manipulat ion t e s t  system was completed which i nvo l  ves the Proto- 
f l i g h t  Manipulator Arm (PFMA), a  f l e x i b l y  reconf igurab le  con t ro l  s ta t ion ,  
video system, computational system, and con t ro l  software. 

Dur ing FY-84, several s i  gni f i  cant technol  ogy m i  1  estones were 
achieved. The s t a t i c  and dynamic cha rac te r i s t i c s  o f  a  space-capabl e  mani p- 
u l a t o r  arm ( the  PFMA) were inves t iga ted  t o  enable comparison of phys ica l  
and software s imu la t ion  o f  manipulator systems. An analys is  of a lgor i thms 
f o r  con t ro l  o f  manipulator arms resu l ted  i n  the  se lec t ion  of th ree  algo- 
r i thms f o r  more de ta i l ed  study i n  r obo t i c  s imulat ions.  A concept was 
developed t o  permit  interchangeable and e f f e c t o r / t o o l s  t o  be used by a  
space manipulat ion system, thus g rea t l y  inc reas ing  f l e x i  b i  1  i t:4 and dex- 
t e r i t y .  A contracted study (Mar t in  Ma r i e t t a  Aerospace Corporat ion)  t o  
i d e n t i f y  te leopera to r  human f a c t o r  i ssues/opt i  ons and def ine t e s t s /  
experiments/analyses requi red for t h e i r  r eso lu t i on  was completed. 
( W .  0. Frost/EB01/205-453-1413) 

Pub1 i c a t i o n s  : 

Teah, W., "A Simp1 i f i e d  Mathematical Model o f  the O rb i t a l  Maneuvering 
Vehicle," Un i ve r s i t y  o f  Alabama-Huntsvi 1  le ,  Research Report No. 407, 
August 1984. 

Cooper, T. W., 0. L. M i l l e r ,  and A. K. Wildgen, "Teleoperator Human Factors 
Study," Mar t in  Mar ie t ta  Aerospace Corporat ion Report No. MCR 84-511 
( issues 1 through 4), Contract NAS8-35184, 1984. 



INFORMATION SYSTEMS 

Data Base Management SystemlMass Memory Assembly (DBMSIMMA) 

The need f o r  data base management and a rch iva l  systems t h a t  can accept 
data at  h igh ra tes and arch ive it i n  la rge  volumes has been apparent f o r  
some time. The DBMSIMMA re~ rese r r t s  elements of new technology t h a t  have 

! been in tegra ted  i n t o  a  system t h a t  addressed the requirements for  handl ing 
h igh  data rate;, a rch iv ing  l a rge  volumes of data, and making the  archived 
data ava i lab le  t o  a  large network o f  users i n  a  short  per iod o f  time. 

The system i s  conf igured around a passive ? t a r  coupler f i b e r  o p t i c  
data bus t h a t  has seven data po r t s  (can be expanded t o  s ix teen)  t o  which 
computer systems can be in ter faced.  Each por t  cons is ts  o f  l o g i c  t o  convert 
e l e c t r i c a l  s ignals  t o  l i g h t  and the l i g h t  back t o  e l e c t r i c a l  f o r  t ransmis- 
s ion  onto and o f f  of the f i b e r  op t i c  blrs. The l i g h t  s ignal  i s  t ransmi t ted  
on a 50-v-diameter graded index f i b e r  by an avalanche laser  diode a t  a  r a t e  
o f  100 m i l l i o n  b i t s l sec .  Data en te r ing  the system through one po r t  are 
broadcast t o  a l l  other por ts  simultaneously. Only the po- t (s )  t h a t  have a 
need f o r  the  data w i l l  capture it. Five o f  the por ts  have computer sub- 
systems in te r faced  t o  them. They are: th ree  VAX 11/7808s, an SEL 3212750, 
and a l ase r  op t i ca l  d isk.  One o f  the VAX 111780 computers i s  the  user 
gateway i n t o  the system. Through t h i s  VAX, a  network o f  u w r s  can query 
t he  data base d i r ec to r y  t,' see what data are i n  the a r c h i v t  and request 
data from the archive. Source data t o  be archived enter the system through 
a high-speed por t  (50 m i l l i o n  b i t s l s e c )  i n  a  packet format. A d i r e c t o r y  o f  
the  packets i s  being created a t  the same t iw  the  data are being archived. 

The FMA i s  a  laser  op t i ca l  d isk  which i s  i n t e r f aced  t o  a  po r t  on t he  
f i b e r  o p t i c  bus. A l l  data en te r ing  the DBMSIMMA w i l l  be rece4ved a t  one of 
t he  por ts  and t ransmi t ted over the f i b e r  o p t i c  bus t o  the MMA t o  be a r -  
chived. The MMA uses a 300 mW Argon laser  t o  record the data on a 14-inch 
te l lur ium-coated disk. A b i t  o f  data recorded on the d isk  by the l ase r  i s  
a  0.5-P-diameter p i t  on the d isk  surface. A t r ack  of data i s  recorded as a 
concentr ic  c i  r c l e  a t  a  r a t e  of 100 mi 1  l i o n  b i t s l sec .  Spacjfg between each 
b i t  i s  1.25 micron. One d isk has a capaci ty o f  0.8 x b i t s ,  and t he  
system has 128 disks on l i n e  f o r  a  t o t a l  capac i ty  o f  loi9 b i t s .  The pro- 
jec ted a rch iva l  l i f e  o f  the data i s  12-15 years w i t h  no degradation i n  t he  
data qua l i t y .  The MMA i s  i n t e r n a l l y  con t ro l  l e d  by two 68,000 micropro- 
cessors t h a t  can d r i ve  the MMA t o  access any data archived i n  the system i n  
a  worse case t ime of  6.5 sec. 

I n  add i t ion  t o  the new technology invo lved i n  the MMA arch ive and the  
use o f  a  f i b e r  op t i c  bus f o r  high-speed l oca l  data communication, the over- 
a l l  system design i t s e l f  represents a  new approach t o  high-speed data 
handling. When packetized data enter  the system v ia  one of  the f l b e r  o p t i c  
por ts ,  the data are t ransmi t ted on the  bus t o  the MMA and archived wi thout  
ever having gone through the memory o r  the data bus s t r uc tu re  of any com- 
puter.  This a1 lows the data t o  be moved a t  ra tes o f  50-100 mi 1  l i o n  
b i t s l sec .  By the use o f  f i b e r  opt ics ,  the data ra tes could be increased up 
t o  500 m i  11 i o n  b i  t s l sec .  (0. T. Thomas/EB32/205-453-0677) 
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SAFE Dynamic Augmentation Experi ment (DAE) 

The Solar Array F l i g h t  Experiment (SAFE) DAE f lew on space s h u t t l e  
mission 41-0 i n  August 1984. The ob jec t i ves  of the  DAE were t o  prov idv a  
qua1 i f i ed mechani sm and technique fo r  on-orb1 t t e s t  d e f i  ni t l ons o f  Space 
S ta t ion  and 1  arge space s t ruc tu res  dynamic c h a r a c t e r i s t i c s  and t o  demon- 
s t r a t e  the  success o f  the hardware and technique by t e s t  d e f i n i t i o n s  o f  
SAFE dynamic cha rac te r i s t i c s .  

The DAE sensor uses l a s e r  diodes t h a t  i l l u m i n a t e  r e f l e c t i v e  t a rge t s  
and a  device t h a t  detects  the motion of those targets .  The t a rge t s  are 
made o f  r e f l e c t i v e  tape placed on small aluminum t e n t s  a t  16 l oca t i ons  on 
the back hinge f o l ds  o f  the  blanket.  As the b lanket  f l a t t e n s  out du r i ng  
deployment, these t a rge t s  stand o f f  the  blanket surface t o  prov ide a  b e t t e r  
r e f l e c t i v e  angle. There are seven add i t i ona l  t a rge t s  (4 on che mast, 2 on 
the  containment box cover, and 1 on t he  t i p  f i t t i n g  of the  mast), f o r  a  
t o t a l  of 23. A l l  t he  t a rge t s  are propor t ioned t o  appear equal i n  s i ze  t o  
t he  sensor. The motions o f  these t a rge t s  are o p t i c a l l y  sensed by a  s o l i d -  
s t a te  device (a f i e l d  t r acke r )  s i m i l a r  t o  some new TV cameras. 

The l ase r  diodes and the  so l i d - s t a te  f i e l d  t r acke r  sensor are housed 
i n  the DAE sensor head. The sensor head i s  mounted t o  the  mission support 
s t r uc tu re  by means o f  a  spec ia l  support s t ruc tu re .  

An e l ec t r on i cs  package support ing the experiment i s  located on top  of 
t he  support s t r uc tu re  and inc ludes a  recorder t o  tape t he  sensor and some 
engineer ing data. 

Experiment operat ions were conducted on t he  n i gh t s i de  o f  o r b i t s  t o  
reduce background sun l igh t .  Data dur ing  f l i g h t  were taken on a l l  pre- 
scr ibed tes ts ,  and several add i t i ona l  t e s t s  were completed. 

Although data are not ava i l ab l e  a t  t h i s  time, the  housekeeping data on 
t h e  SAFE/DAE i n d i c a t e  t h a t  the  hardware sysiem funct ioned normal l y .  
(R. Schock/ED24/205-453-2561) 

F l u i d  I n t e r f ace  and Bubble Experiment (FIBEX) 

Equi 1  i brium-free surface behavio,* of a  l i q u i d  i n  a  low-gravi  t y  en- 
v i  ronment p lays a  key r o l e  i n  fuel  tank design and f l u i d  management 
systems. The FIBEX w?.s constructed t o  i nves t i ga te  t h i s  phenomenon i n  t he  
low-gravi t y  env i  ronment on NASA'= KC-1 35 a i r c r a f t .  I n t e r e s t  i n  t h i s  area 
was i n i t i a l  l y  rnoti vatod by the  Grav i t y  Probe-B l i q u i d  he1 i um management 
problem i n  which the  super f lu id  must be d i s t r i b u t e d  i n  such a  manner t h a t  
i t  i s  g r a v i t a t i o n a l l y  symnetric about a  f i xed  proof mass. This problem i s  
complicated by the  f a c t  ,that t he  on ly  forces ava i l ab l e  t o  con t ro l  t h e  
1  i q u i d  are surface tens i  011 and cen t r i f uga l  forces. The dynamic charac- 
t e r i s t i c s  o f  the  spacecraf t  are such t h a t  these two forces are o f  t he  same 

1 order o f  magnitude and compete i n  d i s t r i b u t i n g  the  f l u i d .  Equations f o r  
the  shape o f  the  f r e e  surface were der ived and solved numer ica l ly  by com- 

i puter.  These r e s u l t s  showed t h a t  f o r  low r o t a t i o n  ra tes  compared w i t h  t he  
I 
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surface :ension,  the  f r e e  surface becomes unstable; a closed bubble forms 
w h ~ s e  pos i t ion  i s  less predictable .  FIREX has been flown on the KC-135, 
and experimental resu l ts  are i n  qua1 i t a t i  ve agreement wi th  the  theor i  ,.s, 
but quant i ta t ive  comparisons awalt fur ther  analysis of  the data. (F. W. 
Lesl i e/ED42/205-453-2047) 



APPLICATIONS 

Advanced F i  r e f i g h t i n g  Equipment Appl i c a t i o n s  - 
Technology der ived from i n v e s t i g a t i o n  o f  low vapor pressure 1  i q u i d  f i  ow 

i n t o  rocket engine turbopumps has been appl ied i n  the development of a  high- 
f low, h i gh -suc t i on - l i f t  5000 gal /min pump, which i s  used i n  a  small, l i g h t -  
weight, he1 i c o p t e r  po r t ab le  f i  r e f i  gh t ing  module. The module, shown i n  
F igure  74, i s  se l f -conta ined and cons is ts  o f  a  pump, gas t u rb i ne  engine, 
con t ro l  system, pr iming system, and water discharge system. I t s  normal mode 
o f  operat ion i s  d r a f t i n g  water from any ava i l ab l e  body o f  water through 
t h ree  8- inch f l e x i b l e  suc t ion  hoses and discharging through th rce  5- inch 
f i rehoses. The physical  dimensions are 4 f e e t  by 8 f e e t  by 6 feet ,  and i t  
weighs 2700 pounds. The gas t u rb i ne  i s  a  f r ee  tu rb ine  design, which a1 lows 
t h e  compressor and g a s i f i e r  t u rb i ne  t o  r o t a t e  up t o  i g n i t i o n  speed w i t h  
1  i t t l e  r o t a t i o n  o f  the  power t u rb i ne  and pump dur ing s t a r t  sequence. The 
pump requi res 550 horsepower t o  produce 5000 gal/min a t  a  150 p s i  discharge 
pressure w i t h  a  20-foot suct ion l i f t .  The module w i  11 operate a t  t h i s  con- 
d i t i o n  f o r  3 hours wi thout  re fue l ing .  Operation i s  s i m p l i f i e d  by an elec- 
t r o n i c  c o n t r o l l e r  which provides automatic s t a r t  and automatic shutdown ir! 
t h e  event speci f i c  preset operat ing condi t i  ons are v i o l  ated. A two-stage 
mixed f low pump, w i t h  inducer, was designed s p e c i f i c a l l y  f o r  t h i s  appl ica-  
t i o n .  The second stage impe l le r  shaft  i s  d r i ven  d i r e c t l y  by the gas t u rb i ne  
engine. A small i n t e r n a l l y  mounted p lanetary  gear t r a i n ,  d r i ven  by the  
second stage shaf t ,  then d r i ves  the f i r s t  stage impe l le r  and inducer a t  
reduced speed t o  enhance suct ion l i f t  performance by min imiz ing the net  
posi  t i  ve suct ion head requi red. 

The u n i t  (F igure  75)  was de l i ve red  by NASA t o  the Navy i n  the spr ing o f  
1984 and i s  present ly  being demonstrated i n  var ious app l i ca t ions .  The u n i t  
can be f lown by he l i cop te r  s l i n g  i n t o  remote areas f o r  f i r e f i g h t i n g ,  de- 
watering, f l ood  con t ro l  , emergency pumping , and other appl icat ions.  

Th is  e f f o r t  was funded by and i n i t i a t e d  a t  the request of the U.S. Navy 
F a c i l  i t i e s  Engineering Command. ( R .  Burns/EP33/205-453-2711) 



Figure 74. Module Block Diagram. 

Figure 75. Advanced Ff r e f i g h t i  ng Module. 
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