A Moon Bounce Experiment
With A 32m KDDI Cassegrain
Antenna

A Special Station
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IJM1GSH Kony

w144 MHz J
m Very active

65B

2 One of QMO6 guys

®m The KDDI satellite
communication
center IS near him
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Speaker-Microphone




JH1KRC

1296 MHz
432 MHz




HIGH VOLTAGE
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JAG6XK Q/1 visited and inspected
the wave-guide feed for 5760 MHz

Preparing for

5/60 M H

10.45 GH

Z/
Z

License pending:
5760 MHz
500 watt
10.450 GHz
300 watt
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Telescope....
an unexpected
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Planning the EME Operation

m KDDI-Ibaraki Satellite Communication
Center in Takahagi City, Japan, was built
as a communication node for INTELSAT
services toward the Pacific areas.

®m There are several iImmense parabolic dish
antennas and associated infrastructure
buildings for administrative, research,
construction and maintenance purposes.




a1 Already, not all KDDI antennas are in active
services; some antennas being in stand-by
mode.

® 2006 a group of Japanese amateur radio
enthusiasts met for their special planning

at KDDI-Ibaraki Satellite Communication
Center

1 A proposal was initiated:
Moon-bounce communications using
their 32-meter dish antenna
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experiments

@ July 21, 2006
@ January 13, 2007
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3 2 m Casseqgra
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... and many
others
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PLAN

# Which frequencies & Equipments are needed?
Antenna feeds, LNAs, HPAs

@ Operation schedules depend on the moon paths

1 Talks with KDDI, JARL, and Governmental
Telecomm offices

3 Construction for the station, adjustment,
exhibition, lectures, etc. within six months!!




Project BIG-DISH

3 Enthusiastic moon-bouncers all over Japan get
together

1 Local amateurs also get together!
1 High precision large aperture antenna for EME
1 Space communications for educational effect

3 Advanced amateur technology Is needed
3 A Special license has to be issued to JARL

1 The first time In Japanse amateurs’ history ! '




Purposes of Experiment

1 A precise, large scale antenna is used for EME

(A commercial antenna is used for amateur EME
for the first time in Japan)

8 EME contacts to small stations
1 EME exhibition to radio amateurs

1 Scientific exposure to young generation such as
school children and students

}

1 A moon-bounce class room under the BIG-DISH




Amateur Radio Station

@ Moon bounce communications using a 32m
cassegrain feed antenna

M License Is Issued to JARL Ibaraki Branch

@ EME high power license, 500 watts@, through 144
to 5760 MHz

@ EME operation by the Project BIG-DISH menbers
@ Non-EME communications by local club members




Restrictions by KDDI

# No hurt to the antenna structure

# No disturbance to the commercial
communications

a All payment by amateurs
a

1 Return to the original state
etc.




Memorandum

@ Memoranda were signed by KDDI,
JARL and Project BIG-DISH by the
end of December 2006.
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Project BIG-DISH
< Fundamental design 1 >

Moon-bounce experiment in a large scale
= Multiple frequencies and modes

Popular bands for EME
144MHz/432MHz/1296MHz

Nearly original designed frequency
5760MHz




< Fundamental design 2 >

TX—> Legal limit high power
500 watts output

RX— Lowest noise figure, highest gain
LNA NF:0.2-0.5dB
Gain: 30 — 40 dB

Modes — CW, SSB and JT65




< Fundamental design 3 >

Microwave EME 5.7GHz

X Legal limit high power
500 watts output
RX Lowest noise figure, highest
gain
LNA NF: 0.5dB
Gain: 30 — 40 dB
Modes: CW, SSB and FM




Project BIG-DISH

< Fundamental policy >

To be a EME marker signal
on each band!!

FROM BIG-DISH!
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BA-4 §
Subreflector |
and

Feed Horn




Inspection

Kony JM1GSH
comes out from the hatch

January 2007







C-BAND FEED HORN, 2.4M
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How do you
Illuminate the
sub-reflector for
moon-bounce?




SUB-REFLECTOR, 3.6M




Antenna For Moon-Bouce

1 Accurate moon tracking
- Programmed tracking

# High gain and low noise temperature
- High G/T ratio

| ow side-lobe levels

1 High power handling capability
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Programmed tracking

Original computer program:

Put In the moon data of every one hour.
Compensation by smoothening the values.

0-HOUR 1-HOUR 2-HOUR

Azimuth Azimuth Azimuth

Elevation / Elevation EIevation




EME forcast

IBK=4 Program Track

U/ /Ul 1S uiliv

~

—0J T7:00]._07/01/13.0200]___ 11982 &8s - P 0.0000 [ 0.0000
07/01/12 17:10]_07/01/13 02:10 120.97 10.48 || 120.5825 10,039 0.3875 | 0.4406
07/01/12 17:20]_07/01/13 02:20 122.67 12.10 || 122.0980 11.4601]] _ 0.5720 | _ 0.6399
07/01/12 17:30] _07/01/13 02:30 124.40 13.70 || 123.8269 13.041 05731 | 0.6581
07/01/12 17:40] _07/01/13 02:40 126.19 15.26 || 125.7286 14.734 0.4614 | 05257
07/01712 17:50] 07/01/13 02:50 128.01 16.77 [l 127.7631 16.487 0.0460 | 0.2829

T Fora i 0.0000 | 0.0000

07/01/12 18:10] 07/01/13 03:10 131.82 19.60 || 131.8261 19.6990] _—0.0061 | _—-0.0090
07/01/12 18:20] _07/01/13 03:20 133.81 21.09 || 133.8158 21.1044] _-0.0058 | —0.0143
07/01/12 18:30] _07/01/13 03:30 135.85 22.46 || 135.8606 224629 —0.0106 | —0.0025
07/01/12 18:40] 07/01/13 03:40 137.96 2377 ||__137.9620 23.7701] _-0.0020 | _—0.0001
07/01/12 18:50] 07/01/13 03:50 140.12 2502 || 140.1213 750234 -0.0013 | _—0.0038
T B = S 0.0000 | __0.0000

07/01/12 19:10] _07/01/13 04:10 144.63 27.36 || 144.6376 27.3554] —0.0076 | 0.0041
07/01/12 19:20] 07/01/13 04:20] ___ 146.98 2843 || 146.9944 284274| -0.0144 | _ 0.0025
07/01/12 19:30] _07/01/13 04:30] 149.39 20.44 || 149.4088 29.4314] _-00188 | _ 0.0088
07/01/12 19:40] _07/01/13 04:40 151.86 30.37 | 151.8789 30.363] _-0.0189 | _ 0.0064
07/01/12 19:50] 07/01/13 04:50 154.39 31.22 | 154.4032 31.2214] _—0.0132 | —0.0010
0% e 3 T 0.0000 | __0.0000

07/01/12 20:10] _07/01/13 05:10 159.62 32.70 | 159.6330 32.6894| —0.0130 | _ 0.0105
07/01/12 20:20] 07/01/13 05:20 162.31 3330 | 162.3300 332944 -0.0209 [ _ 0.0052
07/01/12 20:30]_07/01/13 05:30 165.05 3382 | 165.0675 33.8134] _-0.0175 [ _ 0.0062
07/01/12 20:40|_07/01/13 05:40 167.82 34.25 | 167.8369 34.2441] 00169 | _ 0.0059
07/01/12 20:50]__07/01/13 05:50 170.62 3459 | 1706331 34.583¢] 00131 | _ 0.0064
P i 2 = 0.0000 | __0.0000

R R A 176.29 3497 | 176.2908 34,9654 _-0.0008 | _ 0.0048
Moon Position data 179.14 35.02 | 179.1388 350051 _ 0.0012 [ 0.0143

| 181.99 34.96 | 181.9862 34.9519] _ 0.0038 | 0.0081
from EME PLANNER 8483 34.81 184.8257 34.8043] _ 0.0043 | _ 0.0057
187.65 3457 | 187.6495 345634 _ 0.0005 | _ 0.0065

| F1EHN = s : 0.0000 | __0.0000

O PAYI VA P2 LV 9 193.2022| 33.7901 0.0078 —0.0007

nno44

nnnTa’
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Characteristics of
Parabolic Reflector

& Wide-band reflector

m Effective diameter could be >10 wave-
length

2 Need antenna feed for each band?




Subreflector Is there...

/

Prime Focus of

the Main Reflector

Center? Sub-reflector

2.9 m diameter
Mhere

about ?

Wide illumination and High Power
Handling Capability are required!!




A Subreflector Is there...
How to treat it?

Do not remove! It's a fundamental rrestriction

Antenna feed for EME could be ...

1 For 144MHz, 432MHz and 1296 MHz:
1) Use of a Yagi feed?
2) A loop feed in front of the subreflector?
3) A round feed horn in position?
etc.
— High power capability and a wide-angle
radiation pattern are necessary!!




2 m 144 MHz
/0cm 432 MHz

Stacked Yagi-feed

Beam width ?
>140 °

Stacking space?

Multi-band ?

= Difficult!!

Prime focus




al

40 -

a0 -

20 -

(dE)

10

Zain

O F

-0 =

i ,|.|,1,|'lr
2 |'|J\|\r\l'\r\l'\r;']ll\n‘IC J‘ |i H I

[lllllf |/|

-8.4 dB

Beam tilt

I
w lh i '(‘ ‘ ‘U‘Um
Il

‘”] ||“ ”H

-30
-30 . -

-0.35025, 42.4570

Theta (degrees)

a0




Defocused Feed
Axial defocusing

—

DISPLACED FEED
PCERION

BELATIVE O ARE GaRM I8 DB

b

MADR ITUDE OF MPOCUSING IR WANELEMGTHE ——=

Fig., 4. Helative boresight gain ss function of defocusing for cosM @
Mumination.

Fig. 1. Geometry of paraboloid with axially defocused feed.

IEEE TRANSBACTIONS ON ANTENNAE AND PROPAGATION, JANUARY 1973

Radiation from a Paraboloid with an
Axially Defocused Feed

PAUL G. INGERSON axp WILLARD V. T. RUSCH




Use of the original antenna

@ 5/60MHz:

Original feed horn is a proper choice for this
band. Available:

High power handling capability
Wide-beam pattern to illuminate 32m dish
R/L helical circular polarization

— The most favorable operating
frequency Is 5760MHz. Antenna gain = 64dBi




Multi-band operation

How to change the antenna feeds?










“Prime focus Is behind
the Sub-reflector

% ~ Prime focus of the
main reflector

Sub-reflector

Antenna feed requires:
Wide radiation angel = 140 deg.
High power handling = 500 watts




Prime focus Is behind
the Sub-reflector

Y Prime focus of the
N\ \II ANAVAAN O ' .
IBIIBUY ARRRRNY main reflector

Sub-reflector
Use YAGI antenna

In the phase center of the dish

<Method> Model 2x1230, Two 30-element YAGIs
Boomlength 2 3 0 0 mm
Catalogue gain 24dBi, Power rate 300Wpep



In-phase or out-of-phase?

Multi-band operation ?

e————— | || @ Primefocus of the

SRNRL., main reflector

Phase )
center? Sub-reflector

How do you make it for multi-band?
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Czech
Technical
University

OMGAA
Mr. Hazdra
OMIATT et al.




Round Septum Feed

Pt Weaie TSRE

S11 better than 30 dB
Port to port isolation S 21= 26 dB
Circularity in boresight transmittion = 0.2 dB




Round Feed Horn
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Use of US Army antenna

VSRT-2

2.4m alminium
5> GHz
Portable

Jane Military
Communication

VSRT-2 antenna

VSRT-2 Very short-range Transportable
Antenna

The VSRT-2 is designed to be used with the
AN/TRC-97A radio at 4 4 to 5 GHz with transmit power
up to 2 kW CW. It can operate in winds un ta 181 km/h
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T . T . v W Wl |
Directivity_RHC[dB]
285
2098

13.3 2.4 m DISH

8.7
12 Round Septum Feed
~’T'I?_‘1
247
-32.2

-39.9
47 .5




KDDI 32 m Dish

=53%

iciency

1296 MHz G=49.95 dBi

Directivity_Tot[dB]

Eff




w Agilent  11:56:29 26 Aug 2005

Averages 5

AvgiBwi dth

Averaging

1.296 GH=z 0163 dB d41.605 dB CIff

MEIG Average Mode
Scales
0 .00

dB

Foint SRR

Eandhwidth
AMHzZ

\m
et
2 oo | ) M

0.000

Center 1.29600 GHz BW 4 MHz Points 400 Span 400.00 MHz
Tcold 305.15 K Avgs 4/5 Ait0 dB Loss Off Corr |

User cal will be interpolated
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144 & 432 MHz
Loop Feed




144&432 MHz
Loop Feed

e g s o o e A e e 5 e S P
e o o e 2 S A e S B S e

Tvpo = Farfield
Approximat ion = enshled (kR
Hanitaor = farfigld (T=194
Component = fh=

Ouwk past = Directivity
Frequency = 144

Rad. effic. = 0.9531

Taot. effic. = @. 3686

Dir. = B.373 JdBi
Phase center = indeterminable







Loop Feed
144 & 432

Diractidby_Told B

434
I 474
214
143
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144 MHz 28.5 dBiI Efficiency 30.3%

432 MHz 33.9 dBi Efficiency 11.8 %







IBA-4

Marionette Theater ! !




Planned EME

m Basically Random QSOsn only
® Frequencies
144MHz, 432MHz, 1296MHz and 5760MHz
m Modes: CW, SSB and JT65B
@ Reports: RS T or TMO
@ Estimated small stations to contact with:
144MHz : 2x11-el Yagi, 50W JT6 5B
432MHz . 2x27-ele Yaqgi, 50W JT6 5B
1296MHz : 3m DISH, 10W CW
5760MHz : 2m DISH, 2W CW
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BIG-DISH
SN1EME

BIG-DISH &
Small dish
a la carte
In

Marionette Theater






144/432 MHz LNAs & RYs
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Small-dish mount: Designed by JH1EFA

I
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RFI| test transmission

a |IBA-4 Elevation angle 90 degrees

3 RFI to the present C-band receiver
9 x 432 = 3888 MHz
3 x 1296 = 3888 MHz

1 Any TVI to neighbors




The present Radio Station Regulation
requests to amateurs on UHF that
any spurious radiation level should be

no more than -60 dB

below the fundamental, as well as

not more than 1mW.




Spurious radiation should be:

For 5 0 O W output
- no more than 0.5mW
and below -60dB
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ow Pass Filters 7/16 connector

Pia
Tmim 9mm  Dia 20mm Dia tinm Dia. 20mm Dia Gimm Dia. 20mun
P A ) Same as ather er
Lrﬂl - = t I —k
4.5 | 129 | Length A Length B Length € Lenghe B Length A

.
mm :||1r|.t!
—| [

10 mm 1
e

Aluminium whing 25mm outer 22mm inner, length D

A0 mm

HP Low Pass Filters Dimensions

Length A LengthB Length C  Length D
l44 MHz 384 mn 175 mn 87.6 mm  Abt.534mm
432 MHz 128nmm 584nm 292mn Abt.211 mum

PA3CSG,
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PA3CSG Filters
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1296 MHz 500 watts







Inspection by Telecom

& Transmitter data (input/output power,
Spurious suppression characteristics, filter
attenuation curves, etc.) were submitted
previously.

m |[nspection of the equipments, antennas,
working data, and a QSO test were
requested.

m432 MHz CW-QSO: S8N1EME — JAGAHB
RST 599/599
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HBO9BBD received at SN1EME
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1296 MHz Pile Up




144M HZz Pile up 10:29Z Feb 25, 2007

a0 Fa0 allll 900 7000 1390 'IEI_II_IL 1300 71455 1500 1600 1700 71800 1900 2000 2100 2200 2300 2400 2500 260
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?? PH2CHR ?? OZ1IEP
-18dB -15dB -13dB -14dB

RNG6BN ?? ?? RU1AA

sd8 08 -d8  -13a8  Among the Big-Signals in pile-up,
there were seven weak signals
of -20dBs were masked.




144M Hz Pile up 10:35Z, Feb 25, 2007
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144 M Hz Pile up 15:51Z Feb 25,
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144M Hz Pile up 16:15Z Feb 25, 2007
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1 NHK-TV News, 7 p.m., March 03, 2007







5760 MHz 500 watts

1 Near original designed frequency of the
IBA-4 antenna.

® Wave-guide Connection at the pedestal.
a Estimated gain: 63.8 dBiI (2,400,000 times)
1 Output power: 1,200,000 kW eirp
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DBONT Transverters
IF 435 I\/IHz / 5760 MHz / 10 GHz
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5760 MHz 500 watts
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[Project SMALL-ANTENNA]

A Many microwave amateurs joined in the
project.

a Members of JAMSAT, MWCY, YAMA, etc.
#® Many recordings were reporte
A Not a few tried to contact.




Recelving with small dishes

JR3LGE 45cm BS satellite dish




Japanese CQ ham radio monthly
magazine continued to publish our

articles for over one year.
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EME Results

@ Random QSOs: 3 2 3
m Operation freguencies:
144MHz, 432MHz, 1296MHz and 5760MHz
@ Modes : CW, SSB, and JT65B
m Estimated small stations to contact

144MHz : 2x11-element, 50W JT6 5
B e ¢ o O

432MHz : 2x27-element, 50W JT6 5
B e ¢ < O

1296MHz : 3m DISH 10W




Band and Mode Results
SN1EME

JT65B | Cross-
mode

142 0

31




No. of QSOs

144 MHz: 154 QSOs, CW 11 SSB1 JT65 142

JA24 OH3 F8 PA12 DL/DK?22 GM 2
G2 16 VK7 AS RUSSIA 11  USA 13
EuRUSSIA14 CT1 EI1 OE1 OK?2

GW1 SP1 ON2 EA6 SV3 SM3

ES1 ZL1 OZ1 S52 YO1l HB91
YUl VE1

432 MHz: 67 QSOs, CW 34 SSB 2 JT65 31

JA16 VK3 PA2 OK3 G2 OHA4
S5 2 Eu RUSSIA 5 DL/DK 8

SM5 EA3 HB92 F3 ZL1 OZ1
USA2 SP1 UT1 FR51 ZS51 KL1




No. of QSOs

1296 MHz: 71 QS0Os, CW 50 SSB 21

JA14 VK3 KL1 ES3 F4 OZ1 PAZ2
SM3 OK3 HB92 ON3 DL/DK10 LA3
LX1 UR1 W11 VE1 13 G2

5760 MHz: 31 QSOs, CW 23 SSB6
SSB/CW X-MODE 2

JA9 W4 EuRUSSIA2 VK1 ES1 VEI1
HB91 F2 11 LX1 OEZ2 DL/DK3
OK2 GM1

ALL TOTAL: 323 EME-QSOs including dupes




TNX

The Project BID-DISH would like to thank you for
joining us and help for the promoting moon-
bounce with a KDDI's 32-m dish through 144 tO
5.7GHz bands.

Hundreds of non-EME amateurs joined us also
to see how the moon-bounce is. This project
might have contiributed to promote amateur radio
activity itself.




The End

( continues?)




