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Dynamical Model and Numerical Simulations for
Engineering Test Satellite—VI"

Isao YAMAGUCHI"' and Takashi KIDA®

ABSTRACT

This report derives the dynamical model of Engineering Test Satellite—VI (ETS—VI),
which is a large-scale high-performance test satellite launched by H-1 rocket in
the summer launch window of 1994. The mission of ETS—VI is to establish the bus
technology necessary for realizing a 2-ton-class geosynchror{ous three-axis stabilized
application satellite. The National Aerospace Laboratory is participating in the on-
orbit flight experiments of ETS—VI for the system identification and attitude control.
Numerical simulation soft-ware have been developed and used to check the on-board
control algorithm before launch. This paper describes their details.

Key Words : Engineering Test Satellite—VI (ETS—VI), Dynamics Model, Reaction
Control System (RCS), Reaction Wheel (RW), Paddle Accelerometer
(PACC), Numerical Simulation
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my = 1652 [kg]
m' =m?®=79.3 [kg]
m =1810.6 [kg]

3679.257 -265.973 4.685
I° =|-265.973 5081.200 290.756 | [kg m?)
4.685 290.756 3268.041
579.879 -2.58 0
I' == 2.58 48 0 | (kg m?]
0 0 727.879
[0.007576 "
R' = 1.004 {m]
| -0.3113_
[0.007576
R* =1 -1.056 [m]
| —0.3113 |
0"
r'=r’=17314 | (m]
0.001 _
0.162 17.127 -0.026 0.004
8"=4%=1-0,188 0.036 0.03 —0.004
7.712 -0.135 -0.191  3.589
0.0 0.001 2.799
0.0 0.001 00! [kgm]
-0.006 2.049 0.0
4.2 QEFFOXMAEBX TOEK
16190.0  —266.0 5.0
I1(r=180°)=| -266.0 5190.0 288.0 | [kg m?]
50  288.0 15670.0
69.77 0.0 -0.195 6.799
oM=5%=|—0.04 0.0 -6.652 0.015
0.002  -70.40 0.0 0.0
-0.102 2.391 0.0
1.914 0.003 0.0 | [kgm?]
0.0 0.0 0.0

4.3 N FILEEENFBXTOER

Q' = 2°= diag {0.094
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¢'=¢?=diag {0.005
0.005

0.258 0.365 0.807 1.248
2.826} [Hz)

0.005 0.005 0.005 0.005
0.005}
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4.4 NFLEFRTORDFBRRXORATOEY

I° = diag {3474 5081

m? =179.3 [kg)
I? =diag {679.9 48 727.9) [kg m?]

R

r

1

i

3474} [kg m?]

1.03 [m]
7.314 [m)
[15874.9 0
0 5177.0 0 [kg m?]
L 0 0 15971.9
[ 77.713  —0.13905 —0.39173  10.4957
-0.04 0 —6.652 0.015
| -0.16486 -77.741  0.02678 —0.00412
—-0.10818  4.50147 0
1.914 0.003 0
-0. 0 -0.00103 —2.88297
—77.713  0.13905 0.39173  —10.4957
0.04 0 6.652 —0.015
-0.16486 -77.741 0.02678  —0.00412
0.10818  -4.50147 0
-1.914 —0.003 0| [kgm?)]
0 —0.00103 -2.88297

4.5.1 ATXY + ETILTOEH

dl

d3

d4

dS

dG

(11;,

R

h

din

[—0.000424
0.7333 | [m)
| —1.750605
[-0.000424
—0.6807 | [m]
| -1.750605 |
[-1.399924 ]
—0.0017 {m]
| -1.750605 |
[ 1.415076
—0.0017 | [m]
L -1.750605 |
[ 1.530576 |
0.8938 | [m)
| -0.021265 _|
[-1.515424
0.8938 | [m]
| —0.021265 |
150.2°  Bi= 270.0°
147.7° Bia=90.0°
=173.7° Ain=180.0°

aty =173.77  ph=10.0°
afn = 90.0° Bin=347.7°
afy = 90.0° BH=192.4°
— 0
F' =f' | -0.49697 | [N]
| —0.86777 |
_ 0
F?=f% 1] 0.53435 | [N]
| —0.84526
-0.10973 ]
F? =73 0| [N]
| —0.99396 |
[ 0.10973 ]
Ft=f! 0| [N]
| —0.99396 _|
[~ 0.97705 ]
F° = f% | -0.21303 | [N]
L 0]
[-0.97667 |
F® =f% | -0.21474 | [N]
L 0
5.2K4 =L EFATOERK
a, =353 B, =45.0°
W3 -1W/3 -3 3
H° ={ 143 143 -14/3 -14/3
ER VY N VVE RS VAE)
0.43301  0.43301  0.43301
3 .. |—0.43301  0.43301 0.43301
H**=" H'=
4 -0.43301  —0.43301  0.43301
0.43301 —0.43301  0.43301

J =0.0164 [kg m?]

K*¥=1 {1/sec]

K°=127/01[# 2 v b /Nm] DEFILA RV —-%
K' =0.12/127 [Nm/Hh 7 ¥ + ]

K?=2r/90 [rad//~Nn 2 ]

.6 MBEHETALTOEH

M 1.195
p' =|-4.104 [m]
| —0.001
[1.4542 7]
p? = {6.5757 [m]
| —0.001 _|

This document is provided by JAXA.



18

0.0268

0.0
0.0
~0.2534

0.0
0.0
0.2156

0.0
0.0
0.3148

{m]
[m]
[m]
(m]
1 i
s$*=10
0]
.
=10
0 |
0.0311 0.0
0.0137 0.0
0.0  0.0807
0.0 0.0657
0.0 0.0103
0.1956 0.0
0.2001 0.0
0.0195 0.0
0.0 0.2834
0.0 —0.1873
0.0 0.005
0.1956 0.0

0.0
0.0
0.1257

(m]

0.0
0.0
—0.2012

(m)

ETFHERPRTRE 12395

0.0
0.0
0.2151

0.0
0.0
—0.3130

0.0
0.0
0.2156

0.0
0.0
0.3148

0.0
0.0
0.2156

¢25

0.0
0.0
0.3148

0.0

0.0
0.2151

¢2G

0.0
0.0
—0.3130

0.2001 0.0 0.0
~0.0195 0.0 0.0
0.0 -0.2862 —0.2208
0.0 -0.1873
0.0  -0.005 | [m]
0.1883 0.0
0.2001 0.0 0.0
0.0195 0.0 0.0
0.0 -0.2834 -0.2012
0.0 -0.1873
00  0.005 | [m]
0.1956 0.0
0.2001 0.0 0.0
-0.0195 0.0 0.0
0.0 0.2834 —-0.2012
0.0 —0.1873
0.0  -0.005 { [m]
0.1956 0.0
0.2001 0.0 0.0
-0.0195 0.0 0.0
00 -0.2862 —0.2208
0.0 —0.1873
0.0  -0.005 | [m)
0.1883 0.0

4.7 Ev FREBREXRTOEHK
K, = 0.0642 [1/sec]

K, =2.44%107* [1/sec? ]

4t = 0.25 [sec]
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