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Abstract

The Metallic Ton Thruster using Magnetron E-beam Bombardment (MIT-MEB) is
developed. Different from the normal ion thrusters, the MIT-MEB uses the metallic target
instead of the inert gas as the propellant because the solid is high density, easy to be
stored, cheap and safer. There are three parts of the MIT-MEB: a metallic evaporator,
an ion accelerator, and a neutralizer. Basis in the principle of electron-beam(E-beam)
evaporation, the free electrons around the thermal filament are accelerated by the high
electric field and bombarded the target. When the metallic vapor passes the high-density
electrons limited by a magnetic field about 0.270.3T between the target and the thermal
filament from a focusing magnetic, a part of the vapor will be ionized by the collision
from the high-energy electrons. The ions are accelerated by the applied electric field and
bring the electrons from the neutralizer to keep the thruster discharge. We used the
Zn as the target to build the prototype of the MIT-MEB and test it in a high vacuum.
The evaporation rate of (2.240.4)x10~4(g/s) and the ionization rate of 0.0340.008 % at
15 kV/1 mA E-beam current, and the evaporation rate of (1.840.3)x107*(g/s) and the
ionization rate of 1.0£0.3 % at 1 kV/1 5mA E-beam current were measured, so we want
to find the best voltage of E-beam for the MIT-MEB. The accelerated ions have more
contribution to the thrust than the vapor, so improving the ionization rate is also our
goal.

Key: Ion Thruster, E-beam vapor, Solid propellant
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Table 1: & % & % Btk &

T RGN IR

| Ttem | Number | Size(unit: mm) | Specification
Chamber(Glass tube) 1 ¢ :200/9 :5/L : 250
Steel plane 2 300 x 300 x 8
KF50 Flange 1 L:50
KF25 Flange 5 L:40
KF16 Flange 4 L:30
KF25 Radius 90° Elbows 1
KF25-T 1
Diffusion pump 1 KF50 (https://is.gd/HGEoVG)
Rotary pump 1 ULVAC GLD-136D
Angle valve 1 KF25
Flapper valve 1 KF50
Ball valve 2 KF25
Ion gauge 1 DUNIWAY T-KF25 / ZJ-27
Low vacuum gauge 1 CVG101 Worker Bee / ZJ-52T
Screw-free Angle(yellow) 4 L:900
Screw-free Angle(red) 4 L:500
Screw-free Angle(blue) 4 L:300
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BTHABRELTGHCAZ AR ELRM » M AL ZY
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2.2.1

1.

10.

# & Z Pumping down
HERARL G B (A RS2 B B B A o
Open the angle valve and the gate valve.
B (1) F 2B (2) B PA o
Close the ball valve(1) and the ball valve(2) .
B LA R o
Turn on the rotary pump.

HERARE E SHE2A107T torr (10 Pa) ©

Check the low vacuum gauge if the pressure in the chamber is less than 107! torr (10 Pa).

ITRFERER -

Turn on the diffusion pump.

FERARE B FHAA5.0 x 1072 torr (6.7 Pa) RIRA R © B AEAR & — | BF o
Check the low vacuum gauge if the pressure in the chamber is less than 5.0 x 1072 torr

(6.7 Pa) or the diffusion pump has been turned on for over one hour.

T B % = A 2 3t (Ton gauge) ©

Turn on the ion gauge.

EE T RBRRAE.0x 1072 torr (6.7 Pa) R T M A= & E3 » BRI 7 A %3 eft
Bl PA B AR o

Note: The ion gauge can’t be truned on when the pressure in the chamber is higher than
5.0 x 1072 torr (6.7 Pa) or the diffusion pump hasn’t been turned on for over one hour,

and should be turned off if it is not used.

HERR B L SHRAN4.5 x 1075 torr (6.0 x 1072 Pa) ©
Check the ion gauge if the pressure in the chamber is less than 4.5 x 107 torr (6.0 x 1073
Pa).

T B4R B o

We can start doing the experiment.
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2.2.2 #E%E Vacuum venting

IR N
Turn off the ion gauge.
EE HEELAMB LR o

Note: The ion gauge has to be turned off of it will be damaged.

2. MATH IR -

Turn off the diffusion pump.

3. MPARIR
Close the gate valve.
4. ATHEB ()KL ZEHEE -
Open the ball valve (1) to vent the chamber.
5. FAHMMRBEAHME 35CAT o
Wait until the diffusion pump cools down to less than 35°C.
EEBRERALHASLTHAE -
Note: Do not vent the diffusion pump before it cools down.

6. MIEITAM o

Close the angle valve.

7. W MR R -

Turn off the rotary pump.

8. ATHIH M (2) MBI R A% o

Open the ball valve (2) to vent the diffusion pump .
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P B (a) RARHA R G T R4, > JRI A — B B A otk (heater) 89 784 (0il tank) > @ £ 7 B5&
A0 69 JAB (fan) o A2 P B A BEKF2569 3 0 T AR Bt o R o T4 & o iR 9 E
1B IR B 4o B (D) AT & » 35 i w 2hdh Ao 28U T 4G F 89 R > BERBM A TR s b

14 AR K (Nozzle) B T8 B 0 ARS8 AU & TR SCGE A W 0 IR M B > it i A
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3.1.1 HEAK

AT AL TR B F bk R AR K 0 AF SRS AT AR 89 TR R R A2, o

Table 2: 4% A b & 92 4K RUR
| W% (ml) | AKFE (torr) |

30 1.0 x 1073
40 1.6 x 1073
20 1.1x1073
60 1.8 x 1073
80 9.5 x 1072

W AR2. KM T F23E30 mIF50 mIAIEACH AR R T EA TH AW ER I REBERERED
$egr o RAMEFEO ml I ERTRZREDIBMEHGTEE -
3P BEZRERERTEER » REFHARZEUR AL O > B RERCHZA G

asd

.
BT o
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Table 3: 50 ml #)#k#Cih = & Bl 2A 1 I AR SR
[ %% | RAKFE (torr) |

1 1.0 x 1073
2 1.0 x 1073
3 58 x 1074

3.1.2 ez ERIEH
FEAE L EaiEd RAAZNED ZHE T » ATARM R THE O hth ) &R AE hoihig R
KEE o

B AT ik AN o AR A B O(a) T K ERE L > F160 VA L89B — B iy M4 -
FAE—REREMFFEZTIIE > RE L GIF1246 RBREILFY o

B10&m#h ERMLHEFHYRRZ > ERAITH18S V BF AT 2] &4k 89 BB » K2
185 VIEE EREZE » REATRZ T Amtemitig & » B YL =& eynrm o
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The average pressure with voltage of heater
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3.1.3 BEFEH
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Mo AL AR R 65k KR 0 B BUBE FIBT T 59 A BF o B E BT E 69 B A T S 3 R IR B o 2L
FAET s HETIRBERGEA » ® &R R A7 F 2R FERR -

FAT 3 AN R BRI R A7 ST L S R AR BT R AR 69 Ao B SB SR IR o

3.2 AWHERE&

b AR BRI A0 0 A AR AT AR E > BB EMA 0 B RR - R
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3 kP B > o BI1L o
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(a) #FE-gun#neutralizedt £ &R E & 1(Power supply 1) °
it 5 RE LS > A 147 ~ 2496 ~ 3429 ~ A8 M M 18 B K AR IR

(b) ATHERBEIEEL > B Koutput °
(c) #VpHV, #5)3 VL E o
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N

HERA fe bt AR EE AL TIENHEL T E K45 x107° torr (6.0 x 1073 Pa) o
BRI e BUFFR IR R AR B @A F W F 69 LKA -

CAEPTA R AR LR B AR BB 159 R AR

A7 B 2 R 89 E IR AL JE 5 2(Power supply 1) » AR LR ETRATE TRV, °

CATHE-gunfk A8 ERBE R - KRALELERRL > AT A ARERME -
skt MAERERZOERAR » [RTAB3A -

. #&TPneutralizer & KL, TRV, (B BT [ AL A 2.33 A) o

AR A0 M TSR PT A B » B RBEALR T ERaTH -
B B MARBY,, AL ZHRGEEMITF  BEATRETREM » sy
b0 ZRERT pite T A 2910 PR TRIFH » 4o — ] BF o

CHERAEBRBBRERZRTHRESFTHERLF N FERLM O T RN TRBANTE -
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14. #5484 204k 5] 69 SR A8 R 69 B B R A4 IR 1 2R3 A Excel ©
H 3k A T AR KSR 0 M 6 R B TR 3 0 B RE R 0 e Bk TRL0B RSk —K 0 %
BREEM o do— B> TH—PHRE—K o

15. AR BAF 6 AFRIE A X (1) A (2) L A T Ao ipd £ o

4.3 HHEEAR

B TR AR ARGERENE » RMLATREHRILF » Vo AL KVERTFYAER
B(1.8+£0.3) x 107°g/s PR B MR E 1.0£0.3 % 89ER -

RIEERS G ER > RIVT Ao BT T30 Z B R ()& (2.4 £ 0.2) x 107* g/s » KAV
B8 BHE(1.840.3)x1075g/s 48 » 12 F 353 & - (Ba) (1.1 £ 1.8) x 107 2% 52 F 35 5 = 75 dk
2 (Bmax) (4.5 £ 3.8) x 1072%40 14 AZ 691.04£0.3 % o

REBERXTRERLEAGNBRIFRFERLBARFHOMRES - 2O BER
Ko BEKGHTERTRNEOE ETRES CEETRERTHBELK G AT B FLY
METHAE — T ETRAFETRETELBBFRAREB AT EMik > H—BELERST
WA HERMELEBLOE B AR ERARTIEEE HArcing » R RZRITER o

Table 5: RL&EEH 7401 KVE B

| Number |  Date | m (g/s) \ Bave (%) \ Brmax () |
1 2019/09/05 1.7 x 1074 (2242.2) x 1072 7.5 x 1072
2 2019/09/06 2.0 x 107* (1.94+1.9) x 10~* 1.4 x 1072
3 2019/09/11 1.0 x 107 (6.7 £73.0) x 107* 3.3 x 1072
4 2019/09/19 1.4 x 10~* (8.9+£29.0) x 1074 6.0 x 1073
5 2019/10/18 2.2 x 107* (8.4+51.0) x 1074 2.7 x 1072
6 2019/10/29 2.6 x 107* (6.0 £10.0) x 1073 4.9 x 1072
7 2019/11/01 2.7 x 107* (4.8 +£3.1) x 1072 1.1 x 1071
AVG (20+£0.6) x 107* | (1.1 £1.8) x 1072 | (4.5+£3.8) x 1072

1 &6 F B A PR K RE B EATA3MI KVER > BRE T AL ()L (4.8+
6.6) x 107° g/s > HILRBHE A1 kKVERNG FIHEAEF(24+£0.2) x 1074 g/s» £EHER
¥ 69(1.840.3)x105g/s » (2 F T L3 TR A B FOBRELEFFT R > WRBEAH TR L
e FAERE o T8 > F R BAT KV E BRI 5H A F (Bag) (6.0 £ 5.4) x 1071 %825k 5 F 353
BER (Binax) (1AL LR AR BFL RGO RS FHHHERE 1.0£03 % » Rr8&BF BRI
PR KRG EORERZFREAREACLEFEARMEATIL - A > LKEGTRY T F AR

BB AE B UK AR E 0 AREAER -
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Table 6: & 5 A7 &4t

¥ &

#3411 kKVE %

| Number | Date | mn (g/s) | Bae(() | Buax(%)

1 2019/12/30 27 x10°0 (1.2+0.7) x 10° 2.7 x 100

2 2020/01,/02 12 %101 (21+21)x10 1| 75x10"

3 2020/01/06 1L7%x10°° (B8+1.9)x10 1| 77x10"
AVG (48+6.6)x 1077 | (6.0£5.4) x 101 | (14 +1.1) x 10°

4.4 TFA&Mik ERV,.

BRIBFEBEICP Tl » R FTHEFHBENREIE R DAL VIR K > M AT T
BRV, AZHI AT KVEE KV » 3 K60 eV > # B b T fe st d& 8 @ A5 G & 3% 17560 eV IF 6 535 & @
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Figure 16: The Cross Section of Electron Impact Ionization|3|
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Table 7: 340250 V& B&

| Number | Date | Time(s) | Am(g) i (g/s) | LmA) | Bue(%) Bunax (%)

1 2020/01/17 360 1.0 x 10~ 2.8 x 1077 8.5 (2.7 4 2.4) x 10° 3.2 x 10*

2 2020/01/20 600 7.0 x 1074 1.2x 1076 10.1 (6.841.4) x 1071 8.3 x 1071

3 2020,/01/22 1140 3.9x 1073 3.5 x 1076 5.8 (6.1+£1.7) x 1071 8.3 x 107!
AVG (1.64£2.1) x 1073 | (1.64+1.6) x 1076 | 8.1+£2.2 | (9.34£15.0) x 10° | (1.141.8) x 10°

RS R £ R BRGARMAEZ RSO RATRER > FHEBERE(234+1.6) x 10%/s >

P RER A (6.5+£05) x 1071% > FHRFHHFEEA(R3+£0.0)x 107! e

Table 8: 248950 VE B

| Number | Date | Time(s) | Am(g)  (g/s) Lma) | Bus((%) Brmax (%)

1 2020/01/20 600 7.0 x 1074 1.2 x 1076 10.1 (6.8+1.4) x 1071 8.3 x 1071

2 2020,/01/22 1140 3.9x 1073 3.5 x 1076 5.8 (6.1+£1.7) x 1071 8.3 x 107!
AVG (2.34£2.3)x 1073 | (2.34+1.6)x 1076 | 7.94+£3.1 | (6.54+0.5) x 10~ | (8.340.0) x 1071

EAVAE Vo 5250 VES T BR-F 3 B 1 kVE5 kVEG TR T3 B BOLE - o K9 » 250
VR A GERF 5 RE TR -5 Wiz R 8K ETIAR(L)RIT 2160 mA > mbAE
TR R AR AE-gunE & 0 RE  B-gqun® BAR(LHMRKEZBEARS » BEMAZEATE
$ERBORETRAEHFREFEE > EEANETTARAKR  EARAETTAGERY > &
FRESLT AMTER . BEHRT EEE AR 0 TARMAREAS mAYE TR > LB
B I K E TG IHBT ) 2 A 16233 A » SLEFAYh RAER2 W o

1 KVES KW ERT » P RERAEBERV, BFFERFER - Am > 250 VER T 8
N FEPY, BB AL > RAT R FEE R A RN L 2R R AR ) F KAV,
H250 VE FH R ZHHFaEFL R M Z o KR DAL kVIFe 4R 8 % &2 7kip

HE A TR B e KA EE

sk w2

S 0

Table 9: 5 kV ~ 1 kV$2250 V Hudx

BA R IRE LA

| Vaee(V) | Lc(mA) | Power(W) |

i (g/s)

|

Binasx (%)

|

5000 3 15 (22£04) x 10°* | (3.0£1.0) x 102
1000 15 15 (1.8£03) x10° | (1.L£0.3) x 10°
250 |81+22| 20£08 | (93+£15.0) x 10 ° | (8.3£0.0) x 10 ?
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