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Re-entry Survivability Analysis Model of Spacecraft Composite Propellant Tank
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A propellant tank for spacecraft is usually made of titanium alloy, it would not demise during atmospheric re-
entry of the LEO spacecraft and cause a risk to the ground. So, it is desirable that a propellant tank would demise.
JAXA had conducted research to develop an aluminum-lined, carbon composite overwrapped tank for reducing
impact risk to the ground. In the early phase, it expected that the resin of CFRP would decomposed by
aerodynamic heat and residual carbon fibers were blown away by the effect of airflow. However, reevaluation
of the survivability of this composite propellant tank has been conducted by JAXA. We report the re-entry
survivability analysis model based on arc wind tunnel tests , and current reevaluation status.
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A propellant tank for spacecraft is usually made of titanium alloy, it would
not demise during atmospheric re-entry of the LEO spacecraft and cause a
risk to the ground. So, it is desirable that a propellant tank would demise.
Sy avRTHROBHERARFENBRETLTASBICERAT SR, FAUASRHOHEREIY
VITBRET T EFETEET L. TELEDVRIELGHT VD,

JAXA had conducted research to develop an aluminum-lined, carbon

composite overwrapped tank for reducing impact risk to the ground.
#EDREMRE EDT-HICIFHERIIMNBERT DONLEELL JAXA TIHBREED
CEEBRLTTAIE RS T DEEMERIVIORE -FAREERLTE .

In the early phase, it expected that the resin of CFRP would decompose by o
aerodynamic heat and residual carbon fibers were blown away by the effect
of airflow. However, to improve re-entry survivability analysis method,

reevaluation of the survivability of this composite propellant tank has been

conducted by JAXA.
R L, EEMOBIEABRAROMBATRSBEL. RRONRTREMHARBL TEHLZS
AFTHBERT DEREL TV =, LALEAS BREAREFHEF EDR LD, COEVEEEKY
BRERRELTERMFMEEEL TS,

We report the re-entry survivability analysis model based on

arcjet wind tunnel tests, and current reevaluation status.
BE. 7—IOMBERTOTANE—RMBARERICE DALV HB8MHED
ETILEEEDTEY. BMFHERKRERET 5,
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(RET3T5R)
Object: Composite Propellant Tank %i“

® Composite Propellant Tank with Aluminum Alloy Liner
Target : Spacecraft
Merit : (1) Low Cost and Short Supply Piriod F4> 424 &U{EaR k- 5a#H
@ Light Weight (equivalent to Titanium Tank) F4> 4 4&R%
B3 (Demissablity) I:> Additional Study

IEA AR —]
s — &% (Helical Winded)
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( Hoop &
Helical &
Hoop Winded)
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GRERZ)
Outline ﬁ"’m

Approach Contents at this WS

Preliminary estimation of heat flux during Re-entry
Heating test for confirmation of probable damage
Heating test for construction of heat conduction model

Heat conduction analysis model
(one-dimensional — three-dimensional, anisotropic)

Transient heat conduction analysis (without recession of CFRP)

|

T
Heat flux estimation with 3D shape of tank
Transient heat conduction analysis

O | © ®eeB6

®

Detail study considering several effects.

This document is provided by JAXA.
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® Trajectory : Re—entry from SSO

HPxA

Tool - ORSAT-J (Shape of tank was substituted by “Sphere” .)

Condition : Rundom Tumbling, Constant Mass
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® Facility:

Test Configuration:

Prupose: To obtain the knowledge about probable damage of

this tank under the expected heating condition.

(B89: BEShIMBEHTICELT, REOEVIVERCHH -BEEBHERT S
TRAME—RIZRETHRGEEHERTSH.)

750kW Arcjet Wind Tunnel in JAXA (Chofu)
(Heating test with high enthalpy air flow)

of the composite propellant tank.

Specimens were declined to adjusting heat flux. |
The edge of specimen was protected by a
titanium cover to prevent detachment of CFRP
by delamination from the edge.

(TANE—R BHEBRRE: RERHE2IOAFE.
F—LENTAE—RZREL, TRAME—RIFEBMN S D
FIhZfhiE -G 570, F2o A& 8N —THRE, )

Specimens: The specimens were taken from a developing model

This document is provided by JAXA.
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Test Result - Example of Damage

® Test Result (Example of Specimen from Dome Section)

Constant Heat flux: 0.42MW/m?2,

Pressure: 0.83 kPa

(Actuall heat flux was decreased by the bump of titanium cover.)

= CFRP surface layer suffered damaged, but inner layers existing.
(F—LETARAFE—X, R TOMEIE0.42MW/m2, [E J10.83kPa,
CFRPEDNZREAAITHEECHEK) IHILDD . BERMNEHIKE,)
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Test Result - Example of Damage

® Test Result (Example of Specimen from Dome Section)

Constant Heat flux: 0.17MW/m?2,

(Actuall heat flux was decreased by the bump of titanium cover.)
= CFRP surface layer suffered slight damaged. For conservative evaluation,
under the rundom tumbling condition, CFRP char layer will remain after

(CFRPIENDRERITORGITEM, SF LEV TV T OEHSTIE
BIER S AR HR D CFRPIRAL B A RE T HERS DA/ MRIETE. )

the resin decomposed.
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® Test Result (Example of Specimen from Cylinder Section)

Heat flux: 0.42MW/m?2 , Pressure: 0.83 kPa
(Actual heat flux was decreased by the bump of Ti cover.)

= Recession occurred at CFRP surface layer

(Hoop winded) after 48sec, but CFRP inner -
-

layer (Helical winded) remained. &ao7—7%=mi
BRI S A RATETL TUOCHF ARSI, AR LBERTI
REGETIIRSNAGN, VEyiavEFLANANRIL Y/, )

Time: 119sec

\ — - \A

HxA

® Prupose: To obtain temperature data for construction the heat
conduction analysis model of this tank under
stagnation heat flux.
(B8Y: In#EEALLEMBAREL (DMAVNEL) A mINET RE THRERE TN,
BCEBAET VEEICLELRET —3ENET5.)
® Facility: 750kW Arcjet Wind Tunnel in JAXA (Chofu)
(Heating test with high enthalpy air flow)

® Specimens: The specimens were taken from a developlng model
of the composite propellant tank. - ~
For reference, SUS specimens were tested.

® Test Configuration:
Specimens were heated with stagnation heat
flux. The edge of specimen was protected by a
SUS cover to prevent detachment of CFRP
by delamination from the edge.

This document is provided by JAXA.
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GEH ENIZAHER SR 1)
Composition of Test Item

o 1 \nitﬁs*ﬁjﬂ’é nn#ﬁ%% SUS cover for protecting the edge of specimen
REH/N—
(Sus%) N\
Specimen

TAME—X ——\

F¥7-7<|~t: — 2EE

(R=2F4F)

N\

Insulator sheet

/Drv

?ﬂ%ﬁfﬁ]"‘“/ﬁﬁ (R—2 54 F)

®

FLE (R=7F54 )

11

G s hIZAT BRTZAE
Heating Test Configuration

<:| Flat Surface
(without bump)

Edge Radius: 5mm

Probe of Facility Shape: Probe of Facility

Sensor: Gardon gauge (without bump of cover)
gaug TP: SUS (with Black Body Paint)

Surface with bump |:>

Edge Radius: 1mm

Shape: Test Configuration Test Configuration
(with bump of cover) Specimen from Tank
TP: SUS (with Black Body Paint) | (CFRP.”Aluminum Liner)

12
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Test Result (Effect of Front Shape

Shape: Probe of Facility

(without bump of cover)
TP: SUS (with Black Body Paint)

Shape: Test Configuration

(with bump of cover)
TP: SUS (with Black Body Paint)

Test Result and Analysis (SUS-TP-2-1)
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Test Result and Analysis (SUS-TP-1-1)
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Test Result (Effect of Front Shape

Shape: Probe of Facility

(without bump of cover)
TP: SUS (with Black Body Paint)

Shape: Test Configuration

(with bump of cover)
TP: SUS (with Black Body Paint)

Test Result and Analysis (SUS-TP-2-2)
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Test Result and Anal

Specimen from Tank Specimen from Tank
Dome Cylinder
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Test Result and Anal
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(CFRP./Aluminum Liner) (CFRP.~Aluminum Liner)
Test Result and Analysis (CF/AL (Dome)-14) Test Result and Analysis (CF/AL (Cylinder)-12)
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Heat Conduction Anal
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« Improve one-dimensional heat conduction analysis model by
fitting to test data.

HE EFNLLEDERN
T—7HER Jr =Y VR, RILEE bUDHEH TOMET— 42 (BIRE) ICESVTRE,
et RELBEELREERL. HERIEORK~KRTEELET 1774,
MEEE (@) (FRBEEROBEFEICIS L TALL TRELY, RRIEE, )
HIERIROBB~KRT T 7y —S Vv REREBORYEEER (LLHIERS) .
HIERSRICET 2REBRIERBE~RTRERTHE L ET ML,
CFRP ANYHVEER Tr—VVE. RILEEHT7—TEOMTERN SIEH,
it et ERICIIEERSEROMEBEREMI 2R,
MEEE (@) (7= 7 MBARATOMBRABREROADEARBRICL 3. )
CFRPREIEHE 0.60~0.65TETF AL,
7 — 2 AR TOMBHRBRERICEOVTRE,
(2 BHRETREHOHMERICY -7 7 MBERFES &5 IKRE, )
CFRP/ 54 & RE EEH OO RRE L E TERMEEIER & A0,
(7= MBERATOMBRABEROADERARERICL S, )
TNITAF |HE - REEH AR EHRRIEE ~ RERIRE THF ISR,
i RER S RERE ~EARBRRE THEICKRE & EF L,
EREMHRK (FO—-THR) |[KROTY XL EERILH (300K, BEEE) »>HH,
SUS (70—718H) ORETHERMBEE.
HERRM EREEMEER SUS (#v s TPHEERD) ORR CRIEMRBEHRE,
(hnghse, (2> 7 TPRERTAE) 2v TP (CFRP/7INIF74F) ORMEEADERAZTET 1774,
BREM)  |MARME MEER, T R b & — XEWRTN#HEEZRHIE,
AREADRMEE FTRFE—-2BELAR (AR OREOEICHHILET IV,
MMERENEERE GBEE) ShERAHTHRE,

« Extend to 3 dimensional thermal analysis model (anisotropic model)

(BEAROREERET)
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Transient Heat Conduction Anal
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Further Study Plan

Approach

Preliminary estimation of heat flux during Re-entry

Heating test for confirmation of probable damage  , y4itional Test
Heating test for construction of heat conduction model

Heat conduction analysis model
(one-dimensional — three-dimensional, anisotropic)

Transient heat conduction analysis (without recession of CFRP)
|

Heat flux estimation with 3D shape of tank
Transient heat conduction analysis

0@ © ®® 6

©®

Detail study considering several effects.
(Buckling of liner, deformation of tank, increase of heat flux,
pressure distribution, etc.)

19

(A5 IR T OEBZEABRHT)
Re-entry Analysis by LS-DARC

Shape and mass properties : 3-dimensional Shape of Tank
Re-entry analysis by LS-DARC = Heat flux and pressure profile

(on-going)

This document is provided by JAXA.
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® To improve survivability analysis method, additional study about re—entry

survivability of the spacecraft composite propellant tank has been done.
BREAREFMEFEOALOIH. PLIEGERHTIITEATIHIHEEHMERILIERRELTEREAZRSYE
DETiEEBL TS,

® For this tank, it is conservative to expect no recession of CFRP layers,
based on the test results by arcjet wind tunnel.
7—OMBRAFCTOREEREERHND, CFRPED v avEHHELELOABLWNEINHRITHS,

® Heat conduction analysis model was improved based on the heating tests by arcjet
wind tunnel. Based on the analysis result in the case of re—entry from SSO, the

temperature of aluminum liner rises to solidus temperature, but the absorption of

latent heat does not be completed.
RISV IDLERILI-TRANE—RDEH RAMBRBRERNSRERBRNETILERBL-, SSODMLDE
EABFDEEERERMBITHERTIE, ZILSSAFHEHRGEEICETRET SH, BHRRIUZIEESLELY,

® To revise the Heat flux and pressure profile, we have started re—entry analysis with

the 3—deimensional shape of this tank using LS-DARC.
ERIVIOBIRTOMBERVENSHOBEREEZRET -8, LS-DARCZ ALV LTL S,

® Further study will be conducted in consideration of several effects.
Stk HETERERFEFA T RAURREEEL THEREZTITE,
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