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A B S T R A C T  

The  U. S. Space Station Freedom wi l l  be the first large-scale, permanent, manned space o p  
eration. T h e  size o f  the Station, variety o f  materials and resources, and thc many di rerent  vel~icles 
and payloads i t r  i t s  vicinity w i l l  present significant perturbations t o  the a~ t~b ie r l t  environment. I n  
addition, Stat ion operations w i l l  be afrected i n  yet undefined ways by the er.vironrr~ent. 

A system t o  provide comprehensive environmental and interaction measurernrnts on Space 
Station is planned. T h i s  system, called the Neutral Environment W i t h  Plasma Interactions Xloni- 
tor ing System, o r  

"NEWPIMS" 

w i l l  moni tor  the impact  of the Station on the environment and vice versa. N E W P I M S  wi l l  s ~ ~ p p l y  a 
long-term database and interaction models t o  the Space Station community that  can be employed to 
analyze Sta~ion/environment interactions and t o  unfold natural l r om induced changes in the Station 
environment. The  system w i l l  include neutral environment i r~s t r t~ments ,  electric a r d  magnetic 
field sensors, charged part icle detectors, and remote ser~sirlg o i  radiation and particulates. Sets of 
instruments w i i l  be provided by the international corrlmunity alrd permanently deployed a t  strategic 
locations on the Station. 

I. THE SPAC'., ' "ATION 

The Space Station w i l l  present unprrcedentcd challerlges in  IJ. S. spare activities. It wi l l  
be the first large-scale, permanent space operation. The  Space Station wi l l  provide s t r ~ r c ~ t ~ r a l  
support, electrical energy, da ta  processing, communication anti lift!-support resources. I t  w ~ l l  serve 

a vehicle fueling and repair facility. Proxirnete tramc wi l l  i rrclu~le the Space Shuttle, the Orbi ta l  
Maneuvering Vehicle, and other as-yet ur~tlc.velo~)cd space vc.l~icles. Thus, tlre Space. Stnt ior~ wil l  l~ 
h large, complex, busy structure in  space. The size of the Spare Station, the variety of materials 
and resources, and the many di l fcrcnt vcl~icles and payloads ~n i t s  v t c i n~ ty  wt l l  ltrrsent significant 
perturbations to  t,lte ambient environment. Additionally, the op ra t i o t l s  on ~ I l c  Spacr Si i i l ron wil l  
bt afTected i n  yet ut~defrncd ways by the environmcr~t. 



Operat ional ly ,  the large scale o f  the  Space. Stat ion,  the inclusion o f  rnany h igh-current  4 Iw- 
t r i ca l  paths, and  the large number o f  simultaneous con~mun ica t ions  l inks w i l l  proclucc 111ilr1y cn- 

v i ronmenta l  pe r tu rba t io r~s ,  the  na tu re  and  magni tude o f  which are qu i te  u r~cer ta in .  As a result ,  
t h e  env i ronment  o f  the  Space S ta t ion  w i l l  need t o  Le verified as the  Stabio!~ is constructed, and  as 
operat ic .s  commence and  continue. A comprehensive set o f  measure r~~er i t s  o f  the  result ing envi- 

ronment  o f  t h e  Space S ta t ion  w i l l  be needed for the  l i re o f  the Stat ion,  t o  a i d  i n  compensating for 

pe r tu rba t ions  experienced and  for design gt~iclance i n  S ta t ion  g r o w t ! ~ .  

Users o l  the  Space S ta t ion  w i l l  have a c r i t i ca l  need for knowledge or  the actual  r ~ ~ v i r o n r r l e n t  

w i t h i n  which measurements w i l l  be made. For instance, electr ical noise levels may exceed the 

sensi t iv i ty  o f  many  inst ruments a i  v a r i w s  locat ions on  the S ta t ion  s t ruc tu re  Telemetry and  sensor 

signals may  be masked h y  the  nobe, leading t o  false conclusions due t o  clcfective data. Thus,  a 
cont inuous ongoing d a t a  base t h a t  characterizes the env i ronmenta l  ~ ~ a r a r n e t c r s  o f  and  arot ind the 

Space S ta t ion  as funct ions o f  t i m e  and  l o c a ~ i o n  is cr i t ica l ly  needed. 

I n  a d d i t i o n  t o  the above needs, there also is a s t rong need for the m o n i t o r i n g  o f  the Space 

S ta t ion  'weather". T h a t  is, the operators and  users w i l l  require a n  ongoing character izat ion o f  the 

env i ronmenta l  condi t ions w i t h i n  which events occur and are memured .  Such a character izat ion 

w i l l  b e  required t o  separate the  na tu ra l  episodic changes a t  the  S ta t ion  fro111 i r d ~ ~ c ~ t l  char~ges. 

11. ENVIRONMENT/SPACE-STATION I N T E R A C T I O N S  

1. Release o f  gases 

T h e  Space S ta t ion  w i l l  release gases by  outgas6ng f rom materials,  t ~ y  venting, by leakage f r o m  

pressurized volumes, by the  operat ion o f  engines a w l  thrcsters, !,y r x  t ra -v rh icu ln r  act iv i ty  (ICVA) 
and the  use o f  airlocks. Add i t i ona l  gaaes w i l l  be relctued d u r i l ~ g  .d~ut t l t r  and  o rb i t i ng  rnaneuveraldc 

vehicle (OMV) rendezvous. As a result  there w i l l  b e  a more-or-less w t ~ t ~ n u a l  gas c l o t ~ d  around 

the Space S ta t ion  which w i l l  have a much  higher concentrat ion t h a n  t l rc n a t u r a l  environment a t  

the Space S ta t ion  a l t i tude.  T h e  gas c loud w i l l  also have a cornposit ion di f ferent I ron \  the na tu ra l  

environment. 

and  induced emission processes. T h e  gas can be ionized by sunhght  and by energetir part ic les t o  

produce ions and electrons. T h e  const i tuenls i n  the gas w i l l  react w ~ t h  each other, w i t h  the surface 

o l  the  Space Stat ion,  and w i t h  the const i tuents i n  the na tu ra l  e n v ~ r o r ~ r l w n l  

2 IL lease of par t icu late mat te r  

I n  add i t ion  t o  releasing gases, the Space S ta t ion  w i l l  also re1r.a.w r lql iot ts armwuts or p r t t c -  

u la te  mat te r  in the fo rm o l  dust  swept along w i t h  the vent ing gases I lulrased water vapor car) 

condense and  freeze i n t o  ice grains. These par t~c ies  w i l l  also al)sort,, srntte8r. m11 cw111. I ~ g h t .  'l'11c.y 

can become electr ical ly charged and then re-at t racted t o  the S1)iire St;tt,~or~ w l i c r r  t ! ~ v y  r.;rt~ 1rl1l1.rc1, 

react w i t h ,  and adhere t o  surfaces and change the w r l a c r  p r c q w r t l ~ q  

3 .  Impac t  o f  e n v i r o r ~ r r ~ e r ~ t a l  mat te r  

Envi ronnienta l  par t icu late mat te r  ~nc lut l i r rg  o r b ~ t a l  c lebr~s a.. w ~ l l  .L* I I ~ ~ I I  -0n t r t r c~ r7  w i l l  ~ t n p a c t  
the space stat ion, causlng rroston, s p u t l e r ~ n g ,  and cfrposit ior~ AR~I I I .  t 111- <c~trlac-c, 1~riqwrt1c.s o f  tllr 



Space Station can be modified by these impacts. The impact of environrnental atomq, especially 
atomic oxygen, can produce surface reactions, cause surface erosion, and induce emissions surli aa 
the "ram surface glown. Environmental ions, electrons, and neutral atoms c a : ~  also reart chenlically 
with the outgassing material in various wayssuch as by charge exchange, attachment, disassociati, n ,  
ionization, etc. Energetic ions and electrons from the environment can penetrate the surface, erode 
materials, and be deposited in sub-surface layers. 

4. Electrical interactions 

The Space Station itself will charge electrically because of the impact of ions and electrons 
from the natural and induced environment, and because of pl~otoen~ission from its surfaces. 'I'here 
will be a plasmasheath around the Space Station and a ~ I ~ Z S I I I I  wake behind it cn~rsetl b y  its orbital 
motion through the plasma environment. Surfaces such as the solar arrays whtch rnay be charged 
to large electrical potentials will interact strongly with t l ~ c  local plasma. There wil l  be Iritkage 
currents across insulating surfaces and possibly arclng ant1 multipacting. 

The motion of the Space Station through the earth's magnetic field w:ll induce a n  electric 
field of approximately 0.25 vo1ts;rneter in its vicinity which will distort the plasmasheath and wake. 
This electric field will accelerate local charged particles to energies comparable to the potential drop 
across the Station, i.e. to energies on the order of tens of electron-volts far singly charged particles, 
and to  higher energies for particles with mult~ple cl~argerr. 

5. Electrical noise 

The Space Station will be a source of electrical noise from the power, communications, and 
other electrical activity on board. As a result there will be a large electromgnetic noise field in its 
vicinity which will interact with the local plasma, possibly interfering with experinrcnts, causing 
plasma waves, and accelerating charged particlea. 

6. Long-term changes 

The presence of the Space S t a t ~ o n  for many years in orbit could poss~bly induce long-term 
secular changes in the environrnrni The release of g a s ~ s  over many years could rclpresent a sig- 
nificant source of new material for the earth's lonosphere 'I'hr release or part~culatc nliitter could 
contribute significantly to the accurnt~lat~or~ o l  o r b ~ t ~ l  tlrl)rls rpacrrraft a l t~ tudes  

111. THE PlMS STUDY 

I .  Initial study phase 

T h e  "Plasma lnteract~on Mor~i~orlng System" (PIMS) s ~ ~ l t l y  was orig~nally forrriv~l ir l  Fel~ru- 
ary, 1988, urder   he auspices of the Spare Station f'lasrna 1ntvr;wtions and I:fI't-cts (SSI' I\-:) Working 
Croup chaired hy Dr. Carolyn I'ctrv~s of the h',\S,\ Lewis Rrsearcl~ Crnt r r .  'I'l~r l'II\lS stlldy team 
interacted closely wi th  that  work~ng group and deriveti the h ~ c  l'l!bIS rt1;irtc.r w11 l1  1np11s rror~1 
SSPII.:. 



They were charged with five tasks: 
( I )  To  define the objectives of envirnnmrntd monitoring a t  SSF; 
(2) To identify environmental measurements required to monitor the plasma 

environments a t  SSF; 
(3) To recommend instrumentation necessary for SSF environment monitoring; 
(4) To identify possible system mechanical configuration, module placement, 

and deploy rnent sequence; 
(5) To initiate and coordinate the international 'NEWPIMS" program. 

2. The PlMS Study Team 

The PIMS study team members were selected to provide guidance to the study from many 
perspectives. The  team has collective in-depth experience ir i  nleasurernents o l  space plasmas and 
fields, neutral gases, and particulates; design and development of space flight instrun~entation; 
and modelling of the space environment. Team members were also selected who have extensive 
backgrounds in simulation or space environment interactions and laboratory experinlentation with 
basic plasma physics processes. 

Table 1 shows the PIMS team members and the additions to the team f o r  Phase ? when the 
seudy was renamed 'NEW PlblSn. 

3. Evolution of the PIMS/NEWPIMS Study 

June 87 Space Station Plasma lnteraclions and EfTects Working Croup was Established 

October 87 Space Station external contamination study was started loc~~ssing on neutral gases 
and particulates, and visible and infrared emissions. 

February 88 Original PlMS study focussed on charged particles and fields. 

Jbly 88 PIMS team and External <:ontamination Study team agreed that  the PIMS system 
should include measuren1ent.s of neutral environrr~ent interactions. 

February 89 PIMS Phase ? study was initiated. Sttidy team expanded to include selected ISxternal 
Coritarnination Study rnen11)ers and interna~ional rcpreucnbatives. 

August 89 PIMS name changed to Nl?WPI!Wi 

October 89 Firrf  international NEWPILIS workshop in Tokyo, Japan. 



4. Present NEWI'IMS Otjjectives 

(1) Space Station: 
-Verify Space S ~ a t i o n  environment specifications; 
-Satisfy requirements for external environment monitors for individual work packages; 
-Develop a long-term environment data  base. 

(2) Experiment Support: 
-Monitor environment perturbations created by active experiments; 
-Monitor environment in support of experiments; 
-Monitor environment for unacceptable contamination levels. 

(3) Experiment Operations: 
-Monitor experiment problems; 
--Provide real-time information on contamination levels. 

(4) Space StationjEnvironment Interactions: 
-Study electrical charging of large space structures; 
-Study wake and sheath; 
-Study electromagnetic fe!d interactions. 

(5) Historical Analyses: 
-Study environmental variability; 
-Assess environmental change; 
-Analyze environmental response. 

(6) Problem Detection and Location: 
-Detect and locate leaks in coolant loops; 
-Detect and locate seal failures in modules and nodes; 
-Detect and locate power system arcing and corona; 
-Detect and locate material degradation. 

(7) Instrument Design: 
-Improve instruments for environment extremes; 
-Improve instruntents based on perturbation levels; 
-Design instruments for baseline background; 
-Design to identify and locate contamination 8ourct.s; 

(8) Space Station Growth Development: 
-Provide in for ma ti or^ on rnater ia l / sy~trn~ detcrioratirm; 
-Provide perturbation variability; 
-Provide rnodcls of envlronrr~errl and inkract iow.  



IV. THE PROPOSED NEWPlMS SYSTEM 

The NEWPIMS system consists of sets of instrument packages; their deployment and opera- 
tion on Space Station; acquisition of data  and its distribution and archiving; and modelling of the 
Space Station environment and of the enviro~trnent/Syace Station interact' :ons. 

Table 2 shows the set of instruments which have been identified for NEWPI%IS instrument 
packages and the allocation of instruments for the first three irrstrurnent packages. 

Figure 1 shows the first three NEWPIMS units and Figure 2 shows thc proposed p!acement of 
the first three units and the possible locations for two later units on Space Station. Five NEWPlMS 
units are now envisioned for Space Station Freedom. The placement or the units will be in two 
p h s n s ,  three units in the initial phase, and possibly two additional units in a growth p h a e .  The 
placement is such that  instruments may be directed toward both solar arrays, laboratory and 
habitat modules, into and orthogonal to the velocity ram and velocity wake, antl may scan through 
payload attach points. Additionally, a NEWPIMS illlit is proposed for the Japanese Experiment 
Module Exposed Facility and will obtain envirnnrnerltal inlormation franr this location. It is highly 
desirable to  include a sixth NEWPIMS os a mobile system (wliiclr may be maneuvered by the 
Mobile Service Center) that  can be moved along the truss structure antl deployed some distance 
away from the truss itself. 

The NEWPIMS concept will impose minimum requirments on ttie Space Station and its 
systems. Each unit t i s s  a mass of about 100 kg and will require about 100 watts  of power and 100 
kilobits per second for data.  Thermal control will be handled by the NEWI'IMS units themselves. 
A preliminary assessment has shown that the units may be altached a t  the truss nodes using a 
simple screw adapter and plate. Periodic conlrnand rates of 1 kilo\>it per second or less will be 
required to rotate the units and to chnnge instrument settings. Sl~ecial autorwmous, low-data-rate 
configurations are being studied for possible deployment in the early laurlch phase of Space Station 
when no power or da ta  resources will be available. 

Figure 3 illustrates the NEWPIMS system corisi.sting of the instrument packages on the Space 
Station, the da ta  base, the environment and interaction models, and the various users. The data  
base must have sufficient flexibility to provide rnvironniental tlata clcyite changing Space Station 
configr~rations and payload manifests, operation;~l perturbation3, arid 11i i t11rs1 events 'I'he data base 
must also provide lor the long term archiv~rig of rlatih so that er~viror~r~~t~r i ta l  trend analyses may 
he performed. It is therefore important that this Jysterrl be addrcssctl and a first order definition 
established early 

V .  NEWPIMS STATUS 

Discussions arc bring carried out with l,o.vil~l~. internatinnnl partrlcrs 

Costing studies are i n  process 

OSSA and i \SS are diwussing poss~blr! FJI:W!'i:\Ib irnplcrnentation 



STUDY TEAM 

* J O E  BARFIELD 
JIM UURCII 
GEORGE CARIGNAN 
NICK EAKER 
IRA KATZ 

*** LIAVE KENDALL 

** BILL KURTH 
*** IjEKN'r hlAEHLUM 

GERALD MURPHY 
RAY RANTANEN 

*** SUSUMU SASAKI 
m 
N ** J IM SPANN 

J Ihl SULLIVAN 
UlLLTAYLOR 

**  hlAKSHA TORR 
if UNI'EK WAITE 
ELDEN IVI1II'I'LE 
DAVE YOUNG 

Original PlhlS Team 

SOUTI W E S T  RESEARCH INSTITUTE 
SOUTHIVEST RESEARCH 1 NSTITUTE 
UNIVERSITY O F  hllCHlCAN 
SOUTHWEST RESEARCH INSTITUTE 
S-CUBED 
CANADA 

UNIVERSITY OF IOWA 
ESA (EUROPE) 
JET PROPULSION LABORATORY 
SCIENCE AND ENGINEERING ASSOC 
ISAS (JAPAN) 
hiAHSliALL SPACE FLIGHT CENTER 
hl IT 
TI(\+' 
h1AHSI iAI.I> SPACE FLICIiT CENTER 
SOUTIIIYEST RI<SEARCH INSTITWE 
UCS U 
SOUTliWEST RESEARCII INSTITUTE 

PRIMARY INTEREST 

hiAG NETIC VAI(1ATIONS 
SPACE PLASMAS 
NEUTRAL SPECIXOAIETRY 
SYSTEM ENGINEERING 
ENVlRONhlENT MODELING 
ATMOSI'HENIC CliEMISTRY Sr 

EhllSSlONS 
SPACE PLAShZAS 
SPACE PLASMAS 
ELECIXOMAGNETIC WAVES 
ENVIRONMENT hlODELING 
SPACE PLASMAS 
NEUIRAL COMPOSlTlON & DYNAMICS 
DATA MANAGEMENT 
ELECTRIC & MAGNETIC FIELDS 
NEUIRAL COMPOSITION Sr DYNAMICS 
SPACE PLASMAS 
TI 1EORE~ICAL STUDIES 
10 N SI'ECTROhl ETRY 

** US: Rcpresentalive added for Phase 2 
***International Kcprcscn[alivc added for Phase 2 

TABLE 1 



. l NSTRlMENT DEPLOYMENT SCHEDULE 
- -  

l NSTRUMENTS 
-- --- 

LANCMUlR PROBE (e l ec t r on dens i ty and temp) 

PRESSURE GAUGE (total ~ressure) 

QCM (6 /UNIT)  (deposi t i  on rates) 

NEUTRAL MASS SPECTROMETER (neu t r a l gas) 

ELECTRON SPECTROMETER (energe t i c e l ec t rons) 

T H E M L  I ON MASS SPECTROMETER (ions) 

MED l UM I ON MASS SPECTRWETER ( i ons) 

U.4GNETOMETER (nagne t i c i i e l d) 

ELECTRIC F I E L D  MONITOR (electric field) 

I ON/NEUTRAL MASS SPECTROMETER ( i on/neu t r o I )  

ENERGET I C PART l CLE DETECTOR ( r ad i a t i on) 

N U V / W V  SPECTROMETER (ultraviolet) 

V !  S l BLE SPECTROMETER ( v  i s i b l e) 

NEAR I R SPECTROMETER ( i n f r or ed) 

LASER RADAR (particulates) 

TABLE 2 
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