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MULTI-ROLE CAPSULE- AN INTRODUCTION 

C.M. HEMPSEll 
British Aerospace, Space and Communications Division, Stevenage, Herts, England. 

Despite the introduction of more soph isticated re-entry systems such as the Space Shuttle, there is still a role in the 
space infrastructure for manned semi-baUistic capsules. The Multi-Role Capsule (MRC) study explored the potential 
of such capsules i n  a European and i nternational context. 

This i ntroductory paper presents the background to the MRC study, reviewing the various in'frastructure roles for 
capsule and d iscussin g  other capsule concepts currently under evaluation. lt also presents the main -comments 
received by the study team since the results of the sudy were made publ ic . 

1. INTRODUCTION 

This special  issue of the JBIS is devoted to a presenta
tion of the results of the Multi-Role Capsule (MRC) study.  
This i ndependent study reviewed the potential for man
ned capsules o f  the type extensively employed by the 
American and Russian programmes in the 1960s and still 
used by the Soviet Union as the means of transportin g  
men to and from the space environment. Despite the 
adve nt of more advanced re-entry systems such as the 
Space Shuttle, the sim plicity and mass efficiency of 
capsules still makes the m  the optimum technical 
approach in many applications. 

This i nt roductory paper starts by explori ng'the  back
g round to the MRC Study in terms of the concerns of the 
study team. That is ttie a reas of space activity in which it 
was foreseen that capsules could play an  important role 
and the proposals (capsule or otherwise) which had 
been  made t o  fulfil! those roles. The paper  then presents 
a brief outline of the MRC study results and concludes 
with a d iscussion of some of the main comments that 
have been made regard ing  the study's cenclusions si nce 
they were made publ i c  at the IA.f conference in Brighton 
last October (1987). 

2. BACKGROUND 

Before considering the Multi-Role Capsule concept, one 
sflould consider the background that was under consid
eration during the project's genesis. The team that 
generated the concept were concerned a bout aspects of 
both the American and European infrastructure, and four 
main areas were investigated: 

(i) European manned space infrastructure; 
(ii) European microgravity requirements; 
(iii) An escape system for the US/International Space 

Station; 
(iv) An escape system for a European space station. 

This section considers each of the areas in turn. The 
discussion reflects the most recent events at the time of 
writing (at the conclusion of the study). However th is 
update does not s ignificantly a lter the main concerns 
that influenced the MRC study team and the subsequent 
events have only put the proposal into a clearer context. 

2.1 European Manned Space Infrastructure 

Over the past four years there has been a n  increasing 
acceptance within the European space community that 
Europe must undertake the development of a manned 
infrastructure if it wishes to improve its ability to exploit 
the space environment. This belief. has led to the 
establishment of the Columbus and Hermes program
mes, Columbus providing the in-orbit elements and 
Hermes providing the manned transportation system to 
reach them.  

The Columbus programme originated as a German/ 
Italian study which explored in some detail by expand
ing the-Spacelab technology and hardware to provide a 
permanent orbit ing laboratory. The results of these 
national studies were widely -reported and the conclu-

. sions, and the rationale behind them, were well under
"'stood by the European  S pace community generally 

when the American offer to join the Space Station 
programme was made. The national study could then 
form the basis of a European wide programme that 
elegantly combines exploitation of the opportunity cre
ated by cooperat ion on a major Amer ican programme 
with the establishment of a n  autonomous European 
facility. 

lt is perhaps somewhat unfortunate that many of these 
· desirable features found in the Columbus programme 

history were not also to be found in the Hermes 
programme. Hermes originated in national studies con
ducted by France but unlike Columbus, the results of 
early study work were not so widely disseminated, and 
many of the fundamental conclusions have not been 
fully justified . Even the choice of approach remains 
unexplained: of the three alternatives, . 

( i ) Capsule on a general purpose launcher; 
(ii) Winged aerospaceplane on a general purpose laun

cher; 
(iii) Specialist manned launch system, 

the Hermes study selected the winged aerospaceplane. 
This is a most surprising and controversial choice, 
because whereas the other two options have been 
successfully implemented, the American X-20 (Dyna
soar) programme (which is the only publicised attempt 
at the second option) failed to meet even the most 
modest objectives. 

Hermes has also not managed the happy trick of 
contributing to the overall infrastructure as w�ll as 
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enhanc ing European autonomy. lt has not fou nd any 
role i n  the context of the Space Station programme and 
it has even had some d ifficu lty i n  manag i ng  the serv ic ing 
roles i n  the autonomous European i nfrastructure.  

Because of the lack of u nderstand ing about Hermes 
goals and the logic beh ind  its trade-off decis ions, the 
exam inat ion of a lternatives is an effective tool for those 
outside the Hermes study team to explore the requ i re
ments and potent ia l  techn ica l  solut ions of the trans
portation e lement of the Eu ropean manned infrastruc
ture. 

2.2 European Microgravity 

One of the ma in  impacts of the "Cha l lenger" loss and 
the subsequent g round ing  of  the Space Shutt le fleet was 
the delay in l aunch ing the Eu ropean "Eu reka " p latform 
a nd a lack of fl i ght opportun ities thereafter. Th is has 
caused a bu i ld-up of Eu ropean m icrog ravity experi
ments wh ich have no immed i ate opportun ity to fly and 
one sol ution to  th is problem is  the use of  capsu les. 

There are a number of capsu le  stud ies u nderway i n  
Europe ·a l l  i ntended to fly m icrogravity experiments a nd 
return them to Earth .  Th is type of m ission i s  frequently 
flown by both Ch ina and the USSR, i ndeed both 
countries a re now market ing space on the i r  fl i ghts and 
have been successfu l i n  acq u i r i ng  Eu ropean orders .  

One of the most mature Eu ropean proposa ls  is  TO PAS 
(Transport Operat ion of m icro-g Payloads Assembled on  
Scout) .  Th is  is a German-Ita l i an  programme and  is  
explor ing the potenti a l  of  a sma l l  capsu le based on an  
American (Genera l  E lectr ic) des ign, which wou ld  be 
placed in orbit by a Scout rocket l aunched from the San ... Marco p latform . The Scout rocket is a lso America n, 
being constructed by l TV. 

The payload of th is  capsu le wo•1ld be about 1 00 kg and 
it  cou ld  rema in  i n  ..orbit for be.ween 2 days and two 
weeks. The capsu le wou ld  then re-enter and parachute 
to a land recovery. Poss ib le recovery s ites inc lude the 
Sahara, Saudia Arab ia  and Austra l i a .  

TOPAS has  a l i m ited capab i l ity primari ly due to  the 
restrict ions p laced on the system by the Scout l au ncl:)er .  
Both Germany and Ita ly have study program mes u nder
way to consider the next step.  

Aerita l i a  ( Ita ly)  have been cons ider ing a concept that 
wou ld  be l aunched by an  uprated vers ion on the Scout 
g iv ing about twice the payload.  This capsu le is ca l led 
Cari na. 

Cari na  is  cone shaped re-entry vehicle 1250 mm in 
d iameter and 1 350 m m  h igh .  The payload mass is 150 kg 
and the capsu le can provide 150 Watts of power for the 
m_iss ion l ife of up  to 21 days. Power is supplied from a 
comb inat ion of solar a rrays and batteries. The system 
wou ld  a lso provide 150 kbps telemetry and an on-board 
memory capabi l ity of 128Mb. 

A German study, lead by Dorn ier  Systems, has 
exam i ned � l a rger capsu le  concept ca l l ed Raum-Kur ier 
(Space Cour ier). The capsu le  i s  a "Gem i n i" type cone 2 
meters i n  d iameter and weigh i ng  1 . 1 ton nes. lt is 
l aunched i nto a 300 km 55° i nc l i nat ion orbt for 7 days. A 
sol id  propel lant retromotor i n it iates the recovery, return 
i s  on- land and uses conventiona l  parachutes. The 
payload weighs 600 kg and has 0.7 m3 vol ume.  lt is  
suppl ied with 150 Watts of power and has a data rate of 
2 kbps. lau nch systems opt ions are be i ng  left open with 
Ch ina's long March looki ng favou rite for the ear ly 
l aunches. The USSR and the American AMROC a re a lso 
potentia l  options .  

Raum-Kur ier i s  seen as the sta rt ing point for the 
longer-term explo itation of capsu le and re-entry technol-

52 

ogy. The des ign  i ncorporates g rowth capability with 
respect to unmanned and manned uti l ization such that 
by a step-by-step lea rn i ng  p rocess i mproved capsules 
can be deve loped with m i n im izat ion of development r isk 
and development costs. A poss ib le  improvement of the 
unmanned capsu le  wou ld  be to add an  expendable 
solar power modu le  to the basel i ne design to allow 
longer m ission du rat ions. The manned capsule des ign  
wi l l  be cha racterized by h ig her safety requ irements and 
perhaps l ift-contro l l ed entry trajectories to i mprove the 
oberat iona l  flex ib i l ity and to decrease the loads. 

There a re common featu res to a l l  these proposa l 
which l im it the i r  effectiveness as complete m icrogravity 
laborator ies .  The payload on  a l l  is smal l ,  the best is 
Raum-Ku r ier which has ha lf the payload of Eureca The 
fl i ght t imes a re l im ited to a coup le  of weeks. None is  
capable of  fly ing  b io log ica l  exper iments or  the l a rge 
packages needed by some mater ia ls  experiments. 
However the need for any m icrog ravity capab i l ity as 
soon as poss ib le  is now so press ing that at least one of 
these systems is l i ke ly to be developed. 

2.3 US Space Station Escape Vehicle 

I n  the renewed exa m i nation  of Space Station safety i n  
the l i g ht of the less ion learnt from the Cha l lenger 
accident, NASA proposed that an Escape Veh ic le be 
added to the Space Stat ion .  Th is cont ingency faci l ity 
wou ld  to an extent rep lace the safe haven ph i l osophy 
(wh ich had been the ear l ie r  approach ) and g ives g reater 
coverage of poss ib le  conti ngency situations i nc lud i ng: 

• Return of i nj u red or i l l  crew members. 
• Escape from a severely damaged station .  
• Return capab i l ity i n  the event of loss of STS oper

ationa l  status .  

The Escape Veh ic le i s  des ignated Crew Emergency 
Return Veh ic le (CERV) .  

Having  identified a requ i rement to be able to evacuate 
the Space Stat ion Crew in the event of an emergency 
there a re a n u m ber of a lternative approaches. 

The MRC study considered that an escape vehicle 
permanently attached to the Space Station represented 
the most attractive a pproach. The study identified four 
other possible approaches open to NASA and these are 
summarised below: 

Approach (1} Modified Apollo Modules 
Technical Risks: Major Refurbishment; almost com

Cost: 

Operat ional: 

Advantages : 
Concl us ions: 

plete rebuild. 
New Service Modu le ;  new Docki ng 
Adaptor ;  refurbishment; overa l l  cost 
c lose to base l i ne  system .  
Atmosphere 
incompatab i l ity ; 
Pa rts and spa res 
ava i l ab i l ity ; No 
expans ion capab i l ity. 
Proven re-entry system .  
Many techn ical  problems and l i ttle cost 
reduction .  

Approach (2) Perma nently Attached Orbiter 
Technica l  R isks: Mod ify arbiters for six months- orbit 

stayt ime.  
Cost: New Orbiter; Orb iter Mods to e1'Cire 

fleet ; overa l l  cost s ign if�candy greiller 
than base l i ne system; all the inaiiCiial 
i mpact of five arbiter fleel -- cap.:-
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Operat iona I :  

Advantages: 
Concl us ions: 

ity u nchanged.  
·on ly one arbiter attached and if used 
as ambu lance rema i n i ng crew have no  
escape;  station ·  crew must conta i n  two 
shutt le p i lots; l itt le  expans ion compati
b i l ity. 
Proven re-entry system .  
More expensive and has  operat iona l  
problems. 

Approach (3) $!1utt le Rescue M iss ion 
Techn ica l  R isks: No major risks . 
Operat iona l :  Two week p lus  delay before reach ing  

the stat ion ;  no capab i l ity if Shutt le 
System is  grounded . 

Adva ntages: Almost no cost impact ;  proven re
entry system .  

Concl us ions: Delay lime  u nacceptab le  in a lmost 
every hazard situation ; lack of system 
level redu ndancy a lso a prob lem . 

Approach (4) Ground Launched CERV 
Techn ica l  R isks: Mod ify an  EV for CERV delivery. 
Costs: Overa l l  cost com parable to basel i ne .  
Operat iona l :  Delay time  of around two weeks (as 

Advantages: 
Concl us ions: 

bad as a Shutt le rescue m iss ion ) .  
Reduct ion i n  nomina l  de l ivery costs. 
Delay t ime u nacceptab le in a lmost 
every hazard situation .  

A l l  these other approaches were j udged to  have ser ious 
if not i nsurmountab le  prob lems. NASA's stud ies seem 
to be coming  to s im i lar conc lus ions a lthough  at the t ime 
of  writ i ng these were sti l l  u nder eva luat ion and a fi na l  
decis ion had not been arrived at. 

There is  a cons iderab le background of work in the 
U n ited States address ing " From Orbit" escape systems.  
A revi�w i n  "Space Stat ion Crew Safety Alternatives 
Study" [ 1] identif ied 13 past proposa ls from US com
pan ies. These fa l l  i nto two c lasses: deployab le  devices 
where the heat sh ie ld  is  in some way depluyad (e .g .  by 
i nflation or unfurl i ng )  and r ig id where the escape system 
is a convent iona l  homogeneous system: Most of these 
proposa ls date back in concept to the 1960s and tend to 
suffer the same problems in the l i ght of Space Stat ion 
evacuation: 

• They are for on ly one or two crew members com
pared with an  i n it ia l  Space Stat ion crew of e ight. 

• They requ ired new techno logy development (espe
e ia l ly  the deployable types) .  

• They are somewhat crude devices putt ing  the crew 
member at h i gher r isk than wou ld  norma l ly be 
acceptable .  

Three of these concepts are worth further attention  
because derivatives of  them are be ing  proposed for 
CERV. F irstly there is the Apo l lo  Escape concept cons ist
i ng  of a mod ified Command Modu le .  A rescue vers ion of 
the Apo l lo  was produced for the Skylab programme by 
modify ing a CM/SM such that it cou ld  catry five men .  In 
the-event thatlha.tra.nsport Apo l lo  attached to Sky lab  
was unab le to  return, the rescue Apol lo  wou ld  f ly  to  the  
stat ion with a crew of  two a n.d p ick up  the three men 
stranded i n  orbit and return to Earth: Problems on the 
second manned m ission actua l ly lead to the fi rst stages 
of l aunch ing th is  rescue craft, a lthough in the event it 
was not requ ired . . 

The Genera l E l ectric MOSE system was considered i n  
the m id-seventies. l t  was a very s impl e  system adapted 

from the D iscovery type of capsu le  wh ich has been 
extensively used on American prog rammes. In the l i g ht 
of actua l Space Stat ion requ irements a more soph ist i
cated vers ion provid i ng  a sh i rts leeve envi ronment and 
accommodat ing six men is under eva l uation .  

The th i rd proposal wh ich  is  under consideration  is  the  
use of  a l ift ing  body (or a winged veh ic le ) .  Th is  has the 
advantage of  a lower g level on crew members wh ich 
can be beneficial if in ju ries have been susta i ned.  lt a l so 
a l l ows a runway l and ing which wou ld speed access to 
medical fac i l it ies aga in  if i nj uries or i l l ness were 
i nvolved . The d isadvantage is the addit iona l  cost of the 
system, the techno logy problems associated with i n
orbit storage, and the comp lexity i n  fly ing the system .  

The NASA studies have explored t h e  capsu le  requ ire
ments. The basic requ irements are for an Escape Sys
tem, a safe haven and a method of return ing  i l l  or i nj ured 
crew members. Based on the experience of Antarct ic 
bases and submari nes it is est imated a crew member 
wil l  need to be evacuated from the Space Station  on 
average once every 4 years. 

A number of other  m issions were a lso identif ied. 
These were al l  related to cont ingency situations such as 
recovery of a stranded EVA astronaut or a backup-crew 
del ivery-system should the STS system be g rounded for 
a ny per iod.  These addit ional m iss ions are sti l l  u nde·r 
exami nation .  

2.4 European Space Station Studies 

Europe's first manned space programme was Space lab 
which is a pressurised l aboratory wh ich f l ies with i n  the 
payload bay .  When the Americans offered i nvolvement 
ih the Space Stat ion Programme the most logica l  
contr ibut ion was to mod ify the Space lab system to 
provide a l aboratory modu le  which wou ld  attach to the 
Space Station  a l lowing  much more experimenta l t ime 
and space. A fu rther development wou ld be the 

• attach i ng  of a resou rce module to a pressurised labo,a
tory to create a Man-Tended Free Fly ing (MTFF) faci l ity. 
As a l ready d iscussed these two laboratories form the 
bas is of the Co l umbus programme.  

However, the Col u m bus  programme wi l l  fa l l  short of 
be ing an autonomous E uropean Space Stat ion which 
wou l d  demonstrate a comp lete capab i l ity i n  manned 
spacefl i ght and provide guaranteed European access to 
the Space environment. Two ESA funded stud ies have 
been conducted to explore developing Co l umbus tech
nology to produce an i ndependent European Spac.e 
Stat ion .  These a re the " Long Term Evo lut ion " ( L  TE ) 
study and the "Study Towards Eu ropean ·Autonomous 
Manned Spacefl i ght"  (STEAMS) .  

2.4.1 Long Term Evolution Study 

The "Study on  Longer Term Evo lut ion Towards Eu ro
pean Manned Spacefl i ght"  was conducted for ESA by a 
team under the leadersh i p  of MBB/ERNO.  lt exam ined 
the requ irements for an  autonomous Eu ropean Space 
Station and i nc luded an exam inat ion of the escape 
vehic le requ i rements. 

The study performed a requ i rement breakdown start
ing  from the role as Station Rescue System .  From th is  
s ix ptimary m issions were identified : 

• Stat ion escape. 
• Stranded EVA crewmember rescue.  
• Crew rescue from secondary system . 
• Attached safe haven .  
• Detached safe haven .  
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• Conti ngency crew del ivery system .  

A secondary m ission  not related t o  its safety role was 
a lso identif ied: th is  was as a cargo return system at the 
end of its l ife i n  orbit. An Escape Veh ic le wou ld  not 
necessar i ly h ave to conduct a l l  these m issions to be a 
v iab le system .  

A n umber ·of prel im ina ry des igns were generated 
cover ing a range of techn ica l solutions .  As a resu lt of 
compar ing these prel im i na ry desi gn  concepts the study 
arr ived at some prel im i na ry conclus ions with regard to 

· the escape veh ic le: 

• Stat ion escape ( incl ud ing  ambu lance) is a n  essent ia l  
m ission .  

• EVA crew member rescue was worth consider ing  
fu rther. 

• Rescue m ission  to systems otHer than Space Stat ion 
would need i nfrastructure fevel consideration .  

• Attached safe haven had a m i nor i mpact and was 
recommended for i nc lus ion .  

• Detached safe h aven was worth consider i ng  fu rther .  
• Conti ngency crew del ivery has a major i mpact at 

i nfrastructu re leve l and needs careful  i nvestigation .  

2.4.2 S .  T.E.A.M.S. 

The "Study Towards Eu ropean Autonomous Manned 
Spacefl i ght" was conducted for ESA by a tea m  u nder the 
leadersh ip  of Aerospatia le .  l ike the L TE it cons idered an 
autonomous Eu ropean Space Station  but with a d iffe
rent emphasis cons ider i ng a more d i rect ut i l isat ion of 
Columbus elements. lt a lso cons idered the req u i rements 
for. an Escape Veh ic le and arrived at five m issio n  opt ions· 
(miss ion hav ing a sl i ghtly d i fferent mea n i ng i n  the 
context of this study compared with. L TE ) .  

M issions 0-3 were a l l  var iants on  crew evacuat ion but 
with d ifferent degrees of flexibi l i ty over aspects such as 
relocation, du ration  and l and ing ph i l osophy. Mission 4 is  
the same as the secondary m ission  descr ibed in the L TE 
study; namely ca rgo return at  end of l ife. 

U nl ike the L TE study STEAMS d id  not consider a range 
of  system capab i l it ies, rather it centred on  a single 
approach using a sma l l  capsu le .  Two possible configl.Jra
tions were proposed and Fig .  1 shows the base l i ne  

Fig. 1. Aerospatiale Escape Vehicle Concept 
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design .  The study d id  i dentify a num� of critical 
technology issues related to the Escape Vehlde these 
were: 

E. V. LIFE DURA TION: 
- Mon itoring/ma intenance of critical components 

(activation  readi ness shou ld  be permanent!. 
- Age ing of materia ls  for re-entry capsule 1thermal  

sh ie ld,  structu res etc ) .  

E. V .  ROBUS TNESS and RELIABILITY: 
- E .V .  shou ld be ab le to operate in aggressive environ

ment (a lert/evacuation  phase ) .  
- Re inforced. ha rdened and rel iab le  design. 

E .V. LOW WE IGHT/LOW COST: 
- S imp l ic ity of design.  

E. V.  "AMBULANCE" FUNCTION: 
- Medical  support inside a small vehicle. 
- Acceleration/shocks limitation (aerodynamic shape, 

l and ing  system) .  

2.4.3 Further Studies 

European work on  space station  Es�ape systems is 
continu i ng with a specia l ESA funded study devoted to 
a n  " Escape Veh icle for the Autonomous Presence of 
Man i n  Space". This study has just started u nder the 
industria l  leadersh i p  of Aerospatiale with MBB  and 
CASA as study partic ipants. Th is  work shou ld  refi ne  the 
requ i rements for escape systems from the Eu ropean 
i nfrastructu re viewpoi nt and identify the techno logy and 
fi nanc ia l  factors that need to be aodressed. 

3. MULTI-ROLE CAPSULE OVERVIEW 

lt was a d iscuss ion of the above background  that lead a 
group  of Brit ish Aerospace eng ineers to propose 
exam inat ion of a manned vehicle with a m u lt i-role 
capab i l ity. The i ntent ion was that this wou ld  be able to 
fulfi l many of the Euro pean requ i rements for the 1990s 
and also provide a va l uab le  contribution to the USA 
Space Station  Program me i n  add it ion to Columbus 
elements. The study was started in Apr i l  1987 and the 

Fig. 2. MRC on Orbit View 
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bul k  of the work was com pleted i n  about s ix months. The 
resu lts were presented at the IAF conference· in Br ighton 
in October 1987. 

The study centred on  a sem i-ba l l i st ic capsu le  concept 
s im i l a r  i n  many respects to American manned spacecraft 
of the 196Ca but employing more advanced avion ics and 
structu res technolog ies_ The config u ration, shown in  
Figs. 2 and 3 ,  featu red a conical  re-entry veh icle with a 

Fig . 3. M RC I nternal View 

TABLE 1. MRC Design Features. 

Mass 
S ize 

Crew 
Payloact 

L ife 

Recovery 

7 ton nes i n  orbit. 
4 m d iameter 8.3 m long (solar  a rray 
deployed )  
4 normal,  6 escape 
250-500 kg (carr ied i n  cabin )  (1500 kg 
u n manned m icrogravity)  
5 day active (+ 1 day contingency) >2 years 
on-orbit store 
Semi-Ba l l istic re-entry; parachute to ocean 
splashdown 

The capsu le was designed to be l aunched i nto Low 
Earth Orbit by Aria ne 4. After a m i .ss ion of up to five days 
it wou ld  re-enter the Ea rth's atmosp here. The con ical 
shape together with an  offset centre of g ravity a l lows the 
capsu le  to f ly a sem i-ba l l ist ic trajectory which lowers the 
acce lerat ion forces to about th ree t imes Earth g ravity 
and  a lso perm its a degree of contro l as to where the 
capsule lands.  After the capsule has completed the h i g h  
velocity part o f  t h e  descent i t  wou ld  deploy pa rachutes 
to s low dovun to a safe speed . lt wou ld  sp lashdown in the 
ocean in the same way as the American Mercury, 
Gemin i ,  and Apo l lo  capsules .  The weight on return is 
about 5.5 tonnes. The capsu le  is d ivided i nto two 
modu les; the Descent Module and  the Service Modu le. 

The Service Mod u le is a cyl i nder structu re that 
attaches to the back of the Descent Module .  lt houses a 
solar array for the generat ion of e lectr ical energy and  
var ious comm u n icat ion a ntennas .  lt i s  discarded before 
re-entry i nto the Earth's atmosphere. 

The Descent Modu le, wh ich is the on ly part of the 
spacecraft to return to Earth,  has th ree sect ions. The 
forward cabin has a dock ing port. control thruste;s, 
hyg iene and ga l ley faci l it ies. The m id  cabin houses the 

. crew couches and the control equ i pment. The rear cabin 
• houses the batteries, the propel l a nt and a i r  tanks, and a 

payload bay for mount ing m ission specific equ i pment. 
Space Station standard docki ng  port at the apex. The 
study base l i ne desi g n  features are summarised in Table · 
1. Figu re 4 shows a comparison between the MAC 
concept and  past capsu le des igns .  

Three vers ions of the MAC were i dentified each 
i ntended to fu lfi l a d ifferent role .  These were: 
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( i )  Fou r-man General  Manned Transportat ion .  
( i i )  S ix-man Escape System .  
( i i i )  An Unmanned M icrog ravity Laboratory . 

With i n  the depth of defin it ion of the study there was very 
l itt le  techn ica l  d ifference between the two manned 
versions, apart from the n u m ber of seats. The unman
ned m icrogravity vers ion has some differences, mostly 
removi ng equ ipment not requ i red in th is  ro le .  

The study out l i ned a deve lopment programme assum
i ng  the  Ariane 4 l au ncher. The ma i n  a im was to  exp lore 
the ear l iest poss ib le operationa l  date, and to demons
trate that the system cou ld  be ava i l ab le  i n  a t imeframe 
compatib le with the ident ified roles on  the US Space 
Stat ion .  A summary of this prog ramme is  shown in F ig .  
5 . - lt assumed a Phase A start at the beg i n n i ng of  1 988 
and leads to the fi rst fl ig hts, i nc lu .d i ng  one manned 
f l ight, in 1 993, ie  a tota l developmen{ programme of j ust 
u nder s ix years. 

Feasibility Studies 

Initial Tech Programme 

Systems Design 

Detailed Subsystem Design 

Detailed System Design 

Structure Model Prog 

Engng Model Prog 

Qualification Model Prog 

Flight Model Programme 
F1 - Unmanned 
F2 - Microgravity 
F3 ·Manned 
F4- Manned 

Phase A _I_ Phase 8 I 

C .W Hnr�pse/1 

l aunch system deve lopment programme. A more 
deta i led account of the selection  criteria is given i n  
"Rationa le  a n d  Req u i rements for the Multi-Role Cap
su le"  a com pan ion  paper in th is  issue. 

The launch team appreciated that some modifications . 
to the launch system wou ld  be required both to 
accommodate the_ new payload and more genera lly to 
manrate the l aunch system .  Deta i l s  of the identified 
mod ificat ions a re d iscussed in "Mu lt i-ro le Capsul e  Sys
tem Descriptio n "  a lso a compan ion paper in this issue.  
At the t ime of the study the team cou ld  foresee no 
problems i n  implementi ng these mod ifications as they 
wer.e essent ia l ly  the same mod ificat ions proposed by 
the ear ly Hermes programme (when its l aunch system 
was Aria ne 4) .  The reasons for the move of Hermes from 
Aria ne 4 to Aria ne 5 were g iven as the i ncreased mass of 
Hermes, which took it wel l  beyo(ld Ariane 4's capab i l ity 
(even after stengthen i ng ), and the bend i ng moments 
generated by Hermes o n  the l au ncher du ri ng  the ascent 

Phase C J Phase D I 
1988 1989 1990 1991 1992 1993 1994 

Fig. 5. Development Programme 

4. REACTION TO THE MRC CONCEPT 

Si nce the MRC concept was fi rst revea led to the pub l i c  at 
the IAF conference in Br ig hton du ri ng  October 1 987 
there has been considerab le comment on the proposa l .  
Many people have been attracted by  t he  relat ively low 
development cost of the prog ram me, the ear ly oper
ationa l  date and the poss ib i l ity of a va l u ab le trans
atlantic l i nk .  From this poi nt of v iew there have been 
many favou rab le  com ments. 

However there have a lso been a number of concerns 
expressed about the concept as proposed and three of 
these merit considerat ion in an overv iew of the MRC 
potent ia l :  

(i ) The select ion of the lau nch system .  
( i i )  The  select ion o f  t he  sea-based recovery. 
( i i i )  The extent of techno logy development. 

4.1 Launch Vehicle Selection 

The study selected Ariane 4 as a l aunch system for the 
M RC because it a l l owed for ea r l ier  operat iona l  f l ights 
and decoup led prog ramme success from a para l le l  new 
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in the atmosphere. Ne ither of these prob lems a rose i n  
the case o f  the M RC, a n d  the or ig i na l  Hermes work o n  
Ariane 4 was considered va l id .  

Discuss ions s i nce the study was made pub l ic  have 
revea led a concern that the Ariane 4 l aunch system was 
designed as  an unmanned system and the reliab i l ity was 
reduced in accordance with th is  role  to i ncrease the 
commerc ia l  competitiveness of the veh ic le .  lt was fe lt by 
some that the degree to which th is  ph i l osophy had been 
app l ied was such that it wou ld not be practica l to rai se 
the reliabi l ity to that requ i red for a manned l aunch .  Thus 
the feasibi l ity of the selected l aunch system must be 
considered a n  open quest ion .  

Unfortunately th is is  not  an  easy question to resolve as 
the on ly way of estab l i sh ing  the feas ib i l ity of man  rating 
is for the Ariane industri a l  team to identify those items 
that contribute to the comparatively low rel i ability and 
then to identify a lternatives that wou ld  ra ise reliability to 
a level acceptab le for manned fti ght. Th is  exercise was 

beyond the scope of the MRC study. 
Wh i le  the use of the Aria ne 4 must rema in  in quesbOn 

a number of relevant po ints shou ld be born in mind: 

( i ) The h i gher than acceptab le fa i l u re rate of the Anane 
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fam i ly has lead to many of ti:Je rel i ab i l ity issues 
bei ng  addressed i n  a ny case. 

( i i )  None of the Ariane fa i l u res has been potenti a l ly 
catastroph ic  i n  the sense that suffic ient warn ing  of 
the fa i l u re wou ld  have been ava i lab le  for the crew to 
use escape systems a nd procedu res to safely return 
to Earth .  

( i i i )  lt i s  d ifficu lt to conceive that there is  a fu ndamenta l 
prob lem i n  the Aria ne  system that· cou ld not be 
addressed b; a lternative com ponents or increased 
i nspect ion and mon itori ng .  

Th is  concern does not  effect the su itab i l ity of  Ar ia  ne  4 to  
l a u nch the unmanned m icrogravity ve rs ion of  the MRC.  
Nor  does the a rg u ment app ly to  manned l au nches on  
the  a lternative l au nch systems. Ar iane 5 and STS. 

4.2 Recovery Operatiens 

A second issue wh ich has been queried by a n u m ber  of 
commentators is the select ion of sea-based recovery as 
opposed to l and-based recovery. 

The study assumed that recovery cou l d  be accom
p l ished by a s i ng le  vessel and a he l icopter, and that an 
ent ire carr ier task force (such as was used i n  the 1960s 
for capsu le  recovery) wou ld  not be req u i red. Th is  
reduction i n  effort is  the resu l t  of  knowledge a bout 
ach ievab le  touch down accu racies which e l im i nate the 
need for a ny major sea rch operations. 

A s im i l a r  approach has been suggested by NASA's 
Joh nson Space Center. As part of the CERV program m e  
they a re cons ider i ng  off-shore recovery as  opposed to 
recovery operat ions i n  the deep ocean .  The capsu le  
wou ld  descend to with i n  a k i lometer of  a coasta l 
recovery faci l ity and the necessa ry he l icopters and  boats 
can then be sent out to recover the capsu le  and  crew. 

The issues ra ised in connection with sea rer.overy a re 
the cost and the ava i l ab i l ity of su itab le craft if the use of 
nat ional navies a re assumed.  These a re va l i d  concerns 
and were not fu l ly addressed by the MRC study and  
wou ld  req u i re fu rther i nvestigat ion before a satisfactory 
concl us ion cou l d  be drawn . 
. I n  addit ion to the genera l  operat ionaLconcerns there 
were some add it iona l  comments with rega rd to the 
su itabi l ity of a sea recovery when the capsu le  is  used as  
a crew ambu l ance to return  i nj u red crew members. 
There a re th ree factors to consider: 

( i )  The t ime from land ing to hospita l izat ion .  
( i i - )  The  d ifficu lt  h and l i n g  o f  i ncapacitated crew mem

bers. 
(i i i )-The adverse and in some cases dangerous effect of 

seasickness on certa i n  i nj u r ies and i l l nesses. 

The cu rrent conclus ion is that the l and ing  techn ique  
shou ld be judged o n  open  issue. Both sea and l and 

recover ies have been extensively used and the techn ical  
feasi b i l ity of either  i s  beyond doubt. The land recovery 
wou ld,. requ i re a sma l l  i ncrease i n  system mass to 
accommodate cush ion ing  rockets to soften the fi na l  
impact, bu t  th is  wou ld  not be  suffic ient to  a lter the 'overa l l  conc lus ions about the capsu le's p'Jtenti a l .  A 
more deta i l ed study wou ld be requ i red to conduct a 
trade-off to fi nd the optim u m  approach .  

4.3 Technology Acquisition 

A persistent comment is the lack of techno logy advance
ment i n herent in adopt ing  a capsu le  approach. Mostly 
this comment has been made in the context of prepa ra
ton for advanced aerospacep lane such as HOTOL. Th is  
subject is  covered i n  "Rationa le  and  Requ i rements for 
the M u lt i-Ro le  Capsu le" (Pa ragraph  7 .5 )  but one po i nt is  
worth emphas is i ng .  

There is a widespread percept ion i n  E u rope tha t  there 
is essent ia l ly no knowledge and experience i n  the fie ld  of 
hyperson ics. Th is is an erroneous v iew; the m i l ita ry 
program mes i n  both France and Br ita i n  have acqu i red 
an extensive background  in th is  techno logy. For exam
p le the u ncerta i nt ies that  exist on  the HOTOL prog
ramme a re confi ned to the chemical react ions of the 
atmosphere with some of the new reusable materia l s  at 
the specific condit ions HOTOL wi l l  experience. Th is  k ind 
of data can on ly be obta i ned by a specia l ist test veh ic le 
designed to accu rately match the specific re-entry char
acter ist ics of HOTOL. 

The common crit ic ism voiced that Hermes is a essen
t i a l ly precu rsor to a HOTOL type prog ramme whereas an 
MRC approach is of no va l ue, i s  not va l i d .  Neither a re an 

-essent ia l  precu rsor, i ndeed the benefit of e ither i s  very 
sma l l  i n  terms of d i rectly app l icab le tech no logy. 

5. CONCLUSIONS 

The MRC study showed that manned capsu les sti l l  have 
many m iss ions that they can effectively perform, both i n  
a pu re ly Eu ropean a n d  i n  an  i nternat iona l  context. The 
feasi b i l ity des ign  p roduced by the study was j udged to 
have successfu l ly scoped the techn ical  and  fi nanc ia l  
aspects of such capsu les .  I ndeed it went further and 
showed a s ing le  desi gn  cou ld  be expected to u ndertake 
a l l  the roles identif ied . The approach ·outl i ned merits 
more consideration ,  part icu la r ly by Eu rope as a means· 
qf meet ing i nfrastructu re req u i rements i n  a cost effective 
manner  with l ow tech n ica l  r isk. 
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RATIONALE AND REQUIREMENTS FOR THE MULTI-ROLE CAPSULE 
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The M u lti-Role capsule (MRC) is a concept for a recoverable capsule capable of working in unmanned and manned 
modes. lt wou ld  be launched on Ariane 4, and be capable of carrying up to six men or 1 500 Kg of cargo. lt wou ld  
undertake a number of  roles, supporting space station program mes with crew del ivery and emergency crew 
return, other m issions cou ld i nclude independent manned operations and as an unmanned microgravity laborat
ory. The concept has bet!n the subject of a preliminary study to establish the feasibil ity and potentia l .  The paper 
discusses the reasons why the MRC study was undertaken and the rationale for setting the system requirements. 

1. INTRODUCTION 

lt is becoming convential·wisdom withi n  Europe that an 
independent manned access to space needs to be 
acq uired sometime in the 1 990's. The arguments for a 
European independent "man i n  space" programme are 
very simi lar  to those for Ariane as a n  independent 
unmanned access, that is rel iance on outside launch 
capabi l ity carries the r isk of European priorities being 
subordinated to those of the launcher nation .  lt is not the 
i ntention of this paper to remake the case for a European 
manned launch system but to review the approaches 
avai lable  to achieve this objective and to establish tha 
min imum useful requ i rements on such a system.  

The study produced a requ i rement specification which 
embodied the resu lts of the i nfrastructure investigation 
describea above. The feasibi l ity of this specification was 
then demonstated by the development of a feasibi l ity 
design .  This concept for a sem i  bal l i stic capsule  is ca l led 
the M u lti-Role Capsule ( M RC). 

2. STUDY RATIONALE 

2.1 European Infrastructure 

There has been considerable study work conducted on an 
independent European manned system on the Hermes 
programme. Hermes is a winged aerospaceplane 
launl:hed on �riane 5, which i8'Specified as being  capable 
of carrying a crew of three and a useful payload of around 
2. 1 tonnes. 

The study was conducted to re-examine from first prin
ciples the best method of achieving an in itial European 
manned i nfrastruct-ure. This has been studied i n  some 
depth by the Hermes project, based around an Ariane 5 
launched Spaceplane. There were two reasons for con
ducting the MRC study despite the advanced state of the 
Hermes stud ies. 

2. 7. 7 A Changing Role 

The first reason is the changing role' of Hermes as the 
study progresses. There have been major changes 
recently introduced i n  the Hermes concept most, notably 
the deletion of the external cargo bay, and the addition of 
a fu l l  crew ejection capabi l ity. This is primari ly a result of 
a chang ing perception of Hermes rofe, it is now primarily 
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seen as a m�ans of servicing Columbus elements, par
ticu larly the Man Tended Free Flyer ( MTFF) and any inde
pendent European Space Station .  Despite the magnitude 
of these changes the Hermes concept was not revisited at · 

a fundamental (b lank sheet) level .  

2. 1.2 Infrastructure Definition 

The second reason is a better defin ition of the rest of the 
I nfrastructure. At the inception of the Hermes project i n  
1 Q82 there was very little u nderstanding of what other 
infrastructure goals Europe would have in the 1990's. Five 
years later we have a much clearer picture and so we can 
review the effectiveness of Hermes to fulfifl a useful role 
in  the overa l l  i nfrastructure. 

· Figure 1 shows a diagram of the main thrust of Euro
pea n  i nfrastructure developments in the 1990's. There a re 
fou r  main thrusts to European programme i n  the 1 990's 
these a re. 

. ..., 
·-

Fig.1 European 1990's Infrastructure 

·-
• LAIIT 
• lA-

Columbus as a part of the NASA space station and as 
an  independent faci l ity. 

ii Expansion of the i ndependent European launch Cllpe
bility with Ariane 5. 

i i i  The development of  an  advanced aerospac.,...•10 
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ensure Europe continues to have economical ly com
petitive launch systems i n  the next centu ry. 

iv The estabishment of a n  independent manned capa
b i l ity. 

One of the main objectives of the i ndependent manned 
capability is to acqu i re the complete range of 
technolog ies and management ski l l s  in Europe to exptoit 
as manned spaceflight becomes i ncreas ing ly i mportant 
in the overa l l  space capab i l ity of a major space power. 
While this objective is independent from the other infras
tructu re goals there are significant i nteractions between 
them. These can be summed up as fol lows: 

Launchers :  lt is clear that Europe wil l  need to exploit its 
existing launch capabi lity (Ariane) for its first indepen
dent manned missions since developing a from scratch 
system has neither techn ical nor economic merit. The 
launching of manned systems can be very demanding on 
lau nch systems and the possible impact must be fu l ly 
assessed. 

Columbus :  lt is clearly an i mportant feature of any 
manned space transportation system that is developed 
that it can support the in orbit infrastructure that wi l l  be 
created by the Columbus progra mme. Th is wi l l  g ive 
Europe a credible i ndependent capabi l ity to conduct a fu l l  
range o f  low Earth orbit operations. 

Aerospaceplane :  The main activity during the 1 990's in 
this a rea wil l be the development of an advanced launch 
system for operation soon after the turn of the century. 
The role of a manned programme in the 1990's wou ld  be 
to support this activity with technology development. 

Apart from the question of techn ical compatib i l ity with 
the extensive infrastructure Europe hopes to put in place, 
there is a lso a question of cost. Al l these developments 
a re expensive p rogrammes, running to several bil lion . 
accounting units each. They a re a l l  crucia l to maintain a � 

European foothold in the space industry particularly the 
Rew developing areas in microgravity exploitation. lt is 
therefore important that the development funds are spent 
efficiently on ly meeting rea l  requirements. Hermes is not 
only expensive in its own right but it is significantly affect
ing the Ariane 5 costing by increasing the l&unch vehicle 
size and specification beyond what is required for its 
other m issions. 

2.2 Support To International Space Station 

With the Columbus  pressurized laboratory Europe has 
demonstrated that it is  possible  to create a system whose 
development both, enhances European goals for a mea
sure of i ndependence and the maintenance of a competi
tive space industry, whi le at the same time enhancing the 
overa l l  western space capability in a significant and  use
fu l way. The development of a European manned launch 
system offers a s imi lar  opportun ity: 

Europe has a need for an independent manned launch 
system and manned whereas the United States has a 
need for a contingency launch and crew return system. 
Were the U nited States to develop th is, then it wou ld  be 
merely dupl icating capabi l ities that it a l ready has within 
the STS system, whereas if Europe developed the system 
it woul d  provide Europe with many capabilities that it 
does not have and badly needs in addition to assisting the 
I nternational Space Station effort. 

Jlor the safe operation of the Space Station NASA has 

identified the need for a contingency return system that is 
attached to the space station to a l low immediate escape 
from the space station and return to Earth in the event of 
an emergency. The system cal led CERV is not (at the t ime 
of writing )  i n  the four basel ine Space Station work pac
kages, but is the subject of an i ndependent study and 
development program me. 

The provisional requ i rements for CERV have been 
released by NASA. These i nclude the capabi l ity to u nder
take the fol lowing n ine mtssions: 

Mission 1 - (Base l ine m ission)  to return Station crew 
to the Earth in the event of a station abort 
decis ion.  

M ission 2 Space Station Contingency, that is the pro
vision of a safe haven retreat. 

M ission 3 Crew Ambulance, that is the abi l ity to 
return sick or inju red crewmembers to the 
earth for medical attention .  

M ission 4 - EVA Crewmember Rescue, that is the 
recovery of crewmembers who have 
detached from the Station dur ing EVA and 
have no means of return 

Mission 5 - Unmanned Del ivery to the Space Station, 
that is the abi l ity to launch the CERV to the 
space station by launch systems other 
than the STS. 

· 

M ission 6 - Crew del ivery to the Space Station,  that is 
the del ivery of crew to the Space station in 
the event of a tem porary loss of STS. 

M ission 7 - Space Station Cargo Return, that is the 
returrr of cargo from the Station to the 
Earth in an u nmanned mode. 

Mission 8 - Crew Rescue from Damaged STS, that is 
rendezvous with a damaged but orbiting 
Orbiter to recover the crew. 

Mission 9 - Temporary Space Station Contingency 
Depa·rture and Immediate Return. 

The MRC study was aw!!re of NASA's interest i n  such a 
system but was not fami l i a r  with the contents of the draft 
specification. Thus the study derived its own set of 
requ i rements for a Station Escape Veh icle  and incorpo
rated these into the MRC design.  The stud ies assessment 
proved to match the NASA specification very closely with 
the exception that Mission 4 (EVA Crewmember Rescue) 
and Mission 8 (Crew Rescue from damaged STS) were 
omitted. When the requirement for these missions was 
known the design was revisited and it was found that 
requirements from the European needs had influenced 
the overal l  requ i rements such that these u nforeseen m is
sions could  be conducted without any a lteration to the 
feasibility design .  

2.3 Microgravity 

There are two aspects to space transportation systems, 
the delivery of payloads to orbit, and the retu rn of 
payloads to the Earth's su rface. Aria ne has given E u rope 
the first ha l f  of this but cu rrently it has no capab i l ity for 
retu rn. This has a particu la r  influence on Europe's ability 
to do microgravity resea rch, which cu rrently is seriously 
compromised. 

Retu rn capability is an  integra l part of any manned 
spacefl ight system. Thus it is reasonable to explore the 
use of any i ndependent European manned system to a lso 
provide an  independent microgravity research faci l ity. 

59 



2.4 Independent European Space Station 

Europe is a l ready examin ing the possibi l ity of the estab
l ish ing of an i ndependent Space Station as a long term 
objective. This is understudy as an evolution of the Col
umbus programme with crew delivery by Hermes. 
Should this ever be undertaken as a programme then a 
rescue system s imi lar  to tile CERV (discussed above in  
section 2 .2 )  would be requ i red. Since the M RC study 
i ncluded the complete CERV requ i rements in the system 
specification, it cou ld of course meet this European need 
when it arises. 

3. REQUIREMENTS 

3.1 Reference Missions 

The fol lowing were the m issions that were considered 
when the MRC specification was determined. 

3. 1 . 1 Independent Missions and Technology Flights. 

The fi rst class of m issions were the missions i ndependent 
of other elements in the European in orbit infrastructure. 
These i nclude the test fl ights, which wi l l  prove the i nde
pendent launch capabi l ity, and technology proving fl ights 
during which the various techniques requ i red for a fu l l  
capabi l ity in  manned spacefl ight such as  EVA and in orbit 
construction . later technology fl ights cou ld be used to 
qual ify components of the Aerospace plane or  other pro
jects intended for the beg inn ing of the next centu ry. 

Another m ission that cou ld be undertaken in an i ndEf. 
pendent ro le is a guest visit to the Soviet Mir Space Sta
tion (or its successor). Whether or not this particu lar  m is
sion is undertaken, it i l l ustrates that a ·system such as the 
MRC, or 'Hermes, w0u ld g ive Europe the abi l ity to partici
pate in  internationc.l  manned space programmes on an 
equal partner basis. 

3. 1 .  2 Space Infrastructure Support 

The main role of the MRC with in  the overa l l  infrastructu re 
is to support the manned in orbit infrastructu re. Th is i$ 
cu rrently foreseen as having two elements, a laboratory 
attached to the USA Space Station, and a European Man 
Tended Free Flyer ( MTFF) m icrog ravity l aboratory. later 
an independent European Space Station could be envis
aged. 

The MRC cou ld have two roles associated with Euro
pean involvement in the Space Station. The fi rst is as the 
escape system (CERV) a l lowing the crew to return to Earth 
in  the event of a catastrophic Space Station malfunction 
or the grounding of the Space Shuttle system for any 
reason .  If Europe undertook to provide this element it 
would mean a continued commitment to European 
i nvolvement in the programme as (with the cu rrent MRC 
specification) the l i fe boat wou ld probably need to be 
replaced every two years. 

The second Space Station ro le would be a second 
means of crew del ivery. Th is second access capabi l ity is 
not a technical requ i rement of the Space Station prog
ramme a lthough it wou ld g ive a fa l l  back mode that a l lows 
the Space Station to continue reduced operations in the 
event of another g rounding of the STS. However the main 
va lue of a European crew del ivery mission wou ld be for 
prestige as it emphasizes the strength of its partnersh ip i n  
the  programme. 
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The Columbus Man Tended Free Ryer has two possi
ble methods of servic ing, either from the USA Space Sta
tion, or by the independent European manned launch sys
tem (Hermes or MRC). Even if the Space Station is 
selected as the best operational method the independent 
servici ng capabi l ity is sti l l  important to-ensure Europe has 
fu l l  control over th is important faci l ity. later it may prove 
desi rable to establ ish an independent European perma
nently manned space station and this will clearly need a 
fu l ly independent log istics and crew supply capabi l ity. 

The European independent manned access capabi l ity 
would need to support manned operations in orbit unt i l  a 
fu l ly man rated operational  European aerospaceplane 
exists, wh ich, with a suitable overlap,means around 2005. 
To leave the long term options open for the expansion of 
the European independent activities it should be 
assumed that the system shal l  be able to support a 1 2  
man faci l ity a s  a n  upper l im it, whi le be optim ized a round 
a 4 man station. 

ECLSS Open ECLSS Closed ECLSS 
Oxygen 990 500 
Ai r makeup 400 400 
Water 7670 3070 
Hygiene etc. 1000 1000 
M ise 100 100 
Other 
EVA consumables 80 80 
Personal  effects 240 240 
Propel lant 1990 1990 
Thermal flu id  20 20 
Repa i r  parts 1200 1200 
Payload 3000 3000 

TOTAL 16690 1 1600 

There are two support roles that the MRC is i ntended to 
undertaken.  They a re crew transportation and a con
ti ngency crew return system ( l i feboat). the same roles as 
envisaged for the USA/Internationa l  Space Stat ion.  A 
th ird possible ro le  of logist ics support was not i ncluded in  
the requ i rements for the  M R C  a lone. The reason for this 
om ission can be seen from consideration of the logist ics 
requ i rements for a 3 man permanently manned station. 

Thus the annua l  requ i rements for supplying a perma
nent faci l ity is wel l  over 10 tonnes. I f  4 crew rotation 
fl ights a year a re assumed ( ie at 90 day intervals) then 
more than 3 tonnes of payload each fl ight must be carried. 
This wou ld  have i ncreased the payload requ i rement of 
the system by 300 per cent with a corresponding impact 
on the overa l l  system .  lt was decided that the log istic sup
ply activity wou ld not be included in the MRC require
ments. The ava i lable methods of conducting supply mis
sions are discussed fu rther in section 5 below. 

3. 1 .3 Unmanned missions 

Before the MTFF becomes operational (about 1 997)  
Europe's ma in  microgravity faci l ity wi l l  be the Eureka 
platform. This is  an  unmanned satel l ite that is launched 
by the Shuttle, boosts itself  into a h igher orbit then con

ducts a round six months of m icrogravity experimenta
tion. lt is then recovered, refu rbished and reflown with a 
new payload. 

However the " post-Chal lenger" Shuttle programme 
does not appear to offer as many fl ight opportunities for 
Eureka as orig ina l ly hoped for nor is it g iven the priority 
that Europe would have l i ked. Thus, there appears to be a 
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gap between Europe's desi res for m icrogravity research 
and the actua l  capabi l ity they possess to conduct them. 
ESA have a l ready started to explore the possib i l ity of a n  
Ariane launched retu rnable capsu le a s  a means t o  fi l l  this 
gap.  

lt was decided to i nclude the possibi l ity of a n  unma n
ned microgravity version of the MRC in  the specification .  
This  wou ld  g ive a substantia l  capabi l ity for microgravity 
research which is tota l ly u nder European contro l .  

3 . 2  Study Goals 

From the above d iscussion the stu dy identified a tota l of 
e ight infrastructure roles that the Mu lti-Role Capsu le  
shou ld  undertake. These are :  

i I ndependent European Manned Access To 
Space 
i i  Manned Spacefl ight Technology Develop-
ment 
i i i Unmanned Microgravity Laboratory 
iv US Space Station Escape System 
v US Space Station Contingency Access 
vi MTFF And Polar  Platform Servicing 
vi i  European Space Station Crew Access 
vi i i  European Space Station Escape System 

I n  addition to conducti ng the above roles, the study set 
out with the fo l lowing major goals for the system :  

Early operations - lt was felt that there was a n  u rgent 
need to start European manned spacefl ight as soon 
as possible. lt is clearly going to be an i m portant fea
ture of space capabi l ity by the tu rn ofthe century 
and Europe has considerable catching u p  to do to 
become a credible suppl ier and operator of manned 
spacecraft. 

M in im ize development cost - As discussed above the 
funds ava i lable for such a programme are l i kely to 
be l im ited and the best va lue for money approach 
needs to be adopted . 

Maxim ize potentia l  utl ization - The main goal  of the 
system is to open up  opportun itie!! for Europe so the 
design should be such that it maximizes the poten
tia l  uses of the system .  

4. SPECIFICATION 

This section describes the main  features of the technical 
specification that the MRC study worked to. 

4.1 Payload 

The specified payload for the M RC was set as 1 500 Kg a l l  
conta ined in  the pressurized cabin .  Th is figure is used to 
s ize the MRC structure and equ ipment such as the recov
ery system, the capabi l ity requ i red during an Ariane 4 
l aunch is reduced to 1 000kg . The payload i nc ludes the 
crew's personal  effects and spacesu its for al l  the crew, but 
not the provisions or  persona l  equipment employed dur
ing the fl ight in the M RC itself. A cargo bay, with d imen
sions at 1 .8m x 1 m x 0.5m, is a lso i ncluded i n  the specifica
t ion, capable of supporting up to 500 kg of m ission 
specific payload when carying a maximum crew. 

The maximum crew size was specified as a nomina l  
fou r  men with a maximum of s ix men for some missions 
which do not i nclude the use of the main cargo bay. This 
figu re is determined by a several independent considers-

tions. Most identified independent and other early mis
sions requ i red a crew of between two and four  men.  The 
longer term needs for a European i ndependent manned 
i nfrastructure are less clear however the specified capac
ity is the min imum to supply crew for the twelve man sta
tion, whi le  not being oversized to support a smal ler (and 
more l i kely) three to six man station .  

The crew size must a lso consider the  l ifeboat role .  
There is a need for a l ifeboat on the NASA Spce Station 
which cou ld  have a crew of  s ix  to eight, as wel l  as one any 
future European independent station.  A crew size of six 
wou ld  a l low two l ifeboats to support the Space Stations 
as foreseen i n  the next decade. Two is the m in imum 
number of  l ifeboats i n  any  cases b�cause i f  the  crew
member ambulance mission is undertaken an escape 
provision must remain  at the station.  Major expansion of 
the Space Station (up to 1 8  crew) cou ld  be u ndertaken 
with only a th i rd lifeboat. The need for consideration of 
the long term is of particu la r  importance i n  the case of the 
l ifeboat role. lt is an  expensive item and it wou ld  consider
ably add to expansion costs if the l ifeboat system needed 
replacement. With the six man crew the MRC cou ld  fu lfi l l  
t h e  role unti l the i n  orbit i nfrastructure, a n d  t h e  launch 
system operations a re sufficiently advant:ed to provide 
crew escape provisions by more sophisticated methods. 
This cou ld  mean that MRC wou ld  be sti l l  in operational 
use u nti l the m iddle of the next century. 

4.2 Mission 

The maxim u m  m1ss1on duration was set at six days 
i ncluding any contingency, with an additional  requ i re
ment to be able to be stored on orbit, whi le docked to a 
space_ station, for a period of u p  to two years. The l ife sup
port system was requ i red to carry consumables for 24 
mandays. 

The six days fl ight and 24 mandays consumables 
requ i rements were determined by missions, with up to a 
fou r man crew, for five days (p lus one day contingency). 
This would be sufficient for independent missions with 
t ime for technolog ical development activities (such as 
experimenta l EVAs) .  Also early support fl ights with a two _ 

men crew wou ld  have additional contingency to resolve 
teething problems associated with early faci l ity opera
tions. The requ i rements for six man crew escape (or even 
six man crew del ivery) are wel l  with in  this capabi l ity. 

The two year on orbit storage time was determined by -
the l ifeboat role. The technology requ i red for the opera
tion of such a capsu le after a prolonged period exposed to 
the space envi ronment is the most s ignificant a rea of 
technological uncertainty. The maximum proven for the 
Apol lo  capsule was 86 days on the Skylab m ission, and 
the Soviet U nion has been replacing the Soyuz crew del iv
ery spacecraft every six months or so. The two year 
requ i rement is therefore a technolog ica l goal and longer 
storage time wou ld be desi rable if possible. 

4.3 Launch Vehicle 

Ariane 4 was selected as the primary launch system.  The 
reasons for this choice were as fol lows :  

* l t  decouples the development o f  a new 
launcher from the development of a new man
ned system.  This considerably reduces the 
techn ical r isk in  both program mes. 

* The considerable development experience 
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with the basic Aria ne wou ld  make the launcher 
easier to man rate. 

* The use of Ariane 4 a l lows for a contin uation of 
commercia l  and unmanned support launches 
by Ariane 5 i n  the event of a major technical 
hold i n  any of the manned launches. 

* lt a l lows an  ear l ier start to manned develop
ment fl ights. 1 993 being a possible fi rst fl ight 
date. 

The basic ph i losophy in i ntegrating the M RC with 
Aria ne 4 is to adopt a Soviet approach, that is  the Capsule  
and its crew a re essent ia l ly passengers with very l imited 
monitoring and no control over the launch veh icle, which 
is flown by ground contro l as with an unmanned fl ight. 
The a lternative approach used by the Americans with the 
crew as p i lots with a control option was not selected in 
view of the extensive changes it wou ld  generate to the 
existing Aria ne system .  lt was judged that there was l ittle 
difference in  the safety of either approach . 

Technica l ly the Ariane 4 veh icle is quite suitable for 
launching the MRC type system, however there wou ld be 
some a lterations requ i red. Some of these a re the usua l  
a lterations for man  rating a launcher, covering the 
amount and type of tele·metry, the launch abort proce
dures, and the ana lysis of the aerodyna mics etc., of the 
new payload. 

I n  addition to these, there wou ld  be a need to 
strengthen the structure of the upper two stages. 
Although the quoted payload capabi l ity i nto low Earth 
orbit (with fou r  l iquid boosters) is over 9 ton nes, in  prac
tice structural l imitations set an u pper l im it of 6 ton nes 
with the currentdesign .  Th is is a l ittle l ig ht for a.system
meeting the specification outline and so it is assumed that 
strengthening of the lau ncher wi l l  be requ i red. The 
i mpact of these changes on the payload capabi l ity is 
uncerta in  and so the specification on the M RC was set at 
7 tonnes. This was sufficient to meet the specification and 
should be wel l  with in  the capabi l ity of the modified 
Ariane 4. Hopefu l ly sufficient margin wi l l  remain  to g ive 
considerable orbita l flexib i l ity. 

-

A disadvantage with this choice of l auncher is the 
restrictive d iameter of the third stage (2.5 m.) ,  wl1ich pro
vides a m ajor configurational  constra int. The configura
tion derived by the study shows that this d isadvantage 
can be overcome. 

The payload provisions wi l l  have to be a ltered which 
i nvo lves the addition of two new elements. The exist ing 
Vehic le Equipment Bay (VEB )  wou ld  need extensive a lter
ation or replacement to accommodate the fol lowing :  

* All  the payload mass is tranferred via the VEB to 
the th ird stage. 

* The interface with MRC ( inc luding the separa
tion system )  is s ign ificantly d ifferent from the 
existing , i nterface. 

* The man rating wi l l  probably i nvolve some 
changes in  the  electron ic outfitt ing of  the 
launch system which is housed i n  the VEB. 

The other change is the replacing of a faring with an 
escape system .  Th is wou ld  be used to pul l  the M RC from 
the launch system in  the event of a n  emergency requ i ring  
a crew escape. 

lt is possib le that l ater the MRC would  be requ i red to be 
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launched on  Ariane 5, sharing with another payload or 
additional  module (th is possibi l ity is  d iscussed further in 
section 5 below) . Th is should not prove technically very 
d ifficult if a specia l  adapter is constructed between the 
MRC and the Ariane 5 upper stage. The other payload 
rides withi n  this adapter in a s imi lar manner to the Lunar 
Modu le on the Apol lo/Saturn 5. 

Another possible launch system is the STS. The use of 
the Shuttle wou ld  be to del iver rescue capsules to the 
Space Station.  These would be mounted i n  the STS 
payload bay attached to Airborne Support Equipment 
(ASE) .  I n  this role it wou ld  be l aunched unmanned. The 
study did not consider this launch system in  deta i l ,  but d id 
keep the MRC d imensions compatible with the payload 
bay. 

4.4 Interfaces 

The main  i nterfaces apart from those associated with the 
launch system are those requ ired for operations with the 
Space Station/Co lumbus. This necessitat�s the i nclusion 
of a Space Station Docking/Berthing port, which has a 1 .3 
m square hatch,  a con nection r ing about 2 m i n  diameter 
and maximum d imensions from tip to tip on the guidance 
plates of a bout 2.3 m. This is  m uch larger than previous 
manned systems have been requ i red to accommodate 
and has a profound i nfluence on the overa l l  configura
tion. 

The operations at the Space Station a lso requ i re that 
the M RC has a grapple point for the Space Station man
ipu lator system (th is has been assumed to be the sam e  as 
the Shuttle's RMS) .  Its l ocation has to be such that the 
manipulator can p lace the capsule on to a berthing port. 

A desirable feature that was included in the MRC 
specification  was the i nclusion of a cold  gas reaction con
tro l  subsystem for control when close to other manned 
systems to prevent damage from the hot gas thrusters. 

4.5 Safety 

The main safety feature of the MRC during the launch 
phase wou ld  be a sol id  rocket escape tower of the same 
type used on Mercury, Apol lo, and Soyuz, as d iscussed in 
-section 4.3 above. These have proven to be an  effective 
means of crew escape in the event of a problem with the 
launch system, particu larly on Soyuz where they h ave 
been used during rea l emergencies and have saved the 
crews' l ives. 

The provisions for decompression, and cab in  environ
ment contamination rely on each crew member  having a 
pressure suit which wou ld  be worn during launch and 
other critica l operations. Because every crew member 
has a pressu re suit there is  no provisions for Shuttle type 
rescue enclosures. 

Contingency suppl ies include survival packs, medical 
packs, repai r  tools and a contingency a l lowance of the life 
support consumables. In this regard the provisions are 
very simi lar  to the practice of Apol lo and Space Shuttle. 

Normal good design practice for safety is of course 

assumed.lhis i nvolves having redundancy on all the life 
critica l items and so far as is practicable avoid co6ocating 
redundant u n its. Potentia l  hazardous components that 
represent either  an  expl osion or toxicity hazard are 
located outside the pressurized volume. The design 



Rationale and Requirements for the Multi-Role Capsule 

.. 
would  a lso avoid materials that can propagate fi re, out
.gas, or have other u ndesi rable properties. 

4.6 The Microgravity Laboratory 

This was assum ed to be a min imum modification from 
the manned version.  With the remova l of the seats and 
other systems not needed on an  unmanned fl ight the 
payload was ra ised to 1 .5 tonnes on  an  Ariane 4 l aunch, 
sti l l  a l l ,  housed in the pressurized volume. This payload 
wi l l  however need about 1 kw of power and therma l  condi
tioning which wi l l  i nvolve the i ncorporation of additional  
systems. 

5. ARIANE 5 VERSION 

There are two major comt'romises i nherent in the above 
specification. Fi rst the maxim u m  m ission l ifetime of on ly 
5 days i n  orbit operation, this was del iberately set as short 
as possible for the prime missions to a l low the use of si m
pie storage techniques for the consumables which are 
easier to design for the long on orbit storage. The second 
com promise was the omission of the logistics role for the 
reasons a l ready d iscussed i n  section 3.  

lt is not certain  whether either of these a re crucia l  omis
sions or not, but it is possible to improve the system With 
an additional  modu le. Orig ina l ly the study a imed to 
explore this option to demonstrate the expansion poten
tial of the M RC concept when placed on the new launch 
system .  However when this was under consideration the 
options and possib i l ities that opened up  were so many 
and the work needed to refine the u ncertain  requ i rements 
g iven the current defi nition of the i nfrastructure pre
cluded the derivation of a set of requ i rements or a config
u ration with i n  the resources a l located to the study. 

-
For the study a 1 5  tonne payload capacity was 

assumed. The extension options are un l i kely to develop 
as wel l  as Hermes as the capabi l ities would be very simi
l a r. Without Hermes, which drives the 2 1  tonne requ i re
ment, Ariane 5 could be returned to the commercia l ly 
optim u m  1 5  ton nes. G iven the ma in  MRC system "has a 
mass of 7 tonnes this leaves around 7 tonnes for any 
extension module.  

The optional nature of a n  Ariane 5 version should  be 
stressed. The basic MRC on Aria ne 4 can meet the funda
menta l requ irements for a European manned transporta
tion system as a l ready d iscussed. If deta i led considera
tion of the i nfrastructure requ i rements leads to the deci
sion that an  expanded system capabi l ity has an indepen
dently j ustifiab le role, then the option is open. 

The study foresaw three main missions that an 
expanded MRC cou ld  undertake, i n  addition to some sec
ondary m issions. Each tended to d rive requ i rements in a 
different di rection a nd it was not possible to p,rove these 
cou ld  be met by a s ingle system by generating a feasibi l -
ity design .  

-

The fi rst m ission as an extended independent fl ight for 
technology development. The need for such missions 
g iven the Colu m bus programme is sma l l  un less special 
orbits, or some other specia l  requ i rements. The most 
l i kely configuration for this mission wou ld  be a pressured 
module which wou ld  about double the h abitable vol u me, 
i ncreasing the consumables and power to g ive a mission 
l ife of around three weeks. 

The second mission is a MTFF servicing mission (a lso 
appl icab le to a n  i ndependent space stat ion) del ivering 
both the crew and the suppl ies i n  one launch. For th is  m is
sion an Aria ne 5 launch was used to launch the M RC and 
an  extension modu le  together. Th is  modu le  wou ld  need 
both a pressurized and external payload area. A fi rst esti
mate of the payload capacity suggests that such a module 
should easi ly carry the 3 tonnes identified for this mission 
i n  section 3. 1 .2.  

the th i rd m ission was the servicing of unmanned p lat
forms particu larly the Columbus ·  Polar  Platform. Tll� 
polar orbit reduces the avai lab le payload but in th is case 
there is no need for a pressurized a rea and  if optimized for 
this mission, an  MRC and extension module cou ld  h ave a 
payload of over 2 tonnes, which is consistent with mis
sion requ i rements. 

6. PROGRAMME 

The study assumed a specific programme for develop
ment and  uti l ization .  Th is is shown in Fig.2.  The prog
ramme assumed a maximum uti l ization of the potential  
by undertaking al l  the design missions. 
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The development programme from the beg inn ing of 
Phase B to launch of the fi rst test fl ight is just over four  
years long .  Th is  may a ppear short when com pared with 
the durations proposed for other programmes (such as 
Hermes or Columbus), but the com plexity of the system is 
not as g reat and  this programme is considerably longer 
than the tim e  spent developing s imi lar  systems in the 
1 960's. 
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lt was assumed that the prog ramme wou ld  sta rt  i n  the 
fou rth quarter of 1 988 which leads to the fi rst fl ight in 
1 993. This fl ight wou ld  be unmanned but fly the manned 
version, the second fl ight is a lso unmanned by flys the 
specia l  m icrog ravity laboratory version .  Then i n  the 
fou rth q u a rter of 1 993 the fi rst manned fl ight is  u nderta
ken as a fu rther test of the system.  A second manned 
development fl ight is conducted in 1 994 before the sys
tem is judged ready for operat ion.  

The overa l l  operations prog ramme ind icates the sys
tem wou ld _have a bout fl ights a year over a fifteen yea r  
period. The m a i n · use wou ld b e  as a n  escape system for 
the various space stations with e leven of the th i rty fl ights. 
The table 1 g ives more detai l  of the fl ights. lt a lso iden
tifies th ree contingency m issions that may ca l l  for cap
su les to be constructed and held i n  readiness. 

TABLE I Mission Model 

No. Date Crew Lau nch Mission 

Development 
STM 1 991  Structural testing 
EM System Development 
OM 1 992 System Qual ification 
Fl ight Models 
F1 1 993 0 A4 Development 
F2 1 993 0 A4 Microgrvity 
F3 1 993 2 A4 Development 
F4 1 994 4 A4 Development 
FS 1 994 0 A4 M icrogrvity 
F6 1 994 4 A4 Independent mission 

• (e.g.  Mi r Visit) 
F7 1 99S 0 A4 M icrogravity 
F8 1 99S 0(6) A4 ISS Rescue capsu le 
F9 1 996 0 A4 Microgravity 
F 1 0  1 996 314 A4 I SS. Visit (System 

Demonstration) 
F1 1 1 997 314 A4 ISS Visit (Crew Supplement 

For MTFF Operations) 
F 1 2  1 998 0(6) A4 ISAS Rescue Capsu le 
F1 3 1 998 2 AS AS Development 
F14  1 998 2 AS MTFF Service 
F 1 S  1 999 0(6) A4 ISS Rescue capsu le 
F 1 6  1 999 2 AS MTFF Service 
F 1 7  2000 2 AS Polar  Platform Service 
F 1 8  2000 2 A5 MTFF Service 
F 1 9  2001 0(6) A4 ISS Rescue Capsu le 
F20 2001 2 AS MTFF Service 
F21 2002 0(6) A4 ISS Rescue Capsu le 
F22 2002 2 AS MTFF Service 
F23 2003 0(6) A4 ISS Rescue Capsu le 
F24 2003 2 s MTFF Service 
F25 2004 0(6) A4 ISS Rescue Capsule 
F26 2004 0(6) A4/AS ESS Rescue Capsu le 
F� 200S 2 s � Polar Platform Service 
F28 2006 0(6) A4 ISS Rescue Capsu le 
F29 2006 0(6) A4 ISS Rescue Capsu le 
F30 2007 0(6) A4/A5 ESS Rescue Capsule 
Contingency capabil ity 
C1 1 996 4 A4/AS Crew Supply for ISS & ESS 
C2 1 999 on 2 AS MTFF or PP service 
C3 200S on 2(6) A4/AS Aerospaceplane Rescue 

After a fu rther i ndependent manned fl ig ht, probably a 
g uest visit to the M l R  station, the fi rst Space Station sup
port fl ight occu rs at the end of 1 995 and is a n  u n m a n ned 
ll)ission to supply the fi rst l ifeboat just before permanent 
manned operations beg i n .  Th is l ifeboai is assumed to be 
replaced every 18 months. Two visits a re a lso i ncluded in 
the prog ramme, one, after a yea rs operation of the Space 
Station faci l ity, as a goodwi l l  visit and techn ical demonst
ration .  The second visit sends a fou r  man crew to expand 
the Space Station capabi l ity d u ring  the i n  orbit  construe-
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tion a n d  com m ission ing phase of the MTFF, when the 
workloa.d is  l i kely to be heavier than the standard Station 
Crew c�u l d  be expected to handle.  

O nce i n  operation two servicing missions a year wou ld  
be  conducted i n  the  prog ramme. An Ariane 5 version is  
assumed, which effects the progra m me i n  that a n  addi
tion technology development fl ight usi ng the Ariane 5 at 
the end of 1 997. 

The u n m a nned fl ights of the m icrogravity l a boratory 
a re assumed at the rate of one a yea r after the fi rst fl_ig ht 
i n  1 993. These stop i n  1 996, i n  a nticipation of the MTFF 
becoming operat ional  in the fo l l owi ng year which wou ld  
become E u rope's m a i n  m icrog ravity Laboratory. 

7. HERMES 

Since support of the m a nned in orbit i nfrastructu re is the 
pri m a ry objective of the Hermes system ( Fig .3),  a com
parison of Hermes and the MRC is appropriate. The ques
t ion that needs to be addressed is does E u rope need 
both? The a nswer is  somewhat complex. 

The Hermes concept is for a spaceplane which is 
p laced i nto orbit by Ariane 5, it wou l d  then return i n  the 
same m a nner as the Space Sh uttle g l id ing to a land ing on 
a conventiona l  runway. lt wou ld  then be turned rou nd for 
a refl ight. 

The Hermes in its m ost recent form is  optimized for the 
servicing of the MTFF or  E u ropean Space Station.  Its crew 
is now three reduced from a n  earl ier fou r  or six, this was 
partly to reduce mass and partly to a l low the crew to be 
l ocated in an ejectable cabin d u ri ng l a u nch. Beh i n d  the 
cabin  is  a pressurized payload a rea, which has 18 cubic 
meters for payload storage and 8 cubic meters l iving 
space. Behi n d  the payload a rea is the a irlock that a l so has 
the dockin g  port for con n ection to the faci l ity to be ser
viced.  

The tota l payload capabi ity is  quoted as 3 ton n es but 
this i nc ludes marg ins  and payload packaging a n d  this 
g ives a usefu l payload of 2 1 00 kg . lt has a long m i ssion 
d u ration capa b i l ity of th ree months. 

7.1 Launch Vehicle Impact 

As with a l l  aerospace p lane solutions its mass com pa red 
with its payload mass is h igh ,  the total mass is a roun d  2 t "  
tonnes for a bout th ree tonnes of  payload includ ing crew. 
Th is has meant that it has greatly exceeded the orig ina l  
capabi l ity p lanned for  Aria ne 5 ( 1 5  ton nes) th is  has lead to 
a contin u i n g  series of proposa ls  to increase Ariane 5 
payload mass to chase Hermes' g rowing mass. 

The cu rrent m a rg i n  (as avai lab le  to the a uthor at the 
time of. writin g )  on the Hermes system is 2.6 tonnes in 1 8  
ton nes (Launch mass less payload) or  1 4.5  per cent. For a 
system at th is  level of defin ition this is a narrow marg in  
and there must be  some risk that the  overa l l  mass budget 
of 2 1  ton nes may be exceeded. Th is means that Ariane 5 
may need further u prat ing or that the payload capacity of 
H errn.es would  need to be reduced. Neither a desirable 
option.  

7.2 Space Station 

There a re two potentia l  m issions that cou ld  be underta-
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Fig.3 Hermes 

ken by a European manned launch system .  One is  g uest 
visits, acting as a secondary crew del iv_ery system .  There 
is very l ittle d ifference i n  the effectiveness of either 
Hermes or  MRC to fulfi l l  this role.  

The second is a l ifeboat for conti ngency crew return.  
Hermes is  not su itable for this job for severa l reason s :  

* lt is not designed for extended i n  orbit stays 
(modification to achieve this carry a h igh  
technolog ica l risk) 

* lt requ i res a ski l led pi lot to fly it during re-entry 
* lt is a n  expensive asset to perform this role  
* lt wi l l  not be ava i l a ble early enough 

By contrast MRC has the l ifeboat role as one of  its primary 
m i ssions and has none of the a bove problems. 

7.3 Columbus Support 

Whether the Colu m bus remains as the MTFF or expands 
to an i ndependent European space station there are fou r  
m a i n  support roles, Module del ivery, Crew transporta
tion, Logistics supply and Rescue. There a re severa l 
options (see Fig .4) though a l l  need the development of a 
specia l ist upper stage for the del ivery of the main  Col u m
bus elements, and the development of some form of bal
l istic capsule.  The latter is  a n  i mportant point, that a 
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Fig.4 European Space Station Transportation Options 

l ifeboat system would  requ i re development in addition to 
Hermes ··if a n  i ndependent European station were to be 
establ ished. This additional  cost would  be essentia l ly the 
same as the development cost of the complete MRC sys
tem as outl i ned i n  this paper. 
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Both MCR and Hermes can act as a crew transportation 
system ,  the ma in  d ifference bein g  in the n u m ber  of crew. 
The MRC maxim u m  crew capabi l ity is set as six (the orig
inal  Hermes crew size) as com pa red with the current 
Hermes crew of three. For servicing the MTFF three is 
probably sufficient, however a crew of o n ly three, espe
cia l ly  if one needed to be a tra ined p i lot, wou l d  restrict 
E u ropean options at the turn of the centu ry. 

Another fundamental d ifference between Hermes a n d  
MRC is that Hermes has a s ignificant logistics payload 
capabi l ity ( 1 8  m2,3 ton nes), whereas the MAC is some
what l i m ited (1 m2, 500 kg ) .  The MAC can match the 
Hermes performance with a n  extension module and a n  
Aria ne 5 launch, s o  the systems cou l d  b e  judged rou g h ly 
equ iva lent ( remembering that MRC req u i res o n ly 1 5  
ton n e  payload capacity Aria n e  5) .  Whether three ton nes is 
sufficient depends on the complexity of the eventua l  sys
tem to be serviced. For a m a n  tended system or a sma l l  
station of two or  three m e n  i t  i s  probably sufficient, how
ever a la rger system would  be more effectively suppl ied 
by an Ariane 5 Transfer Stage del ivered logistic module.  

7.4 Independent Operations 

Both Hermes and MAC wou l d  g ive E u rope the ab i l ity to 
demonstrate a manned spacefl ight capabi l ity. They a re 
both able to conduct the ma in  identified m issions, i .e .  
tech nology demonstration a n d  development a g uest visit 
to Soviet Station .  Hermes does h ave one-advantage over 
the basel ine M A C  i n  that longer fl ight t imes a re possible 
which can be a n  advantage for some of the technology 
development. If this longer m ission is felt necessary then, 
as with the logistics capa b i l ity, an Ariane 5 and a n  exten-
sion mod u le wou l d  address this d isparity .  

· 

7.5 Technology Development 

One of the pr ime features of the Hermes system is the 
la rge amount of new technology that wou l d  need to be 
developed to complete the p rog ramme. E u rope wi l l  need 
to expand the technologies that its industry is  capable for 
explo itation i n  the early years of the next century, particu
l a rly by the Aerospaceplane (e.g. HOTOL) .  Table 2 shows 
the developed technolog ies agai nst three m a i n  i nfras
tructure program mes; Colu mbus, MAC and Hermes. 

The Colu m bus program me, which is not pr imari ly 
intended as  a technology development i n  its own right, 
never the less does provide a degree of appropriate 
technology development. The MAC wou l d  p rovide som e  
additional  technolog ies b u t  i n  some a reas t h e  experience 
gained. HERMES provides a m uch fu l ler range of technol
ogy development. lt should be n oted that the same o r  bet
ter range of technology advancement cou l d  be obta ined 
from a smal ler  pure experimenta l vehicle without 
attempting to meet i nfrastructure roles. 

( .\1 .  Hemp�el/ 

TABLE 2 Technology Development 

Technology Columbus MRC Hermes 
Space Medicine X X X 
Robotics X 
EVA X X 
Hypersonics I X 
Fuel Cel l  X 
ECLSS X X X 
Turnaround X 
Fl ight Avionics I X 
In Orbit Comms X X X 
Advanced Prop. 
Cyro Tank!Struct. 

(X = extensive I =  l im ited) 

lt is  a debatable point as to whether a fu l l  sca l e  manned 
veh icle wou l d  be needed to p rovide the necessary 
techno logy advancement for a n  aerospaceplane.  The 
conclusions of the HOTOL study tend to argue against it. 

8. CONCLUSIONS 

This paper i ntended to exp la in  the rationa le  for conduct
ing the M AC study and expla in  th� derivation of the sys
tem specification that was used as the target for the tech
n ical design.  lt is assumed that E u rope requ i res a m a nned 
programme g iving i ndependent access to the in orbit 
i nfrastructure. 

The requ i rements were set a round the performance of 
a ba l l istic capsu le  l a unched on  Ariane 4. In keeping with 
the conclusion with American studies conducted in the 
sixties, particu larly those leading to the demise of the X-
20 Dyna-Soar program r.,e, it was found that the perfor
m ance of ba l l istic capsule on an expendable launch sys
tem is about three t imes better than a n  aerospaceplane as 
wel l  being more cost effective with low launch rates. Thus 
the MRC can offer effective infrastructure support, whi le 
using a smal ler  and existing launch system. This reduces 
the techn ica l  risk, development and operation costs, as 
wel l  as being operational  m uch earlier. 

There a re a n u m ber of options in the longer term with 
rega rds to support of i ndependent E u ropean facilities and 
with the technology developments which wil l  be requ i red 
for the support of the advanced launchers. lt was not 
with i n  the scope of the MAC study to trade off these 
options, but even if it is  not judged that a vehicle meeting 
the MAC specification can contribute to these areas there 
are sufficient u n ique roles for such a vehicle to provide a 
justification for its development. 

This paper represents the author's private work and the views expressed in  the paper are those of the author and do not necessanly 
represent those of British Aerospace plc.  
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MULTI-ROLE CAPSULE SYSTEM DESCRIPTION 
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The M u lti-Role capsu le ( M RC)  is a concept for a recoverable capsu le  capable of workin g  i n  a manned and u n man
ned mode. lt was the su bject of a feasib i l ity study with in  Br it ish Aerospace. lt has a two modu le  configuration,  a 
Descent Modu le  conta i n  the crew and major systems and a jettisonable Service Module  with eq"u ipment that is 
on ly req u i red in orbit. lt wou l d  be lau nched on Ariane 4, and be capable of carryi ng up to six men or  1 500 kg of 
payload 

The paper describes the feasibi l ity desig n  at system and su bsystem l eve l .  

1 .  INTRODUCTION 

The M u lti-Role Capsule  ( M RC) concept is the result of a 
study i nto the potentia l  of a E u ropean manable capsu le i n  
the context of the a nticipated 1 990's i nfrastructure. This  
paper describes the main  technical features of the M RC 
feasib i l ity design that was produced to demonstrate the 
viab i l ity of the concept. The study goal  was to produce a 
feasibi l ity design of sufficient deta i l  that reasonably accu
rate assessments of 

i) The technolog ies i nvolved 
i i )  The performance, 
i i i )  The cost, 

cou l d  be made. To accompl ish this the feasibi l ity design 
was taken down to u n it level for a l l  su bsystems. lt should 
be noted that few trade offs were conducted d u ring this 
process, therefore the results presented here a re deemed 
to represent a workable system, a lthough n ot necessari ly 
a n  opti m u m .  

The M u lti-Role Capsule  was designed t o  u ndertake 
e ight infrastructure roles. They inc lude a l l  the E u ropean 
req u i rements for pay1oad recovery and manned space 
access. They also i nclude a l l  the missions that NASA has 
identified for the Crew Emergency Rescue Vehicle (CERV) 
element of the Space Station. the CERV was n ot in the in i 
t ia l  Space Station p lans, but  is now u nder study i n  the 
.Un ited States and is genera l ly agreed to be a n  essentia l  
part of t h e  S pace Station program me. The e ight roles a re :  

I ndependent E u ropean M a nned Access 
i i  M a nned Spacefl ight Technology Develop-

ment 
i i i  Unmanned M icrogravity Laboratory 
iv US Space Station Escape System (CERV) 
v U S  S pace Station Contingency Access 
vi MTFF and Pol a r  P latform Servicing 
vi i  E u ropean Space Station Crew Access 
v i i i  E u ropean Space Station Escape System 

There a re clearly advantages to m ulti-role systems. 
Although the development process is  a l ittle  more com
p l ex set of system requ i rements, and the result ing pro
duct is a l ittle off optim u m  for a ny particu lar  m ission, the 
i ncreased uti l ization of the fina l  product can lead to very 
substanti a l  savings. 

2. SYSTEM REQUIREMENTS 

The MRC study sta rted by merg i n g  the m ission requ i re
ments of the identified i nfrastructure roles to· obta i n  the 
overa l l  specification the capsule would  need to meet. The 
main requ i rements identified a re d iscussed in th is  sec-
t ion.  · 

The i n-orbit m ass wi l l  requ i re to be u nder 7 tonnes to 
meet the l i kely performance -of Ariane 4. There is a l so a 
maxi m u m  diameter req u i rement of 4 meters. This is  
determined by a need to restrict the h a mmerhead on the 
l a u nch system and a lso to a id  i ntegration i nto space sta
t ion confi g urations. 

The crew should nomina l ly be fou r  for a launch case 
with six during an emergency return o n ly. The provision 
shoul d  also be ava i lab le  for between 260 and 500 Kg of 
payload. 

The active l ife should be five days with an additional  
day capab i l ity for contingency (six days i n  tota l ). I n  addi
tion to this a two year o n  orbit  l i fetim e  i n  a storage or  
h i bernation mode was specified. This was pr imar i ly  a 
technologicia l  concern and if l ater stu dies show this cou l d  
b e  extended then t h i s  wou l d  b e  h i g h ly desriable.  

The system woul d  be requi red to del iver crews to and 
return them from orbit and orbit ing space systems nota
bly space stations. l t  is  requ ired to support l i m ited EVA 
activity, one nomi n a l  a n d  one contingency two man EVA 
being specified. 

The system was specified as a semi-ba l l istic vehicle 
with a nomina l  splashdown i n  the ocean.  I n  a contingency 
case the capsu le  shou ld  be able to touchdown on land 
without m ajor in jury to the crew. The landing accuracy 
d u ring an a utomatic re-entry shoul d  be to withi n  two 
ki lometers of a desig n ated point. Recovery is to be 
accompl ished with a s ingle sh ip  and hel icopter. 

A m ore detai led acco u nt of the rationale for the deriva
tion of the system req u i re ments is g iven in reference 1 .  

3. DESIGN 

3.1 Configuration 

The MR� has a two m od u l e  configuration as shown i n  
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Figs. 1 and 2. A Descent Modu le  that has the pressurized 
section and is  the-se::tion that returns from orbit. Attached 
to the rear of the Descent Module is the Service Module 
which conta ins  equ ipment which is only req u i red whi le  i n  
orbit and can b e  jettisoned before re-entry. The Service 
Module a lso acts as the adapter to the VEB on the Aria ne 
l a u nch system .  

Solor 

Descent Module 

Separaboll 

Acceaa Hatch 

Fig . 1  Genera l View of MRC 

Data Relay Satellite 

Link Anlenna 

Pilot ol Commander 

V.ewports 

Thruster Pods 

Figu re 1 shows the orbita l fl ight configu ration of the 
MRC with the arrays and a ntenna  deployed . The nomina l  
attitude wou l d  be Sun locked, with the S u n  a long the Z 
axis, that is fu l l  on sola r  a rray (which has a fixed position) .  
When manoeuvres or other tasks requ i re a different 
attitude the spacecraft is powered from batteries which 
can then be re-charged duri ng periods of Sun pointi ng .  In 
this respect the M RC has adopted a very s imi lar  strategy 
to the Soviet Soyuz spacecraft. 

Solor Amy 

Smice Module 1 Pesceut Module 1 

Fig.2 Three Views of MRC Orbita l Configurations 

3. 1.  1 Descent Module 

This is a cone shaped structure 4 meters i n  base diameter 
a n d  3.6 meters h igh .  At the front end is  a Space Station 
compatib le  docking port. Two pods beh i n d  the port con
tai n  the ma in  thrusters and recovery parachutes. Another 
u n p ressu rized a rea at  the base houses the propuls ion and 
ECLSS consu mables. 

The majority of the Descent Module is  devoted to the 
pressu rized cabin .  This is d ivided i nto three com pa rt-
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ments, the forward com pa rtment which Plouses the ga l ley 
and hyg iene. The mid com partment contains the m a i n  
crew a rea. T h e  rear cabi n houses t h e  batteries and a mis
sion specific payload a rea 1 .8 x 1 .5 x .75 meters. I n  the 
Space station l ifeboat ro le (whether the International/US 
Space Station or a n  i ndependent E u ropean Statio n )  the 
payload bay wou ld house an additiona l  two seats a l low
ing a tota l six crew to return i n  the event of a n  emergency. 

The main  crew a rea in the mid cabin can conta i n  up  to 
fou r  seats. Two of these are nomina l ly passenger seats 
and two a re nomina l ly  p i lot seats a lthc: J g h  the MRC can 
be flown by one m a n  or even fu l ly automatica l ly. The two 
p i lot seats have forward faci ng viewports and a control 
console.  Most of the MRC equipments are housed i n  th is 
a rea i n  a U shaped equ ipment bay which act as a f loor and 
lower wa l ls to the mid  cabin a rea. A s ide h atch opens i nto 
this a rea which is used for access i nto tlie vehicle on the 
l a unch pad, and as the egress/ingress for EVA wh i le  in 
o rbit. The side hatch a lso ach ieves compl iance with the 
Space Station safety requi rement for two independent 
methods of enteri ng any a rea. 

The docki ng port, wh ich is  compatible with the stan
dard Docki ng/Berth ing port on the I nternationa l -United 
States Space Station, d rives the configuration of the for
ward section of the capsu le. The gu idance vanes on the 
port a re p laced symmetrica l ly to a id the re-entry 
aerodynam ics this means the hatch is p lace� at a n  ang le
of  22.5 deg rees to the spacecraft axis. Th is  a lso effects the 
docki ng ang le  and means the i nterna l  loca l vertical is 22 .5 
deg rees away from the loca l vertica l of  the Space station 
system that has the docki ng port g u idance vanes set 
asymmetrica l ly. 

The m icrog ravity l aboratory version wou ld be u n man
ned,  however the ma in  configuration and equ i pment 
remains  essentia l ly the same. The main  exper iments 
wou l d  be mounted in racks which a re mounted in the 
same locations as the seats. Up to six of these racks can be 
carried, each carrying up to 200 Kg . The forward com pa rt
ment which normal ly  houses the hygiene a n d  ga l ley 
wou ld  i n  this case carry secondary experiments. 

F igure 3 shows the i nterior a rrangement of the fou r  
m a n  transport, with two payload racks mounted i n  the 
payload a rea. The view a lso shows the propellant, and 
gas storage tanks i n  the lower u npressu rized area. 

Fig.3 I nterior View of 4 Man Version 
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3. 1 .2 Service Module 

The service module is a cyl inder 4 meters i n  d iameter and 
1 metre h i g h .  lt houses the col d  gas reaction control sys
tem,  the solar  array, the DRS i i n k  a ntenna,  and some other 
electronic boxes. 

The sol a r  a rray has three ridged panels (five in the mic
rog ravity laboratory version)  and deploys after separa
tion from the launch system a long the X axis. Th is di rec
tion was selected because it does not i mpact on the over
a l l  d iameter in the YZ plane which a l lows the M RC to be 
easily i nteg rated i nto the Spa�e Station a rch itectu re. 

The DRS Li n k  a ntenna  is a lso deployable after separa
tion form the launch veh icle . lt swi ngs through 1 80 Deg . · 

such that the support boom is poi ntin g  a long the Z axis. A 
two axis pointing mechanism is then used to keep the 
a ntenna pointing at the DRS sate l l ite. The a ntenna can not 
track the DRS u nder a l l  attitude conditions the fie ld of 
view bei ng over a complete hemisphere. However the l i n k  
with D R S  is on ly i ntended for use when t h e  m i ssion activ
ity demands it, so this restriction is  not considered critica l .  

The Service Modu le  is-jettisoned before the de-orbit 
burn,  by firing the fou r  explosive bolts that ho ld it to the 
Descent Modu le.  

3.2 System Budgets 

3.2. 1 Mass 

The most critica l aspect of the concept was j udged to be 
the system mass so a s ign ificant proportion of the study 
effort was devoted to a detai led mass aua lysis. Table 1 
g ives the subsystem level breakdown for the Ariane 4 
l a u nched manned version of the capsule.  

The study p laced this major emphasis on ach ieving a 
rea l istic  m ass est imate for two reasons. Fi rstly, mass has  
been the main " Ach i l les Heel " for past proposals for man
ned lau nchers and m ust be considered a key issue in  any 
assessment of  feasi b i l ity. I n  particu lar  the selection of 
design lau ncher was judged to i ncreas-e "the mass sen
sitivity. 

The second reason for the attention to m ass is  that 
si nce the parametric costi ng techniques that were to be 
used a re l a rgely dependent upon mass. These techniques 
a re proven to be su rprising ly  accu rate provid ing the mass 
data used accu rately reflects the fi na l  system mass. Th u s  
t h e  accu racy o f  t h e  cost est imate l a rgely depends upon 
the rea l is m  of the mass est imate. 

Fro m the start the study m a i nta ined a mu lt i  level mar
g i n  a pproach with a n  identified marg i n  at every l evel 
where a requ i rement specification wi l l  eventua l ly be 
p laced ;  that is at system, subsystem and equ i pment 
leve ls .  The system budget i n  Tab le  1 shows two co l um ns, 
the fi rst has  the raw est imated mass for each su bsystem 
( be ing  the addit ion of the unit  mass estimates) the secon d  
colu m n  showing t h e  su bsystem masses after u n it a n d  
su bsystem level margins h ave been added g iv ing the 
su bsystem specification m ass. A deta i led m ass brea k-
down is g iven i n  Appendix A. 

-

The tota l ava i lab le  marg i n  ( raw est imate to system 
specified maxi m u m )  is 22 per  cent of the 7 ton n es ava i la
b le .  Of th is  8 per cent was been d i stri buted to the su bsys
tems a n d  equipments. The tota l marg i n  he ld  by the s u b-

TABLE 1 System Mass Breakdown 

SUBSYSTEM SUBSYSTEM SUBSYSTt: M  SUBSYSTEM 

ESTIMATE SPECIFIED MARGI N  
MASS (kg) MASS (kg) % 

Mechanical 
Structure 895 1 000 1 1  
Thermal Protect 631 730 1 4  
Thermal  Control 64 80 20 
Mechanisms 3 1 3  350 1 1  
Propulsion 1 64 1 0  22 
POPS 64 70 9 
Recovery 236 270 1 3  
Mech. Fittings 21 25 1 6  

E lectrical 
Data Management 48 55 1 3  
S-Band Comms 1 8  20 1 0  
Audio Comms 24 30 20 
Ku Comms/Radar 1 28 1 45 1 3  
Gu i lde.Nav. & Con 70 80 1 2  
Power 271 3 1 0  1 3  

Habitabi l ity 
ECLSS 1 85 2 1 0  1 2  
Ga l ley & Hygiene 71  90 22 
Fittings 237 270 1 2  
Loose items 75 85 1 2  
Caution & Warning 36 45 20 

TOTAL DRY MASS 3551 4075 

Consumables 930 977 5 
Payload 1 000 1 000 
Marg in  1 51 9  (22%) 948 ( 1 4% )  

SPEC MASS I N  ORBIT 7000 7000 

Escape Tower 756 950 20 

LAU N.CH MASS 7756 7950 

systems is genera l ly g reater than 1 0  per cent and i n  m a ny 
cases exceeds 20 per cent typical ly 5 per cent of this is  
held at the subsystem level and the rest distr ibuted to 
equ ipment, based u po n  their  level of defi n ition .  The con
sumables have a 5 per cent a l l ocation as these a re consi
dered wel l  defined. The payload a l l owance has no marg i n  
as t h e  specified is  assumed t o  contai n  its own m a rg i n .  

T h e  study concluded that these margins were suffi
ciently hea lthy to g ive a h i g h  degree of confidence in the 
feasibi l ity of a n  i n  orbit specification mass of 7 ton nes. 

3.2.2 Power 

Table 2 shows the system level power bullget indicati ng 
the average power consum ption for each su bsystem .  A 
s imi lar  marg i n  ph i losophy was used for power as 
described for the mass budget. A 10 per cent marg i n  is 
he ld at subsystem level with specification va lues bein.g 
rounded u p  to the nearest 5 watts. A m i n i m u m  of 1 0  per 
cent was deemed necessary at system level i n  fact the 
stu dy had identified a 16 per cent marg i n .  

4. LAUNCH SYSTEMS 

4. 1 Ariane 4 

Ariane 4 was selected as the primary launch system for 
the MRC. The reasons for this choice are that it a l lows for 
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TABLE 2 System Power Budget 

Oper. Duty Aver. Spec. 
Power Cycle Power Power 

Thermal Control 200 .5 1 00  1 1 0 
-Propulsion 5 1 .0 5 1 0  

Data Handling 60 1 .0 60 70 
S-Band Comms 20 .8 1 6  20 
Audio Comms 30 .8 24 30 
Ku-Bands Comms 90 .2 1 8 20 
GNC 90 1 .0 90 1 00  
Power 50 1 .0 50 55 

ECLSS 50 1 .0 50 55 
Galley/Hygiene 20 .4 8 1 0  
Fittings 1 20 .7 84 95 
Caution & Warning 5 1 .0 5 1 0  

TOTAL (Watts) 550 585 

Margin +1 50 * 1 1 5 

Specified Average Power (Watts) 700 700 

+ Total Margin  21 % 
* System Level Margin 1 6% 

an earl ier sta rt to the prog ram m e  a n d  yet has l ess risk 
than rel i ance on a n ew lalmcher develepment. The Ariane 
4 wou l d  need some modifications fer this new role, some 
of these would be changes relatell to man rating and 
others a re associated with the new 11ayload. 

Man rating wou d  req u i re changes i n  the monitoriag 
and control fu nctions during the vehicles fl ig ht. The tele
metry system wou l d  req u i re some expansion to a l l ow the 
additional  data ( i ncluding audio)  from the M RC. The yehi
cle safety destruct system wou l d  a l so req u i re either mod
ification or even removal to a l low the MRC to escape from 
a fa i led lau ncher without the additional  hazard of an exp
losion. A review of the equ i p m ent rel iabi l ity wou ld need 
to be u ndertaken and some l ower rel iabi l ity equ i pm ent 
may requ i re some redesig n  as a resu lt of this review. I n  
addition t o  these hardware changes, a h igher level of 
qual ity monitori ng and increase safety constra ints o n  
lau nch operations wou_ld a lso b e  i ntroduced. 

· 

There are two major modifications requi red due to the 
MRC payload confi g u ration .  The fi rst is the removal of the 
payload shroud because, to a l l ow the escape system to 
operate, the capsule can not be enclosed. The escape sys
tem covers the u pper part of the capsu le protecting the 
docki ng port and other sensitive equipments l ocated 
there. The lower part of the capsu le and the Service mod
u le a re exposed. The Service Module is mounted on an 
i nverted cone lau nch vehicle adapter which provides the 
i nterface with the third stage of the Ariane.  The new 
aerodyna m ic configuration wou l d  req u i re analysis which 
is beyond the scope of this study, but it is  not expected to 
lead to any significant hardwa re changes. The ham
merhead configu ration requ i red by the l a rge heat shields 
and capsule aerodyuamics is s imi lar  in extent to the exist
ing fai ring.  The capsu le is sym metric so the l a rge bending 
moments that can be caused by wi nged vehicles on 
expendable launchers are avoided. 

Figure 4 shows the M RC in its lau nch configuration 
with the escape system and VEB/thi rd stage. 

The electro n ic equipment wou l d  a lso require to be 

70 

C. M. Hempse/1 &: R.J. Hunnigan 

SERVICE MODUI,E 

I 

DESCENT MODULE 

ESCAPE SYSTEM 

Fig.4 MRC Launch Configuration 

relocated as the Veh icle Equipment Bay (VEB) is located i n  
the l ower part of the fair ing o n  the standa rd Ariane 4. 
These electronics wou l d  now be located in the MRC 
l a u nch vehicle adapter. 

The other major change associated with the MRC as a 
payload, wou ld req u i re a sign ificant revision of the 
h a rdware on the second and third stages. Although the 
theoretica l performance of Aria ne 4 with fou r  l iq u i d  boos
ters is over n ine ton nes i nto Low Earth Orbit, i n  practice 
structu ral considerations on the secon d  a n d  third stages 
l i m it the maxim u m  payload to 6 ton n es.  lt wou l d  there
fore be necessary to strengthen the l a uncher structure to 
take a heavier payload. 

The lau nch pad wou l d  a lso requ i re some modifications 
and additions to a l l ow crew access to and from the cap
sule, including an escape provision. A n u m ber of options 
were identified with rega rd to the Lau nch pad : 

Modify the LA2 pad (wh ich is the exist ing opera
tional Aria ne 4 1aunch pad) for manned operations. 
Th is has a disadvantage i n  that the MRC adaptions 
and operations cou l d  effect the unmanned com
mercia l  operations. 

i i  Refu rbish and modify the LA1 lau nch pad. This is 
the original  Ariane lau nch pad which is  cu rrently 
p lanned to be decommissioned. 

i i i  Construct a new manned lau nch pad. 

A comprehensive trade off on these was beyond the 
scope of the study, however the second option (refurbish 
LA 1 )  seemed the most attractive and was used as the 
basel ine operation assu m ption .  

U n m a nned launches of the microg ravity laboratory or 
escape capsule del ivery to Space stations is assumed to 
be u ndertaken on the same pad and with very few 
changes to the procedu res or ha rdware. I n  this case h ow
ever the esca pe system wou ld be om itted and a different 
boost protection system employed. 

4.2 Escape System 

The Escape System, which is considered pan of the 
launch system, is desig ned to provide a means to detach 
the descent Module and carry it away from the launch sys
tem . lt is able to be used at any time after the crew are in 
the capsule and the lau nch site clea red of g round person
nel u nti l  the end of the second stagE! burn.  After the sec
ond stage burn the vehicle wi l l  have reached sufficient 
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a ltitude to separate and descen d  without assista nce in the 
event of a lau nch system fa i l u re. A secondary function of 
the Esca pe System is to provide thermal protection and 
strea m l i n i n g  to the forward reg ion of the capsule (the 
docki ng hatch and thruster pods) d u ring the atmospheric 
phases of the ascent. 

The Escape system consists of the fol l owing elements : 

M a i n  rocket su bsystem 
Sepa ration rockets 
Tower structure 
S h roud 

The main  rocket system is a l a rge (around 600Kg) solid 
propel l a nt rocket, with fou r  ang led nozzles to m i n i m ize 
the impi ngement on the M RC in the event of fi r ing.  lt is 
sized to provide sufficient4impulse to l ift the Descent Mod
ule to a height of 2000 meters, which is sufficient height to 
a l low sepa ration from the Escape System and the deploy
ment of the descent pa rach utes for a landing in the nor
m a l  way. The motor burn pattern wou l d  be ta i lored to 
l i m it the maxi m u m  acceleratio n  tc;» 7 g 

Fol lowi ng a normal launch the Escape System wou ld 
be jettisoned using th ree smal l  rockets at  the top of the 
m a i n  rocket system .  These rockets a re angl ed to e nsu re 
that the M RC/Lau ncher stack does not col lide with the 
Escape System d u ring the jettison manoeuvre. These 
motors a re a lso used to separate the Escape System from 
the Descent Module after fi r ing the main motor d u ring a n  
abort. 

4.3 Alternative Launch Systems 

4.3. 1 Ariane 5 

lt is possi ble that manned l a unches of the M RC wou l d  be 
req u i red on Ariane 5, for more advanced i nfrastructure 
support operations. As currently conceived Ariane 5 
wou l d  be man rated as part of its development prog
ram m e  so that it cou l d  support HERMES m issions. Thus 
no changes over the cu rrent defi n.ition o� Ariane 5 wou l d  
b e  req u i red for t h e  M RC. 

The Ariane 5 system has a variety of u pper stage 
options. For the M RC this woul d  be the m a nrated stage 
desig ned for Space Station d{tl ivery m issions. This is cur
rently the su bject of two i n dependent studies, ARIES and 
ATS. The del ivery capabi l ity of these vehicles wou l d  be in 
excess of 15 ton nes. 

As with Ariane 4 the MRC woul d  n eed to be exposed 
d u ri n g  launch so that the Escape System can operate if 
necessa ry. This system wou l d  be identical to that a l ready 
described for Ariane 4. 

A launch system adapter wou ld be needed, this wou l d  
b e  a cone shaped structu re from t h e  upper stage o f  the 
Aria ne 5 to the Service Module. The i nterface with service 
mod u l e  wou l d  be identical to those on the Aria ne 4 adap
ter and no charges to the MRC a re foreseen .  The study 
assumed that an Ariane 5 lau nch woul d  involve a second 
payload. The adapter wou ld be confi g u red to p rovide a 
significant payload envelope below the M RC. This secon d  
payload wou l d  b e  mounted on t h e  standard payload 
adapter. 

A second launch mode on Ariane 5 wou l d  be when 
there is n o  crew, for example the del ivery of a n  escape 

capsule to the I nternational  Space Station or a E u ropean 
I ndependent Station. In this case the capsule can be con
tained u nder the normal payload fai ri n g  as part of a 
payload • stack for del ivery to the space station by the 
ARIES or  ATS u pper stage.  

4.3.2 STS 

lt is assumed by the stu dy that even if the MRC did have a 
role to play i n  the I nternational  Space Station prog ramme 
as the CERV, then it woul d  be launched by one of the 
Aria ne variants as part of the E u ropean contribution.  If a n  
STS launch is  a req u i rement t h e  d imensions o f  t h e  MRC 
system a re compatible with the Shuttle arbiter payload 
bay, but the study has not exa m ined the detai l s  of this 
l a uncher option.  

5. SUBSYSTEMS DESIGN 

5.1 Mechanical Subsystems 

5. 1. 1 Structure 

5. 1. 1 . 1 Descent Module 

The main  shel l  of the capsule is made from a l u m i n i u m  
sk:tnned honeycom b  sandwich sections bonded together 
to form the external cone structure. The launch loads 
from the Service Module a re carried through fou r  equis
paced pyro bolt fittings a n d  eight s n u bber pads i nto load 
frames attached to the i nternal  su rface of the main shel l .  

The i nterface t o  the escape tower i s  throug h  a further fou r  
pyro bolts at the u pper end of the load frames. At this 
height a stiff r ing is fixed to the load fram es and to the 
main shel l .  From the base of the main shel l ,  the p ressure 
vessels su rfaces conti nue throug h  an a l u m i n i u m  
san dwich panel l ower con e  floor i nto a hemispherica l 
a l u m i n i u m  p ressure dome, both fastened to machined 

�a l u m i n i u m  a l l oy rings and supported at i ntervals by the 
load frames. The load frames a re spl it at the base of the 
cone to maintai n  a continuous press u re she l l  at this l evel .  

At the top of the m a i n  shel l ,  a machined a l u m i n i u m  
a l loy r i n g  is bonded t o  t h e  sandwich s h e l l  t o  form a n  i nter
face to which the docking hatch assembly is bolted com
pleti ng the pressure vessel. 

The heat shield forms an aerodynamic base to the cap
sule using a CFRP/Kevlar skinned honeyco m be pan�l �l!P
port clear of the press u re h u l l  from the l ower sections of 
the load frames. lt is designed to crush. on i mpact to 
mi n i m ize shock levels with i n  the capsu le. 

Where the access h atch is fitted one of the load frames 
wi l l  have to be substantia l ly removed, and suitable rein
forcement added loca l ly to redistri bute the loads. A simi
l a r  a pproach using local rei nforcement wi l l  be requ ired 
for the windows and other eg ress ports as requ i red in the 
main shell  structure. 

Faci l ities for the attachm e nt of the thermal protection 
systems is requ i red o n  the u pper surfaces to l i m it temper
ature excusions d u ri n g  l a unch, and on the base for attach
ment of the ablative therma l  s h roud.  

5. 1 . 1.2 Service Module 

The Service Module is made as a CFRP ski n n ed sandwich 
structu re bonded in sections i nto a machined al lum i n i u m  
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a l loy r ing forming the u pper h a lf of a pyrotechnic l i n e  
charge sepa ration device, t h e  lower h a lf remain ing with 

- the launch veh icle after separat ion.  At the fou r  pyro bolt 
a n d  eight snu bber locations to the capsu le, additiona l  
rei nforcement is  provided to spread the load peaks as _ 
u n iformly as possible i nto the service modu le  cyl indrical 
structu re. With i n  the cyl inder, a series of a l u m i n i u m  ski n
ned flat sa ndwich panels a re suspended to provide 
mounting area for the service equ ipment i nc luding 
attachr:nent of the Solar  Array. 

5. 1 .2 Pr9pulsion Subsystem 

lt was possib le to study this a rea in some deta i l  since the 
tech nolog ies employed and their uti l ization are wel l  
u n derstood .  Very l ittle new equ ipment i s  foreseen a s  
necessa ry for the M RC propu lsion requ i rements to be 
rea l ised . Th is level of defi nition he lp the favourable 
assessment of the M RC feasibi l ity as the propulsion sys
tem inc luding the propel lant accou nts for a considerable 
proportion of the system mass as wel l  as bei ng the perfor
mance constra in ing su bsystem in many cases. 

To a l low the MRC to carry out its nomina l  m ission, the 
propulsion meet the fol lowi ng requ i rements : 

* Provide a large delta V (around 1 00m/sec) capabi l ity 
over a relatively short d u ration tC? affect a re-enter 
manoeuvre. 

* Provide a n  a ltitude 
-
contro l capabi l ity dur ing re-entry 

to a l l ow the desi red ang les of attack to be ach ieved. 

* Provide a n  efficient a ltitude and orbit control capabi l 
ity whi lst in  orbita l fl ig ht. 

* Provide a vernier thrust and low contamination 
a ltitude contro l capabi l ity d u ring proximity operations 
and docking manoeuvres at the man-tended free-flyer 
( MTFF) or  MSS and any other spacecraft. 

In addition the su bsystems m ust provide a large mar
g i n  i n  operational  flexib i l ity whi lst bei ng rel iable and 
inherently safe, especial ly if the MRC is to have the rOle  of 
a_ l ifeboat for evacuation pu rposes. This m ust be achieved 
whi le  meeting the on orbit storage requ i rement of two 
years. 

The combi nation of these requ i rements, coupled with 
the MRC concept of a Descent Module and jettis ionable 
Serv.ice Module  has resulted it� two i ndependent su bsys
tems, one of which uses M M H  and NTO as the prope l lants 
and used for the re-entry manoeuvre and a ltitude and 
orbit control ,  i t  is ca l led the  Pri m a ry I ntegra l Propu lsion 
su bsystem (P IPS),  and a co ld gas reaction control subsys
tem for proximity and vernier operations ca l led the Pro
x im ity Operations Pro�u lsion Subsystem (POPS) .  

5. 1 .2.2 Proximity Operations Propulsion Subsys
tem 

Gaseous N itrogen was chosen as the prope l lant for the 
cold  gas RCS because it : 

* wi l l  not contaminate the surrounding envi ron ment 
* is easi ly storeable with a wide therm a l  m a rg i n  
* low cost (compared with He) 
* provides a reasonable lsp 
* has been fl ight qua l ified (e .g .  M M U )  
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Essentia l ly  a ny inert gaseous su bstance is suitable for 
the cold  gas RCS, however, N itrogen is considered the 
best option, princi pa l ly because considerable experience 
has been gained with u n manned as wel l  as m a n ned sys
tems.  

The POPS provides the necessary propu lsion req u i re
ments when the M RC is with i n  500m of the-Space stat ion 
or  other sensitive system.  The N itrogen gas is stored at 
276 bar with i n  two press u rant tan ks mou nted with in  the 
Service Module .  These tan ks a re 0.6m diameter spherical 
pressu re vessels  using the same technology as employed 
in existing spacecraft hel i u m  pressu ra nt tan ks. They store 
21 kg . of n itrogen which provides a tota l delta V of 1 7  m/ 
sec. 

The POPS schematic is shown in fig u re 5. 
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Each tan k  is connected to a separate fill/drain valve and 
pressure transducer for propel lant management and 
measu rement. One LV per tank a l lows a particular tank to 
be used and a common manifold  d i rects the Nitrogen to 
an i ntern a l ly redundant pressu re regu lator which regu-

' lates the pressu re downstream to 1 5  bar. 

Two gas latch va lves then a l low the Nitrogen to be 
di rected to either  the pr imary or redundant thruster 
branches. The latch va lves at the N itrogen supply and the 
thruster va lves provides a trip le  red undant barrier to the 
N itrogen for the m i n i m ization of any leakage. 

Each thruster branch conta ins ten 30N thrusters with 
a n  lsp of 65 seconds, and are configured i n  pairs on the 
exterior of the SM th ruster pa i rs. 
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5. 1 .2.2 Primary Integral Propulsion Subsystem 

For a l l  other a ltitude, orbit control and  re-entry propu lsion 
req u i rements, a b ipropel lant su bsystem was choser 
which uses Mono Methyl Hydrazi ne ( M M H )  as the fuel 
and N itrogen Tetroxide ( NTO) as the oxid iser. The 
reasons for this choice are as fo l l ows : 

* easi ly storeable and wi l l  not degraded or evaporat� for 
extended periods of time (fl i g ht proven i n-orbit l ife 
exceeds seven years) 

* provides a n  exce l lent lsp fora non-tu rbo pump, a pres
sure fed, propu lsion su bsystem .  

* very considerable fl ight experience on spacecraft, 
both manned and unmanned. 

* relative low cost a nd risk. 

Thus the choice of biprope l lant su bsystem is  because 
considerable experience has been ach ieved and a sig
n ifica nt i nventory of equipments a re ava i lab le  to support 
its uses. 

The Pri m a ry I ntegral  Propulsion Su bsystem consists of 
twelve, 400N thrusters used for a l l  pitch, yaw and rol l  
m a n oeuvres during non-prox imity operations a nd 
atmospheric re-entry. The arrangement of the 1 2  thrus
ters a lso a l l ows a re-entry manoeuvre to be performed at 
the termination of the mission using the fou r, forward fac
i ng,  yaw thrusters. The thrusters a re pressure fed with 
prope l lant by use of sepa rate pressu ra nt supply. 

The su bsystem schematic is  shown i n  figu re 6. lt is  

F ig .6 PIPS Schematic 

11  11  

10  

based on the biprope l lant su bsystem used by com m uni
cation sate l l ites, _but uprated for manned activities a nd 
a l lowing fu l l  test ing to be performed prior to fl ight opera
tions. The pressure fed,  b iprope l l ant system was chosen, 
rather than a more efficient ( i .e .  g reater lsp) tu rbo pump 
system, pri ncipal ly because it offers m uch g reater rel ia
b i l ity and safety with reduced complexity and cost. 

Around 6 kg of Hel i u m  is stored with i n  two tan ks at a 
pressure of 276 bar, as measu red by the pressu re trans
ducers ( PT) and is i f1itia l ly isolated by the use of two h igh  
pressure gas latch i n g  va lves ( LV),  one per  he l ium tank.  
When these LVs a re opened, the he l ium is regu lated 
down to 1 7 .5  bar by the series redu ndant pressu re reg
u l ator (PR) .  Because the use of reg u l ated hel i u m  pressur
ant over a long period of t ime is not yet a fl ight proven 
tech nology the he l ium supply represents a redundant 
system and any one tank  can meet the m iss ion needs. 

A second set of low pressu re latch va lves ( LV),  once 
opened a l low the hel i u m  to pass i nto the prope l l ant tanks 
to ma inta i n  fl ight pressu rization of the prope l lant tan ks. 
Any over pressu rization can be vented th roug h  the use of 
two rel ief valves (RV) placed i n  series for redundancy. 
Two non-retu rn va lves ( N RV ) a re a lso p laced in series i n  
each h a l f  of t h e  su bsystem and ensure that a potenti a l ly 
catastrophic m ixing of prope l la nts is e l im i nated by a l l ow
ing the he l ium to pass i nto, but no fl u id  (prope l lant or 
pressura nt) out of, the prope l l ant tanks. As a fu rther 
i n h i bit to possible prope l lant mixing u pstream of the 
tanks, during al l  a ltitude control manoeuvres the latch 
valves ( LV) shou ld be closed, s ince prope l l ant s losh ing  
wi l l  occu r at these t imes. These LVs wou l d  on ly be opened 
during l a rge translationa l  manoeuvres, such as the re
entry burn.  

The maximum tota l prope l l ant load of 700 Kg is con
tained with i n  fou r  spherica l tita n i u m  tan ks 0.7 meters in 
d iameter, located a round the periphery of the Descent 
Module.  Th is prope l lant load provides sufficient propel
l a nt to meet the identified m ission needs. At the base or 
outlet of each tan k  is  a su rface tension prope l l a nt man
agement device which governs the flow of prope l lant 
from the tanks without i ntroducing he l ium bubbles i nto 
the l iqu ids. Th is is requ i red to work in the g ravity range 
+3g to - .5g, the negative g loading  case is i m po rta nt as 
this condition arises d u ri n g  the de-orbit burn. Such man
agement devices h ave been successfu l ly developed and 
do not represent a techn ica l r isk. 

At a pressu re of 1 7.5  bar, as measured by each tank's 
pressure transducer (PT), the prope l lant is  i n it ia l ly pre
vented from reach ing the pr ime and redundant thrusters 
(wh ich a re housed in one branch)  by latch valves placed 
i m medi ately downstream of each tank.  After each thrus
ter and its p ipework has been vented, these l atch valves 
are opened to prime the thruster l i nes. 

Activation and use of a thruster occurs when fi rst the 
latch va lves immediate u pstream of the thruster a re 
opened. These extra l atch va lves a re i ncluded to ensure 
that should a thruster fa i l  to open, it can be isolated from 
the rest of the thrusters without the com plete loss of a l l  
thrusters. Th is ph i losphy o f  i ndividua l  thruster isolation 
differs from normal sate l l ite practice of two isolatabfe 
branches, a lthou g h  hedvier it provides a h igher  degree of 
redundancy and means a thruster fa i l u re has less i mpact 
on subsequent m ission plan n i n g .  

T h e  thrusters a re l ocated with i n  two separate pods on 
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the u pper section of the Descent Module, as shown in Fig . 
1 .  Al l  fou r  forward facing yaw thrusters. wou ld  nominal ly 
be used for the re-entry burn,  a lthough this manoeuvre 
can be performed safely and with sufficient precision 
using either the two prime or  two redundant th rusters. 

The thrusters are based on those used during the 
Apol lo program me, and of those used extensively to

-
day 

in a large variety of bi-propel lant unmanned spacecraft. 
The thrust is a round 400 Newtons and the specific 
impu lse is 3060 Nm/kg. The size of the thrusters (0.55m x 
0.25m dia. ) p laced a major configurational  constra int on 
the MRC, however, the in it ial eva luation showed the 
thrust level was requ i red for control during re-entry and 
the relatively high lsp gained from the large nozzles bene
fited the de-orbit burn prope l lant consum ption. 

lr,J  addition to the described components, fi l l  and dra in  
va lves and test ports are provided to a l low fi l l i ng, purging 
and dra in ing.  Fi lters a re i ncorporated to col lect any debris 
and orifices are used to tri m  the propel lant flow to a l low 
the correct mixtu re ratio to be achieved. 

5. 1.3 Thermal Protection System 

The Thermal Protection System (TPS) protects the MRC 
from frictional  heating dur ing ascent and re-entry. lt con
sists of two major elements : 

* launch protection shie ld ing 
* re-entry shield ing.  

The launch protection shie ld ing consists of a layer of 
i nsu lation materia l  (basel ined as cork), covering ttTe 
external surface of the Service Module. I n it ia l  studies 
suggest that cork would a lso suffice as the thermal pro
tection for the u pper surface of the Descent Modu le. 

The re-entry protection system consists of a large abla
tive heat shield permanently mounted to the underside of 
the Descent Module. This materia l  was basel ined as a 
resin compound of the type used by the Gemini  and 

- Apol lo  programmes a lthough the use of more advanced 
materials wou ld  be examined in later studies to achieve a 
g reater mass efficiency. 

5. 1.4 Thermal Control Subsystem 

The Thermal  Control Subsystem (TCS) of the MRC is 
designed to maintain  ·an the SM and PM subsystem 
equ ipments within the fl ight operational  temperature 
l im its throughout a l l  phases of a m ission .  

Between the. outer meta l surface of the Descent Mod
ule on  which the thermal protection is mounted, and the 
pressure hull is a layer of Mu lti-Layer Insulation (MU) .  
Th is thermal blanket, coupled with the  TPS, ensure that 
the rate of heat flow between the Descent Module and the 
external envi ronment · is mtn imized and kept relatively 
constant. 

Heat produced by the electrica l equ ipment, payloads 
and the crew is rejected and d issipated from the Descent 
Module by means of the active water/gycol loop a lso used 
by the ECLSS to maintain  the atmosphere at the correct 
temperature. The water loop uses pumps to circulate the 
water throug h  the envi ronment control subsystem and 
the equipment cold plates. Then the warmed water is car
ried to the Service Module thermal  rad iator via the OM/ 
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SM umbi l ica l connector. The thermal radiator is essen
tia l ly the outer surface of the SM with several loops of 
water p ipes on the i nternal surface. The rate at which heat 
is d issipated cou ld  be control led by adjusting the water 
flow rate as necessary. 

Water/Gycol was selected over Freon for safety 
reasons as the system is largely located within  the pres
surized cabin .  

Equipments mounted on the SM, such as the POPS, are 
maintained at the correct tem perature with M U  blankets 
and local ly placed heaters and thermistors. These passive 
control techniques are wel l proven on previous manned 
and unmanned spacecraft. 

5. 1 .5 Recovery Subsystem 

The MRC recovery subsystem is based largely on the 
equ iva lent Apol lo subsystem and operational  techn ique, 
principa l ly because it has demonstrated the level of rel ia
b i l ity necessary to support operational  manned system.  
The recovery system consists of: 

* Main parachutes 
* Drogue parachutes 
* Float stabi l izers 
* Homing beacon 

(4 off) 
(2 off) 

Al l com ponents of the recovery subsystem a re confi
gured around the docking port and above the main pres
surized cabin, with each main and drogue parachute 
packed with in  individual  containers. 

During the termina l  descent phase the recovery sub
system wi l l  be used as fol lows: 

At 1 0  KM altitude, pyro bolts wou ld  be fired to blow
off the external covers and exposing the parachutes 
canisters. 

i i  The two drogue parachutes wou ld  be released at 
interva ls of a 2-3 seconds apart, by use of mortar 
devices. The mortars ensure that the parachute is far 
enough away from the Descent Module to facilitate 
successfu l deployment. These provide the initia l  
dece l lerati ng force slowing the capsule to the velocity 
at which the main parachutes can be deployed. 

i i i  At approximately 3 Km a ltitude, the redu ndant  pyro 
bolts hold ing the two drogue parachutes would be 
fi red, again at d iscrete i ntervals, which would jettison 
the d rouge. 

iv The fou r  main parachutes are then deploved slowing 
the capsu le to around 10 m/sec descent speed. The 
parachutes a re sized such that should one fail then a 
safe landing speed is sti l l  obtained. 

v After splashdown, floatation devices would be 
automatica l ly i nflated ensuring that the Descent Mod
u le floats u pright. 

vi The recovery beacon is automatically activaled.. 

5.2 Electrical Subsystems 

The electrical subsystems i nclude the electricaJ and efec
tronic components that supply and control poWer. data 
and commands. A block diagra m  is shown in figure 1 
which shows the overa l l  system e lectrical architecture 
down to un it level .  This shows the functional lints (except 
prime power supply) and ind icates i n  which module (Des
cent or Service) in which the un it is mounted and to which 
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subsystem it belongs. A more deta i led description of each 
subsystem is g iven below. 

5.2. 1 Data Handling and Control 

The data handl ing subsystem is based around a relatively 
low speed seria l  data bus (probably either a 1 553 or OBDH 
standard) .  This Uti l ity d ata bus is connected to �11 tbe units 
that requ i re to receive com mands or d istribute data . The 
exception to this are'the Gu idance, Navigation and Con
trol Subsystem that has an independent data bus wh ich is 
con nected to the ma in  uti l ity databus via a bridge i nter
face. 

The main  control ler  of com mands and telemetry is the 
aptly named Com mand and Telemetry Un it (CTU) .  Com
mands can be issued via the CTU from th ree sources 

The S-band or DRS comm u nication subsystem 
i i  The p i lots or  commander's station (these com mands 

a re requ i red to be authenticated and a uthorized 
before being executed) 

i i i  From the manua l  override controls on the CTU itself. 

A fourth source of com mands, which do not go via the 
CTU, is  the control computer which is part of the Gu i
dance, Navigation and Control subsystem .  The computer 
in  the GNC is capable of contro l l ing an entire fl ight giving 
the Mu lti-Role Capsu le the capabi l ity for total autonom
ous fl ight .  These commands enter the uti l ity databus via 
the i nterface bridge. 

5.2.2 S-Band Communications 

This is the general communications subsystem on the 
MRC. lt carries audio and telemetry and telecommands. 
The u n it uses an  S-Band transponder with i nterna l  redun
dancy which is fed through two onmi-d i rectional  anten
nas mounted on the external surface of the Descent Mod
u le. Communications are fed d i rect to g round stations 
and coverage ava i lable depends u pon the avai lab i l ity and 
location of suitable g round stations. 

5.2.3 Audio Communications 

This carries the i nternal audio comm u nications with in  the 
M RC and i nterfaces these audio signals with the RF  com
munications subsystems. Each of the crew station ( in
c luding the two contingency crew i n  the payload a rea) has 
an  intercom mounted by the couch. This can a l low com
mun ication through headsets, either with in  pressu re 
suits or worn externa l ly when i n  sh irtsleeves. 

The audio subsystem also has a UHF transceiver for 
'Communication with EVA astronauts i n  pressure suits. 
This handles both audio commun ications and suit tele
metry. 

5.2.4 DRS Communications Link 

This l ink  which is separate from the S-Band l i nk is for cap
sule to ground commun ications via a Data Relay Satel l ite 
system. This has the advantage of being avai lable at a l l  
t imes and having a h igher  data rate, sufficient to add rea l  
t ime video images to  the  Audio and telemetry data. lt, is 
entirely located in  the Service Modu le. 

The frequency of this system would  either be K-Band or 
Ku-Band dependant u pon the defin ition of the DRS sys
tem. For the purposes of the M RC feasib i l ity study this 
detai l  was not of any sign ificance. 

The s ignal  is transmitted via a steerable dish antenna 
which is deployed after separation from the launch sys
tem.  The dish diameter is 0.6 meters and is pointable over 
a complete hemisphere. 

As with the s imi lar  system on the Space Shuttle Orbi
ter, it is envisaged that this  subsystem can a lso be used as 
a radar during tracking and rendezvous manoeuvres. 

5.2. 5 Gilidance, Navigation and Control · 

The Guidance Navigation and Control (GNC) subsystem 
provides the fol lowing functions:  
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* Attitude determination 
* Attitude control 
* Orbit determination 
* Orbit adjustment and transfer 
* Space Station withdrawal manoeuvres 
* Space Station proxim ity m anoeuvres 
* De-orbit manoeuvre 
* Control Hypersonic semi ba l l i stic fl ight 
* Subsystem status monitoring 
* Failure monitoring 
* Manua l  control over attitude and position control 
* Provision of Position and attitude data 

The primary source of attitude and position data a re 
two hot redundant Inertial  Reference U n its ( I RU )  this uses 
laser gyroscopes and accelerometers, and supplements 
these with s ignals from the G lobal Positioning System 
(GPS)  to provide up  dates to ca l ibrate and correct the 
interna l ly derived information.  The accuracy of this sys
tem is specified as attitude to 1 degree and position to 
with in  1 00 meters. 

Two other secondary sources of attitude are provided. 
There is a Sun sensor to a id attitude control when i n  a Sun 
pointing mode, th is is mounted on the Service Module.  
The second un it is a star  mapper system wh ich views for
ward out of the left thruster pod. This suppl ies supple
menta l attitude i nformation of h igher accuracy than  
obta ined by the  IRU,  i t  is a lso used during rendezvous 
m anoeuvres. 

The data from these sensors is fed to the GNC data bus 
which is a height speed para l le l  bus control led by the GNC 
computer. The  bus  is con nected to  the  uti l ities data bus by 
a bridge i nterface un it. 

The GNC computer is the prime control system .  lt car
ries the fl ight programme and is capable of contro l l ing the 
mission completely autonomously. Deta i led sizi ng of this 
computer ws beyond the scope of the study but provision 
was made for a capacity equivalent to a typica l 32bit m in i  
computer. 

The computer would di rectly l i nk  with the va lve control 
electronics of both the POPS and the PIPS which are the 
actuation systems for both position and attitude contro l .  
I n  addition there is a manua l  control ler that a lso i nterfaces 
with the Valve control electron ics provid ing a manua l  
fl i ght mode, overrid ing computer contro l .  I n  the event of 
a G N C  subsystem fa i l u re it is possib'le using visual gu i
dance from the viewpoint for either the p i lot or comman
der to conduct a de-orbit manoeuvre and a contro l led re
entry a lthough in this case the landing accu racy is lost. 

5.2. 6 Power 

The power subsystem is req u i red to generate and distri
bute around a k i lowatt of power during the orbita l opera
tion phases of the MRC missions. 

The primary power generation source is a solar  a rray 
wh ich extends from the rear  of the Service Module, with 
rechargable batteries as a secondary power source. The 
tech nology trade off was between fuel cel l s  and solar  
a rrays. Fue l  cel ls  wou ld be s l ightly l ighter and provide 
potable water, however the cyrogen ic storage was 
judged to be a major h igh  risk tech nology for extended in
orbit storage and the fue l  cel ls are considerably more 
expensive than a n  equivalent solar  array. A fu rther posi-
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tive advantage to solar  arrays is that wh ile attached to a 
space station the capsu le can be self powered for its 
housekeeping and monitoring functions and not impinge 
on the Station power budget. Th is not only helps the 
space station power budget but in  the event of an 
emergency the MRC wou ld be at a fu l l  state of readiness 
no matter what the h istory of the station's power subsys
tem during the emergency. 

The sola r  a rray has an area of around 12 square meters 
providing 1 000 Watts when the spacecraft is orientated 
such that sunl ight is fu l l  on the array. 

The secondary power source are four batteries, each 
with a separate cha rge/d ischarge control ler. The Battery 
Control Un its ( BCU ) and  Array Regulator keep the power 
bus at 28 Volts. The batteries selected were a N ickel Cad
m i u m  type as opposed to N ickel Hydrogen_ The batteries 
are sized for the re-entry cases when they can be run 
down to very low depth of discharge without worries 
about the effect on the recharge ability. In this situation 
the weight advantage associated w ith  Nickel Hydrogen 
are largely negated. The safety, cost and technical risk 
considerations a lso al l  favoured the use of N ickel Cad
mium.  The batteries are mounted within  the rear section 
of the pressurized cabi n around the payload area. 

The fina l  un it i n  the power su bsystem is the-distribu
tion panel mounted as an  overhead console i n  the p i lots 
and commanders control area. lt contains the circuit 
breakers, power bus mon itoring and the distribution c ir
cuitry. 

5.3 Habitability Subsystem 

5.3. 1 "Environment Control and Life Support 

This subsystem controls the atmospheric environment 
with i n  the pressurized cabin such that a comfortable and  
safe sh i rt sleeve envi ronment is maintained. The cab in  
pressure is mainta ined as a n itrogen/oxygen mix at  sea 
level pressure, which is compatible with existing Soviet, 
American and European man ned systems. 

The subsystem is separated i nto two distinct and sepa
rate elements. One controls the oxygen and carbon 
dioxide content of the a ir, the other controls the cabin 
pressu re. Figu re 8 shows a fu nctiona l  b lock of both e le
ments. 

The Atmosphere Control draws in a i r  from various 
points with i n  the cabi n .  The water is fi rst separated out 
using a condenser system and the water placed in  a stor
age tank, the water is not re-used and presumed stored 
u nt i l  its remova l during  post recovery operations, a n  
a lternative wou l d  b e  t o  provide an  overboard dump.  After 
the water is removed the a ir  is past through a liOHIActi
vated Charcoa l  can ister, which the study assumed wou l d  
b e  o f  t h e  same design  as t h e  o n e  used on the American 
Space Shutt le Orbiter. The capsu l e  wou ld  carry a tota l of 
twelve such can isters of which two a re used at a ny one 
t ime. The rep l acement of ca nisters wou ld  be a manua l  
operat ion dur ing  active fl ight. 

After  the remova l of ca rbon dioxide and odours a mea
su rement of the·pa rtia l  p ressu re of oxygen. If th is  is below 
the des i red level then gaseous oxygen is added. The oxy
gen  is stored in a gaseous form at room temperature i n  
h i g h  pressu re bottles o f  t h e  same design used by th.e 
propu ls ion su bsystems for the he l i um pressurant and the 
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nitrogen gas propel lant. There a re two such bottles which 
have independent p lumbing.  The total mass of oxygen 
ca rried is 24 kg, sufficient for �4 mandc.ys. 

After the temperature of the a i r  is  control led to the 
desi red tem perature, it is re-introduced i nto the cabin .  

The  pressu re control system monitors the  pressure of 
the cabin and if it fa l l s  below the nomina l  level i ntroduces 
more a i r  from a gasses supply. The a i r  is stored in  fou r  
h i g h  pfessure bottles (as described above) which are 
p lumbed to provide two independent systems. The tota l . 
a i r  carried is 43.5 kg which is sufficient to make u p  the los
ses expected due to leakage over six days, and provided 
two complete cabin repressurizations from a vacuum 
(one for a nomina l  EVA the  second as a contingency) .  The 
pressure control a lso provides an overboard dump a l low
ing a contro l led depressurization of the cabin for EVA, or 
the remova l of atmosphere contam ination .  

5.3.2 Galley and Hygiene 

The ga l ley and hyg iene faci l ities a re mounted i n  the for
ward section of the pressurized cabin .  This a rea is com
paratively spacious due to the need to accommodate the 
large hatch of the standard docking port and this space 
has been put to use by provid ing more civi l ized faci l ities 
than ava i lable on earlier systems of this class e.g .  Apol lo 
or  Soyuz. 

The ga l ley is  mounted on the right side of the cabin .  lt 
provides the storage for food a potable water as wel l  as a 
preparation area where food can be heated and water ( hot 
or cold )  added. The trash storage area and the hand wash
ing faci l ity a re a lso here. 

The toi let faci l ity is located on the left of the cabin .  lt 
was based upon the same principles as the faci l ity pro
vided on the Space Shuttle and would be suitable for use 
by both male and female crewmembers. During use a pri
vacy curta in  can be used to visua l ly separate the forward 
section from the rest of the ·pressurized cabin, this wi l l  
a lso assist the separate a i r  flow system for the forward 
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cabin to he lp  control odours. 

5.3.3 Fittings 

This subsystem is a col lection and control point for gen
era l m isce l laneous fitted items that do not form part of a 
major subsystem .  lt includes cabin furniture, inc luding 
the couches and privacy screen for the forward section of 
the cabin .  General stowage faci l ities, cabin l ights, and the 
cabin floor are a lso i ncluded here as a re the external ly 
mounted g rab  handles and navigation l ights. 

5.3.4 Loose Items 

Th is subsystem is a col lection and control point for the 
m iscel laneous items requ i red for the fl ight which are 
loose and independent. They include the loose 
emergency equ ipment (oxygen.. masks, g round surviva l 
kit, l ife vests etc. ) ,  a tool kit, video recorder, tape recorder, 
and the fl ight manuals .  

5.3.5 Caution and Warning 

This subsystem conta ins safety related equ ipment which 
is not functional i ntegra l with other subsystems. Prime 
among these is the fi re detection and control equ ipment 
consisti ng of sensors and fixed and portable exti n
guishers. I n  the event of a fi re the cabin atmosphere is 
l ikely to be contaminated with toxic gases. I n itia l ly the 
crew can use the portable oxygen suppl ies to avoid brea
thing the gases, they can then enter pressure suits wh i le  
the cabin atmosphere is  vented into space. A repressurf
zation with clean a i r  from the pressurized store. Th is 
sequence is  the same as procedure on the Space Shuttle 
orbiter. 

The subsystem a lso conta ins a secondary atmosphere 
mon itor system to provide a check on the functioning of 
the ECLSS. In the event of a fa i l u re of the control systems 
on the ECLSS the atmosphere can be ma inta ined by man
ua l  operation of the control va lves using the data suppl ied 
by th is  secondary un it as a guide. 
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The subsystem a lso conta ins a monitor electronics un it 
to measure the status of certa in  l ife critica l items such as 
the position of the hatches. 

6. MICROGRAVITY VERSION 

Most of the infrastructure roles identified for the MAC a re 
manned missions and can be conducted with the stan
dard veh icle with al l  the changes i n  configuration bet
ween m issions being confined to the outfitt ing of the 
payload area. However the unmanned microgravity lab
soratory wi l l  requ i re a more extensive reconfiguration of 
the basic system to effectively u ndertake the mission.  
Some of these d ifferences have been identified when 
relevant dur ing the preced i ng d iscussion .  This section 
covers the phi losphy beh ind  the M icrogravity version and 
summarize the changes to the configuration identified for 
the feasibi l ity stu dy. 

The study confined itself to producing one configura
tion that min imized the modification to the manned ver
s ion whi le ach ieving a usefu l m ission capabi l ity. The aims 
of this part of the study were : 

To show that such a system were possible without 
a ny requa l ification. 

i i  To estapl ish the performance l i kely for such a system .  
i i i  To ensure any aspects of system design that can 

fac i l itate the microgravity role a re incorporated. 

lt may be that further modifications may prove effective in 
an improving payload, power and microgrvity environ
ment but at additiona l  deve lopment cost. Clearly further 
studies and defin it ion of the financial  envi ronment would  
be requ i red to Identify the optim u m  system. 

The modifications identified are :  

2 additional panels on solar  array g iving 1 Kw of power 
to payload 
Additional batteries and control un its 
Add payload data acquisition subsystem 
Delete Subsystem - Audio 

- Caution and Warning 
- Ga l ley and Hygiene 

Equipment - Commander and Pi lot Stations 
- GNC Manua l  Control  
- DAS Crew I nterface 
- Externa l  data Interface 
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- Crew couches 
Add 6 main  payload canisters in p lace of crew couches 
Add Secondary payload mounted in forward cabin in 
p lace of Ga l ley and Hygiene 

- The usable payload would  be around 1 500 Kg. Main 
payloads wou ld be housed in  canisters that would  be 
mounted in the same position as the crew couches (using 
the same interface) .  Smal ler u Get away Specia l ,.  type 
payloads could be mounted in the forward cabin in the 
place of the Ga l ley a n� Hygiene equipment. 

The mission duration wou ld  be determined by the 
payload's impact on the ECLSS. If a l ife science mission is 
flown which consumes oxygen then the m ission l ife 
would be l im ited to a round two weeks. lf the requ i rement 
is restricted to mainta in ing cabin pressure with no oxy
gen consum ption then the mission cou ld  be extended to 
a few months. If the m ission is flown with the cabin unpre
ssurized then six months or more wou ld  be possible .  

7.  CONCLUSIONS 

The study produced a techn ical configuration for the MAC 
that demonstrated the feasibf l ity of one system that cou ld  
meet the i nfrastructure roles. Clearly with many success
fu l manned capsule programmes in the past there is l ittle 
question as to the general feasib i l ity of the approach, 
however there are specia l  features of the M AC concept 
that need investigation.  

Where the Infrastructure roles have generated requ i re
ments that were not requ i rements of past capsule  p ro
jects (e.g.  long i n  orbit storage) then alternative 
technological approaches have been identified. Although 
deta i led subsystem trade offs were not conducted the 
overa l l  result is workable and proves technical feasib i l ity. 

The second a rea of concern is  in the ab i l ity to meet the 
mass requ i rements. This is both an ar:ea of technical con
cern and has a n  impact on the financia l  assessment. The 
level of deta i l  and the margin ph i losophy employed in  
combination are bel ieved to  have accurately scoped this 
notoriously d ifficult issue. 

REFERE NCES 

1 .  MRC Rationale and Requirements (see page 58). 

This paper represents the author's private work and the views expressed in  the paper are those of the author and do not necessarily 
represent those of British Aerospace plc. 
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APPENDIX : MRC MASS BREAKDOWN 

This  appendix conta i n s  the deta i led mass breakdown for 
the M u lt i -Role Capsule ( M RC) ,  down to u n it leve l .  

As  with a l l  prog rammes a mass marg i n  between the 
est imated mass and that specif ied is requ i red, to a l low 
for u ncerta i nt ies in des ign  and bu i l d .  F rom the outset the 
MRC study emp loyed a soph i st icated mass marg i n  
ph i losophy to  ensu re ;  

a )  The  overa l l  marg i n  is  adequate for the desig n  status 
b) Any a reas of major concern a re identified 
c) I n it i a l  subsystem specificat ion  va l ues are ava i l abl e  

for subsystem l evel feas ib i l ity stud ies. 

The marg i n  ph i l osophy a l locates a marg i n  at every 
level of b reakdown for which there is  a requ i rement 
specificat ion ( i .e .  System, Subsystem and equ ipment) .  
Th is  i s  done even though at th is  stage  in the project the 
lower level specificat ions do not exist. 

The actual percentages app l �ed were as fo l l ows; 

i )  
'"' 

Equ ipment level 
Mass derived from ex isti ng u n its 
Mass est imated from parametr ics etc. 

i i )  S ubsysterp l evel 

2% to 5% 
5% to 1 5% 

A m i n i m u m  marg i n  of 5% was a l l ocated at subsys
tem level ( i n  add i t ion to the sum of equ ipment 
marg i ns ) .  Th is  be ing a su itab le  va l ue  for the ear ly 
stages of a p roject. Where subsystems have a 
prev ious h i story (on  other p rojects) for l a rge mass 

D�spline : MECHANICAL 

Urut 

Descent Module 
Press Cone 
Bulkhead 
Shear walls 
Attach . Rings 
Rear Cone 
Rear dome 
Sh.1eld support 
Poc} Structure 
Hatch reinf . 
DM Pyro f it .  
Miscellaneous 

service Module 
Cyl1.nder 
Beams 
SM Pyro f 1. t .  
M1.cel laneous 

Est �  Mass 
per Unit 

( kg ) 

1 3 4 . 0  
3 8 . 0  
84 . 0  
1 3 . 0  
4 5 . 0  
6 3 . 0  
67 . 0  
1 2 . 0  
2 0 . 0  
3 5 . 0  

1 5 4 . 0  

1 2 4 . 0  
2 0 . 0  
1 8 . 0  
3 0 . 0  

Subsystem: STRUCTURE 

Humber Mass per 
of� System 

( kg ) 

1 1 3 4 . 0  
1 3 8 . 0  
1 84 . 0  
3 3 9 . 0  
1 4 5 . 0  
1 6 3 . 0  
1 67 . 0  
2 2 4 . 0  
1 2 0 . 0  
1 3 5 . 0  
1 1 5 4 . 0  

1 2 4 . 0  
2 0 . 0  
1 8 . 0  
3 0 . 0  

Unit 
Margin 

( \ ) 

5 
5 
5 
5 
5 
5 
5 
5 

1 0  
5 

1 0  

5 
5 
5 

1 0  

Unl.t 
Spec mass 

( kg ) 

1 40 . 7  
3 9 . 9  
88 . 2  
41 . 0  
47 . 3  
66 . 2  
7 () . 4 
2 5 . 2  
22 . 0  
3 6 . 8  

1 69 . 4  

1 3 0 . 2  
2 1 . 0  
1 8 . 9  
3 3 . 0  

- - - - - ----- ---- - - - - - - - - - - - - - - -- - - - - -- - - - - - ----- - - ------ - - - - ------ - --
'l'OTALS 89 5 . 0 9 50 . 2  

---------- --- - ------
Margins 1 05 . 0  + 49 . 8  • 

-- - - - - - - - - - - - - - -----
SUBSYSTEM SPECIFICATION MASS 1 0 0 0 . 0  1 0 0 0 . 0  
- - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
+ Total margin held by subsystem 1 1 \  
• Subsystem level marg1.n 5\ 

Displ1.ne : MECIIAIIICAL Subsystem: 
==========-- --
Unit .Es t .  Mass IIUJober 

per Unit off 
( kg ) 

TIIERIIAL PROTECTION 

Mass per Unit Un1.t 
SysteJII Mar91.n Spec mass 

( kg ) ( \ ) ( kg ) 
- ------- - - - ------ - ---- - - - - - ----- - - - -- - - - - - - - ---- - -- - --- - - - - ----- - - -
Descent Module 

DM Blankets 7 5 . 0  1 Set 
Upper protect 9 0 . 0  1 

.Heat Shield 4 0 0 . 0  1 
Pa1.nt 1 0 . 0  1 

service Module 
Sll Blankets 3 6 . 0  1 Set 
SM Protect 1 5 . 0  1 
Paint 5 . 0  1 

'l'OTALS 
Margins 

SUBSYSTEM SPECIFICATICR MASS 

+ Total miargin held by subsystem 14\ 
* Subsystem level a.ar9in 5\ 

7 5 . 0  1 0  82 . 5  
9 0 . 0  1 0  99 . 0  

4 0 0 . 0  1 0  4 40 . 0  
1 0 . 0  1 0  1 1 . 0  

3 6 . 0  "10  3 9 . 6  
1 5 . 0  1 0  1 6 . 5  

5 . 0  1 0  5 . 5  

6 3 1 . 0  694 . 1  
----- - - - - - - - - - - -----

99 . 0  + 3 5 . 9  . 
-- - ------ - -- --- -- - - -

7 3 0 . 0  7 3 0 . 0  

excursions from or ig i na l  est imates a l a rger mass 
marg i n  was used. 

i i i )  System l evel 
A fu rther ma rg i n  i s  requ i red at system l evel to 

cover u ncerta i nt ies at system leve l .  The m in imum 
acceptab la. marg i ns  a t  t h i s  level d�pends upon  the 
programme status, in the judgement of the study 
su itab le  marg i ns wou ld  be. 
Contract Start - Freeze of system spec - 8% 
Pre l im ina ry Des ign  Review - Freeze Sub system 
Spec - 5% 
Critical Des ign  Review - Freeze Manuf. Drawings -
2% 

Therefore the MRC study, be ing  at an  ear ly stage, 
looked for a System level marg i n  g reater than 8% .  

A point to  make about t he  system level marg i n  is  that 
it on ly covers unce rta i nties i n  meet ing the system 
specification  it does n ot cover changes i n  those req u i re
ments. In systems where customer requ i rement$ 
strongly infl uence the eng i neer ing des ign (such as 
commun ications sate l l ites) the best approach is have a 

- fu rther customer marg i n  identif ied. However the MRC 
wh ich is essent ia l l y  a transport system with l i ttle d i rect 
eng ineeri ng i nput from the customer th is  customer 
control led marg i n  i s  assumed i nc l uded in  the quoted 
payload capab i l ity. 

Displine : IIECHMJICAL Sub""system: TIIBRIIAL CONTROL 

Un1.t 

Radiator 
Bracket 
Pump 
Pipework 
Water /Gycol 
Cold Plates 
GS Heat Ex 
ECLSS Beat Ex 
Valves 
MJ.scellaeous 

'l'OTALS 

Margin� 

Est . Mass 
per Unit 

( kg ) 

8 . 0  
2 . 0  
3 . 0  
7 . 0  

10 . 0  
5 . 0  
2 . 0  
2 . 0  
4 . 0  
1 . 0  

Humber Mass per 
off System 

1 
1 Set 
2 
1 set 
1 
4 
1 
2 
1 Set 
1 

( kg ) 

8 . 0  
2 . 0  
6 . 0  
7 . 0  

1 0 . 0  
2 0 . 0  

2 . 0  
4 . 0  
4 . 0  
1 . 0  

6 4 . 0  

1 6 . 0  + 

SUBSYSTEM SPECIFI CATION MASS 8 0 . 0  

+ Total margin held by subsystem 20\ 
* Subsystem level marg1.n 1 2\ 

D1.spl1.ne : MBCHANICAL 
--

Urut 

Docking Port 
Ring Guide 
Latches 
Structure 
Flange/Seal 
Hatch 
control Elec . 

Side Hatch 
Hatch 

Est . Mass 
per unit 

( kg ) 

7 8 . 0  
40 . 0 
3 0 . 0  
6 2 . 0  
40 . 0  
1 3 . 0  

40 . 0  
Tbe0111l Protect 1 0 . 0  

TO"rALS 

Margins 

SUBSYSTI!II SPECIFICATION 

Subsystem : MECHANISMS 

!lumber 
off 

" 1  
1 Se c 
1 
1 
1 
1 

MASS 

Mass per 
System 
( kg ) 

7 8 . 0  
4 0 . 0  
3 0 . 0  
6 2 . 0  
4 0 . 0  
1 3 . 0  

40 . 0  
1 0 . 0  

3 1 3 . 0  
----- - - - - -

37 . 0  + 
- ----- - - --

3 5 0 . 0  

+ Total llllrgin held by subsystem 10\ 
• Subsyst- level 11ar9in 6\ 

uni·t 
Margin 

( \ )  

1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
1 0 . 0  

Unit 
Marg1.n 

( \ ) 

5 
5 
5 
5 
5 

1 0  

5 
1 5 

Unit 
Spec mass 

( kg ) 

8 . 8  
2 . 2  
6 . 6  
7 .  7 

1 1 . 0 
2 2 . 0  

2 . 2  
4 . 4  
4 . 4  
1 . 1  

7 0 . 4  

9 . 6  * 

8 0 . 0 

unit 
Spec JllilSB 

( kg ) 

8 1 . 9  
42 . 0  
3 1 . 5  
6 5 . 1  
4 2 . 0  
1 4 . 3 

42 . 0  
1 1 . 5  

3 30 . 3  
-- - -- -----

1 , . 7  . 
- - --------

3 5 0 . 0  

79 



D1Sphne : MECHANICAL Subsystem : PRIMARY IR'l'EGRAL PROPULSION 
===================== 
UnJ.t 

Latch Valve 
HP Latch Valve 
F/D Valve 
Pres s .  Trans . 
Test Port 
Press . Reg . 
RelJ.ef Valve 
Non Ret Valve 
Filter 
Thrusters 
Press Tank 
Prop Tank 
PJ.pework 
Control Elec . 

TOTALS 

M.ilrgins 

Est . Mass 
per UnJ.t 

( kg ) 

0 . 4  
2 .  3 
0 . 3  
0 .  3 
0 . 1  
r . o  
1 . 0  
0 . 2  
0 . 5  
3 . 4  

1 6 . 0  
1 3 . 0  

5 . 0  
4 . 0  

Number Mass per 
off System 

3 0  
4 
4 
6 

1 1  
2 
1 
4 
2 

1 2  
2 
4 
1 Set 
1 

( kg ) 

1 2 . 0  
9 . 2  
1 . 2  
1 . 8  
1 . 1  
2 . 0  
1 . 0  
0 . 8  
1 . 0  

4 0 . 8  
3 2 . 0  
5 2 . 0  

5 . 0  
4 . 0  

1 6 3 . 9  

4 6 . 1  

SUBSYSTEM SPECIFI CATION MASS 2 10 . 0  

+ Total margin held by subsystem 2 2\ 
* Subsystem level Rtarql.n 1 8\ 

Unit Unit 
MargJ.n Spec mass 

( \ ) ( kg ) 

2 
2 
2 
2 
2 
5 
0 
2 
2 
2 
2 
8 

1 5  
1 0  

1 2 . 3  
9 . 4  
1 . 2  
1 . 8  
1 . 1  
2 . 1  
1 . 0  
0 . 8  
1 . 0  

4 1 . 6  
3 2 . 6  
5 6 . 2  

5 . 8  
4 . 4  

17 1 . 3  

3 8 . 7  

2 1 0 . 0  

Displ ine ; MECHANICAL Subsystem; PROXMITY OPERATIONS PROPULSION 
===================----========================================--===== 
Unit 

Tank 
Press . Trans . 
F/D Valve 
Latch Valve 
Relief Valve 
Pressure Reg 
Thruster 
PJ.pework 
FJ.lter 
Control Elec 

TOTALS 

Marg1.ns 

E•t . Mass 
per Unit 

( kg ) 

1 6 . 0  
o .  3 
� - 1  
0 . 4  
0 . 5  
1 . 0  
1 . 0  
3 . 0  
o .  3 
4 . 0  

Number Mass per 
off System 

2 
3 
4 
4 
1 
1 

2 0  
1 set 
2 
1 

( kg ) 

3 2 . 0  
0 . 9  
0 . 4  
1 . 6  
0 . 5  
1 . 0  

2 0 . 0  
3 . 0  
0 . 6  
4 . 0  

6 4 . 0  

6 . 0  + 

SUBSYSTEM SPECIFICATION MASS 7 0 . 0  

+ Total margin held by subsystem 9\ 
* Subsystem level marg1.n 2% 

Dl.SplJ.ne : MECHANICAL Subsystem : RECOVERY 
' =========--==--=============== 

Unit Est . Mass 
per Unit 

( kg ) 

Parachutes 
Drouges 
Flotation Collar 

4 5 . 0  
1 2 . 0  

8 . 0  

TOTALS 
Margins 

Humber Mass per 
off System 

( kg ) 

1 80 . 0  
4 8 . 0  

8 . 0  

2 36 . 0  

1 4 . 0  + 

SUBSYSTEM SPECI FicATION MASS 2 7 0 . 0  

+ Total margin he ld by subsystem 1 3 \  
* Subsystem level margin 8\ 

Unl.t 
Marg1.n 

( \ ) 

8 
2 
2 
2 
2 
5 
5 

1 5  
5 

1 0  

Unit 
Marql.n 

( \ ) 

Displine ; MECHANICAL Subsystem: MECHANICAL FITTIRGS 

Unit 

Grapple point 
Grab Handle 
Equip. Bolt
Harness tiedown 

:!-=ALS 
Margins 

Est . Mass 
per Unit 

( kg ) 

1 2 . 5  
0 . 5  
5 . 0  
1 . 0  

"llwaber Mass per 
off System 

1 
4 
1 Set 
1 

( kg ) 

1 2 . 5  
2 . 0  
5 . 0  
1 . 0  

2 0 . 5  
------- ---

4 . 5  + 

SUBSYSTEM SPECIFI CATION MASS 2 5 . 0  

+ Total marg>.n held by subsystem 18\ 
* Subsystem level margin 14\ 

80 

unit 
llarCJin 

( \ ) 

- �  
1 0  
1 0  

UnJ.t 
Spec mass 

( kg )  

3 4 . 6  
0 . 9  
0 . 4  
1 . 6  
0 . 5  
1 . 1  

2 1 . 0  
3 .  5 
0 . 6  
4 . 4  

6 8 . 6  
- - - - - - - - - - .. 

1 .  4 • 

7 0 . 0  

Unit 
Spec mass 

( kg )  

1 89 . 0  
50 . 4  

8 . 4  

247 . 8  

2 2 . 2  * 

270 . 0  

unit 
spec ..... 

1 1<9 1  

12 . 8  
2 . 1  
5 . 5  
1 . 1  

2 1 . 5  

3 . 5  * 

2 5 . 0  

Appendix: MRC Mass Breakdown 

D1spl.1.ne : ELECTRICAL Subsys�em: DATA MANAGMENT 
=============================================--===================== 
Un1t Est . Mass 

'per Unl.t 
( kg ) 

Fl1ght Recorder 
Coawnand & Te le 
Command Stations 
Com/Dl.plex 
Sl.gnal harness 
Consumable Mon . 

TOTALS 

Margins 

5 . 0  
1 0 . 0  

�0 . 0  
4 . 0  
5 . 0  
4 . 0  

Humber Mass per 
off $ystem 

1 
1 
2 
1-
1 
1 

( kg ) 

5 . 0  
1 0 . 0  
2 0 . 0  

4 . 0  
5 . 0  
4 . 0  

48 . 0  

7 . 0  + 

SUBSYSTEM SPECIFI CATION MASS 5 5 . 0  

+ Total marg1.n held by subsystem 1 3 \  
* Subsystem level margJ.n 9\ 

UnJ.t UDJ.t 
Margl.n Spec mass 

( \ ) ( kg )  

5 
5 
5 
5 

1 0  
1 0  

5 . 3  
1 0 . 5  
2 1 . 0  

4 . 2  
5 . 5 
4 . 4 

50 . 9  

4 . 1  * 

5 5 . 0  

DJ.Spline : ELECTRICAL Subsystem ; S-BAND TELECOMMUNICATIONS 

Unit 

S-band TX/RX 
SWitch 
Antenna 
RF Harness 

TOTALS 

Margl.DS 

Est . Mass 
per UnJ.t 

( kg ) 

3 . 0  
0 . 5  
0 . 5  
1 . 0  

Number Mass per 
o f f  System 

( kg ) 

6 . 0  
0 . 5  
1 . 0  
1 . 0  

7 . 5  

2 . 5  + 

SUBSYSTEM SPECIFICATION MASS 1 0 . 0  

+ Total marg1n held by subsystem 25\ -
* Subsystem leve l marg1n 1 0\ 

Un1t 

Intercoms 
Audl.O Mixer 

Est . Mass 
per Un1.t 

( kg ) 

BIIU Tele extract 
UHF TX/RX 
Antenna 

1 . 0  
2 . 0  
3 . 0  

1 0 . 0  
0 . 5  
1 . 0  RP Hal:ness 

TOTALS 
Margins 

SUBSYSTEM SPECIFICATION MASS 

Nwnber Mass per 
o f f  System 

4 
1 
2 
1 
2 
1 

( kg )  

4 . 0  
2 . 0  
6 . 0  

1 0 . 0  
1 . 0  
1 . 0  

2 4 . 0  

6 . 0  + 

3 0 . 0  

+ Total margin held by subsystem 2 0 \  
* SUbsystem level margin 16\ 

Displ1ne : ELECTRICAL Subsystem: POWER 
==============================--=--====--=--==---
Unit Est . Mass 

per Unit 
( kg ) 

SOlar Panels 
Array Deploy. 
Array Regulator 
Battery 
Battery Control 
Ground Ulllbi l ica1 
Control Box 
Pyro Control Box 
Harness ( Dil l  
llaJ. ness ( SM )  

TOTALS 
Margins 

1 0 . 0  
6 . 0  
6 . 6  

3 5 . 0  
3 . 0  
2 . 0  

1 5 . 0  
5 . 0  

3 0 . 0  
2 0 . 0  

SUBSYSTBII SPECIFICATION MASS 

Humber Mass per 
off system 

3 
1 
1 
4 
4 
1 
1 
2 
1 
1 

( kg ) 

3 0 . 0  
6 . 0  
6 . 0  

1 40 . 0  
1 2 . 0  

2 . 0  
1 5 . 0  
1 0 . 0  
3 0 . 0  
2 0 . 0  

2 7 1 . 0  

3 9 . 0  + 

3 1 0 . 0  

+ Total JOargin he ld by subsystem 13\ 
* Suhayst- level margin 6\ 

UnJ.t Un..J.t 
Marg1.n Spec mass 

( \ )  ( kg ) 

5 
5 
5 

1 0  

UnJ.t 
Margin 

( \ ) 

5 
5 
5 
5 
5 

1 0  

Unit 
Margin 

( \ ) 

5 
5 

10 
5 

1 0  
5 

10 
5 

1 5  
1 5  

6 . 3  
0 . 5  
1 . 1  
1 . 1  

9 . 0  

1 . 0  * 

1 0 . 0  

Unit 
Spec IOU! 

1 1<91 

4 . 2  
2 . 1  
6 . 3 

1 0 . 5  
1 . 1  
1 . 1  

2 5 . 3 

4 . 7  * 

30 . 0 

unit 
Spec ....... 

l l<Q J  

31 . 5  
6 . 3  
6 . 6  

147 . 0  
13 . 2  

2 . 1  
16 . 5  
10. 5  
34 . 5  
2 3 . 0  

291 . 2  

11 . 8  * 

3 10 . 0  



Appendix: MRC Mass Breakdown 

D1.spl1.ne : ELECTRICAL Subsystem : Ku COMMS/RADAR 
==----===�����----== '====== 
Un1.t 

Crew Interface 
Antenna control 
Ku TX/RX 
Video Diplexer 
Antenna 
Radar Elec . 

TOTALS 

Margins 

Est . Mass 
peT Unl.t 

( kg ) 

5 . 0  
1 2 . 0  
6 0 . 0  
1 0 . 0  
2 1 . 0  
2 0 . 0  

SUBSYSTEM SPECIFICATION MASS 

Number Mass per 
off System 

( kg ) 

5 ; 0  
1 2 . 0  
6 0 . 0  
1 0 . 0  
2 1 . 0  
2 0 . 0  

1 2 8 . 0  

1 7 . 0  + 

1 4 5 . 0  -

Unit 
Margin 

( \ ) 

5 
5 
5 
5 
5 
5 

Unit 
Spec mass 

( kg ) 

5 . 3  
1 2 . 6  
6 3 . 0  
1 0 . 5  
2 2 . 1  
2 1 . 0  

1 3 4 . 5  

1 0 . 5  • 

1 4 5 . 0  

Dupline : ELECTRICAL Subsystem : GUIDANCE lfAVIGATION AIID COIITROL 
===- - -

Unit Est . Mass 
per Unit 

( kg ) 

Inertial Ref . 
control Computer 
Manual Control 
Sun Sensor 
Star Mapper 
GPS Reciever 
GPS Antenna 
LAN BrJ.dge 
GNS LAM Harness 

TOTALS 

Margins 

1 0 . 0  
1 5 . 0  

8 . 0  
2 . 0  

1 3 . 0  
2 . 0  
0 . 5  
3 . 0  
4 . 0  

SUBSYSTEM SPECIFICATION MASS 

Number Mass per 
off System 

( kg ) 

2 0 . 0  
1 5 . 0  

8 . 0  
4 . 0  

1 3 . 0  
2 . 0  
1 . 0  
3 . 0  
4 . 0  

7 0 . 0  

1 0 . 0  + 

8 0 . 0  

+ Total margin held by subsystem 13\ 
* Subsystem level margin 6\ 

Dupline : HABITABILITY Subsystem: ECLSS 

Unit 

Oxygen Tanks 
Air Tanks 
Pipework 
F/D Valves 
Pressure Reg 
Atmos . Cont . 
Pres s .  Cont . 
LiOH Store 
'I:.CLSS Cont . 

TOTALS 

Marg1.ns 

Est . Mass 
per UnJ.t 

( kg ) 

1 6 . 0  
16 . 0  

1 . 5  
0 . 4  
0 . 5  

5 1 . 0  
20 . 0  

4 . 0  
7 . 0  

Number Mass per 
off System 

2 
4 
1 set 
4 
8 
1 
1 
1 
l 

( kg ) 

3 2 . 0  
6 4 . 0  

1 . 5  
1 . 6  
4 . 0  

5 1 . 0  
2 0 . 0  

4 . 0  
7 . 0  

1 8 5 . 1  

24 . 9  + 

SUBSYSTEM SPECIFICATION MASS 2 1 0 . 0  

+ Total marg1.n held by subsystem 12\ 
• Suttsystem level margin '' 

DJ.spline : HABITABILITY Subsystem: GALLEY 

UnJ.t Est . Mass 
per Unit 

( kg ) 

Trash Container 
Water Dispenser 
Food Prep 
Water Store Tank 
Water Heater 
Wasb�ng Statl.OD 
F/D Valve 
Structure 

TOTALS 

Margins 

0 . 4 5 
0 . 5  
2 . 0  
2 . 5  
5 . 0  
5 . 0  
0 . 4  

1 1 . 0  

lfumber 
off 

SUBSYSTEM SPECIFICATION MASS 

Mass per 
System 

( kg ) 

0 . 9  
0 . 5  
2 . 0  

1 0 . 0  
5 . 0  
5 . 0  
0 . 4  

1 1 . 0  

3 4 . 8  

1 0 . 2  + 

4 5 . 0  

+ Total marg1n held by subsystem 22\ 
* Subsystem level ma.rg1.n 18\ 

Unit 
Margin 

( \ )  

1 0  
5 
8 
5 
5 
5 
5 
5 

1 0  

Un1t 
Margin 

( \ ) 

2 
2 

1 5  
5 

"'5 
5 
5 
5 

1 0  

UnJ.t 
Marg1.n 

( \ ) 

5 
2 
5 

1 0  
10 
1 0  

2 
1 0  

Un1.t 
spec mass 

( kg ) 

2 2 . 0  
1 5 . 8  

8 . 6  
4 . 2  

1 3 . 7  
2 . 1  
1 . 1  
3 . 2  
4 . 4  

7 5 . 1  

4 . 9  * 

8 0 . 0  

Unit 
spec mass 

( kg ) 

32 . 6  
6 5 . 3  

1 . 7  
1 . 7  
4 . 2  

58 . 6  
21 . 0  

4 . 2  
7 .  7 

192 . 0  

1 8 . 0  • 

21 0 . 0  

Unit 
Spec mass 

( kg ) 

1 . 0  
0 . 5  
2 . 1  

1 1 . 0  
5 . 5  
5 . 5  
0 . 4  

11 . 0  

37 . o -

8 . 0  * 

4 5 . 0  

Displine : HABITABILITY Subsystem: HYGIElfE 
- ====·============ 

Unit 

seat 
Gate Valve 
Motor 
Slinger Tines 
Fixed Tines 
Handles 
Filters 
Framework 
Fan separators 
Urinal 
Restraint 

Est . Mass 
per Un1t 

( kg ) 

3 . 0  
1 . 0  
4 . 0  
2 . 0  
2 . 0  
0 . 5  
0 . 5  

Vac . Cont . Valve 
Waste Water Tank 

10 . 0  
3 . 0  
2 . 0  
0 . 6  
0 . 5  
5 . 0  

TOTALS 

MargJ.ns 

Number Mass per 
off .System 

1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
3 
1 
1 

( kg ) 

3 . 0  
1 . 0  
4 . 0  
2 . 0  
2 . 0  
0 . 5  
1 . 5  

1 0 . 0  
3 . 0  
2 . 0  
1 . 8  
0 . 5  
5 . 0  

3 6 . 3  

8 . 7  + 

SUBSYSTEM SPECIFICATION MASS 4 5 . 0  

+ Total margin held by subsystem 19\ 
* Subsystem level margin 1 3\ 

Displ1ne : HABITABlLITY Subsystem: FITTilfGS 

Un1.t Est .  !lass 
per Unit 

( kg ) 

Privacy screen 
couch 
Grab Handles 
Floor covers 
Payload Bay 
Main Lighting 
Personal Stowage 
Suit Stowage 
Nav . Lights 
Power Point 
Misce l .  Stowage 

TOTALS 

Margins 

5 . 0  
2 5 . 0  

0 . 5  
6 . 0  

5 0 . 0  
3" . 0  
7 . 0  
8 . 0  
0 . 5  
0 . 3  

2 4 . 0  

Number Mass per 
off System 

Set 

( kg ) 

5 . 0  
1 00 . 0  

4 . 0  
6 . 0  

5 0 . 0  
3 . 0  

2 8 . 0  
1 6 . 0  

1 . 0  
0 . 3  

2 4 . 0  

2 37 . 3 - ' 

3 2 . 7  + 

SUBSYSTEM SPECIFICATION MASS 270 . 0  

+ Total marg1n held by subsystem 12\ 
* Subsystem level margin 8\ 

Displ1ne : HABITABILITY Subsystem: LOOSE ITEMS 

Un1t 

Port . OXygen 
Survival !tit 
L1.fe vests 
First Aid Kl.t 
Tool K1t 
Video Recorder 
Video Camera sqund Tape 
Fl1ght Manuals 

TOTALS 

Marqins 

Est . Mass 
per Unit 

( kg ) . 

1 . 8  
19 . 1  

1 . 2  
8 . 0  

1 0 . 0  
7 . 5  

1 2 . 0  
1 . 0  
4 . 0  

lfUI'Iber Mass per 
off System 

4 
1 
4 
1 
1 
1 
1 
2 
1 set 

( kg ) 

7 . 2  
1 9 . 1  

4 . 8  
8 . 0  

1 0 . 0  
7 . 5  

1 2 . 0  
:z-. o 
4 . 0  

� 7 4 . 6  

1 3 . 4  + 

SUBSYSTEM S� ECIFICATION Mr.SS 8 8 . 0  

+ Total marg1n held br subsystem 15\ 
* Subsystem level margin 1 3 \  

Un1t 
Margin 

( \ ) 

5 
5 

1 0  
5 
5 
2 
5 

1 0  
5 
5 
5 
5 
5 

Unit 
Margin 

( \ )  

5 
2 
5 
5 5 

1 0  
1 0  

5 
1 0  

5 
5 

Unit 
Margin 

( \ ) 

2 
2 
2 
2 
5 
5 
2 
5 
5 

Dupline : HABITABILITY Subsystem : CAUTION AIID WARlfilfG 

Unit 

C&W control 

Est .. Mass 
per un�t 

( kg ) 

Fue Ex ( fitted ) 
Fire IX ( losse ) 

16 . 0  
1 0 . 0  

5 . 0  

TOTALS 

Margins 

Number Mass per 
Wff System 

1 
1 set 
2 

( kg ) 

1 6 . 0  
1 0 . 0  
1 0 . 0  

3 6 . 0  

1 4 . 0  + 

SUBSYSTEM SPECIFICATION MASS 5 0 . 0  

+ Total margin held by subsystem 28\ 
* Subsystem level margin 22\ 

Unit 
Margin 

( \ ) 

5 
1 0  
1 0  

Unit 
Spec mass 

( kg ) 

3 . 2  
1 . 1  
4 . 4  
2 . 1  
2 . 1  
0 . 5  
1 . 6  

1 1 . 0  
3 . 2  
2 . 1  -
1 . 9  
0 . 5  
5 . 3  

3 9 . 0  

6 . 0  * 

4 5 . 0  

Unit 
spec mass 

( kg ) 

5 . 3  
1 0 2 . 0  

4 . 2  
6 . l  

5 2 . 5  
3 . 3  

3 0 . 8  
16 . 8  

1 . 1  
0 . 3  

2 5 . 2  

2 47 . 8  

2 2 . 2  • 

2 7 0 . 0  

Unit 
Spec mass 

( kg ) 

7 . 3  
1 9 . 5  

4 . 9  
8 . 2  

.J. 0 . 5  
7 . 9  

1 2 . 2  
2 . 1  
4 . 2  

7 6 . 8  

1 1 . 2  
- - - - - - - - - -

8 8 . 0.. 

Unit 
Spec ma•s 

( kg ) 

16 . 8  
1 1 . 0  
1 1 . 0  

3 8 . 8  

1 1 . 2  • 

5 0 . 0  
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MULTI-ROLE CAPSULE OPERATIONS 

RUSSELL J .  HANNINGAN 
Br!tish Aerospace plc, Space and Communication Division, Stevenage, Herts. 

The Mu lti-Role Capsule concept offers rel iable, low cost and safe manned access to and from space for near future 
European low Earth orbit activities; The operational  aspects of perfqrming a typical crew del ivery to the Man
Tended Free-Flyer and I nternational  Space Station are described i n  outl i ne. I n  addition, possib le emergency con
tingency situations which cou ld emerge during all phases of operation are a lso discussed, demonstrating the flex
ib i l ity of th MRC system de!ijgn.  

1 .  INTRODUCTION 

The primary fu nction and operational ph i losphy of the 
Mu lti-Role Capsu le Operation (MRC) is  to provide a fun
damental ly s imple, low cost and inherently safe 
autonomous European manned access to Low Earth Orbit 
(F ig . 1  ). Development of the MRC wou ld provide Europe 
with all the manned spacefl ight capabi l ity to support the 
Manned Tended Free-flyer (MTFF) or future European 
Manned Sp<ice Station as wel l  as provide an a lternative 
access to the I nternationa l  Space Station ( ISS) .  Also, 
because it is designed to be compatible with man-rated 
version of the Aria ne 4 launcher, the MRC a l lows Europe 
to achieve an early manned spacefl ight capabi l ity, provld
ing va luable experience prior to MTFF operations as wel l  
as a manned or unmanned platform for microgravity 
experimentation. 

· 

This paper discusses i n  broad out l ine the sequence of 
events which wou ld  need to be performed to integrate, 
launch, operate and recover the MRC for principa l ly the 
typical MTFF servicing mission, althoug h  references are 
made to other mission scenarios. Many of the techn iques 
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Solar Array 

Service Module / 
Descent Module 
Separation 

Fig . 1  Multi Role Capsule 

and procedures which are considered have been derived 
from the considerable experience ga ined from Gemini ,  
Apol lo and Space Shuttle programmes. These 
techniques, coupled with those specific to the M RC, wi l l  
a l low extremely flexible, but safe, m issions to be 
ach ieved. 

2. LAUNCH VEHICLE INTEGRATION 

2.1 Ground Operations 

The M RC consists of 3 primary elements; the Descent 
Module (OM ), the Service Module  (SM) ,  and the Escape 
System (ES) .  Each of these constituent parts a re del ivered 
to the launch site fu l ly assembled and tested, for fina l  
integration with each other and the launcher. The i ntegra
tion procedures cou ld  uti l ise existing faci lities currently 
employed to support unmanned Ariane 4 operations (1 ). 
Fol lowing a rriva l of the fl ight elements, at either  Cayenne 
Rochambeau or  Cayenne Harbour  and transfer to CSG, 
the MRC i ntegration flow sequence and requ i red faci l ities 

Data Relay Satellite 
Link Antenna 

Pilot & Coriwnander 
Viewports 

Thruster Pods 

USIISS Compatable 
Docking Port 



Multi-Role Capsule Operations 

I N S PECTION 

D M / SM I N T EG RATION 

wou ld be as fol lows (F ig .2 ) :  

• I nspection of the OM and SM in  bu i ld ings S 1 A  
or S 1 B 

• I nspection and preparation of the ES sol id  roc
ket motors in bu i ld ing S2 or S4 

• Integration of the OM and SM in  bui ld ing S38 
fol l owed by integration of the unarmed ES 

• Basic functional testing to verify a l l  module to 
module i nterfaces 

' • Propel lant, atmosphere supply, pressurant 
and n itrogen loading 

• Leak checks and fina l  close out verification 
test ing.  

M RC specific preparation equ ipments wou ld  i nclude 
e lectrica l  verification instrumentation, mechanical 
g round support equipment and payload handl ing and 
insertion equ ipment as appropriate. 

For m icrogravity m issions the ES would  be replaced 
with an aerodynamic far ing, u n less specifical ly requested 
by the customer, and large payloads can be i nsta l led and 
checked at this stage.  

2.2 launch Pad Operations 

The ful ly i ntregration M RC would be transported in a sea
led container, primari ly to protect the exposed SM equ ip
ments from the environment, to the launch pad for 
launcher i ntegration. This contai ner, which encloses the 
MRC below the ES tower, is a dual purpose system as it 
a lso acts as the launch pad gantry enclosure faci l ity. Fol
lowing transportation to the launch pad the M RC, with in  
the container, is  raised up  the pad fixed service structure 
and secured to the gantry immediately a bove the Ariane 
3rd stage. Here, the M RC is integrated to the launcher 
without exposure to the envi ron ment. 

. This launch pad operations sequence wou ld  be as fol-
lows: 

· 

• Rais ing the MRC in  its conta iner  u p  to the fixed 
service structure and secur ing it above the 
launcher 

. Fig.2 Integration Flow 

PROPE L LA N T  L OAD I N G  

& LEAK C H ECK I N G  

• I ntegration of the MRC to the Ariane 4 upper 
stage 

• Umbi l ica l integrity verification 
• Final  MRC system checkout 

Launch veh icle checkout wou ld  be esentia l ly no d iffe
rent to that performed for unmanned launches except for 
i ncreased levels of monitoring. 

3. LAUNCH 

3.1 Launch Preparation 

Approximately 1 -2 weeks prior to launch, any major 
payloads can be i nstal ted i nside the OM. Lo�ding wou ld 
be through the external OM hatch.  The crew couches and 
other personal  effects, if a manned m ission is to be per
formed, a re then insta l led and the veh icle readied for 
launch. 

Two hours before launch, the crew is  secured with in  
the OM and the hatch is closed. The M RC enclosure faci l 
ity then spl its and each ha lf swings on the gantry arms 
through 90 deg. and exposes the M RC for the fi rst time. 
Should a launch abort occur, the launch pad gantry would 
swing back and completely surround the MRC to protect 
the crew from potentia l  l aunch vehic le propel lants fumes· 
i n  addition to their  own pressure suits. An automatic com
mand or manua l ly operated actuation wou ld  blow off the 
hatch to a l low an emergency escape of the up  to 4 crew 
members. The crew would  then board an escape basket 
which wou ld  s l ide down a wire to a safety bunker, i n  a 
s imi lar manner to the STS launch pad escape system.  

3.2 launch Phase 

Upon ignition of the Aria ne 4 1 st stage and Liquid booster 
rockets, l ift-off of the M RC occurs under completely 
automatic contro l ,  a lthough a crew manned override 
capabi l ity wou ld exist in  the event of a fa i l u re in the 
ECLSS or abort systems. During 1 st and 2nd stage burns 
(Fig.3) escape from the launcher is  possible by the activa
tion of the escape tower rocket and S MJDM separation 
pyrotechnic devices. Command for an a bort can be issued 
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L A U N C H  

by the launchers avionics, ground range safety officer or 
MRC crew command.� Telemetry and telecommand is 
achieved using the UHF subsystem 
in the MRC and relayed by the l aunch vehicle.  

Fol lowing 2nd stage separation the ES wou ld be 
automatica l ly jettisoned, by fi ring the separation motors 
at the t ip of the ES, and the th i rd stage ign ited to inject the 
MRC di rectly i nto a ci rcu lar  orbit at the mission a ltitude. 
Separation of the third stage is performed immediately 
after shut down, after which an avoidance manoeuvres 
with the stage is performed either manua l ly or, in the 
nomina l  case, under automatic control using the bip
ropel lant RCS thrusters. The th ird stage is vented to lower 
its orbit and hence accelerate orbita l decay and eventua l  
re-entry. 

The Ku-Band communications a ntenna is then 
deployed and locked onto the appropriate Data Relay 
Satel l ite (DRS), fol lowd by release of the solar  a rray. The 
vehicle is orientated so that the solar a rrays face the Sun 
and replenish the batteries. 

For the manned M RC missions, the crew would  fold  
away thei r couches and remove and stow thei r pressure 
su its. 

4. MISSION OPERATIONS 

4. 1 Rendezvous and Docking 

The primary mission role for the MRC is to a l low 
autonomous European manned tending or servicing of 
the proposed Columbus pressu rised free flying module. 
For this and any other possible MRC missions, the 
rendezvous and docking procedures and manoeuvres a re 
described below. 

4. 1. 1 MTFF 

The Ariane launch, described in  section 3.2 wou ld put the 
M RC in  an  orbit which i ntercepts with the MTFF. G round 
tracking systems wou ld  relay to the MRC long range sep
aration and closing rate data unti l  the M RC on board short 
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Fig.3 launch Sequence 

range radar (l-Band) acqu i res the MTFF and takes over 
contro l .  

At a closer range ( 1 00km), communications a re estab
l ished between the navigation control computers on the 
MRC and MTFF. From positional data received from the 
MTFF, orbital correctional  manoeuvres are performed 
automatica l ly to a l low the orbit parameters to be closely 
matched. Additional ly, these manoeuvres have the effect 
of reducing the velocity between both vehicles. 

When the distance has been reduced to with i n  200m, 
the fi na l  RCS burns are performed to reduce the closing 
velocity to less than 1 m/sec. The MRC then drifts to with in  
approximately 50m of the  MTFF, a t  which point the  cold 
gas n itrogren th rusters a re activated to further reduce the 
closing rate to less than 0.5 m/sec and orientate the M RC 
correctly for docking. 

The closing rate is progressively reduced dur ing the 
termina l  docking phase so that the relative velocity is 
arrested at about 1 0m from the MTFF docking adapter. 
Then, depending upon the configu ration of the MTFF, the 
fi nal  soft docking cou ld be performed either d i rectly using 
the cold gas thrusters control led by the navigation com
puters, or by using a MTFF based SMS man ipu lator 
(F ig .4) .  In  the later case, the SMS end effector wou ld  be 

Fig.4 MAC Docked to. MTFF 
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attached to a grapple fixtu re on the M RC, and then slowly 
the SMS wou ld soft dock the M RC. 

Once soft docking had been establ ished and verified, 
the latches on the docking adapter would be activated to 
pu l l  them together for the fi nal  a i r t ight hard dock. Prior to 
opening the MRC hatch, tests wou ld be performed to ver
ify the integrity of the docking mechanica l  and electrica l 
i nterfaces. 

A l im ited override capabi l ity would exist to a l low a 
manua l  docking to be attempted as a back-up emergency 
mode. I n  such a scenario the M RC mission commander 
wou ld  view the docking target on the MTFF through the 
hatch window and, using translational  and rotational 
hand contro l ler, would gu ide the M RC for docking. 

4. 1 .2 International Space Station 

Rendezvous and docking of the M RC to the ISS ( Fig .5)  
would be s imi lar to the procedu re employed for the MTFF 
except that the RCS would be isolated at a greater d is
tance, due to possible contamination of ISS attached 
payloads, and an ISS specific grapple fixture wou ld be 
requ i red. 

ESCAPE CAPSUL� 

JEM MODULE....._ 
(Japan) 

COLUMBUS MODULE 
(Euro e) -

\ 

Speeific deta i ls  of the reconfiguration include : 

• Propu lsion subsystem latch ing valves closed 
to prevent leaks or inadvertent thruster activa
tion 

• Attitude control subsystem inh ibited since a l l  
attitude control is provided by the MTFF 

• Communications wou ld  be routed throug h  the 
MTFF communication subsystem by connec
tion into the MTFF data bus 

• Power subsystem configured to trickle charge 
the MRC batteries to mainta in  them at fu l l  
capacitY 

• Thermal  subsystem configured to ma inta in  the 
MRC with in  housekeeping fl ight temperature 
l im its. 

For m issions to the MTFF, the MRC would  act as the l iv
ing quarters for the crew and, subsequently, the ECLSS 
would be ma intained at operational status a lthough the 
a i r  supply would be provided by the MTFF. For an  ISS mis
sion the M RC ECLSS wou ld be inh ibited. 

Fol lowing the MRC reconfigu ration,  the air pressures 
between the two veh icles wou ld  be equa l ized by the M RC 

Fig.5 International/US Space Station 

" ESCAPE CAPSULE 

I . 
IN

_
TERCONNECTING NODE 

USA LABORATORY MODULE 

LOGISTICS MODULE 

I 
SERVICE AREA AND MANIPULATOR 

(canada) 

- SOLAR ARRAY 

4.2 Orbita l Activities 

Once a safe docking had been verified, the MRC com put
ers wou ld reconfigure for orbita l housekeeping opera
tions and in a condition ready to support a possible 
emergency evacuation shou ld the need a rise. 

rel ief va lves, then the hatches wou ld be opened. All 
payloads, flu ids and any additional  equ ipments wou ld be 
un loaded. Payloads or equ ipments which are to be 
returned to Earth wou ld be loaded into the M RC as 
a ppropriate and secured in  the aft payload bay or  with in  
the forward cabin lockers. 
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Fig.6 MRC Recovery Sequence 

DROGUE PARACHUTE DE�ENTS 

MAIN PARACHUT E DEPLOYMENTS 

.::: n =- SPLASH DOWN & RECOVERY 

5. EARTH RETURN 

The re-entry and recovering sequence is described in the 
fol lowing subsections and shown schematica l ly i n  Fig.  6. 

5.1 Re-Entry Preparations 
... 

At the termination of the m ission a l l  the hatches wou ld be 
closed and confi rmed to be a i r  tight, and a l l  MRC subsys
tems returned to fu l l  fl ight status. Undocking of the MRC 
would be achieved by releasing the docking adapter 
latches and then either fi r ing the cold gas thrusters to pro
vide the necessary separation impu lse or uti l is ing the 
MTFF or ISS manipulator system.  

When the  separation d istance had  reached more than 
200 m the Rcs ·would be activated and the four  forward 
facing th rusters fi red to i ncrease the separation velocity 
to more than 5 m/sec. 

Approximately 5-6 hours after u ndocking when the 
separation had reached 1 00 km preparations would start 
to configure the M RC for re-entry. The crew would  don 
their pressure su its, u nfold thei r couches into position 
and strap themselves in .  

Once the precise re-entry and land ing parameters had 
been computed and verified by g round contro l lers, the 
SM would be detached, by activating the fou r  pyrotechnic 
bolts between the OM and SM and severi ng the umbi l ical 
l ines. An avoidance manoeuvre is then performed by the 
OM.  

Later, once the OM had begun entry i nterface, the SM 
gas thrusters wou ld  be vented to depletion,  thus reducing 
its orbital a ltitude below the m ission a ltitude and 
accelerating orbita l decay. Alternatively, an ISS or future 
European orbita l manoeuvring vehicle cou ld  be used to 
recover the SM and return it to the space station .  There 
compenents, such as the solar  array sensors and Ku-Band 
antenna, could  be removed for re-use on future MRC mis
sions or other  systems. The recovered components 

86 

would be returned to Earth on a subsequent M RC or STS 
fl ight. 

Separation of the SM is performed prior to the re-entry 
burn since the RCS can be fu l ly tested and verified before 
the burn takes p lace thus, if the SM does not separate, the 
MRC can return u nder its own control to the MTF-F or ISS 
for repai r  without putting the crew at serious risk. 

The OM fou r  forward facing thrusters a re then fi red i n  
the d i rection of fl ight for a period of  fou r  m i nutes, reduc
ing its velocity by approximately 1 00 m/s. A contingency 
de-orbit burn can a lso be performed with on ly two of the 
four  forward thrusters if necessary. 

5.2 Atmosphere Re-Entry 

Fol lowing a nomina l  de-orbit burn sequence the yaw 
pitch and rol l thrusters wou ld  rotate the OM through 
approximately 1 80 degrees and place the OM at the cor
rect angle of attack for re-entry and maintain  it at the cor
rect attitude during atmospheric fl ight to m in imize decel
eration loads on the crew. An ab lative heat shie ld protects 
the module from the frictiona l  heating dur ing hypersonic 
phase of re-entry. Al l  a ltitude control d u ring re-entry 
would be performed automatica l ly  si nce this is the only 
phase of the m ission which cannot be performed manu
a l ly.  The navigationa l  subsystem has sufficient contro l 
authority during re-entry to ensure that the OM wi l l  land 
with in  1 km of a pre-determined point. 

Prior  to the release of the d rogue parachute, the 
rema ining oxidiser and fue l  is  vented from the propel lant 
tanks in turn, after which a l l  p ropu ls ion subsystem latch
ing valves are closed and the subsystem fu l ly inh ibited. 
This is to enhance safety during recovery operations. 

At the a ltitude of approximately 1 0  km, and whilst sub
sonic, the drogue parachutes a re deployed to further 

_ reduce the descent velocity and dampen any oscil lations 
of the OM. When the a ltitude  has decreased to approxi
mately 3 km, the fou r  main parachutes a re released to 
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reduce the termina l  velocity to below 1 0  m/sec. If on ly two 
parachutes deploy, sufficient drag wi l l  sti l l  exist to l imit 
the impact loads and ensures crew surviva l .  VHF corn- _ 
munications wi l l  be re-establ ished during the fina l  stages 
of the descent i mmediately fol lowing commmunications 
blackout. 

After splashdown at the predetermined site, floatation 
devices wil l  be i nflated to ensure the DM floats upright 
and the recovery sh ip  homing beacon activated. The DM 
is a lso designed to a l low an  emergency landing on the 
g round without s ignificantly endangering the crew. 

5.3 Recovery Operations 

Recovery of the DM and its contents wou ld  be ach ieved 
by using ships that wou ld  home in on the tracking beacon.  
A crane on the recovery vessel would- be attached to the 

.. ..... � 

l ifting hardpoints on the DM and wou ld  l ift the module 
from the sea and lower it onto the deck. Mass spectromer 
"snifter" probes wou ld  be used to determine if any quan
tities of prope l lant remain on the PM and if so h igh pres
sure water sprays would '  be appl ied to wash the external 
surface. 

Once it had beert assured that the DM is safe the hatch 
would be opened and the crew cou ld  egress. The DM 
would then be p laced in  a sealed container and returned 
to the a ppropriate faci l ity for remova l of the payloads. 
Any components of the vehicle that could  be refurbished 
for reuse wou ld  be rem oved and re-acceptance tested.  
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TH E RE-ENTRY ENVIRONM ENT OF THE M U LTI-ROLE CAPSU LE 

I .  WAL TERS and C. M .  HEMPSELL 
British Aerospace, Space a n d  Communications Division, Stevenage, Herts, England. 

Th is  paper describes the structura l  load ing  and thermodynamic  environment experienced by the basel i ne 
M u lt i -Ro le Capsu le  du r i ng  re-entry from orbit and for a proposed asymmetric a lternative confi g u rat ion .  

The base l i ne  M u lt i -Role Capsu le  fo l l ows the same re-entry ph i l osophy as the Amerc ian Gem i n i  and  Apo l lo  
capsu les. lt has a symmetrica l conica l body w ith a spherica l sect ion base wh ich  acts as the  heatsh ie ld .  The C of  G is 
offset a l l owing the veh ic le to trim at �n ang le of a rou nd 20 deg and th is  resu lts i n  a Lift to drag. rat io of a rou nd 0 .35 
at hyperson ic  speeds with g l evels"a'rou nd 2 .5 .  · 

Many of the Mu lt i -Role Capsu le  m iss ions are g reatly fac i l itated by loweri ng the g levels exper ienced du r ing . 
re-entry. To exp lore the poss ib i l ity of a more ben i gn  re-entry, a n  a lternative capsu le  shape was ana lyzed which can 
be tr immed to fly at h ighe r  ang les of i nc idence g iv ing  a h i gher  UD rat io .  Th is was ach ieved by a asymmetric conica l  
body which produces a n  offset C of G a n d  a t  the same t ime a l l ow h ighe r  ang les of i nc idence. The a lternative shape 
can fly at 39 deg i ncidence g iv ing a l i ft-to-drag rat io of 0 .55 .  Th is  lowers the peak g l evels experienced to 1 .6 and 
s ig n ificantly imp roves the ach ievab le cross-range .  

1 .  INTRODUCTION 

Probably the most important p·a rt of the m iss ion of a 
capsu le  tra nsportat ion system is the re-entry i nto the 
Ea rth's atmosphere.  Dur ing the hyperson i c  and super
sonic fl i ght phases the k inet ic energy of the orb ita l f l i ght 
is d issi pated i n  aerodynamic  heati ng .  The capsu le  fullc
t iona l  requ i rement is · to survive th is  heat ing wh i l e  
reta i n i ng  suffic ient contro l of  the fl i ght  to  permit a fi na l  
l and ing  i n  the des ignated l and ing  site. 

If a pu re ba l l i st ic re-entry is u ndertaken then typ ica l ly 
acce lerat ions of 10 g are exper ienced and the degree of 
control is l i m ited . These acce le rat ions a re i ncompat ib le 
with the requ i rements generated by many of the ident i
f ied m issions such as return of i nj u red crew members or 
frag i l e  m icrog ravity sam p les. Th us the M u lt i -Role Cap
su le  needed to adopted some form of aerodynamic l ift to 
reduce the loads experienced . 

The Mu lt i -Role Capsu l e  base l i ne  des :gn  fo l l ows the 
same sem i-ba l l ist ic re-entry ph i losophy as used by the 

1----- ·· · · ·  :j 
Fig . 1 .  Basel ine Descent Module confi g u ration. 
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American Gem in i  and Apo l l o  capsu les .  lt has a symmet
rica l con ica l  body with a spherica l sect ion base which 
acts as the heatsh ie ld .  The center of  g rav ity of  the 
capsu le  is  offset f rom the geometric center caus ing the 
capsu le  to trim to an  ang l e  of i nc idence which provides 
l ift . 

Th is  paper descri bes the ana lysis of the re-entry of the 
Mu lt i -Role Capsu l e  basel i ne  desig n and an  a lternative 
body confi gu ration  i ntended to permit fl i ght at much 
h igher  ang les of  i nc idence to  ra ise the  l i ft-to-d rag rat io 
and thus reduce the loads experienced . 

2. CAPSULE DESIGN 

2 . 1  Baseline Design 

F ig u re 1 shows the base l i ne  Descent Modu l e  for the 
M u lt i-Role Capsu le .  lt has a symmetric con ic  forebody 
and a spher ica l  sect ion base, its d iameter is 4 meters and 
the cone ang le  (which determines the ang le  of i nci-



The Re-entry Environment of the Multi-Role Capsule 

dence) is 22 deg. 
F ig u re 2 shows the l ift-to-d rag coeffic ients eva l uated 

on the base a rea as  ca lcu lated from mod ified Newton ian  
flow theory for a spherica l sect ion base. Ang le  of 
i ncidence is defi ned as the ang le  between the velocity 
vector and the axis of symmetry of the base. 

1 5  .. . . . . . . . ! � 
1 2 . . . 

B a s e l i n e  Capsule · . . • 
A$Jm metric 
C apsu l e  . .  

8 
. . Drag coeffi c • e n i  

· a  
6 
4 lift coe l f i c • e n t  

2 

0 
Sre f  = B ase A rea 

1 0  1 5  2 0  2 5 30 3 5 40 4 5 50 

Angle of Incidence ( deg) 

Fig 2 Lift a n d  drag coefficients vs a n g l e  of incidence. 

The va l ues correspond closely to the wind tu nne l  
derived fo r Apo l lo  [ 1  ) . The l ift coeffic ient rema ins fa i r ly 
i ndependent of i nc idence above 30 deg, but the d rag 
coeffic ient fa l l s  with i ncreas ing i nc idence, g iv ing poten
ti a l ly h igh l ift-to-drag ( UD)  rat ios above 45 deg i nci
dence. These h i gh  UD are genera l ly d ifficu lt  to rea l ize 
however, due  to d ifficu l ty of tr im m i ng the veh ic le 
(ma i nta i n i ng  the vehic le at the desi red ang le  of attack) .  
From Fig .  2 it can be seen that the base l i ne capsu le with 
its 22 deg angle of i nc idence g ives an  UD rat io of 0.32. 

2.2 Asymmetric Design 

As wi l l  be shown i n  Sect ion 3 the base l i ne  symmetric 
conic confi gu rat ion g ives a round  2.5 g. Th is is  adequate 
for the roles identif ied for the MRC but fu rther improve
ments in loads and capsu le  cross-range capabi l ity wou ld  
be  h i gh ly des i rab le  especi a l ly for the fo l lowi ng consid-

3 0 0 0  

erations .  
• Some m icrog ravity exper iments part icu l a rly  p rote i n  

crysta l s  produce frag i l e  p roducts that cou ld  be 
damaged by h i gh  acce lerations .  

• There is a concern , about acce lerat ions seen by 
i n ju red personne l .  lt is  c lear ly desi rab le  that these a re 
m i n im ized i n  the case of fractu res and  i nterna l  
i nju ri@s. . 

• The i ncreased - cross-range wou ld  considerably 
i ncrease the flex ib i l ity of the system a l lowi ng qu icker 
return from orbit to a designated touchdown site. 
Th i s  wou ld  be espec i a l ly va l uab le  in cont ingency 
situation .  

The  study deve loped a n  a lternative aeroshe l l  shape 
that was designed to s ign ificantly improve the ang le of 
i ncidence. Th is  deviated from a symmetr ica l  con i c  to an  
asymmetr ic con ic  with one  s ide vertica l as shown i n  F ig .  
3 .  Th i s  design not  on ly  produces � natu ra l  offset C of G 
but a lso a l l ows the veh ic le  to fly at m uch l a rger ang les of 
i ncidence before the rel ative wind imp inges on  the 
con ica l forebody wh ich is u ndes i rab le  from heat ing  
considerat ions.  The overa l l  base  d i ameter was a lso 
i ncreased to 4 .5 meters wh ich ma i nta ins  compatib i l ity 
with the Shutt le  and Aria ne 5, but the effect on an Ar ia ne 
4 1aunch wou ld  need to be eva l uated. With th is  confi gu r
at ion a tr im ang le  of 39 deg is ach ieved and from F ig .  2 
th is  corresponds to a n  UD of 0.55.  

This a lternative confi gu ration  wou ld  not a lter the 
overa l l  comp lex ity of the M RC system ;  the asymmetric 
shape bei ng  as easy to manufactu re as a symmetric 
shape. The only major syst�m i mpact identified i s  the 
effect of the asymmetric shape on  the lau ncher stack 
aerodynamics which the study has not addressed . 

3. RE-ENTRY ENVIRONMENT 

The re-entry envi ronment for both configu rat ions i s  
shown i n  F igs .  4 to  8 .  

F igu re 4 shows the dece leration experienced by the 
base l i ne capsu le  dur ing the re-entry. The peak dece lera
t ion occurs at a round Mach 7 with a va lue  of 2.4 g. I n  
contrast, F ig .  5 shows the dece leration  for the asymmet
ric des ign  which a l so reaches a peak at Mach 7 but i n  th is  
case on ly  1 .6 g .  Th is  d ifference is  due  to the d ifference of 
ang le  of i nc idence. Th is  point is  fu rther i l l u strated by 

- �_-_ . . . , 1114 500 � 
Fig.  3. Asymmetric conic  a lternative Descent Module configi.H"ation.  
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Fig. 5. Deceleration h istory of the alternative ( asym metric) 
conftguration. 

Fig.6 which shows the re lation of maxim u m  g load 
against a ng le  of incidence. 

A second parameter of i nterest is the achievable 
cross-range since a high cross-range a l lows g reater 
operational flexib i l ity and a l lows more precise control of 
the landing position. Cross-range is ach ieved by rol l ing 
a round the velocity vector. The bottom l i ne cross-range 
is achieved by rol l ing only when the fl ight path angle 
becomes positive (to avoid skipping ) .  The analysis 
assumed a heat sh ie ld which is not ablative but rerad i
ates heat (a worst case) with a temperature peaking at 
around 2350 K in the base l ine case with an ach ievable 
cross-range of 0.28 deg (3 1  km) .  

H igher  cross-range is ach ieved by decreasing the 
(negative) fl ight path a ng le  at which rol l ing commences. 
The effect is to i ncrease the cross-range, but at the 
expense of h igher temperatures. By contrast, the peak 
decelerating forces are completely unaffected by the 
steeper trajectory. 

Figu re 7 shows a plot of cross-range aga inst radiation 
temperatu re of the base l ine configu ration .  The maxi
m u m  ach ievable cross-rangf:'! is around 1 .2 deg ( 1 30 km) 
with a corresponding peak tem peratu re of 2500 K. 

Figure 8 shows the same plot for the asymmetric 
configuration.  This can achieve much h igher cross-
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ranges, capable of over 3 deg (330 krp) ;  while the peak 
temperatures are lower for a corresponding cross-range. 
These range from 2200 K at low values (under 1 deg) to 
2400 K at 3 deg. 



The Re-entry Environment of the Multi-Role Capsule 

Although the Mu lt i -Role Capsu le  base l i ned a n  ab lative 
heat sh ie ld  i n  fact modern ceramic  mater ia ls  such as
carbon-carbon and carbon-s i l icon-ca rb ide have been 
shown to withstand temperatu res of 2500K to 3500K 
without serious  oxidat ion or cata lyt ic degradation and 
cou ld  be cons idered. 

4. CONCLUSIONS 

Prov is iona l  ana lysis of the base l i ne capsule desig n  
which i s  trimmed t o  fly at 2 2  deg wi l l  ach ieve a UD rat io 
of 0 .32 .  Dur ing re-entry the decelerat ion load i ng was 
found  to be 2.4 g and  the maxim u m  stagnation  point 
temperatu re was found  to be 2350 K. 

Wh i l e  these va l ues a re enti rely cons istent with the 
projected m iss ions, i t  was desi rab le  in some cases to 
lower the decel erat ions and an  a lternative asymmetric 

shape, intended to i mprove and re-entry performance, 
was a lso ana lysed . Th i s  ach ieved an UD ratio of 0.55 
which reduced the peak  dece lerat ion to 1 .6  g. Th i s  i s  a 
considerab le  improvement and merits fu rther consider
ation i n  later phases to the program me. 

A cross-range of 1 .2 deg for the basel i ne MRC, and 3 
deg for the asymmetric a lternative, cou ld  be ach ieved 
with on ly a moderate i ncrease in the stagnat ion point 
temperature .  The p redi cted tem peratu res were l ow 
enough for l ater phases to the p rogramme to consider 
the use of rad iative materia l s  as opposed to ab lat ive. 
mater ia ls which were adopted as the base l ine .  
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MULTI-ROLE CAPSULE : PROGRAMME AND COSTS 

C. M .  H E M PSELL and  R.C.  PARKIN SON . 
British Aerospace, Space and Communications Div ision, Stevenage, Herts, England. 

The M u lti-Ro le Capsu le concept faces major cha l lenges i n  meet ing  cost and schedu le  ta rgets to enab le it to fu lfi l 
the i nfrastructu re ro les foreseen i n  the o ri g i na l  r:equ i rement effectively. To exp lore these a reas a p rogramme 
proposa l was created cover ing both the  development and subsequent ut i l ization .  Th is  ind icated tha t  the  t imesca le  
goa ls  and product ion  assumptions shou ld be ach ievable .  The deve lopment and product ion costs were assessed 
us ing parametric cost mode l l i ng techn iques. 

1 .  I NTRODUCTION 

The Mu lt i -Role Capsu le .  ( MRC) Study was i ntended to 
explore the potent ia l  for a manned, semi-ba l l ist ic cap
s'u le  to fu lfi l a var iety of roles req u i red in suppo rt of the 
Space I nfrastructu re envisaged for the 1 900s and 
beyond .  The techn ica l  feas ib i l ity of such a vehic le has 
been demonstrated i n  a number of systems dat ing from 
the late 1 950s. The important quest ion regard i ng the use 
of such veh ic les in the 1 990s is  whether they can provide 
reduct ions i n  cost, r isk and schedu le  in support of 
expand ing i nfrastructure requ i rements. 

Th is paper addresses cost and programmatic asp�cts 
of the MRC concept. lt presents a program me exp lonng 
the ab i l ity of  the system to meet i nfrastructu re roles at  
the proper t ime .  Cost estimates were produced us ing 
parametr ic cost i ng techn iques i n  an  attem pt to  reduce 
veh ic le development and product ions costs, and these 
schedu le  and cost est imates were usec;l to exp lore the 
i mpact of MRC on overa l l  space I nfrastructu re develop
ments. 

2. PROGRAMM E  

2 . 1  Development Programme 

The deve lopment t imesca le is  one of the most cha l leng
i ng  aspects of the MRC proposa l .  There a re th ree key 
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requ i rements to be met if MRC is to fu lfi i its designated 
ro les : 
• The need to provide m icrog ravity exper iment oppor

tun it ies i n  the immed iate futu re (before fu l l  operation 
of tl<le U S/I nternat iona l  Space Station ) .  

• Experience aris ing from use of a recoverab le veh ic le 
which cou ld be app l ied to an  adv'!nced, recoverab le  
Space Transportation  System (sucli at HOTOL) needs 
to be ava i lab le before 1 995. 

• Permanent occu pat ion of the US/I nternat iona l  Space 
Stat ion is  cu rrently p lanned for 1 996, and the CERV 
(Crew Escape & Rescue Veh ic le )  System wi l l  need to 
be operat iona l  at that t ime. 

There is therefore a requ i rement for the system to 
provide a microg ravity faci l ity by 1 994 and to be 
operationa l  as a man-rated veh ic le by 1 995. Th is  imp l ies 
a s ix yea r deve lopment prog ramme, i nc lud ing  test 
fl ights. 

Two approaches were used to estab l ish whether a six 
year programme cou ld  be met. A h igh- level deve lop
ment programme out l i ne  was used to estab l ish  that t ime 
wou ld  be ava i lab le for cr it ical eng i neer ing operat ions .  In  
add i t ion ,  past progra m mes were examined to g ive 
pervious experience i n  meeti ng t�e goals .  

F ig .  1 shows a ba r chart for the main activit ies 

1 994 

Fig. 1 .  Proposed development programme. 
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foreseen for development. A conventional fou r-phase 
programme was assumed (shown at the base) with the 
ma i n  design and construct ion activities shown . The 
fl i ght model bars i nc lude the t ime taken for del ivery as 
wel l  as to conduct the fl ight. 

The development programme was assumed to. start 
with Phase A stud ies and a techno logy proving pro
g ramme beg i n n i ng in 1 988. Th is  start date has not been 
kept, but contin u i ng ESA and NASA studies a re cover ing 
m uch of  the g roundwork req u i red.  However, there wi l l  
sti l l  be a need for a n  i n it ia l  per iod i n  which potent ia l  
contractors respond with proposa ls for system develop
ment. 

The next phase of the prog ra m me ( Phase B) defines 
the system level des ign  to the po int of issue of subsys
tem specificat ions .  One year has been a l l owed for th is  
activity, on the assumption that the requ i rements a re 
more ak in  to those used i n  sate l l ite systems rather than 
comp lex manned systems l i ke the Space Shutt le or  
Space Station .  By modern standards MRC is  a relatively 
s imp le  system without many of the subsystem i nterac
t ions which can comp l icate the system des ign  phase. 

The prog ramme continues a long a classical develop
ment path with a Phase C conta i n i ng subsystem deta i l  
desi gn .  The assumption of 2 1  months for Phase C 
fo l l owed s im i l a r  considerat ions to those invo lved i n  
Phase B .  The t ig htest part o f  t h e  programme is  the 
construction of a Structu re Test Model  j ust th ree months 
after the start of Phase C .  To ach ieve th is, deta i led 
structu re design activity wi l l  be requ i red in Phase B, and 
para l le l  construct ion and des ign  wou ld  be needed in  
Phase C. Th is  method of  work ing has been used 
successfu l ly  in the past, but demands close co-operat ion 
between contractor and customer.  

The Eng ineer ing Model construct ion is  a lso carried out 
dur ing  the Phase C prog ramme.  This model is. i ntended 
as a system level desig n  tool to exp lore subsystem 
i nteract ions .  I nteg ration wou ld  start n i ne months after 
the sta rt of Phase C and l i ke the Structu re Model wou ld  
i nvolve para l l e l  assembly and design �  :. 

Both Structure and Eng ineeri ng Models a re i ntended 
as a means of r isk reduct ion and do not fo rm part of the 
System Qua l ificat ion .  The standard of bu i ld  i n  either of 
these models does not have therefore have to fu l ly 
reflect the fi na l  fl i g ht des ig n .  Both mecha nica l  and 
e lectrica l qua l ificat ion test ing i s  carr ied out on  a ded i 
cated Qual ification  Model ,  which wou ld  need to be of 
fl i g ht standard .  The assembly of th is  Qua l ification Model 
wou ld  beg i n  three months before the start of Phase D as 
a means of reduc ing the overa l l  development t ime.  

Phase D cu lm inates i n  the construct ion of the Qua l 
ificat ion Model  described above and the del ivery of fou r  
Development F l i ght Models. The construction ,  de l ivery 
and fl i g ht of each model takes 2 1  months (assum ing  
components with l ong  del ivery t imes have been ordered 
ear ly) .  The tota l t ime a l lowed for the complet ion of 
Phase D is two and one ha lf  yea rs. 

Fou r  F l i ght Models are i nc luded in the fl i ght develop
ment programme.  The first is  an u nmanned fl i g ht of the 
manned confi gu ration  to prove the system prior to flying  
with a crew, and corresponds to  i n it i a l  fl i ght tests on  
ear l ier  capsu le  programmes. The second fl i ght is  a n  
unmanned test fl i g ht o f  t he  m icrogravity vers ion .  
Although a test fl ight, it is assumed the rea l  payloads 
cou ld  be flown, re l iev ing some of the pressure on  the 
Eu ropean m icrogravity programme.  In the plan pre
sented th is  fl i ght wou ld take p lace in early 1 993. The 
development test fl i ght prog ramme wou ld  then be 
com plete with two manned test fl i ghts to prove a l l  
system functions i nc lud ing EVA, rendezvous a nd poss-

ibly dock ing operat ions.  In th is  prog ram me, the fi rst 
European astronaut - i ndependently launched - wou ld  
f ly  at the  end of  1 993. 

The conclus ion of the i n it ia l  p la nn i ng exercise was 
that, with a smal l  amount of r isk associated with  early 
start of the Deve lopment and Qua l ificat ion  Model 
assembl ies, the six year goal  was ach ievable .  The 
assum pt ion has been made that no  changes in system 
requ i rements are i m plemented after the start of Phase B, 
and that fund ing is provided on an  "as requ i red " basis 
rather than an  "as provided " basis with a rtific ia l  con
stra i nts. 

In this respect the MRC development prog ramme 
wou ld  have to  fo l l ow the management trends of  major 
programmes i n  the 1 960s rather than t_!le nationa l  of the 
1 970s and 1 980s. Comparison with prog rammes such as 
the Space Shutt le and Space Station/Col umbus a re oot 
real ly val i d .  The deve lopment ph i losophy fo l l ows more 
closely that of com mercia l  comm u n icat ions sate l l ite 
programmes - typ ica l ly ach iev ing 2%-3 years from 
contract award (effectively the start of Phase B) to fi rst 
launch .  The correspond i ng t ime for M RC is a l itt le  over 
fou r  years, g iv ing some confidence · in the outl i ned 
progra mme. 

A fu rther test of the programme's v iab i l ity is a 
comparison with the t ime taken to develop s im i l a r  
systems i n  the  1 960s. The relevant dates fo r  Mercu ry, 
Gem i n i  and Apo l l o  a re g iven in Tab le  1 .  The Mercury 
prog ramme is not cons idered va l i d  fOT the pu rpose of 
compar ison ma i n ly because of_ the s imp l icity of the 
system,  the lack of i nteraction  with other e lements, and 
the reduct ion in safety to a level u nacceptab le by today's 
standards. 

TABLE 1 .  1 960s capsu le  prog ram mes with n u m ber  of 
months from contract award shown in b rackets. 

Contract First unmanned First manned 
award fl ight fl ight 

Mercury Feb 1 959 Nov 1 960 (22)  May 1 96 1  (28) 
Gemin i  Dec 1 96 1  Apr 1 964 ( 28) Mar 1 965 (39) 
Apol lo Nov 1 96 1  Feb 1 966 (63) Oct 1 967 ( 7 1 ) 
MRC (proposa l )  Nov 1 988 Jan 1 993 (49) Dec 1 993 (57 )  

The Apo l lo capsu le is  the system closest to the MRC 
concept in specificat ion and as can be seen took 
s ign ificantly longer than the M RC prog ramme out l i ned 
here. However, there a re a number of spec ia l  featu res 
evident in the Apol l o  progra m me which tended to 
stretch the deve lopment of the CSM : 

• The Apo l l o  specificat ion was a ltered after the con
tract award to take account of the Lunar  Orbit 
Rendezvous dec is ion .  

• The Gemin i  programme was i ntroduced to act as an  
Apo l lo  precu rsor. 

• The Apo l lo  1 f ire de layed the fH"Ogramme for at least 
one year whi l e  major redesigns were carr ied out. 

The Gemi n i  progra m me is therefore probably the best 
gu ide to the sort of programme envisaged for MRC.  Its 
com plexitY and size a re a l itt le  below MRC, but not to a 
d isproport ionate amount. The comparison suggests that 
a tota l of s ix years from the start of project defin ition  to 
an operat iona l  system is  not u n rea l ist ic. 
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2.2 Utilization Programme 

The study a lso considered a utilizatio n  programme. This -
exercise had three goals : 

• To i l lustrate the various roles the system cou l d  fu lfi l .  
• To examine potenti a l  conflicts in the prog ram m e  due 

to the m ulti-role requirement. 
• To scope l i kely production requ i rements. 

The study assumed that all the roles identified for MRC 
were exploited. I n  p ractice this is a n  u n l ikely assum p
tion, but represents a "worst case" demand. The pro
g ramme presented here was derived d u ring a series of 
iterations, taking into accou nt the need for a u n iform 
production rate. 

The uti l izat ion progra m m e  is shown in F ig .  2. This 
shows the i nteractions with other  infrastructu re pro
grammes, such as the S pace Stat ion.  Table 2 gives the 
nominal assumed missions as a sequential l isting. The 
early operational fl ig hts a re u n m a n ned microgravity 
missions, flown at a rate of one per year. In addition, a n  
independent m a nned m ission i s  i ncluded i n  1 994 -
possibly as a g uest visit to M i r. 

In 1 995, support to the U S/Internationa l  Space Stati o n  
begins with the launch o f  t h e  fi rst CERV. A second CERV 
is launched in '1 997. CERV replacement launches then 
occur every 18 months - rather frequent replacement for 
an emergency vehicle, but representing a " worst case " 
demand. There are also two manned lau nches to the 
Space Station, one in 1 996 and a second in 1 997. The 
first visit is intended as a demonstration of independent 
European manned access to Space, the second to 
provide supplementary crew du ring operations to set•u p 
the Columbus Man Tended F ree Flier ( MTFF). With the 
Space Station operational ,  m ic rog ravity m i ssions a re 
assumed to be required no longer, a n d  u n m a n ned 
m issions cease after 1 996. 

The MTFF wou l d  req u i re servic ing by the M RC with a n  
attached servicing m odule a t  a rate o f  a bout one fl ight 
per year. This wou l d  use a n  Ariane 5 l a unch, and a test 
flight of this launch system is schedu led for 1 998. The 
Ariane 5/MRC launcher could a lso be used to service the 
Polar  Platform with a fl ight every six y.ears. The stu dy 
also i dentified three contingency m issions, req u i ri ng 
additional capsules to be held i n  a state of readiness on 
the ground. The first m ission i s  a contingency-crew 
delivery-system to the Space Station sho u l d  the pr imary 
logistics vehicle (the Space S h uttle)  become temporari ly 

C. M. Hempse/1 & R. C. Parkinson 

TABLE 2. Maxim u m  m issio n  model. 

No. Date Crew Launcher Mission 

Development 

STM 1 99 1  Structura l  testing 
E M  1 992 System development 
OM 1 992 System qualification 

Flight Models 

F1 1 993 0 A4 Development 
F2 1 993 0 A4 Microgravity 
F3 1 993 2 A4 Development 
F4 1 994  4 A4 Development 
FS 1 994  0 A4 Microgravity 
F6 1 994 4 A4 Independent mission 

leg. Mir visit) 
F7 1 99S 0 A4 M icrogravity 
F8 1 99S 0(6) A4 ISS rescue capsule 
F9 1 996 0 A4 Microgravity 
F1 0 1 996  3/4 A4 ISS visit (demonstration) 
F 1 1 1 997 3/4 A4 ISS visit (crew for MTFF ops) 
F 1 2 1 998 016) A4 ISS rescue capsule 
F 1 3  1 998 2 AS AS development 
F14 1 998 2 AS MTFF service 
F1 S 1 999 0(6) A4 ISS rescue capsule 
F 1 6  1 999 2 AS MTFF service 
F1 7 2000 2 A5 Polar Platform service 
F 1 8  2000 2 AS MTFF service 
F 1 9  2001 0(6) A4 . ISS rescue capsule 
F20 2001 2 A5 MTFF service 
F2 1 2002 0(6) A4 ISS rescue capsule 
F22 2002 2 AS MTFF service 
F23 2003 0(6) A4 ISS rescue capsule 
F24 2003 2 A5 MTFF service 
F2S 2004 016) A4 ISS rescue capsule 
F26 2004 0101 A415 ESS rescu e  capsule 
F27 2005 2 AS Polar Platform serv ice 
F28 ioo6 0(61 A4 ISS rescue capsule 
F29 2006 0(6) A4 ISS rescue capsule 
F30 2007 0(6) A4/5 ESS rescue capsule  

Contingency Capabi l ity 
Cl 1996 on 4 A4/S Crew supp ly for ISS/ESS 
C2 1 999 on 2 AS MTFF or PP service 
C3 200S 2(6) A4/S Aerospaceplane rescue 

non-operatio n a l .  The second is to a l low an u n scheduled 
service of the Polar Platform or MTFF. The final contin
gency m ission wou ld provide rescue capability in sup
port of test fl ights of a m a n ned aerospaceplane. 
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Fig. 2. Maximum uti l ization programme. 



Multi-Role Capsule: Programme and Costs 

The conclusions of the util ization programme study 
are :  

• Even with maximum util ization, the flight rate is not 
more than two per year. Many of these would have 
an extended orbital l ife, and the benefits of a 
reusable system a re not obvious. 

• The Space Station escape role (CERV) and the 
i nfrastructure servicing role have a s i g n ificant utiliza
tion over a long period ( - 1 5  years).  

3. COST 

Cost est imates for development and production of MRC 
were made us i ng parametric cost analysis at both 
system and su bsystem level ,  using a m ultilevel object
o riented program (CAPCOST) based on Cost Estimating  
Relat ions orig ina l ly derived for the NASA Space Station 
stud ies, but modified in the l ight of B ritish Aerospace 
experience. The structure of the CAPCOST programme 
is i l l ustrated in Fig .  3. The purpose of CAPCOST was to 
invest igate potential  cost saving measures in the vehicle 
design  such as the mu lt ip le  u se of common compo
nents.  One cost saving  measure which it i s  d ifficult to 
assess with a parametric model  using mass as the 
principal component is the i mpact of increasi ng mass 
marg ins  and usin g  less demanding technology as a 
consequence .  This may h ave a sign ificant impact, parti
cu larly on production  costs. 

3.1 Development 

The MRC deve lopment costs were estimated assuming 
the programme outlined in Section 2. inc lud i ng one 
unmanned and two manned test flights. The estimate is 
shown i n  Table 3. The total cos1 is about 1 .7 bi l lion ESA 
Accounting  Units. This is in general agreement with top 
level experience from previous capsu le programmes 
(see Fig. 4). 

3.2 Recurring flight Cost 

The recurri ng flight costs are also estimated by CAP
COST and are shown in Table 4. The fl ight support costs 
a re somewhat variable. depending on the nature of the 
mission and the extent of the g round su pport and 

TABLE 3. Development cost estimate.  

Right Hardware 

Structure 
Active thermal 
Propulsion 
Power system 
GNC 
Data and communication 
ECLSS 
Recovery system 
System test 
SE&I and management 

Support equipment 

G SE 
Simu lators 

Test Programme 

Test capsu l es (3) 
Flight support 
Lau nchers (3) 

Total developJllent 

MAU 
1 33 

7 
27 
27 
70 

218 
164 

14 
52 
93 

805 

66 
7 

300 
331 
2 1 9  

1 728 

tracking requ i rement imposed. The cost of capsu le 
hardware tooks somewhat h igh ,  but with a productio n  

Fig. 3 .  CAPCOST structure. 

run of 1 6  capsules learning factors would bring the 
average cost down to about 75 MAU, and it is possible 
that by exploiting h i g h  mass margins further cost 
reductions could be achieved. 

4. EUROPEAN SPACE INFRASTRUCTURE 
IMPUCATIONS 

One argument in favour of developing a European 
Multi-Role Capsute is that it can act as an i nterim 
manned carrying veh icle in developing a European 
Space Infrastructure without diverting excessive 
resources from the primary objective of setting up a n  
operationally affordable transportation system for the 
early years of the 2 1 st Century. The currently proposed 
Hermes is expected to cost in the region of 5000 MAU to 
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TABLE 4. Recurring cost est imate. 

MAU 
Flight Hardware (fi rst u n it production)  

Structure 1 9  
Active thermal 6 
Propulsion 4 
Power system 7 
GNC 1 2  
Data and com m u n ication 1 7  
ECLSS 1 1  
Recovery system 2 
I ntegration and test 1 1  
SE&I and management 1 1  

Fl ight support 
Launcher 

'Total fl ight cost 

1 00 

1 0  
73 

1 83 

Dry Mass (t) 

develop, and wi l l  have a recu rri ng fl i ght cost of about 
1 20 MAU. lt seems un l i ke ly that Eu rope will be able to 
afford more than two or three launches per year, and  
that the  size of  the low Earth  orbit fac i l ity that it wi l l  be  
ab le  to  support wi l l  be m in ima l .  To  compete effectively 
with US capab i l it ies in the ear ly 2 1 st Centu ry, E u rope 
wi l l  requ i re a substantia l  reduct ion in l aunch costs, and 
wm have to i nvest in a reusable and cost-effective space 
transportat ion system such as HOTOL in the same 
per iod as is  having to pay for the expensive operations 
associated with Hermes and a Man-Tended Free Fl ier .  

Develop ing the MRC as an  a lternative to Hermes 
wou ld  save about 3000 MAU i n  development costs. 
Tab le  4 suggests that the recu rring  fl i ght cost of M RC 
wou ld be h igher  than Hermes, but a pToduction run of 
perhaps 1 5  capsu les, o r  some attempt at reuse of 

1 0  

I .  Waiters & C. M. Hempse/1 

Fig .  4. Comparison of MRC cost est imate with 
other programmes. 

hardware, cou ld  be expected to br ing the un it pr ice 
down to about 75 MAU . I n  addit ion, with the launch 
capacity of Ariane 5 it wou ld be possib le to l aunch a 
capsu le and an  expendab le Log istics Modw le  i n  tandem, 
so that support f l ights to a Man-Tended Free F l ier  o r  an 
i n it ia l ,  autonomous Eu ropean Space Stat ion wou ld  be 
no more expensive than launch ing Log ist ics Support 
Modu les on  separate f l ig hts to Hermes. lt seems prob
able, therefore, that in the period from 1 997 to 2005, the 
u n it fl i ght cost of M RC operations wou ld  not be d ifferent 
from that for Hermes. In the short term there wou ld  be 
less pressu re to exp loit a very expensive i nvestment to 
the fu l l  before start ing on a successor veh icle, and in the 
long term the existence of the MRC wou ld  save costs 
associated with providing an Escape Capsu le  for a n  
autonomous Eu ropean Space Stat ion .  

Successfu l exp lo itat ion of the space environment 
demands not s imply the capab i l ity to ca rry out oper
at ions i n  orbit, but the capab i l ity to afford such opera
tions. Manned launch systems us ing expendable launch 
vehic les a re l i ke ly to p rovide on ly an  i nterim,  expensive 
access to low Earth orb it, provid i ng experience before 
more economical l au nch systems become ava i lab le .  
There is a strong case, therefore, for keeping ambit ions 
and risks low dur ing th is  i nter im per iod, and adopti ng  a 
wel l -tried route that the MRC prog ramme offers. 

5. CONCLUSION 

The M u lti-Role Capsu le concept has the attract ion of 
provid ing  a short-term and relatively low-cost route for 
Europe to enter Man-i n-Space operations, wh i l e  p rovid
ing a long-term component of its eventua l  Eu ropean 
Manned Space I nfrastructu re. To be successfu l ,  there a re 
cha llenges i n  meeti ng cost and schedu le  targets to fu lfi l 
these ro les effectively.  This paper has explored the cost 
and programmatic issues and has ind icated that the 
t imescale goals and product ions assumptions a re 
achievable .  

This  paper represents the  author's private work and the  views expressed i n  the  paper are those of  the  author and do not  necessarily 
represent those of British Aerospace plc. 
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