96 A. Kakami et al.

U—HIZ & IRBEREd L O 2 HE 12 I8l %
“FHTFHISHAHEAEBE O Bt

# b5

BT, EE T, mokEEN

WiFESH 2, M

MRS ATEUA NEERMR SR EREEA- BHAE K T841-0025 {£& 8 SiEMEEI807-1

fCorresponding address: akira-kakami@aist.go.jp

TAMTERFTHRERMEMMEETFEN T841-8550 At A M MHAKALZKET1-1

THBAYIYERMEFEEYR T259-1292 #Mz||EEFmit£E1117

TEAMNITEAZ T MM AMEETZR T841-8550 At AMm A HAXALAKET1-1

2005F11 3218 =ft  2006%F3A20H =3

£ 3=

AR, FHBREO I X N ZHIKT 572012, INE TICHEO R WINOFEEIEE SR, KEL LX) EBRIITD
FFohBIZESTWS, 2D L) /NUFHBRIIBUED L ZAHMEBEERL T awnds, 5%, LIy Y a v 2E
W 5720120, MIOHERZBERTL2LEVH 5, /2, THITET H/ARHEERIE, I vy a VIR Z BT 570
WCHBMRE RMENZRAET LI EILETH S, KHLTIE, DX /AR KRIEOFERTHEER 2 EHT 2720
12, BEARIEEIROMREER L — IS X D I 23EEM A RE Lz, FMERE LT, ERFAKATOI U RY v MEFIEE
FEIZ10~30 WOER IO YAG L —¥ (51064 nm) % Ha4T L, W < 22 ORR D IHEHESE THREBED On/Off HIHASH §E T
HbHILrRLi, 361, EEFHAOEIZESE, BIENICB T 2BRBEME L RO L 25, HEROFE AR ESRE &
[FFEIZ Vieille DFERNCHE > TWA T L 2R L 720 L—HX0 —1Zxf L TIE, 787 — O AE - TRRBEERE S Him L T

BY, AR TRET HHERO R L W HE 2 HIHTE ZWREEE R L7

1. #E

WAE, FHEEI X N OHIEO 72D I /MNE O FHEE
Hah, REREMBNIOANTHEZBEELITS LTS
CESTWh, TDXH %I N T TIZHHEME NS
ZHBEIELITIE, ZNICET HHEERDS N T TOFHE
AR L TMITH Y, 51T, Iy a VR
DFHOBHLASLINFTEY DA KEVZ LARD
bbb, TOME-RHET) &V BEEITIS R 512,
#l e L CREAEESE 2 w722 E R TH 5o BRI
HEAR IR TR A2 NV TR TH O, N - =
- BEEELZEH LR TN LTH D, S 512, FHEHE
PG T HEIANT—ZEH T2 LI2L-T,
BEIMEER L CICH L TREN 2RI EPMETH S,
ZO—JT, ERME#RE, BRRETEEOFIA IV ITE
LTS ELZ LR, #IZHET LI E0HETH 5,
F D728, Star 27D & 9 LHE#EFEAH one shot thruster & L
THERAF I bN I D 205, FEHEHE LTH
WIERONTE D, FHBEOME - LEEHEN IR AR

BEELTHYONRTE Y,

CNFET, BRI BT H BRI R T A %
ERT D7Dk 4 BRI ITONTE . BRRBILE %2
BURE L THRBEZ 51k X8 2 732 R M bk FE R & %
IRBER ST 5 2 LIS X o THRBEEHE I &2 Bl LN %
W3 % J1:, variable area throat %% £4%% 1), REED
152 1k - T BA 0 148 R 9 0 B A A 43 7 28 S B A IS B
LTwWd, WFNOHEB A D= ANV TEMEHLTE
D, A-BEEALR BEBEELR O 5 5 /N EHEAER I
IV TEBEBRLBWTEDPET Ly,

Z 2T, AT, & SICHIEEICE &, Bk <,
L0 SR O /NI RE A AEAR & B 5 212, N
OYERL —FEREWL, ZORFZHBTL L0
TR AL SE D RIBE D B 46 - FP I o T 480 %> W) 22 3 77 A5 ] R
/NEIEERE 2 IR R L, X518, L—HIC X B [FEfRHE 3
DOIRBERIM 2 FEAT D700 FHEREB I o720 T,
ZORERIZONVTHIET 5,



Sci. Tech. Energetic Materials, Vol.67, No.3, 2006 97

2. IRET HHER
21 RETHIHEBROBE

Fig. 113, LT 2 HEEROBAXTH 5, AT
I ANRRBERFOWEROREET v M E—F LITITFEER
LR E LT A28, BAHEESE L U CIEB R B AR
WERHVDE, RERHEHEOL —F 5 A +— FRL—%k
BAHOBEERL TV HPRL D, FLAR®BET S
A%, FEEBRMEFARHEAESE & 1%, AN S BB X 5 T
IRBED On/Off AT RE 2R HEESE CTH O, AHEMERICE
WL, L= OBEHZ L - TREEZHM L, L—FRY
EHRMiT L LISk o TRBEZ L SR D HEMESRTH B,
T2, LR — 2B E8 BT LI L )RR 2
LS RWEHE ) *EHTE S,
BIRTHLHL—FICH L Tid, BIE, REBEATAL—Fk
EEHERBLV—FPERAILIN TS, L—%FA4
F— F (LD) 2 A&MEAEEICH S 2 L1272 LDIIRIEY
VIRMET 2 —TWVAETH B EhH/NE- RN
BHT, 787 =L NU b HART1~100 W & /NEI 2 H % CHfE

Non-self combustible solid propellant

\ A
1 €=

a

Window

Combustion chamber
Nozzle

Laser beam Laser diode

Fig. 1 Schematic diagram of designed solid propellant
thruster using laser sustained combustion.
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Non-self-combustible solid propellant

Fig. 2 Schematic diagram of SPAT (Solid Propellant
Arcjet Thruster).
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Table 1 Solid propellant samples.

Additive, parts

Fuel  Oxidizer
Sample HTPB, AP, Carbon ' . Color
wt% wt% o Al black ~ OXamide LiF  NH.CI
1 27 73 7 - . ] ) - -
2 37 63 7 - - - - , eefl
3 44 56 n - - _ ] ) an
4 44 56 - 7 - - - ,
> - 26 i 1 ) ) - - Gray
6 20 80 - 20 ; ) ) i
! 20 00 - - . 3 - - Orange
8 40 60 - - 0.5 - -
9 50 50 - - 0.5 - ; ) Black
10 20 80 - - - lor3 - .
11 20 80 - - - - lor3 - White
12 20 80 - ) ; - - lor3

Laser power irradiated on propellant surface: 30W.
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Fig. 3 Experimental setup (Top view).
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Fig. 4 Image of solid propellant surface before and after
the combustion start.
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Fig. 5 Concavity developed on the initially flat solid
propellant by laser sustained combustion.
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Table 2 Combustion controllability of HTPB/AP-based

solid propellant.
Back pressure, kPa
Sample
25 50 75 100

1 Uncontrollable

2 Combustion controllable

3 Uncontrollable

4 Combustion controllable

5

6 Uncontrollable

7 Not ignited

8 Controllable

9 Uncontrollable
10,11,12 Not ignited

Laser power irradiated on the solid propellants: 30-W.
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Fig. 6 Relationship between mass burning rate and back
pressure under nitrogen atmosphere.
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Application of a laser to solid propellant
microthruster for combustion control
with variable thrust
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* and Takeshi Tachibana****

A concept of a solid propellant thruster using laser sustained combustion was proposed to develop a micro-
thruster for small spacecraft. The combustion of this proposed thruster is sustained only when laser beam is
irradiated on the solid propellant surface, and thrust is variable with the laser power: this would be archived
by the combination of non-self-combustible solid propellants, whose combustion is sustained with additional
heat input, and a laser diode that supplies the heat to the solid propellant. In order to demonstrate the concept
of the proposed thruster, fuel rich composite propellants set in a nitrogen-purged chamber were irradiated with
a 30-W class continuous-wave YAG laser, which is used as a tentative alternate to the laser diode. The experi-
ment showed that the solid propellant combustion was sustained and interrupted by irradiating and interrupting
the YAG laser. Mass burning rates measurement at back pressures from 1 to 100 kPa showed good agreement
with Vieille’s law, yielding the pressure exponents of about 0.5.
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