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I??ERF.ACE PROBLPtS  M SPACE EXPERlMENTATION 
' I 

by R. F. Mllpo~s lg  and P. C. Green 

International Buaineae 

ABSTRACT 

Space experimentation is expanding rapidly. Un- 
manned satellites are being equipped w i t h  precision 
instruments o f  greater power, and mrmed apace 
stations accomcdating Large crews are in t he  
drawing-board stage. The interface problems be- 
tween these sophieticated instruments and between 
man, the spacecraft, and the  upp porting ground 
stations are d t i d w n a i o n a l .  This paper ansly- 
zes the scientific/technical areas of  ace exper- 
imentation, and continues Kith a review of the 
subsyetems and support systems required t~ supply 
and operate the large variety of instlumenta. 
Areas of major integration e f f o r t s  a r c  singled 
o u t  a d  the requirement8 for  further development8 
and improvemtnts ere listed. A bibliography of 95 
references is enclosed to assist in the identifi- 
cation of more detailed reports on all vital 
aspects of $ p e e  ~lcperhen ta t ion .  

Durlng the second decade of apace cxploratlon, 
spacecraft KLU probably follow a general purpose 
design in contrast to t he  special purpoae design8 
which uere uaed in the past .  Formerly, the 
mission (i.e., the purpose of t h e  spscecraft) vas 
the  starting point. Subsystem design snd inte- 
gration efforts uere concentrated on the problem 
of serving this well-defined misaion w i t h  a mini- 
mum consumption of  weight, space, and electrical 
energy. This s i t u a t i o n  changed with the arrival 
of orbithe observatories where, frm the outset, 
the over-all ecientific mission area is knom but 
d o w n  is the complete experbent  plan. Incre- 
ased fl-exlbility 3n accemodating a large mrlety 
of experiments is demanded. h%my of these exper- 
iments m y  undergo considerable modifications 
during the lifetime of t he  program; gome dl1 be 
unknown prior to the fir~t flights. Therefore, 
the spacecraft's subsyetems must be d e s i p e d  to 
meet a vide range o f  d e m d s .  

Manned laboratories' planning and Awllo App- 
l ications Project requirements increased the 
fnterface problrm between experiments ( sensors) 
and subsystems. Man's capability to control and 
mcdif'y sub~~systems can now be uaed. Supervisory 
devices and controls  for the experlmenta are now 
essential within the Bpacecraft; however, Pull 
monitoring capability in the ground s ta t ion  must 
be retained. Also, increased payload capability 
of Sat- boosters removes most  restrictions on 
weight and many restrictions on the size of In- 
strznnenta *ich can be used in advanced space 
txperiment~. An unexpectedly Large number of 
m l l e r  experiments can be accommodated eaeily. 

me ensuing b t e g r a t i o n  task i a  to sizeable 
proportions ard is generally l a o m  as payload 
integration. It has to cope vith: 

Mchhes Corporation 

a) d t i d h e n s i o n a l  interfaces between the  
experiments and spacecmft aubsyst.ems, 

b) i n s t m e n t s  i n  space and correeponding 
inatrumenta on t h e  ground, 

e )  related, usually unmanned flights and mnnd 
experhents to be integrated; and 

d)  man, h i s  instruments, and space environm~nt. 

The first part of this p q e r  describes selenti- 
f i c  technical areas which will require apace ex- 
perhenta t lon  d u r i n g  the next decade. The second 
part describes the subsys~cms and auxilfary sys- 
tems and auxiliary systems necessary t a  support . 

thi6 vast  area of experhenation. A cotupanion 
papefl delineates the organization o f  payload in- 
tegrat ion cffor-ts and shows a number of graphical 
md computorial which can be applied to fac- 
ili-te the p a y l a  in tegrat ion task. 

No qecif'ic space program 16 u s d  as the baais 
for this paper; however, i t  i a  natml t o  consider 
the Apollo Applications P ~ Q ~ F c ~  as t he  United 
Statesy space proJeet presently having the Btrong- 
est demands for expesimcnt p a y l d  integration. 
Some of t h e  flights xillArequire the continuation 
of experiment6 In unmar~e8 parts of the spacecraft 
l ~ n g  af'tcr man hns returned to earth In a special 
reentry module. Thus, in this case, the integra- 
t i o n  b s k  has t o  conalder t h e  -4, and unmanned 
phaaea independently. The experience in payload 
in tegrat ion gained from the MP vill be benefictal 
for the experiment integrstion of unmanned Bpace- 
craft. 

LIST OF ' A B B ~ T I O ~  
bAP Apallo Applications Program 
AMU Astronauts Pancuvering Unit 
RPU Auxiliary Pwer Supply Unit 
ATS Applicatlsna Technolorn Satellite 
ESP Mra Sensow Perception 
EVA mra Vehicular A c t i v i t y  
EKE4 Extra Vehicular Engineering Activity 
Mlr FLeld of Vi- 
IMP Interplanetary Monitoring Platform 
LEI4 Lunar EXcur~Pon Module 
MRI, Msancd Orbiting Be~eareh Lsbomtory 
OAO Orbiting Astronomical Observatory 
OGO Orbiting GeqhysicaL Obsemtory 
OW Orbiting Solrnr Observetory 
OS§A Office of S p c e  Science and Applications 

(NASA) 
O T S  Optical TcchmLogy Satel l i te  
POGO Polar Orbiting Geophysical. Obsentatoly 
RADA Rmdm Acccsa Dlscrete Address System 

(u. 5. A m )  
SMS Small  Maneuerable SsteUite 
ST.& ~cientif ic/~echnical Arca 
SST Supersonic Transport Aircraft 

*Green, P. C., and FUlpovslry, R. P. " ~ ~ ~ o a d  
Integration for S p c e  ExperimenMtion." Paper 
submitted for presentation st t he  ~ a m t  sympasiwn 
(~eattle, July 15%; see pp. o f  these 
proceedings. ) 
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- civilian spacecraft applications are in the experi- 
mental stage, though i t  is gratifying to note that in the 
communtcations and weather observationareas, the first 
operational systems are available. In the next decade, 
space e-xperimentation rvi l l  continue to he the principal 
objective of most space flights and w i l l  cover seven 
major areas and many subareas, designated STA 
(scientlfic/tcchnicaI area). Figure I shows the STAs in 
their logical order of importance. Flight technolagy is 

. .essential before further space applications c m  be con- 
: sidered, and improvements will be needed in certain 

areas of subsystem test in order to meet the require- 
--:merits of Inarc advanced flight technology. Man's 
C -adsiptation to space environment, and the continued 
-exploration of tllis environment, are further essentials 

?a"---- 

-. - for a&ced Gacjce highti If these -fouE major areas 
are promoted successfully; i t  ~viviII be possible to 

E ; .  . 

achieve-results in: space science investigntions , ex- 
I itoration of the solar system, and, finally, space 

htilization. A description of some of the STA subareas 
.f~iiOws. ' 

. - .  - _  
- - . . - - .- --- - .  

1. I Flight Technology. 

Further improvement is needed for supersonic 
aircraft and crafts having the same basic structure, both 
ciipable of mastering space and the lower airspace. The 
development of many spacecraft systems wtll be impor- 
tant for the design of such advanced aircraft. Con- 
versely, it may be expected that the extreme require- 
ments, imposed on the guidance and navigation 
subsysbm, by such aerospace'crafts; will be beneficial 

t o  futur_e space, missions - a which should not be 
-o~erlaakedby_paylw4integca.tors.. . . The .crossed circle 

symbol in Figure 1 indicataa th i s  fact by showing the 
--aircraEt/guidance field as an "area of major integration 

effo~t;' .wit11 requirements for "special design and 
developmenttT and with "critical demands" on the present 
subsystem c~pahi l f t fes .  The instrument designers will 

- - .  face a m&or intepation task in connection with rnoni- 
toring Instrumentation, primarily during the develop - 
ment phase of such advanced spacecraft. 

Similarly, Figure 1 indicates that: 
. . - .  
i*-.- .-.I _ 

*-?jA'The advance of expertmental >&k&k &d - - - 
balloons will parallel increased design efforts 
in anaIysis Instrumentation (e. g. , spectrom- 
eters), 

b)-':Improved antennas-and transmitters lriilt be 
required, 

. . .  . -- -- 
c ) Signal c&zitioning and power supil sibsys - 

terns are the areas of major integration 

efforts for the class of space experimentation 
with rockets and balloons. 

Other important developments in flight technoiogy 
should lead to space baosters with at least the lifting 
capability of Saturn V,  and other improved character- 
istics. For manned planetary missions of longer 
duration, a vehicle called "Blockbuster, " utilizing both 
solid and liquid propellant rockets, may be the best 
approach. It could be available sometfme after 1978 [I]. 
The high energy upper sta& o r  "planetary-kick stage, " 
fueled by fluorine, i s  close to hardware development 
[ 2 1 . It will be used In conjunction with the Saturn V 
launch vehicle for unmanned planetary missions. The 
availability of such improved upper-stage engines 

. - 
1 offers the possibiIity of using the second and third 

stage of the Saturn V as a separate launch vehicle, 
. filling the need for a booster with capabilities - 
: between Saturn IB and Saturn V [z]. Reusable 

boosters and the recovery of expandable boosters 
- have been studied extensively. It is now necessary 

to gather data regarding the preferred design 
characteristics. These data will enable decisions to Lc 
made regarding thc most economical approach[2]. 
Reentry technoloa will continue to attract high in- 
terest [3, 4 1 .  The necessary experimentation in  
booster technoIogy will call for improved signal 
processing systems to handle the vast amount of 
noisy data. Improved antennas will be needed, 
specially designed for both boosters with atmospheric 

- maneuverability and reentry vehicles. Advanced 
guidance and navigation systems, closed-clrcuit 
TV systems with high resolution for dangerous 
observations .during test flights, and special air- 

- Iocks and windows will facilitate the experimentatioh 
with -such novel boosters. 

Spacecraft technology wIll experience brisk devel- 
opment in the area of manned space stations. The 
present state of the art is characterized by the Gemini 
spacecraft [ 5 ] , the Apollo spacecraft [6] and the 
Lunar excursion module (LEM) [ 7 ] . The next 
generation of spacecraft will be manned space stations 

, . [ 8 ] for a crew of 6 to 12 men. The manned orbiting 
research lab (MORL) is the center of NASA studies. 

- -It wiil use the Saturn boosters and can be designed 
as a universal type of-space laboratory required for 
a11 the areas of experimentation listed in Figure 1. 
The prelimimry plans even caIl for an internal 
centrifuge providing crew-member therapy and com- ' parative experiments describing Iong-term influence 

1 of gravitation on man's ability to perform in space. 

-. Logistics vehicles (space ferries) will be needed to 
supply space stations because missions from 
forty-five days to ultimately ten years are mder 
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FLGURE I. SCIENTIFIC- TECHNICAL AREAS OF SPACE EXPERIMENTATION 
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consideration. J9eyond earth-or'bitirg space stations, 
there is fie need for planetary Ianding craft and for 
roving vehiclos to *lore the surface of celestial 
bodies - f i rs t  of all, the moon [ 9  . There is no 
doubt thjt the universal chracter  of space stations 
will present formidable integration problems. - The 
design of subsystems must take into account all the 
requirements for experimentation in most of the STAs 
of Figure I. The figure identifies eight areas of major 
integration efforts (markcd by circles). Four of those 
(i-e. ,  secondary propuIsion, airlocks, power supply, 
and life-stlpport systems) wilI require new develop- 
ments to meet the: demands of manned space stations. 
Secondary propulsion and power supply subsystems have 
to be redesigned for roving vehicles, All these new 
developments require experimental testing phases in 
space which, in turn,. will be of concern to  payload 
integrators. 

1.2 Subsystems Technology 
C. 

r , 

This a& has to keep pace tvith spacecraft technology 
and the expanded missions. of-the next decade. Five---- 
special subsystem development areas are singIsd out 
in Figure 1 as areas which will require extended ex- 
perimentation in space, and are briefly discussed 
below. Many - other subsystems areas will undergo 
furtherdcvelopment, andsomeof the i~problems  are - 

mentioned in Part 11. However, these developments 
will be promoted by testing in gmund sirnulators o r  a s  
back-up systems in space flights, while the following 
five problem areas depend on special space experl- 
mentation, specifically oriented toward a special 
development goal. This fs the reason they are listed 
as separate subareas of the STA "subsystem technology. 

Optical comnlunications is the great hope for inter- 
:planetary com~~unicntio~ls with large bandwidth. This, 
;in turn, is esssntial to-tr~_sm_it p i ~ t u r e s  in real time 
over pIanetaq- distances. All calculations   how that 

' It is untilcely that radio communications will be able to 
achieve this goal wfthtn the next two decades (101 . 
Optical communications offers the theoretical possi- 
fbilfty of concentrating the tmnsmitted energy into 
:extremely narrow beams of light (pencil beams) of less 
than one second of solid angle. However, many pro- 
blems will have to be solved before optical communica- 
tions over planetary distance ,may become reality. 
First of all, it is essential to get reliable data about 
the propagation of beams: of c-oherent li&t as the i  are 
produckd by IGsers= &e' n2\.;' devices 'wTiic1 &r'e the, 
basis of all hopes for optlcal communications. Absorp- 
tion in the atmosphere, beam spreading (scattering), 
rotation of the polarization plane and Instabilities 
(scintiIlations) are among the character~stics which 
have to be studied. Llttle ts lmown about the "opticst1 
noisett whIch presents itself as earth shine, tending to 
mask the thin beam of man-produced light. Gigantic 
telescopes will be needed in the spacecraffind on 
earth, and new optical components (such as filters 

having a bandwidth only fractions of an Angstrom) are 
essential. Nothing is h o ~ m  about the performance of 
such devices when exposed to the space envirompent for ,  
several years. Even when all  these problems can be 
solved, them remains the tremendous operational pro- 
blem of mutual acquisition of hvo such pencil beams. 
Real time computers will help sohe  the feat of main- 
taining the hvo beams mutually locked on their opposite 
stations ~Hth the earth rotating aromd its axis, and 
moving around the sun and the spacecraft following its 
own trajectory and rotating around Its three axes a 
hundred nlillion miles away. Consider t h t  the Ilght 
will travel for several minutes from one station to  the 
other, presenting a tlpoi~~t-aheadll problem of unbeliev- 
able difficulty. 

Neverfieloss, engineers are confident that all these 
problems can be solved [ll] . Years of experimen- 
tation lie ahead lvlth experimenters simulating optical 
deep-space commuiiications through tests from earth- 
orbit-to earth-surface or between spacecraft around 
the earth; and, finally, including stations on the lunar 
surface. Figure 1 indicates nine areas of major Integra- 
tion efforts in the line of optical communicrttions. New 
developments are needed in attitude control and point- 
ing systems. Naturally, the development of the special 
telescopes (under synoptic instruments) will be the 
principal effort. NASA already has several studies 
under progress which will better define these experi- 
ments for the Apollo Applications Program (UP) [ l 2 ]  
or which are preliminary feasibility investigations-of 
special optical technology satellites (OTS) [11] . 

The difficulties listed above are typical for many 
of the follorving space experimentation areas. The 
payload integrator has to  consider them in full detall. 
For  the purpose of U l i s  paper, a few of the areas will 
be discussed. Figure I, supplemented by  the litera- 
ture references, wilt assist the reader. 

Auxiliary power supply units (APU) will have to 
provide electric energy for a11 experiments and for aII 
subsystems, Major new deveIopments in the areas of 
fuel cells and nuclear energy sources are in the ex- 
perimental stage [13) . Tney wlll be matched by 
improvements in power distribution and the sequencing 
subsystem [14] . 

On-board propulsion is needed for: a) added 
maneuverability for docking operations, b) launching 
or rotating secondary structures in space, C )  attitude 
control, d) planetary landing, e) roving operations, 
f) launching from celestial bodies, g) injection into 
return trajectories and h) reentry and landing on 
earth. Multipurpose propulsion systems will be able 
to  cover sirnuItaneously some of these demands. 
Special purpose propulsion modes will still prevail for 
such applications as attitude control and roving opera- 
tions. Chemical, nuclear, electrical, stored pressure, 
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and s u b l i ~ i n g  solid energy sources wgl have to be com- 
pared in &ctual space experimentation -[15 3 . . - 

~nforrnation compaction (also cailed message com- 
pression or redundancy reduction) is an electronic 
manipulation with sensor outputs, voice lvaveforms or 
picture signals with the purpose of preventing mmec- 
essary information from entering the storage devices or  
the  communicntions channel. Thus, it will be possible 
to reserve the limited capacity of these subsystems to 
handle essential information. Typical examples are: 
a) transmission of changes only, i n  instrument read- 
ings, in place of the frequent repetition of constant . 
readings, b) interruption of voice transmission-during 
gaps in speech, c) avoidance of repeated transmission 
of still pictures. Complex studies are necessary of the 
characteristics of information sources and operationu1 
comparison of various compaction methods before 
such methods can be introduced into the,spacecraft 
hardware [l~, 17, 183. - - - - - - - . . - 

Universal data management systems are becomfng 
essential becaise of the large number of  sensors, 
storage systems, on-board compukrs, intercom sys- 
tems, local radio links, guidance and control units, 
and redundant commr~nication links. Many of these 
systems use ldenticaI electronic units only during a 
fraciAon of the mission's duration. Evidently, common 
unit usage by several systems could save much equip- 
ment. Part of this savings cwi be invested in redundallt 
designs which increase the over-all reliability. The 
so-called signal conditioning systems In telemetry are 
the precursors to  such universal data management sys- 
tems, and their development goes in the direction of 
genera1 purpose on-board data handling systems [19]. 

Other subsystems require special spacc sxpcri- 
mentation before advanced designs may be incorporated 
into future spacecraft. They include stabilization and 
cdntrot systems [20 ] , advanced pyrotechnics [21] 
(which ccould avoid contamination of optical surfaces), 
and guidance subsystems 1 2 2 1  . Life support systems 
will bc discussed separately. 

- 

1.3 Man's Adaptation to Space. 

In this fieId of space experimentation, no previous 
experience-was available prior to the first manned 
space flights. Simulation of space environment on 
earth bas severe limitations, and only man's perfor- 
mance in space can ultimately gain space-Life h o w -  
ledge. : 

-. 
Advanced life support systems are essential for 

Iong missions (up to two years). Considerable experi- 
ence is available from the present manned space pro- 
grams [23 ] . The first phase of new development 
has to consider missions up to 45 days with resupply- 
Lng the same equipment in space t o  extend the missions 
to 135 days. SpeciaI bioinstrumeniation will be needed 

f o r  the increased number of men .who.rvill be served 
simultaneously by these advanced life support systems. 
All measurements need  ti^ be tagged to  identify the 
indivirlual astronaut and his responses. This requires 
new developments in signal conditioning systems and a 
special internal data distribution system, as the 
astronauts will  be nlobile. It may no longer be desirable 
to transmit a11 biological monitoring fwctions to the 
ground - but, instead, to  a biomonilor within the space- 
cmft.  The problem will be complicated when life 
support systems for  larger lunar or planetary cornmu- 
nitics come under design review. The design of 
closed-cycle systems for the regeneration of air, 
water - and, ultimately, food - will bring new payload 
integration problems [24] . 

i 
i 

Extra vehicular activities [ 83 will require a 
large number of novel tools and ins t rum~nts ,  many 
with electronic or eIeetrica1 Interfaces to other systems. 
Primarily, the  so-called extra-vehicuIar engineering 

--activities (EVEA) will call for special experimental suh- 
systems (zero-g tools, artificial-g devices, floating 
tool box&, etc. ) arid extended closed-circuit TV sys- 
tems to observe working astronauts and assist  them - 

from inside the spacecraft. Space suits have under- 
gone cornprehens ive d e v e l o p m m .  Personal 
radio intercommunication deviccs have-to be integrated 
into the suit and cabin envlr-onmenti -Their range has to 
be extended for lunar surface operations. The eleven 
circles in the EVA line in Figure 1 indicate the com- 
plexity of integration effort in this area. 

Space medicine and behavior analysis are the 
oldest areas of space experimentation for manned 
flight [26,  2 7 )  . Fortunately, no really prohibitive 
aspects of the spacc environment have yet been dis- 
cwerecl. However, there is still a long way to go 
from a few weeks In earth orbit to  lunar and planetary 
landing, and several years in- space: White it seems 
that the bask instrumentation in this area has passed 
the first  development phase, one can safely predict 
that many engineering refinements tie ahead. Micro- - -. - - -- 
miniaturization, digital transducers with mekry, in- 
creased sensitivity, and simultaneous monitoring of 
large populations will be some features f o r  further 
development in this area. Each o f  these character- 
istics will affect the payload integration. Notice 
merely the rfi (radio frequency interference) problem 
when twelve cornpleteIy wised astronauts move about 
in a small space slation with radio dah intercom, 
radio voice^intFrcbii~-andd h?iXlTZGSiti;iG, ' o r  high 
powered experimental equipment, operating in all  
conceivable spectral ranges. In addition to these 
engineering refinements, it will be necessary to In- 
troduce special radiation warning devices and prepare 
radiation protection measures. Such prospects may 
turn into a nightmare for payload integrators. 
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1.4 Space Environment Exploration 

Much has been learned in the first decade of space 
expIoration [28] ; but more data, over longer obser- 
vation periods, are required to make reliable environ- 
mental eflects predictions. This, in turn, is necessary 
to design equipment correctly and schedule manis 
activities in line with his abiIities i n  space environ- 
ment. 

The biosciences extend beyond the rnedicd and 
psychological problems handled by space medicine (as 
discussed above) and concentrate on fundamental prob- 
lems (e. g., What forms of life can use the space 
environment, including Iunar and planetary surfaces, 
as its natural habitat?) [29, 301 . Special life- 
detection systems emerge as complex analytical in- 
strumentation, either for unmanned (automatic) opera- 
tion or for manned analysis in space [31] . Space 
experimentation with microorganisms, plants, and 
animals is necessary to explore the bioenvironment Ln 
space. Special biosatellites will be flown by NASA in 
1966 and Iater perform one part of this experimentation 
C32, 337. Other experiments will be gerfornlcd i n  

the AAP serie~ of experiments . 
Bioscience is  also concerned with the unintentional 

transplanting of  earth life (microorganisms) to other 
celestial. bodies. Sterilization requirements will  have 
to be updated i n  line with the results of space bio- 
science [N, 3g . 

The payload integration for bioexperiments pre- 
sents Its own problems; they are different from the 
problems of nonliving experiments and bioinskumenta- 
tion for manned flights. Specially designed life- 
support systems, environmental conditioning systems, 
bio-medical monitoring systems, and waste manage- 
ment systems are needed. Enterferenee analysis has 
to consider the influence of strong electric, magnetic, 

radio, and nuclear radiation fields which may o r l a a t e  
in equipment aboard the spacecraft. h o t h e r  important 
payload integration task is contamination management, 
primarily when men and animals are simultaneously 
aboard [q. 

Zero-g physics has been established as a special 
scientific/techical subarea. Space experiments in 
zero-g physics are not very difficult, and their results 
may be of fundamental importance for solid state and 
fluid physics. ; It may be onc of the first  scieiltific 
areas where space can be used as a perfect I a b o r a b v  
facility b6, 313 . Other areas, such as cryogenics, 
high vacuum physics, etn, , will follow in using the 
natural space environme~it as a workshop for scientific 
experiments. The instrumentation for zero-g physics 
includes small centrifuges to produce any amount of 
controlled g within the zero-g environment. Improved 
artificial gravitation devices with more homogeneous 
fteld distribution are required. A large number of 
additional laboratory facilities have tn be incorporated 
Into a zero-g space laboratory; and, the integration of 
all these clevices, the i r  storage, operation, and read- 
out, presents a formidable task. 

Envtr~nmental physics is the largest field of space 
environmental exploration. It involves radiations, 
eIectromagnetic m d  corpuscular, earth magnetism 
and celestial magnetism, micrometcorite.~, and the 
environmental pllysics of the moon and the planets 
[38]. This area overInps with many subareas of 
space science investigations and solar system ex~ lo ra -  
tion. However, only the observed phenomena are 
closely re1ate.d. The motivation for the scientific/ 
tecMcaE experimentation is considerably different 
in the area of environmental physics, in space science 
and for solar system exploration. Also, different are 
the instruments and, accordingly, the integration 
problems. 
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1.5 Space Science hvestigations 

These investigations are concerned with fundamen- 
tal scientific observations, correIation of experimental 
results and theoretical hypotheses, and applications of 
such results to further research in reIated areas. 

Astronomy and astrophysics are, by definition, the 
sciences which are most concerned with space. Tbe 
earth's atmosphere is impeding the observation of the 
celestial sphere from the earthf s surface, and space 
flight offers the unique opportunity to  penetrate this 
screen. Special orbiting astranomical observatories 
(OAO) are close to operational status [39, 401 , and 
will carry the most sophisticated instrumentation ever 
put into orbit [41] . Other unmanned earth satellites 
and space probes carried instrumentation for  astro- 
physical and solar-physical studies . Manned 
astronomicaI Iaboratories are planned for the A A P  
missions. 

The extreme precision required for astronomy 
observations is the guiding factor for payload integra- 
tion in this subarea [40] . AIso, the interface be- 
tween instruments and the thermal subsystem is of 
major concern. Tbese precision telescopes rcquire 
equal temperature distribution over the large surfaces 
of opticaI elements (mirrors) to retain the original 
perfect alignment. Vibrations during launch may 
severely affect the optical instruments, and automatic 
or manual realignment in space may be unavo$dable. 
Manned optical laboratories may face problems of 
instabilities due to personnel movements, so specialry 
designed stabilization sy sterns may be required. Con- 
tamination of optical surfaces by debris (plume gases) 
of rockets and thrusters must be watched, This Is only 
a small seIection of typical integration problems. 

Atmospheric sciences have, presently, the most 
active interplay with space experimentation. Space 
flight technology needs many data about the atmosphere 
and its composition. The atmospheric scicnces, in 
turn, benefit from observations from space or  observa- 
tions in space. Numerous unmanned satelIites and 
rockets carried a large variety of instruments into 
space. The most sophisticated spacecraft for atmos- 
pheric research, today, is an orbithg observatory - 
the orbit h geophysical observatory (OGO, POGO, 
etc.) [4Zf . The atmosphere, in the widest sense, 
reaches thousands of kilometers out into space and in- 
cludes zones at different heights above the earth. 
Names like stratosphere, thermosphere, ionosphere, 
magnetosphere and exosphere are not necessarily 
mutuaIly excts ive [43] . They designate atmospheric 
zones according to different criteria, such as tempera- 
ture or  ionization. Space experimentation finds appli- 
cation in all these zones. Of particular importance, 
however, are special spacecrdt or missiohs for iono- 
spheric research 144, 453 or for investigation of the 
radiation belts [46, 473 . A special study initiated by 

NASA's Office of Space Sclence and Applications (OSSA) 
is underway to define the future program of space ex- 
perimentation in atmospheric sciences and technology 

1 8 1 '  
Earth Science studies depend on geodetical [48) , 

g e o g m  , gravitational [SO], geomagneti- 
cal [5l] and oceanographic [52] observations, and 
can be perfo~lned best from space. Projects like 

TRANSIT and GEOS carry experiments primarily in this 
STA. The integration efforts have to concentrate on the 
accommodation of synoptic instruments of unprece- 
dented precision. Every effort is made to retain this 
precision through the launch phase and under hostile 
space environment. Nevertheless, realignment in space 
by man- or ground-controIled ktuator  s (in critical 
places on optical surfaces) may be unavoidable [53] 
Other important integration areas are the signal- 
conditioning and signaI-processhg subsystems which 
have to handle the extrcmeIy large information flow 
resulting from synoptical sensors. PartlcuIar observa- 
tion consoles are  necessary to offer nlanned observers 
some quick-look facility and enable selection of those 
regions where detailed observations may be desired. 
Pointing system require at least the same precision as 
astronomical observations, but the image-forming 
capability of synoptic sensors imposes a stilI higher 
demand on stabilization devices. Further development 
efforts are indicated. 

1.6 Solar Systems Exploration 

Unmmned space probes are exploring the moon and 
the nearby planets. Many special instruments bad to be 
developed for such projects as Pioneer [54] , Ranger 
[ 55 ] , and Mariner [56, 571; . Payload integration 
probIems of ftrst magnitude had to be soIved before 
these projects could succeed [57a] . 

Manned lunar exploration will multiply these prob- 
lems [58] ; the goal fa the scientific exploration of the 
moon. Many observations from earth gave scientists 
fairly conclusive evidence of the moon's motion in 
space [59) , its topography [GO] , and of some of its 
surface characteristics [61] . Many problems remain 
to be served by direct exploration [62] with unmanned 
spacecraft [63] and with manned Imar missibns 
[ 64 ] , primarily through extended surface exploration 
after landing [65] . 

Tbe instrumentation for lunar expIoration bas been 
extensively studied [66] ; and a number of special, 
hlgbly complex, synoptic instruments [67] and analy- 
s is instruments are under development. The payload 
integrator has to meet new, stilI partly &awn, envl- 
ronmentaI conditions. His  systems engineering effort 
now has to reach far beyond the confines of a space- 
craft. The exploration system is now deployed over 
large parts of the surface and ilvacuum space" of an 
unlmown celestial object, a d  involves a large number 
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of men, shelters and surface vehicles. New extended 
and complex subsystems, such as the lunar surface 
communications system, have to be integrated; and 
their characteristics and operation have to defeat a 
medium which, for example, the sound of the human 
voice cannot propagate. 

The payload for planetary exploration may follow 
the  development of payloads for Iunm exploration 
[ 55a ] except that the missionsr inflight duration will 
increase to years, and the environm~nta1 surface condi- 
tions wit1 be different from planet to planet. Unmanned 
fly-by missions to Venus [56] and Mars [57] have 
already been established, and instrumentation on their 
flights performed a s  expected. It is necessary to build 
on this experience when attempting planetary orbiting 
and planetary landing with unmanned [69] and, finally,. 
withmanned spacecraft 170, 711 . 

+ 

Figme 1 shows that themajor areas of payload 
integration are communications transmitters with assa- 
ciated data handling units [ ? 2 ]  , the guidance and 
navigation system [73] , and analysis hstruments 
with their associated instrument consoIes. Of all these 
problem areas, the communications system is the one 
requiring revolutionary new approache's to achieve the 
goal of real-time picture transmission over planetary 
distances. There ia hope that optical deep-space com- 
rnunbations systems may achieve this feat [74] , but 
the technological and operational problems to be soIved 
are tremendous [ll] . 

Solar exploration presents a payload problem dif- 
ferent from lunar or planetary exploration. There can 
be no landing; even a close approach is impossible. The 
scientific exploration is continuousIy taking place by 
conducting observations about soIar radiation, solar 
winds, and interp1anetary plasma aboard practically 
every spacecraft on a trajectory above the lowest earth 
orbits. Special orbiting solar observatories have been 
~~~Cessfully launched [41, 751 , and these projects 
are continuhg [76] . SpacecsaJt in the Pioneer and 
Explorer series contributed to the increasing howledge 
about the sun and its radiations. Special t7close-in1' 
solar probes are planned for the future [77] , and the 
payload integrator has to answer the questbns: 

a) What maximum distance from the sun do 
experiments in a solar probe offer enough 
improvements ovar similar experiments 
carried aboard earth satellites to justify the 
additional technical difficulties of approach- 
ing the sun? 

b) How can one solve the thermal problems 
expected at the desired closest approach? 

c) What assumptions can be made about radia- 
tion damage, radio wave propagation, and 
solar winds at such close proximity to the 
sun? 

Most d-eries have the pokmtial of becdming 
significant advancements for the human race; this may 
also be the case with the experience and discoveries 
resulting from space exploration. For instance, some 
results in weather observations and communications 
a re  already available. The payload integrator has to 
consider utility for the population on earth as the uIti- 
mate goal of al space experimentation. ' 

The follow~g five subareas of space experimenta- 
tion w e  those which reqube longer periods of experi- 
mentation with developmenta1 hardware and, therefore, 
wiII be importarat for experiment/payload integration. 

4 

Earth resources statistics is a new space utiIiza- 
tion subarea of n e a t  interest in connection with  the 
AAP [12] .   he Saturn boosters and the Apollo 
spacecraft offer the possibility of launching large 
manned payloads into any desired orbit around the 
earth. Polar orbits are naturally the most desirable 
trajectories for any continuous observation of the 
earth's surface. With the large payload capability and 
man's presence, many earth observation tasks become 
feasibIe which would not be possible wah smaller 
booster-spacecraft combinations. E&rthts increasing 
population will cause shortages of many resources, 
such as crops, forests, water supply, wild life, and 
ocean resources. It wilI become essential to avoid 
waste and losses, even in areas which are not yet com- 
pletely cultivated. Regular and all-inclusive surveys 
from orba will enable international economical plan- 
ners  or  indfvidual nations the most economical develop- 
ment of all earth resources. NASA's Office of Space 
Science and Applbations (OSSA) will conduct speciaI 
studies in cooperation with the Department of Agricul- 
ture and other government agencies to define the nature 
of such earth resources statistics flights [8] . The 
lnstrumentat ion of such earth survey flights will utilize 
any applicable method of synoptic and analytic hstru-  
mentation. Much higher precision equipment is needed 
in weather satellites. A large variety of parameters, 
in a11 spectral ranges, needs to be analyzed. The pay- 
load integrator has to find the right balance between 
automatic record in^ and man's ability to seIeet intelli- - 

gently the most interesting field of view (FOV) plus 
efficient methods of sensing the appropriate physical 
magnitudes. 

Weather and flood observations need further im- 
provements. The experience gained with the first  
bperationalweather satellites [79, 801 is an excel- 
lent basis for improving unmanned and manned sys- 
tems. In this subarea, more than in any other, man 
may act as a supervisor of an unmanned system. 
Space ferries will be available to bring man for short 
servicing periods to unmanned weather satellites. The 
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AAP wiIl test instruments and systems for this 
purpose. 

The payload integration of such rnanned/unmanned 
hykrid missions presents a number of unique problems. 
Accessibility of equipment bas to be provided for 
manned repairs. ControI consoles and test equipment 
must be avaiIabIe in the unmanned spacecraft module. 
Voice communication links are clesirable, yet all the 
command and telemetry Iinks have to operate in the 
same way as unmanned operational systems. 

Communications and navigation satellites wilI also 
benefit from a similar operation with manned super- 
visory capability. In the case of s~mchronous communi- 
cations sateIIitcs, one may even think in terms of a 
switchboard in space with a complete computer-directed 
switching center aboard and many highly directional 
microwave or optical beams - each oriented toward a 
npcciffc ground station, Such concepts appear less 
attractive without manned service and mahtenance 
capability available at regular intervaIs. 

Space experimentation, with prototype hardware for 
such advanced ideas in w eather-, communications, and 
naviision applications, will, be tested by special appli- 
cations technology satellites (ATS) [81] and on cer- 
tain flights of the AAP [ 1 2 ]  . Prior to these projects 
an unmanned gIobal communications satellites network 
mkht  be in operation, which will, at the beginning, 
have a larger capacity than is presently required 

.[ 8 2 1 .  - 

Special integration problems in this area are: 
a) the need for increasingly large antenna structures, 
b) the heavy power requiremant for strong transmitters 
and c) the-nec~s_sity~ g f w o r m g  without interruption with 
sevei.aI ground stations. To promote this subarea of 
space utilization [ B ]  NASA's Office of Space Science 
and Applications i s  directing a special study to define in 
detail those space experiments which could be incor- 
porated into some of the planned space missions within 
the next five years. 

Space mining is a possibiIity in the more distant 
future. Presently, it sounds like science fiction, yet 
serious scientists have amassed statistical facts to 
present a "case for mining the moonTf [83] as a first 

. . 

step toward space mhfng. It may not be too early to 
have a look at .to integration problems on moon-mining 
rniasions. Major difficulties may be power-supply 
problems and the assembly and operation of special 
machine tools and mining machinery on the moon due to 
lack of atmosphere. However, the fact that the moon 
has a much smaller gravitational constant may be a 
good advantage. Other critical areas of systems intc- 
gsation wil l  be the: a) Iife-support systems for  Iarge 
work forces, b) need for numerous airlocks in all 
shelters, c) necessity to provide for thermal controI 
systems everywhere, d) need to invent, develop, and 
test many novel instruments used to detect and analyze 
unknown materials which may be produced by the mining 
operations. I 

Space envlronrnental utilization may deveIop earlier 
than space mining. It is evident that space offers envi- 
ronmental conditions which cannot be produced on earth 
in sufficient quantity and extent, even at the price of 
billions of dollars. A recent pubIicatfon [84] men- 
tions the following trveEve specific vacuum and cryogenic 
projects: MateriaIs research, thin-film technology, 
metallurgy research, welding research, coating appIf- 
cations, spectroscopic studies, vacuum distillation, 
electron-tube research, supercoaductivity, conduction 
at low temperature, csyobioIogy and rnicrominiaturiza- 
tlon. These projects ( m y  more could be conceived) 
could be done more economically h a moon laboratory, 
with its natural vacuum, than on earth, where perfect 
vacuum in large enclosures is nearIy impossible. 
Beyond such Iaboratorg acthities lie possibilities for 
efficient manufacturing by utilizing the special lunar 
environment [85] . 

The lunar system integrator faces problems sf 
instrumentation which reach beyond space mining. The 
complete lunar Iaboratory equipment has to be designed 
for unique environment. Spacial radiation protection 
will bc required for many electronic dcvlces. Little is 
h o w n  about seismic conditions on the lunar surface, 
and special antivibration devices may be needed, 
Residual gases could impair the ideal vacuum, so that 
pumping or outgassing may still be required for very 
apccid  experiments. The uormd temperature meas- 
urement through convective circulation of air is not 
feasible. This is only a small selection of the get 
unexplored problem areas for lunar system integration. 
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PART 2. SPACECRAFT SUBSYSTEMS 

&ace experimentation in the field of the scientific 
technological areas (STA), discussed in Part I, 
requires many subsystems aboard a spacecraft. These 
are plotted in Figure 1 as vertical columns. The 
various symbols at the intersections of the subsystems 
columns, with the STA rows, indicate the character of 
the respective interface between an STA subarea and a 
subclass of* subsystems. 

2.1 Instrumentation 

This i s  the most essential hardware in any exper- 
' 

_ kentation.. In space experimentation., in particular,. _. . 

most instruments are input devices to other electronic 
. systems and, in the widest sense of the word, may, , 

' ' -therefore, be called sensors. Exceptions are the last two 
subclasses, which incorporate chemical, physical 
and biological instruments with direct reading ' capabilities or for  manipulating purpokes, so that no 

- electronic connections are required. 

The subclass of synoptic Instruments includes large 
optical telcscopes, telecarneras for photographic o r  
kinematographic recording, television cameras, plus 
B host of scanning instnunents from radiometers, in 
all frequency ranges, to synoptic radar sets and - 
scanning optical beacons, 

-- . Analysis instruments are fairly . -.. complex . subays- 
terns by themselves with arnpiifiers, logical devices, 
&weep generators and other special electronics 
circuitry. -The payload integrator will-do well t o  check- 
the commonality of such auxiliary units, when several 
analysis instruments are needed within the same pay- 
load. %wings in hardware will result if duplication is 
avoided; or, alternately, redundancy may be arranged 
lntentionaIly to increase the reliability. Examples of 
analysis ~nstruments are spectrographs, mass 
spectrometers, power spectrtrm analyzers--also, bio- 
chemical analyzers for life detection o r  metallurg-lcal 
ana1ysis Instruments for space mining. 

. - . . 

. - 
'Monitoring instruments are; in general, small - 

devices with some programmed function, such as a 
maximum-minimum thermometer or a radiation monitor 
with adjustable threshold value. This subclass of 
instruments will actuate some electronic device o r  
functional unit, whenever tbe monitored magnitude 
coincides with a preprogramrned value or function. The 
payload Integrator has the responsibility of: a) incor- 
porating these instruments into the total system, 
b) investigating all interference possibilities, c) provid- 

ing fail-safe operation and dl arranging for check 
procedures for the monitoring devices themselves. 

' Their actions will need pl-iority over many other auto- 
matic operations, and sequences have to be programmed 
accordingly., New developments in th is  subclass may 
be needed only for space mining; but some STAs, 
primarily bioaxpetimentation, require a large number 
of such monitoring dev'ices, and their integration may 
caI1 for complex ~lannihg effort. 

Transducers are well-known devices In the 
instrumentation of e*eriraental, aircraft and are widely 
-used in manned spacecraft. ,-Basically, one may define 
a transducer as n device which provides-an electrical 
magnitude in proportion ~ ~ t h  a given physical magnitude. 
Thermocouples, piezo-electric accelerometers, 
resistance thermometers, resistance strain gage 
balance, induction transducers, o r  potentiometer 
accelerometers are just a few examples [86] . 

Special Bioinstrumentation is needed whenever 
man or animals go on space flights. Rather complex 
instrumentation systems have been developed and 
are in operation. Simplification, microminiaturization, 
and improved precision will be the goals of additional 
development efforts. New developments will only be 
required in connection with advanced life-support 
systems and space mining. The assembly of larger 
numbers of astronauts (or space workers) within one 
life-suppert area (space station or lunar shelter) will 

- present new integration problems Involving bioinstru- 
- mentation: -Space mining would surely be an STA 

requiring a larger population of spacemen. 

In general laboratory instrumentation one has to 
consult the special experiment definitions for a 
survey of all the instruments and apparatus which 
scjentists desire in space Iabor~tories. In the near 
future, the pzyload integrator will  be concerned with all 
sorts of zero-g equipment such as small centrifuges, 
bubble chambers, and apparatus for liquid material 
investigations. SpecIal thermostats and cryostats, 
small ovens, standard electrical instruments, 
and others, will be added. The payload integrator has 
to take care that all these instruments and auxiliary 
apparatus will be adequately secured during launch, 
in zero-g environment and for reentry. The experience 
with early m m e d  space laboratories will ultimately 
be used for thc design of space utilization laboratories. 
It i s  conceiv&le that completely new instruments may 
become available for this ultimate space experimenta- 
tion goal. 
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Special experimental s ~ ~ b s y s t e m s  incorporate 
everything else that may not fit the description of the 
above dlasses. One e m p I e  i s  equipment and 
apparatus for  extravehicular engineering activities. 

2. 2 Data Management 

The amount of information supplied by a11 the 
instruments in these many areas of spEtce experirneuta- 
tion will increase a8 the experimental methods become 
more sophisticated. In some SThs (e. g. , planetary 
exploration), the information flow is extremely high 
during a short time interval (e. g., durLng fly-by) - and, 
practically zero during other times. Such uneven loads 
(a1 so, complax inputs, distorted inputs, etc. ) are 
cases to  be handled by advanced data management 
systems. Four distinctly different functions are  
normally performed by a data management subsystem 
and are mentioned below. 

Signal conditioning is at the input side where the 
information arrives from instruments (sensors). It 
involves the: a) amplification of weak signals, b) com- 
bination of signals from many sensors (multiplexing), 
c) converslon of signals into waveforms o r  formats 
which are mere suitable for thc remaining data 
management operations and d) operations to discriminate 
essential information from nonessential. The Iatter 
operation is called redundancy reduction, signal 
compression, or tnformation compaction. It may be 
performed at various levels; e. g., directly at the 
sensor, in the signal conditioning equipment, or in the 
data processing part. There are many tsadeoffs 
between these possibilities, and the p~yload Integrator 
has to consider severaI of them in his optirnlzation 
effort. It can be s3fely predicted that several. of the 
STAs will not be able to perform efficient space 
experimentation without some form of information 
compaction. 

Data: storage is the usud  way to handle uneven 
information loads. Data storage systems have been 
developed for  many space missions in the past [ 871 . 
Improvements are needed and may be expccted in 
the direction of larger storage capacity, smaller size 
and weight for the same capacity, random access 
capability and faster access time. 

Data processing is used in spacecraft for guidance 
and navigation [ 20 ] . Xt is an analog operation 
where immediate reaction is needed (such as in 
controls systems) and a digital operation where 
extreme precision is required (such as In orbital 
calculations and as a navigational tool) [22] . 
Ultimately, most of the data processing will be digital, 
due to higher flexibility and accuracy of the node and 

better compatibility with storage and commtmications 
systems. Spaceborne computers are already small 
miracks of technology and will undergo further 
spectacular development. They will truly become the 
brain and the heart of future universaI data management 
systems. 

Sgal  processing, distinct f corn data processing, 
is an operation on noisy, distorted, (i. e. . contaminated) 
signals. It may be applied as part of a signal 
conditioning operation? when the task is the noise- 
stripping of input information. This is the case for 
radar return signals, 'and output of television camera 
tubes. Sigrid processing may also be applied as part 
of a comnrunications system to separate the received 
weak signals from the simuttanebusly received noise, 
Also, it may be helpful as an analytical tool for 
identifying m d  classifying signals picked up by a 
variety of sensors f o r  space science tasks, Advanced 
booster development, pmcticularly in the area of 
recoverable boosters o r  reentry craft, will require 
improved reentry comrnullrcations and telemetry links. 
Signal processing is one of the proposed methods to 
bring improvement to this crucial area of space 
. exploration. Other critical integration demands for 
slgnal processing subsystems are indicated in the area 
of earth sciences and earth resource statistics. The 
andytical capabilities of signal processing systems 
("finger printing") will be required in these STAs. 

2.3 Communications Subsystems 

For many decades, space experimentation will 
depend on a real time link to the ground. However, 
experimentation during manned flight o r  on the Iunar 
surface will, to an increasing degree, become self- 
sufficient; and the communications link to the ground 
will transmit summary results only. The data 
management subsystem, discussed above, will be 
responsible fur both the handling of local data and the 
derivatton and selection of essential data to be trans- 
mitted to the ground station on earth, Notice, however, 
that some of the STAs (such as optical communications 
o r  the communications subarea under space utilization) 
make communications the subject of space experimen- 
tation. Special interface situations between the 
communications experiment and the operational 
communications subsystem emerge In this case. 

Antennas are the gateway from the spacecraft to 
the communications medium. A good communications 
link is dependent on antennas, and every effort will 
be made to improve them through specid  space 
experimenbtion. Extravehicular engineering activity 
will be applied to  erect large expelimentaI antenna 
structures in space. &acecraft antennas present very 
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pecuIiar integration problems: a) They have to  be pro- 
tected during launch and reentry, b) they have to be 
unfurled or inflated and expanded in space, c) they may 
interfere with the FOV (field of view) of  optical instru- 
ments, or with the operation of solar paddles and booms 
for spccial instruments, akcl cT) they may present r e d  
bazards during extravehicular activities (EVA) or 
during rendezvous and docki~~g maneuvers. 

Transmitters and their radinted power determine 
the range of comnlunications Iinks. New developmwts 
are needed for pIanetary distances If picture transmis- 
sion in real time shall be achieved. Another develop- 
ment problem prevails concerning more efficient, 
smaller transmitters for rackets and balloons, which 
are able to handle wider bandwidths than the present 
designs. Lunar surf ace exploration has requirements 
for many smaI1 relay transmitlers as part of a lunar 
data-gathering- network. 

Spacecraft receivers arc adequately designed for 
most applicatians where they receive transmissions 
from earkh. -3eceiving earth's radiation as noise into 

(the receiver is unavoidable; therefore, a n  ultimate low 
/noise design is not required. The situation will be 
j difIerent for receiving in space or on lunar surfacc 

-- 
transmissions from other spacecraft. For these 

- 
applic~tions,  Iow-noise receiver input devices with 
cryogenic subsystems will be desirable. 

Voice intercommunications equipment is absolutely 
essential for manned flight. The: larger numbcr of crew 
members in mvlned stations and an lunar surface expe- 
ditions calIs for new designs with random acccss 
capabilities, so that any crew member can address 
selectively any other crew member or any group. 
. , . . - - .  

Internal data distribution systems within space 
stations, or for all lunar surface units. will be desir- 
able to handle, simultaneously, thc information of many 
experiments, and will permit vital monitoring instru- 

- ments to break into all other communic~tions when 
warning messages a r e  necessary. Data buses (data 
collection lines) will be needed with access to many 
places. Such systems wil l  be closely Iinked to any 
future universal data m-gement system. 

Closed circuit TV systems establish the link 
between inaccessible instruments and corresponding - - 
control and display consoles in life supported enclo- 
sures.  -Th@-we a major headache for payload 
htegrators,  Ideally, there would be a universal TV 
intercom system with a single universal console. 
Unfortunately, the available standard camera designs 
of closed circuit TV systems are not compatible with 

many requirements of space experiments. There are 
needs of W, X-ray. IR and other image converters. 
Some experiments are better served by storage-txpe 
image converters while others require absoluteIy 
nonpersistent, short recovery imaging devices. Also, 
some need high resolution pickup tul~es while others 
require integrating large area light conversion units. 
The result of this situation is the need for an individual 
design for each flight, based on a common distribution 
and display system. 

Astro surface communications (i. e . ,  communica- 
tions on the surface of celestial bodies) is a new branch 
of communications technology which may emerge from 
tactical army communications or  from commercial 
rnobiIe growid communic~tions systems. Unfortunately. 
these technologies are in a rather backward state of 
development In an age of signal-processing radars and 
hi-fi stereo music transmissions. There is a nced for 
new breakthroughs which may possibly emerge from the 
still embryonic efforts toward RADA (random acccss 
discrete address) systems. Microminiatur izations, 
electronic stccrable antemias, solid-state microwave 
devices, and signal processing techniques must be 
further improved to give future spacemen the personal 
communications means which so fay exist only in 
scicnee fiction. ESP (extra sensory perception) may - 
ultimately lead to some bionics communicat.tions 
systems, but few will voIunteer to predict such possi- 
bilities for the 20th century. 

2.4 Control and Display %bsystems 

Unmanned spacecraft need mcsely a patchhoard to 
provide flexibility in adding or modifying experiments 
late in the test and checkout phase. Manned spacecraft 
require a variety of operational controls to fly the 
spacecraft and a greater numbcr of indicators to 
supervise the operation of thc spacecraft [88, 5, 6 ] . 
Manned space experimentation has the additional 
requirement for controls and displays to operate ex- 
periments from within the pressurized moduIes of the 
spacecrafi and a new special manned space laboratory 
design should take these requirements into considera- 
tion. The Ape110 Applications Program hs t o  use the 
existing Apollo modules. Pressurized areas  are only 
in the command module and in the IJEM ascend stage. 
Tbe addition of control and display devices for space 
experimentation creates a major integration problem 
as these Apollo modules are crotvded with essential 
e~uipment.  For earth orbital missions, it is posshle 
to remove some of the equipment needed only in lunar- 
landing missions and replace it with experimentation 
units. 
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Monitoring comprise the smallest variety Attitude control and stabiIimtion systems are the 
of control and display devices. Primarily they contain key to many astronornicai-, astrophysical-, and earth- 
s ign4  lights and switches to indicate normal operation 
of experiments and switch them on and off. A certain 
flexibility can be added by providing a few universal 
electrical instruments to permit quantitative monitoring 
of vita1 experimental magnitudes. A patchboard, o r  a 
switching matrix wi th  punched card type of program- 
ming, may be used to adjust the display to the seguire- 
ments of different experiments. 

oriented synoptic experiments. Pointing adcuracies 
within 0 .1  second of arc have to be imposed to fully 
utilize today's advanced optical instruments once they 
operate outside the earth's atmosphere. Complex gim- 
balled suspensfons and electronically controlled optical 
coarse and fine correction systems have been designed 
to achieve this precision. All these devices have to co- 
operate with the spacecraft attitude-control system [zo]. 
The result i s  an unusually complex controI system of 

Control consoles are the medium-size devices high order which requires siniulation on the ground, 
which permit orientation control of directional experi- detailed analysis of all conceivable perturbations, and 
mcnts and adjustment (possibly, calibration) of im- 
portant parameters of these experiments. 

Observation consoles beIong to the largest cIass of 
display systems - those which can operate complex 
experiments completely by telecontxol, and permit the 
astronaut-scientist to extract significant results directly 
at his desk. They contain pictorial displays for synoptic 
experiments, and operate with large electronic systems 
for signal and data processing. Interfacing directly 
with the universal data management and communications 
systehs,  they relay summary results to  the ground 
etatiin. Closed-ciscuit-TV-picture tubes are incorpo- 
rated into observation consores. 

Integration of these devices 1s a complex systems- 
engineering and human-factor problem. Each cIaas of 
experimentation has different demands. Also, a critical 
tradeoff exists between the direct control of experiments 
in unpressurized environment and the operation by tele- 
control from compIex consoles within the pressurized 
modules. The number of sorties (exit from pressurized 
modules) per flight is limited and depends on the availa- 
bility of airlocks. Tbe astronautst activities are some- 
what restricted with space suits. For exampIe, the 
direct observation through the ocuIar of a telescope or 
microscope is impractical. 

2.5 Astronautical Subsystems 

These are the spacecraft's subsystems which have 
to secure the desired flight conditions, and are closely 
sssociated with many phases of space experimentation. 

Navigation and guidance subsystems enable the 
experimenter to  derive the positional data and distance 
from other stations participating in an experiment - 
thereby permitting him to orient directional experiments 
1221. Developmental models of advanced navigation 
and guidance systems will be the subject of space ex- 
perimentation, Operations for rendezvous and dockhg, 
lunar-surface and pf anetary-landing need further ex- 
perimentation with special devices of this class [73] . 
The payload integratorsi problems are in the areas of 
test and calibration methods, astronauts' training, and 
interference management. 

a very delicate study of man's performance within the 
control loop. The hybrid operat,ion (manned-unmanned- 
manned), which may be foresee@ for many missions, is 
a cause for additional complications. 

Secondary propulsion involves all  onboard pro- 
pulsion of a spacecraft, but excludes propulsion units of 
launch vehicles (boosters) [IS, 891. In Part 1 we men- 
tioned this class of subsystems as a STA subarea, as 
many new developments are in sight. Primarily, the 
payload integrator is interested in the influence of the 
presently available units on various experiments. Inter- 
ference of exhaust @sea and debris with opticaI or 
radiation experiments has to be considered. Another 
problem is mechanical transients and vibrations after 
thruster operation. 

2.6 Structural Subsystems 

One may assume that structural subsystems have 
little in common with space experimentation. However, 
payload integrators realize that the mass management 
of a total spacecraft may severely affect the positioning 
of instruments. Magnetic baIance is another important 
topic when magnetically sensitive instruments are 
aboard. Future space experimentation will use instru- 
ments of large mass (e. g., 40-inch telescopes), and 
many special structures - such as booms - are needed 
for other experiments. A basic knowledge of structural 
concepts [90] and materials [91] is essential for pay- 
load/experiment integrators, and wi l l  help them recog- 
nize critical interface problems. 

Airlock and windows are structuraI units of utmost 
importance for  space experimentation [&I . The num- 
ber, size, and construction of airlocks determine the 
character of a11 experiments with extravehicular 
activity, and, also, the size of objects which may be 
retrieved for return to earth. Windows include struc- 
tural elements with transparency for other than optical 
radiation. Radomes for radio antennas; small openings 
for X-ray penetration; and, gasproof bushings or  grom- 
mets for carrying lines, cables or waveguides through 
the structure may be included. These elements are the 
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visible Interface between experimentation and structure. 
A less visible interface i s  in the radiation area, where 
structure acts as a screen for'some radiations, and is 
transparent for others. The interior enviro~lment 
affects experiments performed within the confines of a 
structure. In turn, the transparency, or reflectivity, 
of the structure for certain radiations and other side 
effects, (originating from experimental units)  are  im- 
porhnt for interference anaIysis and contamination 
management. The structural elements ( ~ n  particuIar, 
airlocks and windows) are also essential elements of 
the acoustical and vibrational environment, This is a 
factor that cannot be neglected when integrating certain 
experiments and instruments. 

ExpandabIe structures range from unfurlable booms 
and antenna rods to huge inflatable radiators or  shelters. - 

Most ol these devices require pyrotechnics for their 
release which is of major concern to the payload inte- 
grator [21] . Solar paddles are possil~lly the oldest 
type of expandable structure, and similar devices have 
been used as a carrier of rnicrometcarite sensors [92]. 
As the number of expandable structures increases, the 
integration job becomes more difficult. Mutual inter- 
ference is one problem; also, refiabiIity; drives, con- 
trol devices, and interconnections must be considered. 
Some of these structures are not retractable and pose a 
sequencing probIem f o r  experiments which require ex- 
panded structure against those which may be impeded 
by It. 

Secondary structures are those which may be 
moved continuously relative to the spacecraft, or those 
which can be completely separated from it (ejected). 
The f i rs t  group of secondary structures i s  best repre- 
sented by the qlsail" and 'tvheel" of the orbiting solar 
observatory [93]1. These are two separate structures 
of the spacecraft which can be continuously rotated in 
space with respect to  each other. The shaft of the sail 
rests in a "space-proof" bearing fixed in the center of 
the IbwheeI. ' I  Similar arrangements, of much larger 
scale, wi l l  be used in rotating space stations. The 
electrical connections batween the rotating structures 
warrant the fult attention of the payload integrator. The 
second group of secondary structures Lnclud~ small 
maneuverable satellites (SMS) which can be launched 
from the spacecraft, performing a variety of chores 
for space experimentation. They will be controlled 
from the spacecraft by wire or radio. Closely reIated 
to astronauts maneuvering units (AMU), SMS are de- 
signed for unmanried use, as a kind of space robot. One 
possible application is assistance i n  the erection of 
large antenna structures for radio astronomy i n  lower 
frequency ranges. These SMS may be the forerunners 
of space taxis, cargo transfer modules, or space fer- 
ries which wilI  be operated by men and needed far the 
operation of Iarge space stations [8). Space experi- 
menters will become familiar with these devices when 

performing deveIapment experiments. Later, these 
devices will be essential tools in using: extended experi- 
mental structures ax when attempting to sample th'e 
space environment over an extended sector of space. 
Their inclusion into a space system presents new inte- 
gration problems such as checkout, launch and controI. 
They should be retrievable and will have to be docked 
and maintained. Experiments wi l l  have instruments in 
these secondary structures which have to cooperate in 
real #me with other experiments in the primary struc- 
ture. 

Thermal subsystetna are not necessariIy a part of 
the structure. They are @cIudad because the thermal 
balance of spacecraft dephds,  to  a large extent, on 
passive thermal devices which f o m  part of the struc- 
ture [94] . The interface between space experimen- 
tation and thema1 sllbsystems has many other facets. 
Active thermal devices (e. g., thermostats and cry* 
stats) are required to keep certain experimental units 
at constant temperature. Thermal control is needed 
when experirneiits are performed where temperature is 
a controlled variabIe. 

Pointing subsystems were already mentioned 
(Astronautical Systems, Part 2, 2.5) as stabilization 
subsystems. The term pointing ~ y s t o m s  is wider than 
the term stabilization subsystem. The pointing system 
includes the gimballed suspension of an instrument or 
the provision of a more universaI gimballed platform. 
As such, it forms clearly a part of the structures. 
However, it requires a sophisticated electronic control 
system to achieve the precision wwhh space experi- 
mentation requires. The selection and integration of a 
suitable pointing system is a major problem for any 
payload with directional precision Instruments [II, 
401 . 

2. T Support Subsystems 

Space experimentation, like many other space 
activities, depends on a number of auxiliary functions 
which have to be performed to keep the experiment 
going, There is, naturally, a grey interface area far 
deciding where the experimenter's (principal investi- 
gator) responsibility ends and spacecraft designer's 
responsibility begins. The grey area i s  widest in the 
class of support subsystems. The experfment/payload 
integrator has a big responsibility in placing the po- 
sition of this interface correctly. The following com- 
ments w i U  clarify this point. 

Power supply subsystems are needed for most 
instruments. At present, spacecraft - like earlier 
aircraft - use a 28-velt busbar dc power distribution 
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systern [14] . .There are, however, many subsystems 
which.are served better by an ac power source. The 
designer has the choice either to assign individual k- 
vesters to such systems or to provide an additional bus 
with ac supply (lk5v). UltimateTy, with the changeover 
to fuel cells or atomic reactor auxiliary power units 
[APU) [13] , a common ac distribution system may 
become the rule. Notice however, that there are com- 
pelling reasons for a dc distribution system, so that the 
optimum sollltion may very well be a dual distribution 
sys tem of dc and ac, with one acting as backup for the 
other, as far as vital subsystems are concerned. For 
experimentation hardware this would be an ideal solu- 
tion, md integrators would definiteIy welcome it. Go- 
ing beyond this possibility, experiment integrators are 
seriously considering a standard frequency distribution 
system; and, fo r  certain payloads (for a limited labora- 
tory area), a high voltage distribution system (about 
2kv). 

,J * 

;Instrument support systems can assume many 
f o r ~ s  such as small motors o r  actuators to perhrm 
somb mechmicd chores, or large electronic signal 
prohessing or dais processing systems to perform ana- 
lytical operations. Some of the candidates for instru- 
ment support equipment i re:  thema1 stabLIIzation 
systems, controlled-g systems, small life-support 
systems for animals, pumping systems for creating 
controlled gas or nuid pressure, illuminating devices, 
antivibration systems, and small stabilized support 

- systems. This large variety poses a serious problem 
for experiment integration. Each new device has to be 
carefully analyzed far its compatibility with the over- 
aI1 system; Simple gadgets which perform flau~lessly 
In earth laboratories may causc trouble in space, con- 
tamhating the recirculated atmosphere, being sensitive 
to radiations, or  damaged under the heavy g s-tress 

.. . - --Electronic support systems are those electronic 
devices which may be used simultaneously by many 
instruments, but still are not general enough to qualify 
as separate subsystems, High-voltage ox standard- 
frequency supply systems (when limited to a special 
location) may be considered better members of this 
class than thepower supply class. Timing systems 
(including electric clocks for universal time 1221 ) , 
specid synchronization subsystems, local data con- 
centrators, subcommutators, dc amplifiers, ogera- 
tional amplifiers, and many others, may fa11 into this 

class once they serve more than one instrument (ex- 
periment). Thus, they become the responsibility of 
'tho experiment/payload integrator. 

LLfe-support systems are standard hardware in 
manned spacecraft [23J . Larger crews in space 
stations will present new problems. Space experimen- 
tation (particularly in the biological sciences) imposes 
many special demands, exceeding the capabilities of 
regular Ufc-support systems. Nothing, however, is 
anticipated which would squire compIetely new designs 
in this area. The integr~br has to concentrate on: 
a) e£fects in the contamination-management area, b) 
the sequencing of experiments: and c) the monitoring 
of proper functioning of all lifh-support activities, pri- 
marily when there are a variety of anirnaIs aboard. 
Disposing of deceased animals is one problem which 
may be easlly overlooked, mid a whole mission couId 
be jeopardized if it remains unsolved (death support 
systems ?) . 

Extra vehicular e n d n e e r i n ~  activity (EVEA) sup- 
port systems are emerging from the conceptual phase. 
Fortunately, man's craftsmanship is based primarily 
on muscle and brain activity; there are, neverthclcss, 
a number of chores which depend on, or are aided by, 
gravity. Design of spccial E W A  tools which operate 
on a magnetic basis will aid future space mechanics. 

2.8 Conclusions 

Referring back to figure 1, we can now understand 
the magnitude of the experiment/payIoad Integration 
task. There is hardly any area of science or  engineer- 
ing which is not invoIved. ThIs fact alone should be of 
sufficient proof to state that space experimentation will 
offer valuable fallout in many earth industries not di- 
rectly connected with the space venture at present, 
Bow efficient this fallout will be depends, first of all, 
on our abilitv to transfer the kchnolo~ical progress ., 
from space-oricntcd industries to other applications 
L953 . 

The paper on payload integration (see footnote, 
page I) wiU show how this difficult task can be orga- 
nized and how teama of specidlsts can cooperate to 
control the multi-dirnensional interfaces presented in 
this paper. 
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