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Abstract

The collaborative rocket experiment that is called the Student Rocket Project (SRP) has started in 1995 between Tokai
University Shonan (TUS) and University of Alaska Fairbanks (UAF). UAF is the only one university to have a rocket launch
site in the world. This program provides students of TUS and UAF with the opportunity to design, to construct and to test
sounding rocket payloads that are launched on a non-interference basis from Alaska. This scientific educational program has
proven to be very effective in providing students with practical, real-world engineering design experience. The program also
allows students to participate in all phases of a sounding rocket mission, in contrast to more traditional sounding rocket or
spacecraft projects in which students are only involved with the scientific instrumentation and data analysis.

From August 1996 to March 2001, a total of 41 TUS students and professors have visited Alaska 6 times and a total of 9
UAF students and professors have visited Japan 4 times to hold many SRP meetings and workshops. We basically design,
construct and test onboard instruments or mechanical systems and we also make hybrid rockets too. For their successful
launch, students are working on computer designing for electronic circuits or separation system, on wind tunnel testing and
launching for model rockets and on combustion testing for hybrid rockets.

In January 2000, the first collaborative sounding rocket of that the motor was supplied by NASA, was launched from Alaska
and all of payloads were successfully carried to the apogee of 89 km high. Tokai students constructed a fluxgate magnetometer
for detecting rocket attitudes during the flight and the magnetometer was carried on the payload. We got a good data of rocket
attitude performance on the experiment. We describe about the SRP collaboration and a result of the Tokai instrument in the

sounding rocket experiment.
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Table 1. History of the collaboration
Participator
Date Place Contents TUS | UAF
Oct. 16-18, 1995 Tokai  [Meeting 44 1
Aug. 516,1996 |Alaska [Workshop 8| 11
Mar. 14-19, 1997  |Alaska |[Test 4 10
Mar. 17-20, 1999 IAlaska [Workshop 9 13]
lAug. 2- 5, 1999 ITokai  [Workshop 28] 3
Jan. 24-31, 2000 IAlaska [Rocket Launch 6] 17,
Jul.31-Aug.2, 2000 ([Tokai  [Meeting 25 1
lAug. 7-13, 2000 IAlaska [Workshop 3 10
Mar. 11-17, 2001  |Alaska [Hybrid Rocket 11 6|
Jun. 3- 7, 2001 ITokai  [Workshop 38| 4
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Table2 Working Groups of Tokai SRP Team

Group

Working Contents

Payloads Magnetometer

Mechanical
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Ultra-violet
Separation System
Flight Performance
Combustion Test

Tunnel Test
M easurement Vibration Test
Vacuum Test
Temperature Test
Future Sensors Gyroscope
SRP
1992 1995
1 20 15
2 40 3 S
DGPS D 3
TR-1 22,23)
UAF SRP Fig.1
Dr. Hawkins
SRP
NASA
24)
UAF SRP
1996
NASA RP 2
1,370
450 40
880
5
40 10
15 22)

— 43 —



Program Advisor Faculty
Director Assistant Staff
Faculty
Student Program Manager
Student
|

Mechanical Design Team

Electrical Design Team

Recovery System Team

Hybrid Rocket Team
Public Affair
Fig.1 Organization of UAF-SRP
4.1
TR-1 2000 1 30
01 25

(PFRR: Poker Flat Research Range)

Table 3

Fig. 2
4.2
25,26) Flg 3
Table

Accelerometer

Thermometer VHF Transmitter
Barometer
Telemeter Magnetometer
Power Supply
Flight Computer

¢ 203
Nose Cone +
— =

1996-1997

27)

Table 3. TR-1 Sounding Rocket Launch Data

Mission Name Orion 30.044UP

Subject Flight Performance
Instruments Tri-axial Accelerometer
Thermometer
Barometer
Power Supply
Telemeter
Flight Computer
Fluxgate Magnetometer
Launch Time 1025UT, Jan.30 2000
Launch Site PFRR, Alaska USA
Rocket Size L6.5m, D0.36 m
Payload Size L3.8m, D0.20 m
Weight 525 kg (Inst. 55 kg)
Apogee 79 km (T+140 sec.)
Ranging 20 degrees, 52 km (T+500)
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Fig. 3 Scheme of the Fluxgate Magnetometer
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Fig. 2 Schematic the ORION Rocket and Onboard | nstruments
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Table 4 Specification of Tokai Magnetometer

Sensor Core
Range of Field
Output Voltage
Drive Frequency

Freguency Response

Data Sampling

Permalloy, 20mmg Ring
+ 100,000 nT

0.0-5.0 Volts

9.6 kHz

18.5Hz (-3dB)

Digital 50Hz, 12bits

Resolution  1.22mV (48.8nT) / digit

Size and Weight
Sensor
Electronics

Power Consumption

54 x 31 x 49H (mm), 409 g
150 x 100 x 75H (mm), 510g
+15V, +80mA

Table 5 Magnetic Offset of Magnetometer

4.3

4.4

Time[sec] X [nT] Y[nT] Z[nT]
100 - 236 545.6 -248.5 630.0
236 — 497 2,728 3,231 -646.0
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Fig. 4 Trajectory for the TR-1
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Fig.6 Output form aligned to the Rocket Axis (Z)
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Fig. 7 Rocket spin rate for the time after launch
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Fig. 8 Directional Angle of the Rocket Axis
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Table 6
Table 6. Attitudinal Results for the TR1
Spin Rate 5.0 rps (100 — 180 sec.)
50to00rps (180 - 236 sec.)
0to 7.7 rps (260 — 300 sec.)
7.7t02.0 rps (300 — 490 sec.)
Coning
Angle / Period 3 deg./ 13.2sec (100 — 195 sec.)
Roll Oscillating Angle / Period
60-90 deg. / 0.8 sec (236 — 260 sec.)
Maximum Angle  25° (260 — 480 sec.)
Photo 1
2000 1 30
TR-1
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Photo 3 NASA
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Housekeeping VHF Transmitter g
= SinTemperature Battery CircuitBoards

Accelerometer - -
(UAP | E (VAF) (Toka Univ.) (Toka Univ.)

Photo 2 Onboard Instruments in the TR 1 Payload Tube
(Photo by F. Tohyama)

Photo 3 The TR-1 Rocket on the Launcher Rail Photo 4 Midnight Launch of the TR1 Rocket in Alaska
(Photo by Randy Thomas) (Photo by Randy Thomas)
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