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ABSTRACT

As the frst long-term onorbit spacelab of Cha,
TianGorg-1 will stay aldt for 2 years. Its failee risk
slbjected to Meteaoid ard Orhktal Delkris(M/OD) is
hundeds of times highe than te risk of Shenzhou-5,
Sherzhou6 or Sherzhou7, so tle special M/@
protecion designshavebeenappled. In order to reduce
the penetraton risk of radator tube, he desyn of
radiator has been nodified by placing the tube at the
side of radiator plate, and the new design does rot affect
the thermal control system withot addng the ness.
Secmdly, Whipple stucture & acopted in the wo sides
and frontof spacecraftgaing M/OD impact.

1 PREFACE

Tiangong-1 isChinas firs¢ spacelab lanchel on 29
Sepenmber D1lan experimental testbed b denpnstate
orbital rendezvous ard docking camhilities. During its
two-year @erational lifetime, theunmanned Shermou
8 auccestully dodked with the nodule in Novenber
2011, while the manned Shenzhou 9 missiondodked in
June 2012 A third ard fina missian, Shernzhou 10 is
scheduled to launch in 2013. Tiangong-1 is China's frst
spacecrét shielded from M/OD, Which ensure that it
had beenon orbit sdety for oneyearand five months
In the paper,the sheld desgns are itroduced.

2 RADIATOR

As important component of the thermal control system,
the radiator is laid outsiel of spacemaft large-aea,
which enhancesiits risk of M/OD impact

If the tuke of radator is penetratedby M/OD, maybe,
the thermal control systemis disabed functionally. So
the sheld design of radator is fulfilled to improve its
caphility to resist M/OD.

21 PRIMITIVE RADIATOR

The sletch nap of primitive radator is preseted in Fg.
1, the radiator is made of abminum alloy with a liquid
as working fluid.

Proc. ‘6th European Conference on Space Debris’
Darmstadt, Germany, 22-25 April 2013 (ESA SP-723, August 2013)

tube projectile

l ribbing

Figure 1. scheme of primitive radiator

By HyperVelocity Impac(HVI) numerical simulation
ard tests, tle M/OD protection cagbility of radata is
evaliaed. Made d 2A12 aluminum alloy, spheical
projectile \ertically impacts érget, inthe simulation and
test.

Simulation reslts ispresetedin Tah 1. In the table, no
penetration is repesemed by v, which peretration is
repesated by x.

Test reslis is presetted in Fg. 2, Comparisan between
test reslis ard simulationrestlts is presetedin Fig. 3.

Accordng to Fig. 3, the resuts indcate that pedction
dat by simulation agree wih expeimental dat.

Table 1. simulation results of primitive radiator
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1mm diameter pojectile can pnetrate the tube of new
radator at7km\s, ad al.5mm dameter pojectile can
penetate the tube of new radiator at 5km\s. It becomes
obvious that the capbility to resist M/OD of new
scheme is reirforced

Table 2. simulation results of improved radiator
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The M/OD protection cagbility of the obvious frail T=E.7reas
pariFig. 4) isevaluatd by simulation. D=1.0mm, V=7.0km/s, penetration

Simulation resuts of improved radator ispreserted in
Tab. 2 and Fig. 5. In the table, no penetraton is
represeted by, which penetationis represenied by x.

F fgure 4. scheme of improved radiator

Figure 5. simulation results of improved radiator

3 PRESSURE CABIN

Findly in shat, A 1mm dameter pojectile ca . . L .
Y po Therisk asessent of Tiangong-1 ndicatethat the side

penetate the tube of primitive radiator at 5kmls, but a



faces andorward face of the presure cabi has highe
impact pobability(Fig. 6), herce, sheld design of the
Zones is more important.

Figure 6. Distribution for number of impacts per area
with d>1cm

3.1 SHIELD DESIGN

Above al, the radiator should be tken asburnper ad
the strictural wall as reamwall, that is in other words,
the radiator ard the structural wall should be tken as
Whipple with siandff 51nm. In this case, PNP of ¢h
pressire cdin is promoted from 0.1336 before shield to
0.3366 after shieldFig. 7).

Secondly, e coneface ad side faceof the cain ae
protecied by adgting Whipple stucture, PNP d the
cabn is promoted b 0.6995Fig. 8).

Proecion pammeters of TianGongl is presated in
Tab.3

(radiator laid in black zone )

Figure 7. Distribution for number of penetrations by
only radiator protection

Figure 8. Distribution for number of penetrations by
special protection

Table 3.  protection parameters of TianGong-1

Whipple | Whipple | Whipple
(radiaton) | (cylindep | (cone)
Bumper Mat 5A06 6061 6061
Bumper thickness 10 10 10
(mm)
Standff (mm) 51 51 70
Rear wall tiickness o5 o5 3.0
(mm)

3.2 VERIFICATION

Hundredsof HV1 tests havebeen fhishel to verified the

protection capalblity of the Whipple. The specimen ard

projectile arepresered in Fig. 9 ard Fig. 10, the test
resuts of Whipple ae peseted in Fig. 11 and Fg. 12,

the ballistic limit curve of Whipple are presded in Fig.
13ard Fig. 14.

Accordng to the test resltis, Whipple with standdf
5Imm canresist a fim dameter pojectile mae of AL
at 6km\s, ard Whipple with siandoff 70mmcan resist a
6-mm diameterprojectile made of AL at 7km\s.

Figure 9.  specimen and projectile



rear wall

V=7.00km/s, d=6.02mm V=06.71km/s, d=6.00mm

Figure 10. specimen after HVI test Figure 12. test results of Whipple(standoff 70mm),
normal impact
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Figure 13. ballistic limit curve of Whipple(standoff
51mm), normal impact
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Figure 14. ballistic limit curve of Whipple(standoff
70mm), normal impact

bumper 4 CONCLUSION

Tiangong-1 isChinas firsg spacecrit protected from
M/OD. On cordition that limited mass, PNPof the
pressire cain is promoted from 0.1336 before shield to
0.6885 after shield. And that, the M/OD protecion
camhblity of the tuke has beensigrificantly raisedby



modifying desyn of radiator.

Whipple is adopted @ protect spaceln but the
camhblity of Whipple is lower, Saadvanced pratection
structures ad materials havhg been developed for
China's spce statio andlow earthorbit satellite.
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