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Parkino D ARRRE LE —LERIHER

* h’b/s\bfd:lﬁ\bﬁ

BUET B

« 0ETIAMVORIEEEMDEREXENTIEE

L2 HEE AR H#E 2E
AR AO—FEE 20 0.2 10 20
(ton)
MTREZHLZ 3 (%) 1 50 100
BRR/A/O—KFHT-YIZ KINT—%{RHELT
WEIGD kT — 3 1 0.3 AHC, HERLN?
(MW/kg)
XYATRRDLT s00MW? | 106wW? | 20G6wp | IMW/~AB—E

1kg&{RE

OAMER 702 — 6 24 144
20 D& A (SBn) 130 129 63 1
ORI RS ) e | S5/WIEEAR A
(S/W) ($600M?) | ($60Bn?) | ($440Bn?) | C ™ HE
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Parkin (IHAP&ISBEP2014) (D #&48

. @kgmll\ﬂmiﬂ%waozoﬁ(:ﬂéJ:(7“‘“ (LEO300km)
. ,%,rﬁzolzrrji'GUAV'Gdt%{?k’EiE#ﬂ%(TSTo)
. 71—;( I~‘7|/r$7’>7‘-7- oA OMAV ISR (FTREREIL?)
— BEfED=130miZE, E—LRARYMEo=3miEE AR EET
{Eéﬁﬁ%’ﬁz:?ﬁﬁ(mﬁfi I o,=3mIRE CHEAZIEERER).

*E=E 50 kg
BEEE 11 kg
M EE 37 kg

RMO—FE= 2 kg
RA4A—kL 4%

TAOO0KHE AN 30 MW
T EIT#E $40 k

E—LEMEERE | 5280 M
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325 (Trans. JSASS 2016) DIR=E1

¢ UAVEZESRAAKXMSDROEEITLEIFIZEZIZ S
« TAHO (50MW+30MW. 140GHz. {E1 XN 70%)

Beam range

Y150 km
\ 300 km LEO
M / UAV MSDR
\\ \\\ VIR = —8
\ \ 2" stage cutoff M R'I%*Iil'ﬁi 37 kg 35 kg
V=76 km/s
1 stage cutoff

h =72 km NMO—KEB= 2 kg 4 kg
1% stage | /\o’fD_Ptt 4 % 7 %

Beam (;ircclnr 145 km Beam :lircclm'

for 1% stage for 274 stage { l

Diametce: 75 m Diometcr: 175m  ® M?LDRODAVI “&YRAMO—KHeld2fE
Kakinuma et al. Trans. ' é _
JSASS Aerospace Tech. ¢ IstE Ve i’lﬂ%1§’3—c MSDR—CE%
Japan 2016 L)JDLL'd’%ét 2D E — LB
A TLED

V = 0.85 km/s
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325 (Trans. JSASS 2016) DIRZE2

o ItE— L

M, FEXMSDRTE

E 18 I0R (h=34 km,

V=1.0 km/s) LT=#& . ZEEMTRD IZEIZH{FED
O—XT42 LT 2"E— LE M TEINLEEZ1TS

[t stage cutoff

2nd stage thrusthalt 2% stage thrust restart

/—‘

2nd stage cutoff

V=10 km/s V =3.1km/s V =3.0 km/s V=76km/s LEO
h = 34 km h =75 km h =92 km _ h = 89 km V =7.2km/s
\ , . t=46s _
t=8ls \ t=54s / . | h =300 km
Dutyl:l: \ ,/ . \..\_\_;____ | N
0.24 To 300 km
Beam range LEO
It stage 380 389 Beam range
[t beam director 21d beam director
Power : 30 MW

Power: 50 MW
Diameter: 90 m
Beam range: 105 km

|J

400 km

Diameter : 175 m

Beam range: 150 km
)

|‘\

Kakinuma et al.

>
Trans. JSASS Aerospace Tech. Japan 2016
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325 (Trans. JSASS 2016) DIRZE2

AV (km/s) AR

MSDR MTR
we | =y | PRV
UAV MSDR H# A 6.38 6.97 13.35
MRIAFIE & 37kg | 37kg A -4.59 -0.17 -4.76
RAO—KEBE 2 k 48Kk
10—kFE= g 8 ;ié;j& -0.79 -0.60 -1.39
RA4O—KLt 4 % 13% =~
1.00 6.20 7.20

« MSDR(FIEX) (&, EEE (h<30 km) TOEZEIZ LS
NEERRFFZEREIZHEOICENTES

e MSDRDFBFET., MTR(ZEX) [XIFIFEELLINETES
e RAO—KLLIXUAVDIEEDIEETIEZS
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_HIBS (Trans. J5ASS 2016) DE — LS

&8 R Xk &5
xR g0 mw $8M | $0.1M /MW
B2
72747R $0.01
yasyy 1403 kWh S14 M M/kWh
st 7S =
;_ 7T EfF90m | $173M | ParkinDEE
battery
| nd= 7~ ,—
3_ 7T BE®E175m | $293M | Parkin@it&E
Kakinuma et al. Trans. JSASS
Aerospace Tech. Japan 2016 |‘—/5U|/ 5488 M (4881%“1])

e IMW#R 140GHzD A LAOL D 50{E+301E D —#D

Jx—XK7LA

o BARKIZAHRA—IL/INYT)—TCRNETEE
« BAEOITE EITER BAHIEE - B #9540 k(400
AR IE. E—LEMERED0.01%LLT 10/22




UAV vs MSDR

TbEFORTLERDELE
P UAV MSDR Ratio
R4O—F 2.0 kg 8.0 kg 4
R4 O—FKk 4.0 % 13 % 3.25
TI5 EIF&ER $ 40k $ 46 k 1.15
5 EFER/R40—F 20 k$/kg 5.8 k$/kg 0.29
E—LE#EER $280 M $ 490 M 1.75

o HERIZMSDREES AT KE
o 1212 MSDRE A VB Z F=LVRHT B A+ -

L)
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T M e ] Acceleration kick
[ |v,=10.6 kmi/s A=0.48 },:0_5;5 4=0.10] __,ﬁ____ﬂ
20 _ ] ./apugee —
B /
= 25T |'
5 | 2|
£ 0! 2
520} = “
c [ '._".iil'. i
ﬁ : B\ GTO|
c\ .
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o TUTTE—LZFHBKR (Bkm/sTHRIT) [TEMESE 88 X BLERAMT TRIEEN 7
« 2MWDIvAOrO % E45(30~501E)
— BRDTOTFTFDOTLAIEEMIZDOLNTIL., BEFEEMATIEHEIMN?
— OvAOrOrOITREF—I il
o Ist7UTFHIE. 90 mDKEZEA, EFIT LT (MSDR)IEATREN ?
— BELIE. E—LENZIEF—F(E—LOTAMEDOV2{ERN) D iEEE (L—')—IEEE)

NTIrE

100km
BE

0)0:3 m*EEFE_

90 m

10 7T

Beam
waist

|

>

' Rocket

4

\

Spot size @

ZZR

Beam facility

fBR5 (2014)
DEEITLIF
MSDR
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f2RS (Appl. Opt. 2014) D&t

e H2-B(RA/O—FK20k2) DHEEEMSDRICEZTHLZ S
« MSDRTHIEXEEMIEAV=2 km/s

Fairing
Second stage
Engine:LE-5B2
Cost:25M$

First stage
Engine:LE-7AX2
Cost:45 M$

SRB-A3
Cost :40M$
(10M$/unit

Japanese H-IIB
Table 1.

Fukunari et al. Appl. Opt. 2014

Schematic figure of Microwave Rocket
\ Microwave Rocket

Intake Reed valve  Thruster
. “
Beam
/ ; r—j
Reflector Mass :3 ton

Mass and Manufacturing Cost Breakdown of the Conventional H-IIB and the Replacement System

||

First Stage Second Stage
LOX/LH? LOX/LH? Payload
Engines SRBs Engines Fairing Payload Total Ratio (%)
Conventional H-IIB mass (ton) 202 306 20 3.2 19 550.2 3.45
Replaced H-IIB mass (ton) 3 97 3.2 19 122.2 15.5
Estimated cost of Conventional (M$) 45 40 25 - 110 -

Estimated cost of Replaced (M$)

3 25 - 28




B DETEDE — LZER

o E—LEZEEBAYAXEIFIIFEUCIZEDIER AN TIEE
— E—LRRYMNF AR (=T7oT7FHA4X)4.25m
— E—L/\TJ—188 GW(E—LEE : 0.3MW/cm2-> KL EH ?)
— b ATEE20 km

Cutoff altitude (km)
Rocket 9 14 19 24 29 34
7 T | | | 230 T T T T T 25
~ 6l ] 225 L '-_' Beam power
ot E PRI UL Acceleration 490 %)
1 Spot size w 3 gl | 220 "w» = = Air drag Eﬁ
4 % 215 | k 5
g 4L = 15 -8
g 4 > 5 210 F <
Beam 5 L E R ST A g
. -1 Receiver size increases & 205 | . o
waist S < E 110 .2
. o
s H-IIB radius 195 {15 2
m 1 1 <
190 | g s
0 . . : . 185 g - 1 1 1 1 0
0 10 20 30 40 50 30 35 40 45 50 55 60
Cutoff altitude, (km) Radius of the beam receiver (m)

ooy EREBLE—LRRYMIAR0 P50 — hukd B

. R, A Dot&FE?
Fukunari et al. Appl. Opt. 2014 16/22



t& Rk

L>DENE (EEFTLEIT)

2.5 T Velucit_y T T T T 25 .
= = = Air drag g
@ 20F eeennenn Acceleration 20 eh
_s =
- 5~
1.5F 15 «©
g 2
E (3]
210f . 10 §
s 031 5 Tl.;
o
o ot T T o L o - {{:
0.0 ! 1 | | - ! 0
0 4 8 12 16 20 24
Fukunari et al. Appl. Opt. Flight altitude (km)
2014 Table 2. Results of Trajectory Analysis
Beam power (GW) 188
Cutoff altitude (km) 20.7
Beaming time (s) 29.8
Cutoff acceleration (&) 8.2
Peak acceleration () 14.7
Energy consumption (MWh) 1431
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« MWD YA/OMAVERELE
— ARMEEZEE (4R M—ILIEovy/arAY ERICIERE ERGE)

Table 4. Beam Facility Construction Cost

Beam power (GW) 188

Number of gyrotrons (—) 94,000

Construction cost, Cypoung (MS) 3350 (335012 H)
Blectneity expense, Cyp (M>) 0.179

10000

9000
8000 -
7000

3000 +
4000
3000 +
2000 +
1000 -

0

Launch cost per unit payload ($/kg)

Conventional H-11B 5.8 k$/kg

o

per unit payload 1.5 k$kg

10

100 1000 10000
Launch counts, n

Fukunari et al. Appl. Opt. 2014
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Appendix

Table 6. Vehicle launch cost estimate breakdown.

Component Mass (kg)

Cost (3)

Cost justification

MR 6.7
MTR 46.688

8.040
15,062

Complex short run
awrcraft  rule of
thumb: § 1,200/kg
Based on Ref.9

Integration

Electricity

23,102

23,102

148

Assumed equal to
component cost

Ist stage: S0 MW (81
sec, duty ratio =
0.24), 2nd stage: 50
MW (54 sec). 30
MW (46 sec).

Based on industrial
rate of $ 0.1055/kWh
for California on
May 1, 2013

Total 53.388

46,352

Exclude operational
personnel cost and
initial R&D + beam
facility cost

Kakinuma et al. Trans. JSASS
Aerospace Tech. Japan 2016
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Zenith Attenuation (dB)

E—LHE

HBSADEE

180 T T T T T

160 7
140 7
120 r -
100 J
80 - J
60 L -

a0 L ]

ol JL.JLJ. |
100 150

0 50 200 250 300
Frequency (GHz)
Kakinuma et al. Trans. JSASS
Aerospace Tech. Japan 2016

Attenuation Coetticient
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