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Engineering data models of performance and mass

for 1on and Hall electric propulsions
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Lanzhou Institute of Physics,Lanzhou 730000, China;
2. Key Laboratory of Space Electric Propulsion Technology of Gansu Province, Lanzhou 730000, China)

Abstract ;In order to provide a general comparative analysis method for selecting ion or Hall electric
propulsion (EP) in the design of aerospace missions,empirical models of performance and mass were es-
tablished for the EP components based on engineering data. The EP components include thrusters, power
processing units, thruster selection units, control units , propellant tanks, pressure regulating units , flow rate
units , thruster support mechanisms, cables, and pipelines. Based on these component models, an empirical
model of dry mass for the EP system was established. The parameters for this system model include
thruster power,the number of thrusters, and propellant mass. The performances and benefits of ion and
Hall EP were compared using the system model. The results show the necessity of selecting the EP type
with respect to a specific mission.
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Tab.1 Product data of ion thruster

P T A2 yH/ kW #e))/mN RAUAT it/ kg RS ot I
XIPS-13 0. 450 18 2.35 6.50 BSS-601HP SCHk[ 11 ]
XIPS-25 4.250 165 3.50 13.70 BSS-702 SCHRL 1]
< NSTAR 2.300 92 3.28 8.85 Dawn SCHR[12]
NEXT 6. 900 236 4.19 12.70 - SCHk[13]
» T5 0. 585 20 3.50 2.95 GOCE SCHR[14]
e T6 5.300 125 3. 80 7.50 BepiColombo SCHK[15]
p-10 0. 390 8.1 2.91 2.30 Hayabusa-2 SCHk[17 ]
A IES-12 0. 550 20 2.20 2.80 ETS-8 SCHk[ 18]
LIPS-200 1. 000 40 3.00 6. 50 CS-16 SCHKL19]
i LISP-300 5.200 200 3.50 14. 90 S8J-20 CHRL20]
LIPS-100 0. 600 20 3.20 3.60 CDG FP
RIT-10 0. 460 15 3.40 2.20 Artemis SCEk[21]
e
RIT-22 4.500 150 4.40 7.00 - k[ 22]
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Tab.2 Product data of Hall thruster

EPd IS A/ kW #E77/mN L/ ks it/ kg IR eSS A&l
BHT-200 0.20 12.8 1.39 4.00 TacSat 2 SCHR[ 24 ]
e XR-5 4.50 290. 0 1.79 12. 50 A2100M SCHR[25]
HERMeS 12.50 580.0 2.60 50. 00 PPE CHR[27 ]
SPT-50 0. 32 14.0 0. 86 1.23 - k[ 29]
D-55 0. 60 38.0 1.55 4.40 EPDM SCHR[30]
2 17 SPT-100 1.35 83.0 1. 60 3.50 LS1300 SCHR[29]
SPT-100D 2.50 112.0 2.20 5.70 - k[ 32]
SPT-140D 4.50 274.0 1. 68 10. 40 L/SS SCHR[33]
‘ PPS-1350 1.50 89.0 1.65 4.40 SMARTI CHRL35]
s PPS-5000 4.50 286.0 1.75 11.54 Neosat SCHR[37]
el HET-300 0.30 14.0 1.21 1.50 Venus SCHRL38 ]
LHT-40 0.30 13.0 1.20 1. 00 HY-1 FP
LHT-60 0. 60 30.0 1. 60 1.70 NOH FP
LRl LHT-70 0.70 40.0 1.50 1. 90 GW FP
LHT-100 1.35 80.0 1.50 5. 80 SJ-17 SCHRL39]
HEP-140MF 5.00 240.0 2.45 9.43 SJ-18 SCHR[40]
*3 BFHENSB[LE PPU =REE
Tab.3 Product data of PPU for ion thruster
HZEROM)  ailE iR/ kW B/ % B/ kg (kS N RS IR
PPU 0.53 86.0 14. 60 XIPS-13 BSS-601HP SCHk[11]
PPU 4.50 93.0 21.30 XIPS-25 BSS-702 SCHR[11]
K PPU 2.50 92.0 14. 45 NSTAR Dawn SCHR[12]
PPU 7.22 94.0 34. 50 NEXT - k[ 13 ]
IPCU 0. 81 93.0 16.70 T5 GOCE SCHR[14]
el
PSCU 5.00 94. 5 43.00 T6 Alphabus SCHR[16]
IPPU + MPA 0.45 86.0 5.40 p-10 Hayabusa-2 SCHRL17]
o PPU 0. 88 88.0 10. 70 IES-12 ETS-8 CHR[ 18]
PPUIK 1.10 89.0 8. 80 LIPS-200 CS-16 SCHR[19]
LRl PPU5K 5.70 91.0 18. 00 LISP-300 S8J-20 SCHR[20]
IPCUO. 5K 1.50 88.0 14. 50 LIPS-100 CDG FP
. PSCU + RFG 0.63 85.0 10. 10 RIT-10 Artemis SCHR[21]
i PSCU 5.00 95.0 18. 00 RIT-22 - k[ 23]
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Tab.4 Product data of PPU for Hall thruster
FZO) s T/ kW BOR/ %o i/ kg HETI 45 RS A&
PPU 4.82 93.0 12.75 XR-5 A2100M SCHRL26]
AEPS PPU 13.30 94. 0 62. 00 HERMeS PPE SCHR[28 ]
K PPU 0.65 90.0 10. 30 D-55 EPDM SCHR[30]
PPU 1.52 90. 8 7.50 SPT-100 1.S1300 SCHR[31]
- PPU Mkl 1.50 91.6 10.90 PPS-1350 SB4000 SCHRL36]
PPU Mk3 5.00 95.0 18. 60 SPT-140D Electra k[ 34 ]
L5 PPU 0.34 91.0 12.0 HET-300 Venps k[ 38 ]
PPU 0. 40 90.0 2.80 LHT40 HY-1 FP
PPU 0.70 90. 0 3.20 LHT-60 NOH FP
i
PPU 0. 80 90.0 3.50 LHT-70 GW FP
PPU 1. 60 90. 0 15. 00 LHT-100 SJ-17 FP
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Fig.1 Empirical relation of thrust and

power for ion thruster
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Fig.2 Empirical relation of specific impulse and

power for ion thruster
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Fig. 3 Empirical relation of thrust and

power for Hall thruster
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Fig. 4 Empirical relation of specific impulse and

power for Hall thruster
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Fig. 5 Empirical relation of mass and

power for ion thruster

Myy=3.546 P,,,~0.962

0 2 4 6 8 10 12 14
P/ kW

E6 ERENBREEDRZBXA

Fig. 6 Empirical relation of mass and

power for Hall thruster
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20 o Mm’|*1=4-074 8 PIH‘I‘I+3'067 . /:(jfﬁ L:Gﬂiﬁ .
10 ’ EES L. R
) mm W REECC T,
0 : ‘ ‘ ‘ ‘ ‘ | tess - &
0 2 4 6 8 10 12 14 eyl kg H/kg FiElb
Pul'm/k\x
Dawn &4 21.60 425.0 0.05 SCiHk[12]
M8 R PPURESHEEMRER DS-1 g4 7.51  81.5  0.09 SCHE[12
B8 - . . .
Fig. 8 Empirical relation of mass and power for Hall PPU *H = SAkL12]
NEXT &4 19.70 222.0 0.09 SCHk[13]
Myppy = 3. 310Ppp; + 8.577 (9) ETS-8 &4  7.00 90.0 0.08 SCHE[18]
_ R
Myppy = 4. 074 8P yppy + 3. 067 (10) Hayabusa2 &4 10.60 66.5  0.16 SCHk[17]
2 HBEHE#HEMFRIERZREES CDG &4 680 40.0 0.17  FP
—_ 'y _ [=AN
2.1 E'ﬂﬂ#lﬁ%l*ﬂﬁ*& CS-16 G 9.20 78.0 0.12 FP
A P SRR (TR T g PRSI0 AR 2150 160.0 013 kP
PR (TM) F134490 i B 55 (PRU) 21184790 g DFH4E %4 19.00 130.0 0.15  FP
%z — [18,37,51-54]  fus [12] e —
HHp T (FU) EHE(B) T AR R T TW2 %4 36.80 380.0 0.10  FP
(CU) ZIITISI00 e oy 2% 3 % BT (TSU ) il 45
F6 EHEZEmREIE
Tab. 6 Product data of TM
e I R (kT T AR ASE{AES: S
; o o il
() R = Fift/kg KB Mo Fiiskg ORBUE/kg kL
DS-1 TGA 18.30 B 1 8.48 18.30 2.16 SCHk[12]
2 [H Dawn TGA 4.88 BT 1 8. 85 4.88 0.55 SCHik[12]
NEXT Gimbal 6. 00 B 1 12.70 6.00 0. 47 SCHk[13]
ES3000 TPM 10. 35 IR 2 13.50 5.18 0.77 SCHk[41]
Bepi Colombo EPPM 11. 00 BT 1 10. 00 11. 00 1.10 k[ 42]
BRHH Artemis ITAM 430 BT 2 4.40 2.15 0.98 SCHR[43 ]
Spacebus Neo EPPM 20. 00 EIR 1 11. 00 20. 00 1.82 SCHik[ 44 ]
@ BUS TOM 14.50 IR 2 9.00 7.25 1. 61 SCHik[45]
H A Hayabusa2 IPM 3.00 B 1 5.40 3.00 0.56 SCHR[46]
SJ-20 T™U 12.15 BT 1 14.90 12.15 0.82 FP
hE
AP-6D TMU 18.00 BT 2 13. 00 9.00 1.38 FP




S48 1 SRR, A B 5 R F R RE AT B A ) TR A A A 7
x7 BEBTFREE Fz 10 =HIET=REHE
Tab.7 Product data of PRU Tab. 10 Product data of CU
EEd PR LT o % il BT RS Bk
() LS ey [t/ kg HETR e HENMRE FE/ke  Fihske 5
DS BB 10,00 121 DS-1 1 2.49 2.49  Sewik[12]
‘ Y Dawn 3 5.79 1.93  3CHk[12]
Dawn BB 17.40 - Scik[12] NEXT 4 7.5 1.88  SCHR[13]
ElF| NEXT PFCV 5.00 k[ 13] EPDM ] L9 19 SHR30]
VACCO MR 1.30 SCHR[47] Hayabusa2 4 4.75 119 SCEk[17]
AXFS MR 0.73 k(48] - ETSS8 4 18.3 4.57 k(18]
GOCE PFCV 7.50 k[ 14] CDG 2 8.0 4.0 FP
) X SJ-17 1 6.6 6.6 FP
Artemis PFCV 4.00 SCHk[49 ]
el ‘
ES3000 B-B 4.50 CHR[50] E 11 SRR T B R
Alphabus MR 0.35 k51 ] Tab.11 Product data of TSU
EES ETS-8 MR 1.90 SCHk[ 18] 5 HE T #e s T BLPPU  Hide
b CDG B-B 4.30 FP MY PPUMHRE Fikks Tk R
CS-16 2 11.5 5.8 FP
*8 ATRHITESEIE hE  AP-6D 2 15.5 7.8 FP
Tab.8 Product data of FU SJ-20 1 6.5 3.3 FP
TR HTT
(.if; — AR xR12 BYEFREE
{ L Fit/ kg Tab. 12 Product data of cable
B AXFS 0. 65 SCiik[51] o .
PPS5000 0.34 SCHR[37] lﬂﬁ J W i, iﬁ{t}:%
bl = ) o
el Marotta UK 0.36 SCHR[52] B kg BT/ kg
A2100/SB4000 0.67 SCHk[53] DS-1 1 1.70 170 SCik(12]
H s ETS.8 0.70 SR 18] %[ Dawn 3 4.60 153 3aik(12]
XA4B 0.55 -~ NEXT 1 0. 80 0.80  SCHk[13]
e SJ9 0.90 SCHR[54] FRY  Artemis 1 0.50 0.50  3CHk[21]
H7% Hayabusa2 4 1.67 0.42  3CEk(17]
*9 EBERTF@EE X-4B 2 2.90 1.45 FP
Tab.9 Product data of pipeline ' 720 4 6. 00 1.50 FP
- i M SrEs Kb
Wy e Rhmas T w22 RFRRERE
: HTRS PR (TK) i 5 3 3 G 2E )
DS-1 1.10 1 110 SC#ik[12] o N e ) .
EqE (PRO) (1) TRREH , 38 2ok oR ER U515 31 <O/ T i
Dawn 2.9 ’ 0.9 2] g i 2 M2 ROC R, AP HIE 9 Rk (11)
HE - SJ20 3. 00 4 0.75 FP B
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Fig. 9 Empirical relation of mass for TK and propellant
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Fig. 10 Empirical relation of mass for TM and thruster
My, = 0.803 9My, +2.321 (12)
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Fig. 11 Electric propulsion system of six thrusters

for engineering application
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(20)
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Fig. 12 Thrust comparison of ion thrusters

to Hall thrusters
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Fig. 13 Specific impulse comparison of ion to Hall
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