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EDL���
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Entry condition. (ALT:200.00km)
Initial path angle : -12.00 deg.
Azimuth angle : 56.4693 deg.
Entry velocity : 11.4794km/s
Entry position : Lat. 34.3733 deg, Long. -126.4270deg

Earth and atmosphere model :   WGS84 Earth ellipsoid, GRAM2016 (2031/08)

Total mass : 41kg, (Payload 3 kg, SRC 38 kg)
Diameter : 0.6 m, 
Nose radius :0.3 m, 
Drag coefficient (HAYABUSA database, Rarefied to subsonic)
CD (supersonic-subsonic) : 1.14~0.83 

Capsule spec.

����	��

�	��	���

Total mass : 18.5kg
Drag Area : 6.8m2 (Parachute)

<Time from 10G :177sec>

Landing : Altitude 1.2km

<10G>
EDL Timer starts

<Target Altitude : 10 km>

Landing mass : 18.5kg
(including parachute)

Aerodynamic heating
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WPA Test Case

UTTR Test Case
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<Case1 (Woomera���)>
Data : 2029 8/7 17:19:48.653 UTC
[X,Y,Z] = [4796.8740463, -898.68525447, -4396.4481041] km
[Vx,Vy,Vz] = [6.1237327088, 1.1509113216, 10.043276155] km/s

à WGS84 Earth ellipsoid (Earth rotation) coordinates 
Altitude : 200.0000 km, Latitude : -42.0375 deg, Longitude : 133.8921 deg
Path angle : -12.0000 deg, Velocity : 11.7564 km/s, Azimuth angle : 9.4808 deg 

�
��J2000�	���������

<Case2 (UTTR����)>
Data : 2031 AUG 20 06:53:34.363 UTC
[X,Y,Z] = [3119.3935739, -4458.7358595, 3683.9966004] km
[Vx,Vy,Vz] = [4.8862486372, 10.067926891, 3.7569854547] km/s

à WGS84 Earth ellipsoid (Earth rotation) coordinates 
Altitude : 200.00 km, Latitude : 34.3733 deg, Longitude : -126.4270 deg 
Path angle : -12.0 deg, Velocity : 11.4794 km/s, Azimuth angle : 56.4693 deg

EDL������
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East-West
Wind

WPA 2029 UTTR 2031

North-South
Wind

UTTR�����WPA
���������
10 km���VEW�50 
m/s��
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!�80km��-$#*����-12�-��)3;
CASE1(WPA).�%: %�#.+���%
&'	�(*#3;

5647��
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15.2MW/m2

287MJ/m2

• /1.3��& �"(7����4���$*&7Hayabusa02-5,'
���#�+8	�4�
'��*Hayabusa$�!%��(%�8

• Case 1(WPA)�13.5 MW/m2 > Case 2(UTTR)�12 MW/m2

�������/1.3��6
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entry

entry

Case1: WPA 2029
Initial Azimuth= 9.5 deg

Case2: UTTR 2031
Initial Azimuth= 56.5 deg

• Case1(WPA)2�	:��'���
10+,%6:WPA3/*5&.#$.
���
1 #��9),#72-:�������14+,3:WPA2
�1#81(#���'"7;

• Case2(UTTR)1!),3:��0�
-"7;

�������
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����I��3/ECAESAR2��/1,8��F
��!�I���93σ2+0.06deg��ECAESAR2��/1,8��F
	�
�IGRAM2007478(3σ)
#�#!IGRAM2007478(3σ)
�"��I+15%(3σ)

�/0����

��G:C=D@;D<��5G?A>B "/-3,06G
����G��5��.2G%$'*$)2��/1,8��9��/1,8H

'&(������
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entry
entry

Case1: WPA 2029
Dispersion ellipse is 90 km . 90km

Case2: UTTR 2031
Dispersion ellipse is 50 km . 50km

• 4=��O#)&=A0.06deg(3σP	�P9>Q�Case�<,=	�2�* :;CQ
!����>Q?@�:;DRCase1?12,2�3QCase2=?@S�=	�:;87R

• !����E�536D<>QJLGKNI=�+-�=(�9��2�$9/DR�
�Q!��	���2
"�<�B;0��>QEDLGNFMH=(�2�%9/
DR

• Landing speed = 6 � 8 m/s

!��	�'�
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"���� 2*&.,O���/�

15.2MW/m2

287MJ/m2

• Case1(WPA)C��DQ#�/�7/4C?Q3σJ(6H@�����O'�1@
FBHayabusaMNLPKJ0);HR�����C��7$���AC?Q#�&
.,J�8:>Q'�1J �B:>F���J�9HG5B;H�+73HR

• ->-11.5�?3IE�����C��D�=<HR
• ���/�DQ�B50G��?HayabusaCMNLPK%�	

50S
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SRC���������
SRC requirements
• Oscillation frequency <= 5 Hz
• AoA amplitude limit <= 40 deg. in rarefied flow region

To be specified
• ���� (CoG) ����� (axial and radial directions)
• ���
	�������
• ����	�������
• �����
������

"%�&�!%'�����������
 $�#(���	�
����
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From������.pptx from Prof. Yamada

��(�
�	�����), 1/3
Pitching moment stability has been compared between free-molecular flow analysis 
and Newtonian flow analysis (for Hypersonic flows)
• xcg increases, capsule becomes unstable (with positive AoA, CM becomes positive).
• From FM, xcg < 0.3D in rarefied flow region
• From Newtonian, xcg < 0.625D in continuum flow region
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Hayabusa MMX CAESAR
Diameter(D) 0.4 m 0.6 m 1.2 m
Mass 16.5 kg 41 kg 310 kg
Moment of inertia
(axial)

0.22 kgm2 0.92 kgm2 29.3 kgm2

Moment of inertia
(radial)

0.14 kgm2 0.61 kgm2 19.5 kgm2

Center of gravity
from nose

0.3D (0.12m) TBD 0.27D(0.32m)
(TBD)

Spin rate 0.16 Hz TBD 0.08 Hz (TBD)
Reentry speed 11.65 km 11.5 km (TBD) 12.0 km
Flight path angle 12.7deg 12.0deg (TBD) 10.6deg

For SRC reentry, the capsule should be stable in all flow region from free-
molecular to subsonic. Especially, rarefied instability and transonic instability
should be investigated. 

For Hayabusa Capsule, aerodynamic databases have been developed from 
wind tunnel test results, numerical analyses, and balloon free flight tests. Using 
these databases, we had developed a flight trajectory analysis computational 
tool. We apply this computational code to CAESAR-SRC and MMX-SRC 
reentry trajectory analysis.

Comparison between Hayabusa, MMX, CAESAR

From������.pptx from Prof. Yamada

�� (Reentry Trajectory), 2/3



23

��(���
�����), 3/3

• ���������!40	���
• Spin=0.17 Hz (10rpm)��, Xcg=0.23m (0.38D)��������� 

Xcg=0.18m (0.30D) Xcg=0.195m (0.325D)

Xcg=0.21m (0.35D) Xcg=0.225m (0.375D)
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• ����
���

– MC2000 (Ver.06)
– Earth model: WGS84 Earth ellipsoid
– Atmospheric model: gram95, maulitania data at (17.5 deg, -10 deg)
– FM(computation) and continuum (MN computation and NAL wind tunnel 

data) are bridged.
– Transonic aerodynamic data: ISAS wind-tunnel data (Ver. 4.2)

• ������

– diameter [m] : d=0.6, nose radius [m]: 0.3
– Center of gravity from nose [m]: xcg=0.12~0.30 (0.2D~0.5D)
– center of gravity off-set in radial direction [m]: rcg=0.0~0.05

• ��	�

– initial spin rate=0, 15, 30, 45, 60, 75, 90 (deg/sec)
– initial pitch rate=0~30 (deg/sec)
– roll damping coefficient=-0.01
– delta flight path angle=0.0 (deg)
– attitude angle alignment=0.0 (deg)
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MMX� �!����"�

• � �!����"�
– �
������# Xcg=0.16 m (=0.27D)
– Spin= 60 deg/s (0.17 Hz, 10rpm), Pitch=5 deg/s, Rcg=0
– ������� (up to 70 sec.)
– ������������	� (Frequency: f~2.7 Hz, AoA: 
Max~20 deg.) 

Red=Velocity, Green=Altitude, Blue=Flight path 
angle, Gray=AoA

Red=Altitude, Green=Mach number, Gray=AoA
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,/324. �������#��

• ,/324. �������xcg	
��#���*����

• MMX$CAESAR MUSES-C#���'5+0-1����"
(%!	
����(� �)�(6

• MMX#�� (pitch=5 deg/s, rcg=10 mm)
– ,/324.=0.08 Hz(5 rpm), xcg=0.20m (0.33D)&�	

– ,/324.=0.17 Hz(10 rpm), xcg=0.23m (0.38D)&�	


Spin[Hz] Spin[rpm] Xcg[m] Xcg/D
0.00 0.00 0.18 0.30 
0.04 2.50 0.19 0.32 
0.08 5.00 0.20 0.33 
0.13 7.50 0.22 0.37 
0.17 10.00 0.23 0.38 
0.21 12.50 0.23 0.38 
0.25 15.00 0.23 0.38 

Table7Spin rate and the maximum center of gravity 
with pitch rate=5deg/s

Fig7 The maximum center of gravity from 
nose vs. spin rate
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• Case: (xcg, rcg)=(0.16, 0.005) m, Spin=5 rpm
• Initial pitch rate [deg/s]:  p0= 0~30 deg/sec
• With 0.005 m offset, the capsule is stable

– with the initial pitch rate lower than 30 deg/sec
• In rarefied region (50~100 sec), AoA oscillation frequency can be as high as 10 

Hz with amplitude < 5�
• In transonic region (150sec~), AoA oscillation frequency can be as high as 3 Hz 

with amplitude < 20�.

��
����	���

Fig Comparison of AoA w.r.t p0

• Note that for Hayabusa, the 
maximum initial pitch rate 
was estimated to be 1/3 of the 
initial spin rate.

• For Hayabusa 2, from 
measured data, 3 deg/s initial 
pitch rate was used with spin 
rate greater than 15 rpm. 
(pitch�spin�1/10��)
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• MMX-SRC5#��� (xcg, rcg)5��&�6Hayabusa:;9�+/0)<
– @GP3,5�
Sxcg=0.18m (0.3D), rcg=0.01 m71�� (GBAOQC60 deg/s5�
)
– @GPOQC 0.08 Hz(5 rpm)5�
Sxcg=0.20m (0.33D), rcg=0.032 m71��
– @GPOQC 0.17 Hz(10 rpm)5�
Sxcg=0.23m (0.38D), rcg=0.042 m71��

• "% &�16��,.����+�-<
–FL?KQC$��('�10 km��)5��S f=2~3 Hz, A~20 deg, spin=2 rpm

• EJDN��(xcg=0.16m (0.27D), rcg=0.005m)4*)0
– IM=N@HMP>5����(@GPOQC10 rpm��RGBAOQC5 deg/s��)

FigS The stable maximum center of gravity in 
radial direction as a function of spin rate

(Margin

FigS The stable maximum center of gravity 
from nose as a function of spin rate

(
Huge margin
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• *�60 cmVHERSRCanbdgqW�-�_+;
• EDL8"(C4/<7-12�W��)
–kpjs!�SX�`wd(WPA, UTTR)T[Vlwhbwsi:9
!�_%POMTISJ^

–Case1(WPA)W��Xx,
=�I=EWSx3σ��_2G^T�
�&# v0�&AT[VHayabusaorgwc_>3O^y
–��&# W!�I.��	UWSx,
/<7_$KNRx0
�&A_('VNR[&# _�L^\FVO^�6ID^y

• ��?8"
–MMX-SRCW@��1��B�XHayabusa\][�IQRE^
–@��1[xcg=0.16m (0.27D), rcg=0.005m]VHERxdmutwh10 

rpm��xmfetwh5 deg/s��SW����_+;
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• EDL�(B,dQ^a
– �*o�w��+��(dhi TF�
– x~s}�wP�Y�eDC

• ��K�B,dQ^a

– Y�10 kmm�v�yn�td[]i�(B,�f9R�4B,beA�
– |�p�t{��rBBMdhi?-E

• Hayabusax~s}�w'
/.e?��
– >SH/SeNO�S<�e`g�'
/.e?��\"U
– ?���'
/.e#?F�
– >SH/SeIO��DC)L�ZIOlz��ve%8�
– p{u�e!3�e0;c7B
– |�$�GX��16�Xdhi-EGX

• 	M/�k�g`�/5B,�.JB,


