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Abstract

In the Project of Osaka Institute of Technology Electric-Rocket-Engine onboard Small Space Ship (PROITERES) was started in
2007. The 2nd PROITERES nano-satellite has been developed since 2010. The main mission of the 2nd PROITERES is to change
orbital altitude of longer distance with electrothermal Pulsed Plasma Thrusters (PPTs). In order to obtain higher total impulse for
achieving the main mission, enlarging electric power and development of new longtime operation system with
Multi-Discharge-Room type electrothermal PPT (MDR-PPT) have been carried out. The high-power PPT was achieved a maximum
impulse bit of 2.47 mNs, and leaded to a total impulse of 90 Ns with 72,000 shots. The performance characteristics of the PPT
system were a mass shot of 738 g, a specific impulse of 342 s and a thrust efficiency of 13.1%. In addition, EM-PPT system
including MDR-PPT head, PPU and capacitor was successfully completed.
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#£1 ToAT LV AEE 2 SHEOET
Mass, kg 50
Dimensions, mm 500 x 500 x500
Electrical power, W 60

Altitude, km 600-800
3. PPTOIEE
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(Polytetrafluoroethylene:PTFE) W5 Z & THDH. £z,
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BT HILT, PTFE # REIE NV AN ERESED
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1) HEtER X T, ST ERRE T R MO ET

H5.

2) R REDD TN T [FRENE D R <, EEECIRENC IR,

3) SNAHHETHL720T VX NHHNES THS.
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# 2 EEREME
Discharge room diameter, mm 4
Discharge room, length, mm 10/15/20/25/30/35/40/
45/50
Nozzle(Cathode) diameter, mm 20
Nozzle(Cathode) length, mm 18

0 S0mm

L

Body:QFE lgni\mr Cathode:Brass

ﬂzgﬂﬂﬂﬂﬂ| -

Anode:égi)per

Discharge room  Propellant:PTFE

X4 FZERF PPT ~ RO

This document is provided by JAXA.



FAEER SICBNT3EFTOREZITY, RKIE - &K

AN - A B LT, ZOREERES &, AR 80—
HEHIDOEE) & ORREE 6, M ORREE 7, Hitt L i
B L ORRR A 8 IR 600 i
g 500 } .
30 T T T T T T T T T T T g_ r I _
i ] E 400t * 3 ]
=R ®*das -
251 ; P ¢ 2 300F 1
L ¢ _ & L i
» 2.0¢ ® ; ] 200f ]
z f L 4
IS L i
5 f 100r _
o 15} i L 4
2 O 1 1 1 1 1 1 1 1 1 | 1
2 T * ] 0 10 20 30 40 50 60
E 10f 1 Discharge room length, mm
i ] K7 MEERI L EHEIIOBR
0.5f R
| i 20 T T T T T T T T T T T
L L L L L L L L L 1 L L i
o'00 10 20 30 40 50 60
Discharge room length, mm 15k _

5 MEBERILA LV AEY FOBMR

Thrust efficiency, %
5

800 T T T T T T T T T | T
i - |
700F e ¥ 1 - 1
600f ¢ ] 5F ]
- . -
< 500F b - - 1
6 I | 1 1 1 1 1 1 1 1 1 1 1
 400r ' T % 10 20 30 40 50 60
§ 300k ¢ ] Discharge room length, mm
- ¢ - X8 WMEHERES LHEDRO G
200F 1
100' ) WERESPMOBIEEA L LAy FBE U A
I ] 2 v ORI B BEAHERTE 2. —F, WO
O 1 1 1 1 1 1 1 1 1 | 1 1@’&?@@?‘6{@@?&)6: &7j§ EA}‘L?\‘/G%%:. if:m%%ﬁ
0 10 20 30 40 50 60 I50mm OSEMTA /7L AE Y MME 24T mNs, ~ A3 =
Discharge room length, mm o ME 738 pg, FHESI 1% 342 s, HEHEDERIT 13.1% T o 7.
6 MERREIL~ATa v hOBR TuaAT VAR L BHEBEH PPT DA > LA Y MT
#10.15 mNs Toh o727, £ 16 fFOMHER FA R T&
7.

5.3 +b—4LA 2L RBIERER

A7V AE Y PR RbEVEEZ R L HESRE S 50
mm OHHERZHWNT h—F VA VISV A (AL V7V AE
v N ORBRMEEFEREZITo 72, EREREX 9 IRT.
bbb X 51, shot HarENRD T LIZA /UL AE

This document is provided by JAXA.



v FAFERNIE T L TWA Z L i L7z, 72,000 shot
DREHTA 7SV AE Yy FBWIHEL D K 659K T LT
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BB SR 2T 5 -0, PPT OXREMEICL D
PEREA L7210 T, REREEIS AT AOBRBENRNLET
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6.1 1st MDR-PPT

MDR-PPT 1%, & ERICAKEETHDLA T TA 2%
ML, FMEBEDOA VA X EERTDH LICL - THE
FEELMEBELXARIGBINTE . ZOFFICLY, 1
DDAFTAZTLYEL OHERZERTHZENTEE
BEFEIEEh S AIRE T 5. HUE L 7= 1st MDR-PPT DEE % [X]
10 (27”9, Z D 1st MDR-PPT % V> C 1,000 shot D EE)E
BRa1T o7, FEBRSM S 31T, FEB D 1st MDR-PPT -~
v ROBEZX 11 12K 49,

10 1st MDR-PPT ~v K

# 3 FEBREMT:
Discharge room diameter, mm 5
Discharge room length, mm 10
Nozzle(Cathode)diameter, mm 7
Nozzle(Cathode)length, mm 19
Operation number, shot 1,000
Operation frequency, Hz 05
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11 FEER% O 1st MDR-PPT

FEROFER, WEH 2 ER L2 EERZ T T, FY o
JAERETH PTFE AFH#E L SRR R 6Z. Z0H
GOERELTEZLND Z EZLUTITRT.
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6.2 2nd MDR-PPT

1st MDR-PPT THAELZFEEOFIKNZEE L 2nd
MDR-PPT O% 5t - 8UEEAT o 72, ZORHEIL, 7/ — K,
HEHER], 1Y — RRENZHINLL, 770 ORF 112
BENLTNBZLETHD. ZOMEIZLY, HEBENOK
BmHom LAY TE S, EEEEHOT L v vy —R—
RASHER OB EN 2 Rz L, WEMEOm LI TE 5.
#AEL 72 2nd MDR-PPT ~» ROBEZX 1212, /ofifX %
X 13 {27,

Z @ 2nd MDR-PPT % F v TIA] U< 1,000 shot DYEE) SR
EiTo7z. FEBRGEMER 412, FEBR% D 2nd MDR-PPT -~
v ROFEAZKIZ 14777,

12 2nd MDR-PPT ~» K
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Pressing board : Copper
Anode : Copper

Nozzle : Brass

Body: PTFE

\ Propellant: PTFE

Pressing board : Brass

X 13 2nd MDR-PPT ~ v KD/ fiEE

F 4 FEBREITE
Discharge room diameter, mm 3
Discharge room length, mm 10
Nozzle(Cathode)diameter, mm 20
Nozzle(Cathode)length, mm 18
Operation number, shot 1,000
Operation frequency, Hz 0.5
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B4 14 FEER#% O 2nd MDR-PPT ~ v K

FEROFER, BIR U BRSO U TR
Enieho7=. 2nd MDR-PPT D% EHT L 0 35 28 RREI I firik
TEEN, RERD-oT. TNELTIORT.

1) BT AIERDRBONRELLE.
2) Tlyviy—R— RICk D MBEORDIITRRL
—. Ty vy —AR— FOREDFIFIZL D 7 ZVEEN
DEALSA 7T A X OffR.
3) HBINBEOA TFAFDODREINRRD.

6.3 3rd MDR-PPT

2nd MDR-PPT O /K si% % & L T 3rd MDR-PPT D%
éﬁﬂﬁﬁﬁﬁb%ﬁngétb,%yﬁ?yf@%ﬁ
AT o 7=, HKE=EA PPT (Single discharge room
PPT:S PPT) ~» K® 3D &7 /L& 3rd MDR-PPT ~» KD
EvIT v T OFEEEZK 151T7RT.

(@) S_PPT~» R® 3D 7/

b)EyIrT7T T
15 3rd MDR-PPT ~v K

3rd MDR-PPT (3 HBERID PPT 2B AGHED
WETHD., ZHUTEY, HERET LITHEOMT 37 HE
HY, [EEOH—LERB L., ZofEIZEY 2nd
MDR-PPT [T~ 3BNDREALEITH 2 LN TE. E
RF 4 B MBRELTHEANCT I ETL I FTAZDES
ZHE—T&7-. # 52 2nd MDR-PPT & 3rd MDR-PPT Dt

[132anr B
# 5 MDR-PPT O k%
MDR-PPT 2nd 3rd
Mass, kg 2.75 1.85
Size, mm 110 x 110 x 60 112 x112x 73
Disaharge room 10 50
length, mm
1. PPU
7.1 PPUDIRE

PPT % B2 CIER) S/ 5 72 OICITEZEEREE T CE it
MBI OHIEEIT S Z & bfot E{& PPU  (Power
Processing Unit) 23 %8 Cdh 5. ABFZE CTIIA RS A W
— 7%t & £[F T MDR-PPT ~ > REf D PPU DBA%E 17>
TW5. PPUDFE LA 612, GHEAZX 16 12737

#6 PPUDFETT

Mass, kg 1.3

Size, mm 185 x120 x40
Power consumption, W About 10
Input voltage, V DC28 +4
Charge time, sec 15

Output voltage to Cap, V 1,800

Output voltage to Ignitor, V 2,250/2,700

This document is provided by JAXA.



16 PPU

12 BMERYIVEZER

MDR-PPT |IHEEZ LA VT A X ERFEL TN Z
ENBA T A X ERIRT L2 & CEF ST HEREH
HIC®RIRT D Z EMATREL o> TV, E7-, ABFZE Cff
i L7z PPU iZ MDR-PPT IZXHE L TRV, Ik K7 2DA 7
FA X EHBIGERIRT D ZENREE 2> TN 5.
AEBRTIZPPU & 250 PPT Z IV T MDR-PPT ~ v K
R LB EOT VX 21T, EROMEE, KK
FRBLOEZEREICBWNWTENENA =y v a VilE
ERTHZENTER., RRPICTA V=yva VidEx:
T2 K 17 IR T,

(b) F5 DR = & B-IR
17 KREPTOA T = a VREORT

7.3 THAREER

PPU & KBS AT 72 PPT OVEENERERZ1T - 7=
AREFRTIIARFTEHRHEE SN TV DO REOHBEER S
50 mm OHEREAE W TITo 72, EBROFER, PPU Z A
TRENEAIT o7 PPT OIFB AR T 5 2 LN TE T
YE@EE %0 100,000 shot LA B @R L7-. F72, AERT
WTHETIDRITEZ 1T > TRV, 2F 53 THTITo72 h—#
A 7L ZRNTE R THE Sz el A T 100,000
shot fEB L7 & IE L 1 DDEEH -V # 100 Ns 2155
ZENTED. OFED, HEEHT 5D MDR-PPT % H\»
72348, ¥IT00Ns O h—Z LA LSV ARHFFTE S, =
TUTEERI 50 kg D7 0 A T L A A 2 SHEOHIE % #) 28
KmEETLZENTEDL h—FNA VA THD.

8. EM-PPT LRT.L

EM-PPT v 27 AL L TEHEITHIICHIY 3rd
MDR-PPT OFRFHEFEE1To7-. 7/ — FBLOH VY — K
BEMRCIERL, F—7 T 22 L Ty Righ
NHEBEE KIEICHIRT 2 Z N EETH Y, 7TH LiF%E
ORI S RIS KHIE N ATREIC R D, 2T/ — K/3x
Jb e T3V — RSOV EAERRICE T 5 Z & T mE g
Bi<. &b, MEEHAET D EDICHEN L2727
JU SR AT T N— 27 L— TR D/ SRV 2 T
VAT T2. FREFAE L7 MDR-PPT ~ K, S-PPT ~v R
%X 18 |29 9.

TV IR

EMI Bfj 1k A1 73—

R—ZFL— | IS VA Y

(@) EM-MDR-PPT ~v I
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(b) S-PPT ~v K
X 18 EM-PPT ~v K

EM-PPT 2 25 A% MDR-PPT ~v K& Xy 804 (=
A BR—=a T Y 13 MEFIEEG) , PPU 2 HAERK X
NTW5. ALHRICHEET 2 72 DICi3E N ZERICIN
MENDZVENRDH 5. BRI A2 # 2 HW Ty, BHE
ERH ST - 0BEmANEL TS, ¥y v x e
MDR-PPT ~v RiXREIEE 7 — 7 L OPIZ L B =R LFD
HREDI2L T HOFEERIR VL IZEE L, &R0
B I EARICERH L2 L X OMREOEMIER EHE
BLTIRELE. & - ®ELZ PPU, Sy 3v X OEER
#1912, FE L7 PPT VAT L% K 2012, &R0
A X%ERTITRT.

(a) PPU (R

(b) = v/ ZEER
X 19 R

20 EM-PPT ¥ A7 A

#F7 PPT VAT LDH AR

PPT system, mm 195(W) x220(D) x155(H)
MDR-PPT head, mm 159 x89 x162
PPU-BOX, mm 195 x130 x45
Capacitor-BOX, mm 150 x120 x85
9. F&&
1) #FIHEREEERICBNTA, Ay hBLID

2)

3)

4)

~ AV a vy bOMEITBERE S BB OLIE EHMNT
DMHANHERCTE T2, D OEITEERE S0
RO ERR - U Y PR PN T N CR= l
KEIMEIZE Y 7T a A7 U ARE 1 SH#EEHEA PPT IC
g 16 fEOMERER E3ERE TE 7. A 2oL R E
v RS 247 mNs, £$7-FDEED~ AT a v ME
738ug, PEHEIE 3425, HEHEZDHEIL 13.1% TH o7z
HEER X 50 mm OHEEREHW T T2 h—F 1
A 27V AJIE FEBR T 72,000 shot DYEE)THI 90 Ns %
HHLT.

1st MDR-PPT THAE L7=#% M % 2nd MDR-PPT @
BEHT LD R LT
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5) 2nd MDR-PPT DK 8% %&JE L 7= 3rd MDR-PPT D&% 7
BXOWEY I T v 7 ORYEE TS T2,

6) PPU & KEHEIT-7- PPT 2 HWOTIHAZEREZFTV,
100,000 shot DM 2SR L 7=.

7) 2HBOPPT & PPU & AW ESEY) Y B 2 EREITW,
TNZNRIR L HEE TR B L ONE BRI
BWCA =y va U EETER L.

8) EM-PPT A7 AL LTEFZITHITHZY 3d
MDR-PPT Ok FHEE 21T o 7.

9) PPU, ¥ ¥ X DOEKROHIELITVY, MDR-PPT ~
RF&&® T EM-MDR-PPT 275 AL LTS5 2
ENFERTE T,

g2 F XM

1) ZEMAE—, mlEE . TEKHEE Y FAM) , &’
TRZEHIRSS, 2003, pp.157-180

2) Fujita, R., Muraoka, R., lkeda, I., Tahara, H. and Wakizono,
T. : Development of Electrothermal Pulsed Plasma Thruster
System for Powered Flight of Micro-Satellites, Frontier of
Applied Plasma Technology, 2015, Vol.8, No.l,
ppl9-24.

3) ARJNER, BRH K, R, MiEbE, NP,
FRGA—, mEAST, METE,  TRIRLERY - &)
MNTHET v AT LA 2 SRR E ) BRI
FWVAT TR AT AL BBMIFM ¥ AT ADHFFER
], R 2T FEETFEHEE L AR T T A, RS
B, 2016, STEP-2015-028

4) Kanaoka, K., Fujita, R., Ryuho, K., Ono, K., Morikawa, N.,
Enomoto, K., Tahara, H., Takada, K. and Wakizono, T. :
Development of 30 J-class Electrothermal Pulsed Plasma
Thruster Systems for Powered Flight onboard the Osaka
Institute of Technology 2nd PROITERES Nano-Satellite,
The 2016 Asia-Pacific International Symposium on
Aerospace Technology, Toyama, Japan, 2016, R1-2.

5) Kanaoka, K. and Tahara, H. : Research and Development of
a High-Power Electrothermal Pulsed Plasma Thruster
System onboard Osaka Institute of Technology 2nd
PROITERES Nano-Satellite, AIAA Propulsion and Energy
Forum and Exposition, Salt Lake City, 2016,
AIAA-2016-4844.

6) %) IR, MElkpsE, NEFE, @RER, BEEA,
A, MIFEL—, mEAS T, Haase Tobias, R JE,
IR CERT: - BIVUANTHE T v A7 LR 2 51
A KB/ BEBINER VAT T Xe AT AH A
7 LOWERTE) , % 60 BT HFHAEANE S,
e E AR, 2016, Paper No. 3107

This document is provided by JAXA.





