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The technica l cha lleng e of K EO project is to g u a ra ntee the reentry, the recovery a nd the inform a tion 
delivery a fter a du ra tion of abou t 50 ,0 0 0  yea rs. The first step is a  technica l a na lysis to stu dy the 
feasibility of the project w ith sta te-of-the-a rt technolog ies. 
 
I- G enera l a na lysis 
The life cycle of "K EO, the Archeolog ica l Bird of the Fu tu re" project presents 5 phases w ith ea ch 
specific problem s to a na lyze : 
• stora g e a nd la u nch : la u ncher interfa ces 
• ballistic phase : choice of the sta rting  orbit and im pa ct of radia tion, m icro m eteorites and space debris    

on the K EO pa yload integ rity stru ctu re.  
• a tm osphere reentry : definition of hea t shield system  
• im pa ct : stru ctu re integ rity, bu oya ncy 
• inform a tion delivery : procedu re to decode the m essa g e 
 
The first pa rt of feasibility stu dy focu ses on the tw o m a in points, the definition of the sta rting  orbit and 
the K EO probe desig n stru ctu re, cou pled w ith the m ission du ra tion a na lysis. 
 
M a in specifica tions w ere defined as follow s: 
• Pa yload : 80  Com pa ct-Discs, 1 decoding  procedu re (volu m e equ iva lent to 10  CD), 1 dia m ond, 1 
dating  system , 1 g lass pla te (fig u re 1 : pa yload config u ration - dia m eter abou t 20 0  m m ) 
• Probe m ass  and volu m e : ta rg et V = 60 0 *60 0 *80 0  m m , M  = 80  k g  
• Im pa ct velocity : no m ore tha t 10 0  m /s 
• No a ctive system s 
 
A first qu ick  technica l loop indicated tha t the m ore robu st shape for the probe is the sphere du e to its 
insensibility to im pa ct a nd flu x direction. The a na lysis of the w ings  feasibility show ed tha t the 
rea liza tion w ith sta te-of-the-a rt deploym ent system s for satellite presents low  problem . 
 
A first list of m a teria ls for the probe stru ctu re, based on their a g ing  ca pability, w a s defined a nd w e 
selected m eta l a nd cera m ic m ateria l to ha ve best potentia l versu s project g oa ls. 
 
II- sta rting  orbit choice 
The choice of the orbit is a  com prom ise betw een different pa ra m eters : 
• the du ra tion of the m ission 
• the ca pability of the stru ctu re to su sta in radia tion, m icro m eteorite a nd debris im pa cts.  
• la u nch possibilities 
 
To m inim ize radia tion problem s w e need to be u nder Va n Allen belts (u nder 20 0 0  k m  of altitu de and 
60 ° of inclina tion). The debris concentration is at its m a xim u m  a t low  a ltitu de a nd in g eosynchroneou s 
orbit bu t there a re som e hollow  reg ions betw een 10 0 0  a nd 150 0  k m .(see fig u re 2) 
 
To initia te stu dy of pa ra m eters, w e selected a circu la r orbit (140 0 , 52°) tha t w ou ld lim it the radia tion 
effect a nd tha t is often selected for satellite constellations (la u nch a ccess). 
 
The du ra tion of the m ission w ill depend on a ltitu de injection, orbit eccentricity , m ass  and su rfa ce of 
the object.(see fig u re 3). Therefore w e needed a  first desig n of the object to estim a te the total du ra tion 
of ballistic flig ht. W e su pposed tha t the w ing s w ou ld com e off a fter a decade a nd these effects w ere 
neg lected for ca lcu la tion of the tota l m ission du ra tion. 
 
III- Probe prelim ina ry desig n 
To define a  prelim ina ry desig n of the probe stru ctu re w e needed to stu dy the protections  a g ainst 
radia tion, m icro m eteorites a nd debris, reentry flu x a nd g rou nd im pa ct. 
 



III-1 Ra d ia tion hardening  
The tota l dose du ring  10  yea rs at 140 0  k m  of a ltitu de is 80  M rad behind 20  m m  of a lu m inu m  (see 
fig u re 4). W e su pposed this valu e consta nt du ring  the entire m ission. Neg lecting  the brem sstra hlu ng  
effect a nd ta k ing  into a ccou nt the ioniza tion effect, the ha rdening  capacity of m a teria l is proportiona l 
to its density. So the m a terial w ith hig her density leads to sm a ller thick ness. 
To m inim ize K EO m ass  and dia m eter, to m inim ize reentry hea t shield thick ness, w e selected a shield 
of 3m m  of tu ngsten. The pa yload behind su ch a shield is exposed to 8 10 E9 rad. (The radia te test on 
the CD is in prog ress) 
 
III-2 m icro m eteorites a nd debris 
 III-2-1 m icro m eteorite flu x a nd velocity 
The table fig u re 5 show s the nu m ber of im pa ct a nd the probability of im pa ct versu s m icro m eteorites 
dia m eter for 50 ,0 0 0  yea rs of flig ht and a probe dia m eter of 50 0 m m . W e noted a  la rg e nu m ber of 
im pa ct of sm a ll pa rticles and a very low  probability of one im pa ct w ith a  la rg e pa rticle (D>1cm ). The 
a vera g e velocity is ta k en to 20  k m /s. 
 III-2-2 debris flu x a nd velocity 
If w e extra pola te the classica l m odel of flu x (increase of 5% per yea r for new  debris, increase of 2 or 
4% by im pa ct), the nu m ber of im pa ct w ith la rg e debris (>1cm ) w ou ld too im porta nt to g ive a  cha nce to 
K EO to su rvive. This project em phasizes the ca tastrophic im pa ct of debris increase for safety in space.  
To g o ahead and ana lyze this im pa ct, tw o hypotheses ha ve been m ade : no new  debris in space beyond 
210 1, a nd beyond 20 51. Fig u re 6 a nd 7 present the flu x of debris and probability of im pa ct versu s these 
tw o hypotheses. 
W e rea lize tha t only the second hypothesis is reasonable to ha ve a  cha nce to bu ilt a shield tha t cou ld 
protect the probe. So if w e continu e to increase the nu m ber of debris so qu ick ly beyond 20 51 the 
cha nce of K EO su ccess is very low . 
The a vera g e velocity of debris is ta k en to 10  k m /s (for 14 k m /s m a x.) 
 III-2-3 shield desig n 
A pa ra m etric stu dy lead to select a  m u lti-shock  shield w ith a  m inim u m  of three bu m pers (alu m inu m  
a nd nextel/k evla r tissu es- thick ness 2m m ) a nd an interna l sk in (alu m inu m  or tita niu m - 10 m m ). The 
tota l thick ness of the shield is abou t 10 0  m m . This conception is based on COF M DPS experience. 
It's a prelim ina ry desig n tha t needs to be im proved throu g h a  m ore precise stu dy on probability of 
im pa ct versu s probe dia m eter, a nd m a teria l beha viou r stu dy versu s m u ltiple im pa cts and  a ging . 
 
 
III-3 reentry shield  
A pa ra m etric stu dy of tra jectory w a s m ade for severa l K EO config u ra tions (m ass  and dia m eter). W e 
obta ined: from  70  to 150  m /s2 for the m a xim u m  decelera tion, 50  to 135 m /s for g rou nd im pa ct 
velocity, a nd 5 to 15 m n for reentry du ration. The m a xim u m  hea t flu x ra ng es from  1 to 3.5 M W /m 2. 
These va lu es  are classica l in reentry vehicle desig n a nd don't present a ny specific problem . 
 III-3-1 heat shield desig n 
The lim it tem pera tu re for the pa yload w a s fixed a t 250 °C. 
First com pu ta tions show ed tha t the debris shield w a s blow n ou t a t hig h a ltitu de (betw een 120  a nd 10 0  
k m ). 
The concept selected (see fig u re 8) for the hea t shield is a  m u ltiple sk in based on ca rbon/carbon 
m a teria l in the front (absorb the flu x w ith ablation u ntil the a ltitu de of m a xim u m  of flu x-thick ness 
10 m m ), tu ng sten m ateria l (radia te shield + reentry m a terial- thick ness 3m m ), tw o type of insu la ting  
m a teria l (based on ca rbon foam  w ith different density- tota l thick ness of insu la ted m a teria ls 130 m m ) 
a nd fina lly a stru ctu re w ith tita niu m  m a terial (thick ness 3m m ) 
 
III-4 G rou nd im pa ct stu d y 
No specific stu dy has been m ade bu t w e selected a com pa ct a rchitectu re a nd m a teria l (tita niu m  and 
foa m ) tha t ha ve been qu a lified to m ore tha n 10 0 g  g rou nd im pa ct. 
 III-4-1 M ass and volu m e 
W ith concepts define thereu nder, the tota l m ass of K EO is 178 k g , the dia m eter is 770 m m .Tha t leads to 
a  du ra tion of ballistic flig ht of 570 0 0  yea rs and a fina l density of the object on the g rou nd is 0 .852. 
Therefore the bu oyancy is acqu ired. 
 
This concept seem s to be robu st bu t is fa r from  ta rg et m ass of 80  k g . 
So severa l config u ra tions are u nder stu dy to optim ize K EO's m a ss. 

• off-centering  of the g ra vity center (see fig u re 9) 



This config u ration leads to off-centering  the center of g ra vity to crea te a  rota tion a nd a stabiliza tion 
of the K EO w hich presents a defined side to the reentry hea t flu x. That a llow s an optim iza tion of 
insu la ted m a teria l thick ness and a decrease in m ass  and in dia m eter of the probe. W e estim a ted a  
redu ction of 75k g  for the m ass and 70 m m  for the dia m eter. 
• splitting  of tu ng sten shield 
W e ca n optim ize the tu ngsten shield by k eeping  the m inim u m  for reentry shield (1m m ) a nd the 
rem a inder w ou ld be ju st a rou nd the pa yload. The m ass redu ction obtained is of abou t 20 k g . 
• increase of tem pera tu re lim it of the pa yload 
The increase of lim it tem pera tu re of the pa yload from  250  to 350 °C (tha t is the continu ou s lim it 
tem pera tu re of the CD) perm its a  m ass redu ction of 50 k g .  

 
Therefore the potentia l of m ass redu ction is abou t 80  k g  versu s robu st solu tion a nd the ta rg et of 80 k g  
isn't im possible to rea lize. For dia m eter the lim it seem s to be abou t 70 0 m m . 
W ith these desig n a nd the sta rting  orbit nea r 140 0 k m  of a ltitu de a du ration of 50 ,0 0 0  years is a  m ost 
probable case. 

 
IV- Conclu sion of the technica l stu dy 
 
The rea lization of the K EO probe seem s to be rea listic w ith sta te-of-the-a rt technolog ies, and 
prelim ina ry desig n leads to a  probe of 80  a nd 120  k g  in m ass  and of abou t 70 0 m m  in dia m eter. The 
estim a ted du ra tion of the ba llistic flig ht is abou t 50 ,0 0 0  yea rs. 
 
The m a in problem  rem a ins debris im pa ct beca u se a n increase of debris nu m ber beyond 20 51 w ou ld be 
a  problem  for the sa fety of the probe. In this case the possibility to inject K EO on a  hig her altitu de orbit 
(a rou nd 180 0  k m ) cou ld be a  back -u p solu tion. A g rea t effort m u st be done du ring  probe developm ent 
to test cu rrent concepts of shield versu s m u ltiple im pa cts and a ging . 
 
The other aspects, reentry im pa ct, bu oya ncy, seem  to be feasible based on AEROSPATIALE sta te-of-
the-a rt k now -how  on reentry vehicle. 
 
The project is g oing  a head w ith a n a na lysis of the developm ent of K EO a nd m ore deta iled desig n of the 
probe.  
 
 


