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Design and Evaluation of Laser-controlled Solid Propellant Microthruster
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Abstract: This paper describes the performance evaluation of a 0.1-N class combustion-controlleable solid propellant
microthrutster using laser heating. Conventional solid propellant thrusters are relatively compact and reliable because the
thrusters require no tanks nor valves and never induces propellant leakage. On the other hand, interruption and restart of
thrust production is difficult because the combustion is autonomously sustained once the propellant is ignited. Therefore,
solid propellant thrusters have never been applied to orbit maintenance or attitude control. Hence, we have developed the
solid propellants in which combustion is sustained only while external heat was supplied to burning surface, and proposed
a throttleable solid propellant microthruster using semiconductor laser as a heat source. In our previous study, in a prototyped
0.1-N class thruster, a laser head was moved by a linear traverser such that laser beam followed the regressing burning
surface. The thruster interrupted and restarted thrust production by switching laser. However, the use of linear traverser
increases thruster weight. Hence, we redesigned a 0.1-N class prototype, in which the window was consistently touched with
burning surface to prevent laser-beam dispersion due to the combustion products. Thrust measurement showed that the
prototyped microthruster successfully yields average thrust 0.03 N, Isp of 70.9 s, ignition delay of 4.2 s.
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Fig. 1 Prototyped thruster whose window is consistently contacted with
burning surface.
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Fig.2 Prototyped thruster 1 whose window is not touched to the burning
surface (Initial burning-surface-to-window distance: 21 mm).
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Fig. 3 Prototyped thruster 2 whose window is not touched to the burning
surface (Initial burning-surface-to-window distance: 4 mm).
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Fig. 4 Laser power profile.

Table1 Configuration prototyped nozzle.

Target thrust F, N 0.1

Target thrust chamber pressure Pc, MPa 0.1

Throat cross section A;, mm? 0.79
Thrust chamber volume V¢, mm3 1820
Characteristic length L™, m 2.3

Nozzle area ratio ¢ 4
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Fig.5 Schematic of vacuum chamber.
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Fig. 6 Experimental setup of thermography.
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Fig. 7 Time history of thrust and thrust chamber pressure for permanent

contact type thruster.
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Fig.8 Time history of thrust and thrust chamber pressure for non-contact
type thruster 1.
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Fig.9 Time history of thrust and thrust chamber pressure for non-contact

type thruster 2.

Table 2 Laser transmittance of window after thruster firing test.

Condition Transmittance, %
Without spring and extended window 39.2
With spring and extended window 66.9
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Fig. 10 Solid propellant temperature profile simulating ignition at t=1.0
s, at back pressure of 1 kPa.
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Fig.11 Time history of laser heated surface temperature at back pressure
of 1 kPa.
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Fig. 12 Schematic of thruster with constant relative distance between

combustion surface and extended window.

BRLNTHE I R O EE N allZY, REEAHIET
Elz. ZITC, AkENRERICEER Sy hTHOW LR
TV B RIRBESRE S D 10%I 3T DI O L ExT 5 &,
ZOHADRKENIL3.8s TH D, RSGMHTERERY KL
THAGLIZE A, Wi 709+95s, /%0 38.9+
5.2%, MK 421085 E7eoT.

52 FFEMBRXTXE 1 OBBEE 1 ThKOEERLY
FRE LRV IR X 5 2 7 1 (Fig.2) 12RIT D HESI KDY
HESIRE ) DRFEERRIL, Fig.8 DX 5T oT-. Z D5
T, L RREBIEN S 025 BITHA LT, LEMEH)
WCIEEST, 4sBETHEALEZ. TN 6K 3s BICHA
KUTZA, REEIT 1 s F2JE LR T& 9, £k 14 s
FREE L — W 2B Uil 28k 5 2 Eide o7z, 5
[l 1 3R LS U7 kBN O 1R, 05+0.2s Tho Tz

53 FFEMB XS XA 2 OBBEEER AEE L EEREY
4 mm B L7-JEREfMR 2 5 2 & 2 (Fig. 3) O KR OHES
ST S ORI % Fig.9 (2”7, Fig.9 X v, L—3 Bk
2D 23 s BICHKL, EOHITH 10 s FREZRE L7
ZRLE. L, TO®RIILV—FREFICH b ST
KL, 2sBICHAKRLER, IsBEECHWVRETH-
7. TREEVHACHE, 9sAREE L — & MRE LEei 7228, sUkiC
WELRDo7. RS TEERYELTT—# 2B L
LA, RKENIZ13E05s Lo,

54 BRIEDREMY 6.1 i TR/ FHFREMA 2 Z 2 #
TIRBEDBE L, 6.2 EIOIEBAEIA T A & 1 CI3RIE
DR L2 ode. ZOMEBERFT D729, BEER%
DEDO L —FFERERE L. FWROWTHETRE Table
21ZRT. Table2 KV, IThEWNEEREZHE Lo T-
Fig. 2 AT 22 BHK LT=DIL, BEO L —PiFEihRMN
39.2%F TR L7272, ABEMERFIC LR L — PR T —
DFEONhoT2Z ENFERENVWR D, FTo, 6.3 Hi Tk~
ToIEFEMMR R Z 2 2 2 (2R T, BRBEDS 10s TR Tk L
oY, FAUEKNTHLEEZLND.

5.5 EFHEERIOERREDT FhHEMEIA T A& L
AT A Z A X CRABIWCENE U, ZOJFK %
HNNCT B728, 3.4 EiORE % AV CHRUKRE 28 L7
[ PRHEAE A DR /3 Ar 2 JE L7z, Fig. 10 I[ZHRBEH & %

This document is provided by JAXA.



SRR 30 4R FflRE S AR Y A (STCP-2019-003)

BEft S G254 LM S TR o A DO L — Y RSB
W05 1.0s B OWRE S ZRT. £, Fig.111%, L—W
NNEAA 52 1) 7= HEE R Rt DR ORRIBIEZ R LT\ 5.
Fig. 11 X v, BREEHE & B0t L T ngs, L—3 TR
F225 0.4 s BICHEEAIZR TR X 13702140 K IZEL T
BY, TOHIT 1400 15 1500 K ZHEFF LTV D, —,
PRBEIRT & WAL L TV DA, 1s 14212 1280£172K F
THIEL, TOHIT 1200 K FREICE F 72,

WL L TV DS,

56 RNBNICENELCHER L —VINEE & ERE
IR _EF OB T 23BN O

BEIMZE S 7o, E7o, BRBER LIERBDEML T8

AN
=

ICREEENMET L7201 PMMA OBRIZE A H D

LEZHND. PMMA L, 543K TEET B7-6, IR

2R LRI B R SN T 5.

kg,

WABET & RS EEL L TV D WAL 2 T 2 2 Tk
BOABRLS otz

PAEORER KLY, PRbEm & BABET 2 & ITa kB OE

A THoT223, PRBER & BOARR BEE DM X v

PRBEITH) 10s THZ L2,
H
HOVRKEN EZERBEEWNLTED LERBND. Tz,

BT, BRBER & AR O R A
(CEHBEC R D, OB ORELZ1TO 2L T

PRBEI & AR OFEXIERES —EIRHO AT X Z L LT, Fig.

12

WRT R D R A by e idag v TRBER OALE %

BESTDHIETERATEDHLEZD.

6. ¥ §

A2 T, HTPB/AP = R Yy MHEER 2 v - L —

PN LY 2Auy M) U T RERTLI~A 7B RAT R
X ERIEHME L, LA ofEime 5.

1.

J ZVOWES R LR A REICT S5 L TL—
~v RBEEEEZ W WA T A X BIRELT-.
PABEHE & B L OFRLIEZ ST A—F 35728, 3%
DAFT AR ZRIELT.

TR OIEREZ AV COREET & BA s g2 5

)

3)

6)

AR T, L—FIC X DRBEO SN K OV E e %
MR LT-. F7=, HeHES 70.9+95s, HHE%h=R 38.9+
5.2%, MSUKIEIL 421085 ThHo7-.

TN IERBZHE LRWA T AZ T, SKER
1%0.2s LAME S LTS, BREE I LRE L2 1EShic
EEL o7,

PREET & RO IEEEAZ AmmBEL7- 25 2 & TIE, 5
KIBAUE 13205 & FIHE S L7203, BRBEL 10s FRE T
MR L.

HEMER > L — Y INENE & B3l LT D354 & Bk
L CWRWIEE DIRESA A RIE Lz, BRSSO
1.0s % OFEIREE, AL W41 1430196
K Thotehy, Bl TV B4A1 12801172 K (28
F ol L, BVUriE L7 PMMA BIChEI S iz
HTHD.

PLEDORER XV, R5EH & B O Z W — &
HEZOR DS, ZOFRIEROR#ME 21T 5 2 & TV
KN Mk LT BREN SR LN D E B X BND.

2 E X H

Kakami, A, Terashita, S., and Tachibana, T.: A Laser Heating Method for
Estimating Thermal Balance of Burning Solid Propellants, Science and
Technology of Energetic Materials, 70, No. 6, pp. 145-151, 2009.
Kakami, A., Masaki, S., Hiyamizu, R., Horisawa, H., and Tachibana, T.:
Application of a laser to solid propellant microthruster for combustion
control with variable thrust, Science and Technology of Energetic
Materials, 67, No. 6 (2006), pp. 96-101 (in Japanese).

S. Gordon, and B. J. McBride, “Computer Program for Calculation of
Complex Chemical Equilibrium Compositions and Applications”, NASA
Reference Publication 1311, 1996.

Kubota, N.: Propellants and explosives, WILEY-VCH GmbH, Weinheim,
Germany, 2007, pp. 79-82.

S. Isakari, S. Onizuka, Y. Yano, and A. Kakami, “Performance Evaluation
of a Throttleable Solid Propellant Thruster Using Laser Heating”,
Transaction of JSASS, Aerospace Technology Japan, 14, No. ists30, pp.
Pa_61-Pa_66, 2016.

G. P. Sutton, and O. Biblarz, “Rocket Propulsion Elements”, 8th ed., 2010.

This document is provided by JAXA.





