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The collections of studies concerning aerodynamic aspects of High Speed
Flight Demonstration Phase 11 (Series 2)

Makoto UENO?, Tomonari HIROTANI®, Masashi SHIGEMI*,
Masaaki YANAG = ideind Lt and Tom TWATA*

ABSTRACT

o High Speed Flight Demonstration (HSFD) Phase 11 is a flight test program designed to assist
frccumulation of technical expertise for the Japan's re-entry vehicle development. The main objective of

program is to acquire the transonic acrodynamic characteristics of re-entry type vehicles, The flight test vehi-
cle was strung up to an altitude of 19-31 km using a stratospheric balloon and made a free flight after release
During the free flight, the asrodynamic characteristics were measured. Although the air data such as Mach
number, angle of attack or sideslip angle are vital o analyze the asrodynamic data, it is difficult © acquire

accurate air data in the transonic region because of the non-linearity due to the shock wave. In addition,
because the flight tests were performed at a very high altitude, the dynamic pressure was very low and that

made the air data acquisition more difficult. To achieve those severe requirements, an air data sensor (ADS)
based on the principle of non-nulling 5-hole probe, which was originally developed for conventional airplanes,
was adopted. Because the original probe could not achieve the requirements due to the severe flight conditions
of the HSFD Phase II, the precision augmentation was made by additional static pressure holes on the stem

surface of the probe and succeeded to provide accurate air data, In this document, the development process and
the system of the ADS ol HSED P it 4 "2

Keywords: HOPE-X, High Speed Flight Demonstration, Air Data Sensor, Flight Test
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Thermophysical Properties of Liquid and Supercooled Rare Earth Elements <HEHZ% #ﬂ% %_ 2>

Measured by an Electrostatic Levitator

By
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Yuki WATANA

phases free from contamination long enough to carry out

levitation techniques. The understanding of the nature and behavior of rare earth metals in their Liqihd
phases requires accurate values of their physical propertes. However, keeping samples in their liquid

*2 20d Noriyuki KOIKE" ELfFL. BEICFREERE

RERHIT D

the Jevitation apparatus are inoduced and measured values are reported.

Key words: rare earth elements, liquid, density, surface tension, viscosity

1. Introduction

Lanthenum praseodymium, Y=ewsagann and their compoun

glasses, to fabricate hydrogen g and strong magmets, and as dopants in optical amplifiers”. Terbium has found
applications as a dopant in materials tfat are used in solid-state devices (e.z, photovoltaic cells, laser amplifiers) and as a
stabilizer of fuel cells which operateffat hizh temperatures. Terbium is also utilized in alloys and in the production of
television tubes and fluorescent lamps§ To assist farther material development, the knowledge of the physical properties of

rare earth metals and their 25 s P

oxidizing rapidly when exposed to air #od reacting directly with nitrogen and other elements’.
This explains why accurate physfcal properties are difficult to measure above their melting points when traditonal
methods are used (e.g., crucible, suppdit) and why there are no data reported in the wdercooled region. Here, electrostatic

levitation in vacuum isolated a s e against ¢ ing walls and

challenge. This is due to high reactivity and melts contamination of these elements with crucibles or
gaseous environment. The use of an electrostatic levitator in vacuum conditions circumvents these
difficulties and permits the measurements of the density, the surface tension, and the viscosity of these
metals above and below their melting temperature. In this paper, the measurement methods as well as

used to improve the resistance of certain

La, Pr, Nd. and Tb are very reactive,

oblems related to hi:

< Abstract>
X -EXOBMEmMAZEHET D
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1. INTRODUCTION

‘The Japanese space mission, LUNAR-A, is designed to study the internal structures and evolution of the Moon by
means of the "penetrators”, which observe moonquakes and heat flux at the lunar surface, and by Lunar Imaging
Camera (LIC) onboard the orbiter. The LUNAR-A spacecraft is spin-stabilized and orbits the Moon at altitudes of 200-
300 km to relay data from the penetrators after they are separated from the spacecraft and deployed beneath the lunar
surface for about a year. From this Data-relay orbit, LIC takes images of selected areas in the low- to mid-latitude
regions of the Moon.

LIC is a monochromatic visible camera. The spacecraft spins about the axis pointing approximately toward the
Sun. The camera has a linear CCD placed parallel to the axis, and obtains an image using the spin motion. Therefore,
the camera takes images in the orientations nearly perpendicular from the Sun. This geometrical constraint allows us
to recognize subtle selenomorphological undulations in the images with oblique solar illumination near the
terminator. When the spacecraft altitude is 250 km, the spatial resolution of an LIC image is about 25 m/pixel at the
surface of the Moon.

The LIC images are comparable with or better than the images in resolution obtained by the Lunar Orbiter,
Apollo and Clementine missions. The cameras onboard the Clementine spacecraft globally mapped the Moon in 11
colors at an average surface resolution of about 200 m/pixel (Nozette et al. 1994). Photographs with much better
resolutions were taken by the onboard cameras of the Apollo series. However, the photographed areas were limited
by the short mission time. The highest resolved images for the remaining regions were taken by the Lunar Orbiter
missions (Trask and Rowan 1967). The spatial resolution was from 60 to 100 m for most of the nearside of the Moon
and from 150 to 300 m for most of the farside.

LIC is not aimed at global mapping, but is designed to obtain thousands of high resolution images of specific
areas in low- to mid-latitude regions, where the spatial resolution of the previous images were not sufficient to
investigate the topography and optical properties of the lunar surface. This article outlines the scientific objectives in
section 2 and specification of LIC in section 3. The results of the pre-fright tests are reported in section 4 and an
operation plan of LIC is presented in section 5.

2. SCIENTIFIC OBJECTIVES

The scientific objectives of the LIC observation cover impact cmlers,klonic features, volcanic features, and

photometric properties of the surface material and texture. In this

<BZARIL>
1. ®0a 34(4hL ... hRFHE
fable us to study the stal 2. HTHwHL 30840 ... BEFE

geologic and geomorphologic studies of large basins and comg 3 ﬁ ll-L—Cli

(1) Regional crater chronology by small impact craters 2 > 21 > 211
Age of the lunar surface is mostly estimated from a populal.iol ) tB U tj—é

images, on relatively younger surface, lack of large craters mak

cratering mechanisms, ejecta material distribution, pre-impact targl

crater counting on images taken at high sun lighting conditions (e.g. Clementine UV-VIS) has difficulty in recognizing
small craters. With oblique illumination, small bowl-shaped craters can be recognized by 34 pixels on surface images.




Table 5-2 Summary of software and the function of LIC ground system

Software Function Detail of function
LICLOP Long-term imaging plan Interactively preview imaging area on the lunar map for
imaging planning for scientists.
LICOP Imaging area visualization Preview the plausible imaging area on the lunar image.

A short-range imaging planning Generate weekly imaging plan by specifying the time or by
the area to observe. List all the possible imaging period
within the designated period.

ORL file generation Generate ORL files from the shortterm imaging planning.

BC generation support Create the MODE_SET BC command from imaging
parameters specified on the screen to assist planning of
farget imaging.

LICQL Quick look of telemetry related | Receive either of in realtime telemetry or one reproduced
to LIC from the storage, browse HK of LIC and the instruments
related to LIC.

Depacketing of data Create an image file (PGM and/or JPEG and its picture
header by depacketing telemetry data.

AUTODECO Uncompress JPEG images Decode a JPEG image into a PGM image.
LICIMAGE Header addition Add imaging geometry and other information as header.

Radiometric calibration Perform flatfielding.

Geometric calibration Project the image onto either of Mercator or sinusoidal map
coordinates.

LICTIME Determination of time in UTC Convert TI counter(onboard time count) into UTC, by
correcting hardware and transmission delays and by
calibrating temperature dependence of X'tal oscillator.

Implementation of underlined items has not yet been completed.

LIC is a small, compact and lightweight camera, which conse
operation. First, the signal from odd and even pixels of the CCD is read
irreversible algorithm. Accordingly, the compression error became the domiif?
was reduced. The adjustment of the dark levels of the odd < SUMMARY >
operating temperature during the lunar orbiting phase was a

cotly constraints its hardware performance and

system. Second, since the camera uses the spin motion of the o
challenge of how to obtain two-dimensional images in the grou
owing to weight limit. The solar paddle will block the direct sunlight to the camera, but the possmlhty of stray light
originating from the light reflected from the lunar surface was not considered in the optical design of the LIC.
Therefore, we conducted a test to make a rough estimate of the magnitude of the possible stray light from the lunar
surface outside the FOV of LIC.

The nominal downlink bit-rate during the lunar orbiting phase will be 8Kbit/s and the total storage capacity of the
LDP is 10 Mbytes, while LIC can use the part of it. An optimal allocation of the imaging plan is highly required and we
need to plan the imaging for the entire mission phase roughly and then in more detail one week ahead of the imaging.

Fonf-HmOCRREBIRICES
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Software supporting for the imaging planning was developed for this purpose.

LIC will provide thousands of monochromatic images of the lunar surface with a spatial resolution of about
25m/pixel. The unique observation condition resulting from the large phase angle of LIC will give valuable
information on the detailed topography of the lunar surface.
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® The slave position is controlled with PD.
® o is a compliance factor
* nis a scale factor between forces and veloci-
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* /; in the proposal is not the force sensed by the
force/torque sensor on the slave, but the force/
torque command to the actuators.
Bilateral control for ideal kinesthetic coupling
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Cappendix A ot
This appendix presents the application of the data < ACKNOWLEDGMENTS > there is

diagram for time delayed teleoperation (DFT-TD
some of the proposals desenibed in sections 3 and 4.
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details of the DFT-TDT, please refer to section 3.

Bilateral control with time delay based in passivity

|Anderson-89]
Generalized matrixes of master and slave:

R o TOTCC TCTICCTION TheTOr
® LPF: Low Pass Filter.
Bilateral control with telemonitoring [Lee-93)

Generalized matrixes of master and slave:
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