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Abstract: Laser—electric hybrid thrusters are expected to achieve the higher specific impulse and the small-
er volume, and they also have the advantages of accurate and controllable thrust, stable operation, strong anti—
interference and high efficiency, which is now perceived as an advanced propulsion system to support the precise
maneuvering of microsatellites. This paper presented a comprehensive review to the related research of laser—elec-
tric hybrid thrusters, summarized the basic principle and advantages of this kind of thruster, focused on the re-
search progress of prototype design, numerical model and propellant development, and included the key prob-
lems of the existing researches. On the basis, the further key directions of laser—electric hybrid thrusters are pros-
pected to provide reference for the research and application of space propulsion technology, and promote the fur-
ther development of Chinese electric propulsion industry.
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Fig.1 Conceptual schematic of laser propulsion system
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Fig. 3 Conceptual schematic of laser-electric hybrid thruster

2208069-3



a4k ol

WO-H G 5 T SR AT ST IR S i

2023 4

(DB Ab iy g PEREHE A% e it . S5 Z 5
Ty 3 1) 52 Bn W, A0 16 90 FHL RE 7 22 18] B A
T3 &, 58 I 4 e 4 7 A 19 AR AR E PR AT T A AE
[e] B 45 B 1 4% 9 1 590 14t 25 O sCRIOL be i X, 5
P A B A BT J7 3 OF A e A ELAR BN I 3 D
FEBIL 5 A AN [ AR 2 5008 #E 78 1 BE AY 52 R, 1 o 4
Ty s Ee Al AR

() Z WM TAF L BRI T . 285 R A
W B D7 ELAN S SR B9 5T Y O vk T A A% T
VR SO e T 2 790 L 45 B R P I A Bk T 1L A5
TR TR A R T AR R SR R R T T e 4
A o AR A, 3R A DR A ) R0 AR 7S TR] RO
WL TR T (A B AR AL 23 A TR 2 RO e
P BE A4 R AL

(3) P RE ¢t H AR 53 2 19 52 & #fE 2E 590 1) 45 o
o3 M S 4 0 % A% W B R X BRI A R 0K,
T A 0 590 P BE B T D7 1) 5 R S AN [R) b 2 48 A 5 X 4%
Yy B I AR B4 5 A E AT 5l AE 2R R BE A9 48 2R R b
2R A S AR 5 vk Bl R B8 2950 Z 1] B
ARt AR Ho A% VS C X B f ) B A AR AT R A AR
e VERE I H T ARRS R 9 2 & k51

(4) % A€ 7T 2 i vy P8 4 31 5T 0 AR OL A8 A
FEL 0 o 3 o R Xt R A ) AR R RE R A A [R] R i B
TR B R A U5 O & F TR R R R R
(] ) R L P e, A DR O 45 AR H i Y RS E R AT
f& vy Al B M

(5) ABNE BEFPH PR AL BT WOE-H R
A HE T A% B O W B PR AR S R R S RLE
SR B R R O i A kP 67 T 4 2 5
F1 ) — 00, 3 S5 A =X Sy G 5 AR et oPL AL 07 T 4
b TR N W S o 1 R R R S RV AR B e
TCAF b T A i o S R AR RE R D B A
DURRTG Bt AR J2 58 Tl 5P 300 400 i 3k 38 A/, PR BB IR T
PR DI, A s 2Bk — 25 LA O A% FHE T 4%
BRI BB, FRBTHE g P BE F0ER DR P 5 T 75 3K o

4 SSBENAHIER

B AR PO - RS A T A — OB B Y S
TR 1A AR D O bk R R T T e e AR ) 2
BT A% FCAE BE A O B Tl R R R R R A P
ARIFFT R B EARYE . BOt-HmE S8R
A Z R EE A T AR IR R /N S o AR T AR
T, PO 8 e A R 2B R — R W0 Y AR T
PRSPI , F 1 3 X 458 1 A SR U 2E — 20 o I 1

A T L MR 2 A I A8 v Ok RE i E R
WiBEE E.Z Wa = E/E R/, AT LUK RO -2
A1 ER R R AN R 4 BT R R 26 TAERE R

(1)a = 0,2l s A

(2)0 < a < 1, BO0HE B Y 4 AR

(3)a ~ 1, 36— R I ATHE HERE 5

(4)1 < a < oo, HLREHH BY 1) OB HE HERE L

(5)a = oo, A HOGHE PRI L

100
A "_ __________ o AN
‘ (4) Electric assisted P /// >
LP mode Y 74
10 + ‘ A I d |
o | 77 e, 7
2 Vs Q&/ ~ |
2 g ‘ ,7 WP Z 4 ‘
) A | s
5 i Lo % 7 (.
2 1 ) vz o’@’ ad |
o R 7 ’
) g | v /\) 47 Laser assisted |
2 7/ /
g a7 > 47 EPmode |
~ =l v
7 v |
01 r vy ;
Nl
v
4 (1) Pure EP mode
0 ‘5‘» L \ N .‘
0 0.1 1 10 100

Electric energy/J
Fig. 4 Working mode classification diagram of laser

electromagnetic composite thruster

Wt — LG R A BN U PR BUIN AT oh
R AR A IR B RS E T B TR R BT AR DA
AR B H, nl AR e TR Fa 58 T 5 A4 Bh ) 3
o AR Ry — FOB BUE 4 A O -
B AW AR M R, EEE P A £
A E SRR,
41 H =&

R TR bk e A R A T A A ORI A ok
6 JE 15 KRB RE B AL, H AR R K 2% T 2003 4F 3%
Ut A iU) | QUIE AR R LN AR 1 i1
T T WS B 7 04 R A A X R ] i b e = 2 285 44
FEBL, P13 d5 R LG P 2 & T 3000s, e KECR & T
8% , Yo UE T WG -HLRE S A HE S 3R A ke

B J5 , 35 T 3 9 o 485 4 (0 4 ) 2R RE AL AR T R 2
S A I N 87 i N N 1 - 1 S VA | NI )
Y A P RE AR I L IO B, SRR A AT R AR
VAL SO DTS N B NN S W T ey S X (S B vipiil
R AT A5 T 4 L b R AR Y O e S A a0 5
2 1A (1 B8 ot R A 0 9 M A A B B R — A 4R
FEH S 2 2 A R R BLR  HE T A EE R
A5 R A R R R

2010~2015 4F , 7R 1 K24 % H i 1A L R 45 5

2208069-4



a4t el Mo R 2023 4
Alulnina- Cu-cathode Cu-anode Propellant U Insulator
insulator (Cu plate) 2 /

|
|
Laser-induced I i Hole
1 H
(a) Rectangular plate structure prototype ; !/
i i
i H
; Inner | i
Alumina- Outer
C-cathode insulator Cu-anode electrode l / electrode

S

(b) Coaxial plate structure prototype
Fig.5 Schematic of laser-assisted pulsed plasma thruster

FEEPLEE AR AE T 5 R ST I 2 1 28 19 45 8 7 P
AL HLER o2k B il e S TN A T
A 3P G ) W O B L L S R R S0 D 9 K T
AR BRI 114 313 3 3 B 5 B A Ak £ e A o R T v, HLAE )
i TAE B S5 K W 7 5 B 57 s B 2 ORI A2 B i ) R
%30 .

Sy itk — 2 R AR HE T #R PERE L 2015~2018 4F , AR ifg
KA 43 ST A [ A% B B A [R) R i i RAS
[Fi) e el Isf ) RUBE R 4 0 2 R HE E MR BEN O A5 B
N R AR RR K T AR B R A 2 1 5 3 R
FE Tt P2 M B 5 T ol a5 #E 7 A% H ) B B R Ak T
ns 5 2 B 45 T E S BUE T ms K

55 O6 SRR Y Ik b 45 2 1 A HE D) SR S R
[F] s 11, 2004 4%, 7R 1 K272 1 4R = OB HEE R G
PERE L SR FH i 0 37 0 T 3806 e ol 9 2 500 7 2 19 B
PRI AR T KRB HE ™. mot-Hh s e A
T34 R IE A 1AL 6 FIT 7, SO 8 i BB b A i A R A
P, A B U P I A R 3 O SR B R
8 R 0 T T A HE D o A 100V B IE DR R
I HE S 8% L oh AT 3K 1800s , B 1 3 B 1] 3k 25km/s, %%
PERE SRR A 02 R 55 5 F N OGIESE R Z MM
£ B AE 2009~2019 4F | 7R W A 2 A W 8 -
HL 3 & A HE O 2% 00 m R AL &, R JE T 1R S R
FEOO WETT AR UZ N T R B R TR T 4 R R
Wl S 1) Rz A A= 5 F AR R S R A B B AN
AT, DA/ PR AR 1) 4 5 B T B
CE N IUR NI TRz NI (E N S 151 N € P
FEARAS
42 % H

SR T v O HE AR SR L e R K A
F£ 2005 4F X $E A4 il fin — 1> T B A % 2 L B ) e el 2

Laser beam

Fig. 6 Schematic of laser-electrostatic hybrid thruster'*”

VKL B AR A8 B, 45 T — ol 1B 7 BT OR i OE -
WG E AW A PR T RS LR E A
ROPET S W gT W it G B T 24 TR 8 Tl B
TR P 00 R Bk Ao R, 14 i OB U 04 o B LA ) R
SOG R Bl HE ) 4 00 3R, 2P A I ik R O SO R
THUHE T A 1.6 48 o

Target

\

Laser-induced plasma

Vertical
magnetic

field

G,
< A

Laser beam

Fig. 7 Schematic of laser-magnetostatic hybrid thruster

BET OG-0 5 A HE T A L T K A
T 2012~2013 4F 45T T 45 25 44 P 11 v Ak B 28 LA
TR FH AN [ 4 3 590 B 56 85 A PR A 22 501 o RS R
B, A A AT A I HE T O T B v 4 T A 0 HE
B, JF ELA8 M BBl b i A il i) 25 5 TR R LR A
AR e ok A Bl 178 458 5 A SR X i b T LR

SR T AR AR b AT /N R KR R R B
HBE 0 THTE S, SRR T — AR = B
WotHE A SRS A E SRR,
JF HL7E 2005 4F i 7 LW pF s o 5 41 . an &l 8 B
N MG A HE D) A R UZ i R RO R R
1o B O 7 o s RN AR AR B T R PR, R R
AW R H I N AE SE AT BLAE L O W B ik o n 2%
TAF B R PV W AR 2% 00 K 0 38 S B T R P IR S
Hh A R E Y

YE R 0 H 4% 51 22—, 18 50 5% W K2 F ] T —
it o R J RE L, O HL BT T 2 G it da 2R 48 LA R AR [

2208069-5



WO-H G 5 T SR AT ST IR S i

2023 4

44t el
Plasma  Conducting Discharge
armature armature SCoop

. Flight body EVatc’:uated
L=—=— "1, b

%
Rails Rear Front

bore seal bore riders

(a) Schematic diagram

(b) Physical map

Fig. 8 Laser electromagnetic gun composite thruster
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Fig. 13 Electromechanical model
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