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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.

Since 2010, JAXA 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, JAXA started reevaluation of the survivability of this composite propellant tank when debris mitigation
study in JAXA was reorganized at 2016.

This year, we conducted arc wind tunnel tests of material samples which were cut off from the EM tank. We report
test results and current reevaluation status.

This document is provided by JAXA.
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Introduction

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.

Since 2010, JAXA 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 [1].

However, according to the misgiving inside and out, JAXA started reevaluation of the survivability of this composite propellant tank when debris mitigation study in JAXA
was reorganized at 2016[2]. We report the recent test results and current reevaluation status.

Configuration of Tank Arc Wind Tunnel Test (Cont.)

The current configuration of the composite propellant tank is shown below. (2) Test Results (Example)
Tank specifications

820mm E Upstream  Middle  downstream Upstream  Middle  downstream Upstream  Middle  downstream
Parameters Requirements 0.21~0.17~0.13MW/m?| 0.46~0.37~0.29MW/m?|0.52~0.42 ~0.33MW/m?
MEOP 2.76MPa Specimen: from Dome Specimen: from Dome Specimen: from cylinder
Proof Pressure 3.45MPa
Burst Pressure >4.14MPa
Temperature Range 5~60°C
Tolal Volume 0.43m*
Propellant Hydrazine
Tank configuration Expulsion Efficiency >99.5% Jime: 30sec
Mass <23.3kg

Preliminary Analysis

The purpose of preliminary analysis is to examine a possibility that the aluminum
alloy liner covered by CFRP char layer may reach melting point. But, in this analysis, .
the several effects caused by CFRP’s ablation process are not included.

(1) Tool: ORSAT-J
* Developed by JAXA based on NASA’s ORSAT (Object Reentry Survival
Analysis Tool) version 5.0. Basic shape objects can be analyzed.
= CFRP is treated as a metal-like material with imaginary melting temperature
and heat of melting.
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(3) Heat Flux for tank after breakup of satellite
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nk Temperature by ORSAT-J with tumbling condition ; -
- After ORSAT-J judges CFRP reaches to “melting point”, calculation is =
continued by changing material properties of CFRP from virgin layer to char

( layer with extremely large amount of “heat of melting”.
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dome is twice that of Aluminum liner did not melt. Aluminum liner melted. But, It Recession of hoop winding layer was

H dome shoulder. The rate of increase in temperature needed more than 80 seconds to observed. But helical winding layer

Arc Wind Tunnel Test
To examine the effect of ablation, heating tests were conducted at the 750kW arc .
wind tunnel facility in the JAXA Chofu Space Center. Current Evaluation Status
(1) Specimen e To |mproye survivability analysis method, the thermal r.)ropertles and
The specimens were taken from a developing model of the composite propellant the ablathn EffeCtv of CFRP should be adapted approprla.tely.
tank. At the test configuration, a titanium cover protected the open edges of a * After detail analysis of the test results, we would try to introduce the
specimen to prevent detachment of CFRP by delamination. 18 specimens were effect of ablation. Then, survivability analysis about the real shape
tested with several heating conditions. - composite propellant tank would be done by using additional tool.
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