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Flight Test Verification of the Radio Communication Systems Design for
Non-powered Supersonic Experimental Airplane NEXST-1*

Yoshitaka MURAKAMI *', Akira TADA*', Minoru TAKIZAWA *' and Eiichiro NAKANO **

Abstract

The second flight trial of NEXST-1 non-powered and unmanned scaled supersonic experimental airplane has succeeded
to acquire the data for CFD validations in a perfect mission on October 10, 2005 in the early morning at WPA (Woomera
Prohibited Area) in South Australia. The radio communication systems for the trial consist of 3 kinds system of the
telemeter, command and radar-transponder including ground and onboard equipment. This paper describes the results
of re-designing and modifying the systems for NEXST-1 second flight trial, and explains the system function test results
of the preparatory flight tests using a small test aircraft Dimona of ARA (Airborne Research Australia) equipped with GPS
system. Lastly, the paper describes the comparison and validation results of the RF link designed with the flight data RSSI
(Receiving Signal Strength Indication) for the 15 minutes and 22 seconds, as well as the positioning comparison between
IMU and Radars. The airplane inversion was launched using the rocket booster. The analysis results of RF link include the

exhaust plumes effect for the verification in the flight trial.

Keywords: SST, Non-powered and Unmanned Experimental Airplane, Radio Communication System Design, Flight Testing

B C:3

NELREE R FZEBENEXST-1 (DUF, vy b 32ERE) O 2MIFRITEE IS, PR 17410 10 H P9, mA— 2+
T IY — 2 T OEEGTHEEE N, CFDMGET — 2 G 2B ETD I v ¥ 3 v & EK L ORTEBRIZRIL 72,

Ty bREEOMERMIE, HEE EEA JOBERE LT, RITT—2EERD TV A —2E, JEHEHS
D7y NEE ) RITEMIZOL —& - 5V 2RV FEBOIOOMERI TR I TS,

AMFERFEMEF BN TE, H2MIRITIBRIC B 2 KBEROURRE B KUY 27 AWBIZOWT, FRITER
RIZA —Z b 50 7 ARAKEO/NETRATHE & PO T U 72 25013 SR 508 O BERERERIRATFRBR OB RIZ DV Tl x| i
#ica v b EBEORIT 155 22 TR 6 M= 5BE R ZEF S RERNE (RSSD & MIFREREHE D AT - ik %
Ry, RGO S A 5 NS IMU LB L — £ ORI & B U 2245 FC DWW Tl ¢ 5 0 F250I3 75 R RE
Ty b T2 FI2E0ITE FIFb b, KEERG OB TIZ vy v BRI EFLOZ YT ONTE
it 7=

AT HER £ COMFEME Nz, Ty v bEEEITZEHE R

1. £a5
FAbe OHIE, WERGCRONS FR, 2R, ko))

FHAZEDT 7R TR JAXA) 3R AGE & # O
g 7 aY 2 7 M EEDTWE, TO—BEL
T, /NS BB NEXST-1 (DL, v v b J2Ek%)
DWFZEHFE 131997 FEBE R ERET T2 5 2005 4D 2 2 [0

% S 1943 H1 H=2{4 (received 1 March 2007)

ARl — 2 &b U, B SRS ORGE Tk e UTH
J& U 7= CFD %Al D 2 Y 4 FFAli L, 2 D Fdli & 7R
THFET 52 L Th 5, AWIZERIEHE (DI, AH)
1, 20027 H14HICFHE L 220 v SO 1]

1 M7 us s L7 )0 —7 @58 F — 24 (Supersonic Transport Team, Aviation Program Group)
%2  FHHRY 27 AKE FHEX TOS T L VATFLAXIY V=T ) VIR
(Space Transportation Program, Systems Engineering Office, Office of Space Flight and Operations)

This document is provided by JAXA.



2 FHIAZE BT FE b AT JE P ey JAXA-RR-06-044

TRATHERLIZ L 0 F W72 [N SRS ) FBR %
(NEXST-1) O fE Rifiakat & b _EfERE (JAXA-RR-04-001) |
O D e LT, 51 RIRAT HER LB O BB RE A 5 5
2 [IRAT R MR GE £ T T o b EERE O E R G
FERIZONWTEDFLEDHEDTH S, a7y | FEERE
DEERY 2T LAOFEARIIZOWTIT, [N HE
Bk (or o b J2EREE 5 NEXST-1) ORAREHERIZO
VT (JAXA-RR-05-044) |¥ %, SRS 2 T 4 #EHD
FEIZ DV T RISk N 72 JAXA-RR-04-001 O FE Il 4T
DG A BIEX 720,

HE &4 % IRITFHEED 72 8 O IRAT F2ER 12 2 0] F i X
N7z. HIMRATFEENIE, 2002F7H4HFEA — 2 b
FUTM - 7 — X T EEEWPA (Woomera Prohibited
Area) , WIR (Woomera Instrumentation Range) D%}
Range-E THlE =2, urvy b 7—24% (LI'F, v
o b)) RUKE RO FEERSEE O HEC & o TREICK D
57, ZOME, RITEERY 27 213, WERMEED
R L2MTbI, REGRITIERIC M 72 8Us e 2T h
N7z, BUBREH 2 O 2RI T F28% 1, 2005410 H 10 H
RUMA—Z P79 7MW v — X7 FEESITHEES
N, ETORJEHT — 220G L, RITETEE 50 52
R A X LRI U 7=, 2006 412138 7 O R 5 AT
b, WIEEZRBLAZ-7T0Y 22 M, 200743 A
EFio T, BN E T2 BERFBEORE Fke UTH
F& U 7= CFD @¢aHEA O TRAT FBRMRAE 2 FERE L5 T L 72,

AME T T o b R RMEET O 8 2 [0l T I
BMELRERICOWTIERS, FH2EIZHEWTE, F2bl
FRATEERDOFRAITEEIO MBI DWW T B3RS BT,
55 1 IRAT FEBR I O BNl 4 #5 & A 7= A5 M Lo 72
DD DMRERMBBREHZDONT, FH4ZEITBW
Tk, SERGHERERER I K OBUBIIR. GBI v —%
(LF, v—%) DRt E L UMK O & hiEsd 2
HHN2 S, H20PRITIEERETIC O 7 v b FEERRES W
S3E0E 2 BRI L 72/ MITRITE A VT, B L - i BEfE
SAAEE O HRTRAFEREIER B K ORIT LA ICE
TP SEE L 5 B L — & O RS & 1T - 72 o
2 T LAEREHETRITRERIC DWW T, F5EICB W T,
AMEOFH & 75 55 2BRITIER T — & &2 v, AT
FRRTIC & 2 [RIRRER G2 Y PTG 2 17 - 72 RAIT 7 — 2 (=
R, JEEEAR, RITBPRO T v - F2EEE 3 (S
RO T IR RIS DOV TS 5,

oy HEEBREL, vy M/ R IR
Bbah7zEX— 1y 2 R THA L ZbAEYIO TR
TERETHT 5 L b, FEBR% I35 BE 49 100km 12 I
K SILEHPHOTRITAHIRIZ I\ T, A ATRATHE O35 R
TEBRET 572, TRITHEBRICH T 28ER K, (1) )’
17— 2T Lt — 2 A2 E%E, (2) EEa~Y

FHIERERITE LR X2 ERE, (3) TRATEMH L —
K N T VARV ZFEEORKL - M B O 3R TR
U7z, FERBED 3MERERORGL, 2000C 4% 5 &K
22 JIMBLD ik U D BREE G F6 & OB R i 2~ —
ANOBEEHER S & NIRRT TS O GHERR E
Hi— 5 A O th_E S5 T OB B S R A 2T 7 = —
ZIZBWTKME L HERBETH 572, 72612,
ENgID T o b &R A A S E B TOT,
RERa —)v, 2 U THrdlEtR O F BRI 6 % foat i
TORBERPIRIT 2 L, /I - IR EAZ SR K O R
HEERER2SDT 5y v a~vy v b (HHAARR) 7
VT T OAREEESROWIRE HIEL, MAEER X
S PEEEC O 3SR KD EIR ) v 7 ORI AR &
Niz. RMEDOTRET b 5 5 5 HOMIFRIRET O HRAT IR
BWREDRERIZ KD, vy v RS HERIL, Ll
FffiatE 2 i L, Zh e hh R E 2 e U,
R EFE - 72BIEY ¥ 2 DAL, SHIOFGT H AR
XN AR L, ZOFRF, FHORITY I 2L
R ACY - R YT AN SR AE (2 N YA
BT L R— g Vfij, POLZMH, ATV L YYD
HEe 7 v T F 8 — ViR 6 /o h72%E 1L N
N DR FHIEED < WG RMKRGFT VR Y ThH - 729
ERL TS, 7272 LGB A 5 & S Mz DA A
A7V TFFORRRRIZOWTIE, FEEHEOTRITAE &Rk
ITABANZ LD | FERRIC B 5 1 EET O RENE
JERZERE T L R — 2 3 Y AIEDEIZ BT, B
IR R RS D T 2 EA AL T 5 Z & ARG
SN, TYT 38— VakBRIC kT RN E S AL
DORBEYENHER SN2, —M3SII a7 v & NASDA
HII 27y bOFEE»SETFALL, ar o b FEZEED
[FIFRER AT W B R L ORI, LT T L
D50%LUTTHYD, FHE6IZETLORELZXS
DEVENTER E Tz

AT 2 HALIZ SIHAT R ICHEST B 4%, Bl
L= 2B KU TEA SN 2 BAR S FH T
%, SIHALRNOBMBEIILL TO LD TH S,
1 [yrd] =0.9144 [m], 1 [ft] =0.3048 [m], 1 [NM] =
1852 [m],1[kts] = 1852[m/h],1/& [deg] = = /180 [rad]

=)

g AR (WGS845%, m)
b Fif1% (m)

C/N, %:KC/N, (dB/Hz)
(CINy), BRZEFEATL L (dB)

f JEw# (Hz)
fs T (WGS84 %)

GARX =27 v 5+ oOFE (dBi)

This document is provided by JAXA.



GATX
Gd
g(t)

Ld
LFRX
LFTX
LMr

PRX

Pt
PTX

Ra
Ts

ACA
AOSG

ARDU
BER
C-Band
CDR
CFD
DoD
DSCW
FCC
FDM
FM
FSM
GL

ARG (NEXST-1) {5 Rigtakat ORI T FBkE 3

RIET v 7 FORE (dBi)

ZA =5 A FfE (dB)

MfC ks L= EE o ET v T
FHIE (dB)

FI 2% (dB)
ZAEROMGEHEL (dB)

WA RO E RS (dB)

miEER# (dB)

15 EF 7 . — X2k M (dB)
AR (KRXUBINGES:) (dB)
SIPAY ¢

MR HFIEE (dB)

MeFESIL ~)L (dB/Hz)
FEE ) (dBm)

ZiEE"SIL ~L (dBm)

I/ NVZAZ Y (Sensitivity L ~\JL) (dBm)
BIGHOREE (W)
REHON1E ) (dBm)
BRI 5 OFEEE (m)
Fehatk &t LR OEE (25 FL v D)
VAT LMEEEE (K)

PRI E R & Bz bR 7~ 7 F Of

B2 ML (m)
TRITEEAE v 7 (deg)

TV FFo8x — UERIE I 350 B0 AR

(deg)
FATLE T — L (deg)

7 VT8 — VRIEREIZ B B AR

fiz (deg)
FATLE T — 1 (deg)

BERES

Australian Communication Authority
Aerospace Operations Support Group
Autopilot Computer

Aircraft Research and Development Unit
Bit Error Rate

C-Band Frequency

Command Receiver

Computational Fluid Dynamics
Department of Defence

Defence Support Centre Woomera
Flight Control Computer

Flight Data Monitor

Frequency Modulation

Flight Safety Monitor

Ground Level

GPS Global Positioning System

H-pol Horizontal Polarization

1B Instrumentation Building

IF Intermediate Frequency

IMU Inertial Measurement Unit

ISAS The Institute of Space and Astronautical
Science

ITU International Telecommunication Union

ITv Industrial Television

JAST Japan Aerospace Technology Foundation

JAXA Japan Aerospace Exploration Agency

JSO Japanese Safety Officer

NAL National Aerospace Laboratory of Japan

NASDA  National Space Development Agency of Japan

NEXST-1 National Experimental Supersonic Transport
-1

PCM Pulse Coded Modulation

PD Power Divider

R1 R1 Radar

R2 R2 Radar

RCC Range Control Centre

RF Radio Frequency

RHCP Right Hand Circular Polarization

RTM Real Time Monitor

Rx Receiver

SOLO Safety and Operations Liaison Officer

S-Band S-Band Frequency

S/N(SNR) Signal to Noise Ratio

SST Supersonic Transport

TCG Time Code Generator

TDC Tracking Data Centre

TLM Telemeter

Tx Transmitter

UHF-Band Ultra High Frequency Band

UTC Coordinated Universal Time

VDM Video Display Monitor

V-pol Vertical Polarization

WGS84  World Geodetic System 1984

WIR ‘Woomera Instrumentation Range

WPA Woomera Prohibited Area
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Item Specification
(1)Antenna
Frequency 2285MHz
VSWR Below 1.5:1
Beam Width 55 degrees
Antenna Gain Above 9.0 dBi (within beam width)
Antenna Directivity Width beam directional
Antenna Polarization | RH.C.P
(2)RF Amp Module
Frequency Range 1700MHz ~ 2400MHz
Gain Above 20dB
Noise Figure Below 2dB
Input Impedances 50 Q
Output Impedances 50 Q
AT,

(4) ITVH * 513, ANT1H X ANT2DEE/ ST R 5
T VT ORGICHEHY (X3-8), 7T O -4
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TR7 VT T REEABREL TS E S A HEHIC
HER T, Pl RELGA I, ZERE X LD
VaA AT 4 v EHNT, v 2 7ML B EELT
3ZLIZKD, TVTFFDOE = AHLE TS X O
YOFHEIZFT BT ENTES, K3SIZITVH A D
O i oM %, 34122 Ot ER T,

(5) BEANT BB R RIEE L, L —#Ic kA EsRE
TU A= 2IZKBNEWERE) TV 44 A THES L, M
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Item Specification
Antenna Switching 2 Ways (push on-off Switch)
Antenna Control 2 Axis Control (AZ/EL)
Joystick Control on/off by the stick

#33 av4 FoiH

Item Specification

Frequency 2200 ~ 2400MHz
Wave Type FM Modulation
Band Width Above 5SMHz
Minimum Receiving Level Below -90dBm
Gain 28dB
PCM Multiplexing Output

+ Number of Signal 1

- Data Rate 1Mbps Max

- PCM Signal Formal RNRZ-L

- Signal Level 0.25V ~ 20V pp
Number of System Receiving 2+1 System

X|3-8 ITVH X FOEDFFME (ANT1)

#&34 TTV A 7 HEEOHRR

Item

Specification

(1)Camera

Imaging Device

Interline 1/2 inch CCD

Effective Picture Elements

768(H) X 494(V)

Horizontal 480 line, Vertical 350

Definition A
line
Picture Output Method NTSC
(2)Lens

Focal Length 7.5mm ~ 75mm (manual)
Bore Ratio 1.7(7.5mm) ~ 2.3(75mm)
Angle of the C E

gie ot the Lamera BYe | Width6.2° X Height 35.4°
(7.5mm)
Angle of the C E

gie otThe LAmEra BYe | Width 4.6° X Height 3.5°
(75mm)
Focus Manual
Iris Automatically
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#%4-1 R1/R2V — X OfLAk

Items Specification
Type Number Thomson Adour Radar, Model
P JCB,Tracking Radar
C band (Interrogator:5.6GHz,
Frequency .
Reciver:5.8GHz)
256,000 yrd (234 km), 1.953125 yrd
Range .
(1.786 m) resolution
Power 250kW
Antenna Gain 39dBi
Angle Resolution
Azimuth 0.010986 degree
Elevation 0.010986 degree
Position Accuracy 30 m
PRF (Pulse Repetition
640 per sec
Frequency)
Acquisition 20 points per sec
Skin, Mixed Skin, Mixed
Tracking Mode i, e i, e
Transponder, Transponder
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1 Overview

The Japan Space Exploration Agency (JAXA) is developing a supersonic transport aircraft of the next generation under the
acronym NEXST. To test the aerodynamic configuration of the SST, an 11m-long unpowered model of the aircraft will be
launched by a rocket to approximately 20km altitude and then glide back to the ground performing various test maneuvers.
The tests will take place within the Woomera Test Range in South Australia in September 2005.

To get a comprehensive record of the behaviour of the NEXST model aircraft, the aircraft will be tracked by radar,
telemetry and optical means.

To test the tracking capabilities, as well as the Command Destruct Receiver, various JAXA-supplied transponders and other
equipment, including the Command Destruct Command Receiver, were installed in one of the ECO-Dimona Research
Aircraft operated by ARA - Airborne Research Australia. The ECO-Dimona was then flown along pre-defined patterns
over the Woomera Test Range. JAXA's tracking equipment tracked the aircraft and communicated with the on-board
transponders and receivers.

Five flights were carried out with the ARA ECO-Dimona VH-EOS between 2" and 5™ August 2005, with a total of 12 mission
hours.

The measurement campaign was carried out in collaboration with JAXA which meant that ARA used the flights to cross-
verify different GPS-based positioning algorithms making use of the JAXA tracking data.

The following Report summarises the flights carried out. All data was already supplied to JAXA within 2 hours after the
flights, but is also available on the enclosed CD-ROM.

This document is provided by JAXA.
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2 Aircraft

The aircraft used is a Diamond Aircraft HK36TTC ECO-Dimona. Specifications and some images can be found below.

This document is provided by JAXA.
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Aircraft Type HK 36 TTC ECO-Dimona 2 available: VH-EOS &
VH-OBS
Manufacture Diamond Aircraft Austria and Canada
Dimensions ®Length: 7.28m
®Height: 1.80m
®Wingspan: 16.33m
Powerplant ®Rotax 914S, turbocharged, 115HP, constant speed propellor
®preferred fuel is Premium Unleaded petrol, but can also use AVGAS
Max Take-off weight 930kg
Empty weight 636kg
Payload ©294kg total incl. crew, fuel,
®120kg typical scientific payload instrumentation
Certification etc. ®Day and Night VFR operations
®No cloud flying
®Restricted Category
Crew 1 or 2 (typically pilot/scientist + scientist)
Crusing speed range ©50-110kts
©92-203km/h
©25-55m/s
Endurance / Range @04-8hrs depending on power setting and flight profile with standard fuel tanks

©300-1,500km / 400-700NM depending on power setting

Ceiling

®above 7,000m / 21,000ft (with breathing oxygen for crew - cabin not pressurised)
®normal ceiling without breathing oxygen: 3,000m / 10,000£t

Special characteristics

® Extended operations over water possible, but if outside of gliding distance
from land (based on glide ration of 1:20) require carriage of special equipment
(lifejackets, lifecraft, flares, emergency locator beacon, other survival equipment).

® Maximum scientific payload AND maximum endurance can only be realised
when operated single seated (pilot only, no additional operator).

® Operations from sealed and unsealed runways (>500m in length)

®For detailed flight options, contact operator.

Elrectrical power

028VDC, 120VDC, 240VAC with total of 1kVA
®for instrumentation requiring power of more than 100W on any supply, confirm
with operator

Aircraft avionics

® Garmin GNS430 GPS Moving Map navigation system (including VOR/ILS with
markers)

®slaved HSI-system

®2 VHF communications tranceivers

®Stereo intercom

®Transponder Mode C

Special features

®2 underwing pods (max 55kg earch) -suitable to carry 19" rack mouted
instruments

®room for approximatery 30kg of instrumentaion in luggage rack in cockpit (plus
80kg in r/h seat/footspace, if operated with one crew only)

@ custom-designed r/h operator's console in cockpit (on flight instruments-
enhanced forward vision-foldable large data screen)

®optionally no flight controls on r/h seat (more work space for operator)

ofittings for scientific instruments at wingtip (light-weight only)

This document is provided by JAXA.
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3 Instrumentation
The aircraft carried instruments supplied by JAXA as described in Section 3.1 and ARA-owned instrumentation as described
in Section 3.2.
3.1 JAXA-supplied instrumentation

3.1.1 Transponder System

Table 1: Specifications of JAXA transponder and antenna

No Item Specification
1 Equipment Type Number AT-1400 (Transponder), AS-49030 (Antenna)
2 Frequency 5.8GHz (Transmitter), 5.6GHz (Receiver)

3 Transmitter Power 400W (Min), 500W (Max)

4 Transmission Type AM Pulse

5 Antenna Gain +6dBic

6 Antenna Band Width 5.4 - 5.9GHz (500MHz)

7 Antenna Directivity Non-directional

8 Antenna Polarization 7RH.C.P

9 Required Power 28VDC (accordance with MIL-STD-704D), 14W
10 Weight 0.4kg (Transponder), 0.85kg (Antenna)

i

XAYDIN TELEMETRY

Figure 1: JAXA transponder and antenna

This document is provided by JAXA.
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3.1.2 Telemetry System

Table 2: Specification of JAXA Telemetry System

49

No Item Specification
1 Equipment Type Number SPA-A-65640 (Transmitter), Dipole (Whip Antenna)
2 Transmitter Frequency 2.285MHz
3 Transmitter Power 0.35W
4 Operation Temperature 0-40 deg C
5 Operation Humidity Less than 95%RH (no condensation)
6 RF Output Connector SMA type
7 DC Input Connector Pin assign is as follow: A: DC12 'V, B: GRD, C, D: not used.
8 Dimension W63.5mm, D88.9mm, H26.2mm
9 Required Power DC +12V =% 2V, Less than 400mA
10 Weight Less than 300g

BES

Uit {mm}

Dimension : W3, Smm « DE2 Omm = H28 2mm
Weight : Less than 300g

0 Imput Connector ml_mlrmmm}

=)

B35

F |

Figure 2: JAXA telemetry system
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3.1.3 Command Receiver

Table 3: Specification of JAXA Command Receiver

No Item Specication
1 Equipment Type Number 07FS72112-103
2 Frequency 415MHz
3 Modulation PCM-FM
4 Sub Carrier fH=1800 = 90Hz
fH=1200 = 60Hz
5 Minimum Receiving Sensitivity Below -105dBm
6 Maximum Input Level Below +10dBm
7 Airplane Commaned 28VDC Open Collector Output(ch 1)
8 Rocket Distract Commaned 28VDC Open Collector Output(ch 5)
9 Rocket Arming 28VDC Open Collector Output(ch 6)
10 Frame Synchronized 5VDC Open Collector Output
11 AGC Level DC2 ~ 8V Output (-100dBm ~-40dBm: = 3dB)
12 Weight 6.5+ 0.5Kg
13 RF Output Connector SMA-R Type
14 Required power DC28V (accordance with MIL-STD-407D, Below 1.3A)
. 247 . Unit; {rmm)
- 1606 - r 713
| =] e |
| 1
A_H H *
e [ A
(TR 2 &2 2
i SF =
-]
o 5 5
. \ o o
| & |\ o
e I r L}
Centre of Gravity

Figure 3: JAXA command receiver

This document is provided by JAXA.
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Table 4: Specification of JAXA Command Receiver antenna

51

No Item Specication
1 Antenna Type Number AS-49052-02
2 Antenna Directivity Non-Directional
3 Antenna Polarization linear
4 Weight 0.272Kg
5 Antenna Max Gain More than -6dBi
6 VSWR Below 1.5
Unit : (inch) | COAXIAL TUNING
CAPACITOR

'
) 1.0 MAX
22" 3;;"‘/ 1

TM FEMALE COMMNECTOR

po— 3.825 81

- pl—

=t —— p 051 MAx

— 2.860 \\\
6.10 MaX = -z

Figure 4: JAXA Command Receiver antenna

This document is provided by JAXA.
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3.1.4 Interface Box for Command Destruct Receiver

Table 5: Specification for Interface Box for Command Destruct Receiver

JAXA-RR-06-044

No Item Specication
1 Airplane Command 5VDC Output
2 Rocket Distract Command 5VDC Output
3 Rocket Arming 5VDC Output
4 Frame Synchronized 5VDC Output
5 AGC Level DC2 ~ 8V Output (-100dBm ~ -40dBm)
6 Required power, and weight DC5V = 1V, Below 1.0A, Below 1Kg

Unit: {mm)

Input Signal from CDR

Manitor Sch

2@
_—— 1 ik i
ol
| =]
o S
" @ | T OQutput Signal 5ch
=]
& : &
al 140
170
&
. » J "'|
]

Figure 5: Interface Box for Command Destruct Receiver

This document is provided by JAXA.
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3.1.5 Wiring and Interface Schematic

B -

Installing Equipments and Wirng Block Diagram

28 Bus Lina

GPS

GPSsec, LITCdake, UTCHms il —

e 1

-
Tpch Tl

" Bacmd, Ercd Cram, Chiye, Crand I

ﬂ} SCH Analog
input (DCO-

L L

CoC st~ 1 e B~ -4 Dl

‘F? {

Command Arenna 1 Cormemand Anténng 2

Figure 6: Wiring and Interface schematic

This document is provided by JAXA.
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3.2 ARA instrumentation

JAXA-RR-06-044

Table 6: Sensors and systems used for measurements

Sencor/system primarily used for Range Accuracy
Sampring Rate
Novatel 12-channel GPS receiver ®position n/a <5m RMS
@®3D-ground speed 1Hz <0.5m/s RMS
®time 1m
Trimble TANS GPS attitude system | ®pitch angle 0-360° +0.05°
®roll angle 10Hz
®aircraft heading
Radio transmission indicators ®indication of times of radio n/a n/a
transmissions 55Hz
ARA Cube ®A/D conversion of analogue signals 20Hz
and logging of signals
JREX PC ®Visualisation and user interface;

moving map for navigation

This document is provided by JAXA.
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3.3 Summary of Installation

VH-EOQS JAXAWoomera

Left Pod; Fusetage: Right Pod:
= JAEA Telematry Transminer L anbenna «JAEK_1 BT = SAA Transponds! & aennd
= JA A CIDN anbehnia 1 = ARAsuE_T DAilE Syrsbam = AAoCA, CIDR antefvil I

= REMI_1 AT cormerin

= Bgeabel PS5

= Trimbis TANS GFS

- Fncar pinmeher

= Emusrrat Hub:

= Serean

= GO phonsmosem

= KA it

= SAXA BF Box

= SR COR Uiest
JREX_1 (W2000P) ARAcube_1 (WIBSE or DOS)
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» D Euphoner (kbowng Map )
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Figure 7: Systems and software installed in the aircraft
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Figure 8: JAXA systems installed on the aircraft

This document is provided by JAXA.
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Figure 9: Power distribution in the aircraft
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Figure 10: Data and control wiring in the aircraft

This document is provided by JAXA.
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4 Flight Pattern

Three different flight patterns were flown:
® the Telemetry (TM) Training Flight Pattern;
® the Radar Validation Flight Pattern; and

® 3 pattern to determine the optical limit lines.

4.1 TM Training Flight Pattern

The purpose of the TM Training Flight Pattern was:

® To train telemetry antenna operators with manual/automatic tracking;
® to confirm the function of automatic telemetry acquisition system; and
® to establish the operation procedure of the telemetry antennas.

The layout of the TM Training Flight Pattern is shown in Figure 11.

Launch Direction
azs5”

LL 343" N

Figure 11: TM Training Flight Pattern

This document is provided by JAXA.
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4.2 Radar Validation Flight Pattern

The purpose of the Radar Validation Flight Pattern was:

® to confirm the RF coverage of the tracking radar transponder;

® to evaluate of positioning accuracy of the tracking radar; and

® to confirm the link with the ground flight termination system during boosted phase.

The layout of the flight pattern is shown in Figure 12.

Figure 12: Radar Validation Flight Pattern

This document is provided by JAXA.
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4.3 Optical Limit Lines Flight Pattern

The purpose of the Optical Limit Lines Flight Pattern was:

® To verify the limit lines of flight termination in the video monitors during boosted phase for 20 sec after launch by
measuring the position of the airplane.

The layout of the flight pattern is shown in Figure 13.

Launch Direction M
azs

Figure 13: Optical Limit Lines Flight Pattern

This document is provided by JAXA.
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Table 7 lists the flights.

5 Flights

Table 7: Summary of flights

Data Take-off / Landing Purpose DATA file(s)
2 Aug 2005 14:26:47-16:06:40LT Ferry flight Parafield-Woomera and 050802_1120
(times for instrumentation test | instrumentaion test
pattern only)
3 Aug 2005 09:27:43-13:53:38LT Radar Validation Pattern Optical Limit Lines | 050803_0927
Pattern TM Training Pattern 050803_1216
4 Aug 2005 08:46:00-13:10:22LT Radar Validation Pattern Optical Limit Lines | 050805_0846
Pattern TM Training Pattern
5 Aug 2005 08:17:06-10:41:37LT Optical Limit Lines Pattern TM Training 050806_0817

Pattern

The following figures show the flight tracks and altitude plots of the flights.

The reference point (0, 0) for the distance axes is Woomera Airport.

This document is provided by JAXA.
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Figure 14: Flight track on 2 Aug 2005
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Figure 15: Flight altitude plot on 2 Aug 2005
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5.2 3 August 2005

JAXA-RR-06-044
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Figure 16: Flight track on 3 Aug 2005
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Figure 17: Flight altitude plot on 3 Aug 2005

This document is provided by JAXA.
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5.3 4 August 2005
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Figure 18: Flight track on 4 Aug 2005
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Figure 19: Flight altitude plot on 4 Aug 2005
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5.4 5 August 2005

Figure 20: Flight track on 5 Aug 2005
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Figure 21: Flight altitude plot on 5 Aug 2005

This document is provided by JAXA.
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6 Data on CD-ROM

The format is of the following form (ASCII files):
NPtag| GPSsec | UTCdate| UTCtime | Nlat| Nlon| Nalt|

3.65| 259313.00| 260602.| 153.00| -31.1456211| 136.8056611| 167.27 |

Ngs| Ntrk| Nw| Tpch| Trll| Tthdg|

1.61| 87.75| 0.0| -1.64| -1.48| 82.95|
Cacmd| Cremd| Crarm| Cfsyc| Crssi| Tx
1.0] 1.0] 1.0| 1.0| 4.0] 0.0

where:
Name Parameter Name Parameter
NPtag time in ms after start of logging system GPSsec GPS time in seconds
UTCdate UTCdate UTCdate UTC time
Nlat GPS Latitude in degrees Nlon GPS longitude
Nalt GPS altitude in m Ngs GPS ground speed
Ntrk GPS ground track in deg T Nw GPS vertical speed
Tpch aircraft pitch angle Trll aircraft roll angle
Tthdg aircraft true heading Cacmd JAXA 5V channel 1 (see Figure 6)
Cremd JAXA 5V channel 2 (see Figure 6) Crarm JAXA 5V channel 3 (see Figure 6)
Cfsyc JAXA 5V channel 4 (see Figure 6) Crssi JAXA 5V channel 5 (see Figure 6)
Tx VHF transmit indicator

Data is given at 10Hz (re-sampled from various data rates).

This document is provided by JAXA.
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