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Development of Attitude Control Thruster for KOMPSAT

Sung-Taick Lee’, Sang-Hee Lee’, Young-Jong Choi” and Jeong-Ho Lew"

ABSTRACT

This paper shows the development status of attitude control thruster for KOMPSAT(Korea
Multi-Purpose  Satellite). Hanwha Corp. has manufactured and delivered 1.0 1bf
monopropellant thrusters under the technology transfer of TRW Co. in U.S.A regarding
design, analysis and manufacturing of MRE-1 thruster. These thrusters will be installed to
KOMPSAT which is scheduled to be launched in July 1999. Monopropellant thrusters can
provide reliable and cost-effective means of propulsive control for middle class satellite and
maneuvering control systems. Some information concerning with system specification,
performance analysis/simulations and manufacturing process has been introduced in this
paper.
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MRE-1(Monopropellant Rocket Engine) 3%
7l TRWARZF 7R3t 150070 o] A4td A
A 53 Aol 4FE 9 A FE7]
o]l NASAS] 1 Ibfg EF FH7|2 20]1 §)
t} o] 7w AIAE F4E A& F(primary)
719} ¥-(redundancy) F87|Z o]Fojxl o]
%8 7] & (dual thruster module) Hel2 =
gelo] 914dd FAREnk o)F FHEHI] RES
70l Z24 (thrust chamber assembly)®}
mount, thermostat, temperature transducer,
connector, standoff, heater block&& TA= o
otk Fig. 12 MRE-1 ol #¥7] 2§92 &%
solg} Y

MRE-1 24d& 500KgH< 53 94l st
o, A% 74 2 4% Table 17 2t}
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Temperature
Transducer
{1 por thrusler) Thermostat

Fig. 1

Propeitani Valve Heater
(2 peor thruster)

Configuration of MRE~1 dual thruster

module

Table 1.

Typical performance specifications of

MRE-1 thruster.

Content

Specification

Thrust(vac.)

nominal 1 Ibf @ 350 psig

Specific
Impulse(vac.)

steady state : 218 sec @ 350psig
(average)

pulse mode : 140 sec @ 350psig,
50 msec, 1%D.C.

(average)
Thrus’t 8000 sec {continuous)
Duration
Total Pulses | approximately 500,000
operating : 507400 psig
Pressure proof pressure @ 525 psig of GN2
Operating
Voltage 21734 Vdc (15W at 28 Vdc)
Range
Valve Response | opening : 20 msec max
Time closing : 10 msec max
internal : < 7.0 scc/hr GHe
@ 50~350 psig
Leakage* external : < 0.0001 scc/sec GHe
@ 50~330 psig
Weight 2.2 1bm for dual thruster module

xscc © standard cubic centimeter
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olF FHr] REY XAe s FUE
KOMPSAT $14¢9 A 4A #4 a7 =4
28E =&H%ey ol Ayl A% 4
simulation®] 3=k

@ slol=ekz FEUle] o dH REL F
47, ot 3 =52 FAHY 8F7=He Y
& A7) gt BED HHY AR HA B8
B3Hog FPum HFHoZE ?ﬂ_’:‘_/\]@—"— %
&t d% éﬁlﬂ 459 9 soj=gzl ¢
71e FY9E FAATE Hojsp Ao whgst
o g i“ﬂ X}Xﬂ«] kol o3k At W
AatA AT E Aot stnz F7ie )
o el AAZ 2HEY AszAAE et
KOMPSAT ##71= 8709 0.15mm AF9EA3
egu~2 e F7¥(head end space in-
jcetion) FY 7, 18~20/20~30 meshe] 208 =
oich, 1:50 HAH =22 AAHYY. Sol=eh3
I Zojo] IR W2 TENEH FENE &
AZ AXP wFE Ao A3Ho2 4L v
e gdryol EH&X)e nad ved e

sl
Z

¥ jo o

3NaH; > 4(1-XINH;+(1+2X)Na+6X Ha+(144,300-79,000X) Btu
8 AN QAAT =F 5 Aol 2EE
oF 1400°F(760C)7HA) &2}/l heat soakback
il o7 A3 WHo| eFI FAA Fol=
gtzle] 7138 WA A% 447 gasith
3 Aol AISEE 2E HEELS hot-bias$}
cold biasd &% #7o] ZA&HA olve 5
gHsloll e RS Fasfof at7] W] Zze]
@A) i n# g sfoiy ok FIt FAF
SRkt cold-biasell XA 2 Z§ W@H <t
o golgle ste]=ezlo] dof Wry dg <l
o] Batse A¢E U7l 98 thermostate 2 &
e SEE WHd FAst o] EAE A
o olu AMEHE IEHE A 7IEc] B8
o), x3 FIAQ stel=etFld Fuizt 71’"
At ¥rgEle 2E84S T Y3 &
oithol] FE1E AERste] AaAZ 1A7F HEE

d& FFAMET oW AHEHE FEE 1
Zuf sElS] AA) £F PS5 o !

Fg7]d gk gsjae HE 3y 2oy
¢! TRASYS(Thermal Radiation Analyzer
System)$} SINDA(System Improved Numeri-
cal Differencing  Analyzer)7}  AMg-®t}
TRASYS® gutdog F37] HHAM9 Hil
& A7l 9AsiM AMEEH, SINDAE F2
Axo] o3 & AGE Ayl A AEEH,
olE A3l sNstLA} e WHEE FTIT 2719
oz k=2 o]4#gt SINDAE ZF =Ed o
§ FelvA] HEAE Eo] d X H & ¥s)
g At Qo

g 2]e SINDAGIA dutdo s ALgEe ¢
Auz] FYPAog ojF FY7] EEY FHHA

AHEE A

(mep) - ont z:c (T,=T)+

§))]
ZIIG{?)(Y‘;"—Y‘?)‘*_ Q],enu+ Ql.int

o 71A,

(mCp); : thermal capacity of node i

Ti, Ty : temperatures of node I(or j)

G; - linear conductor between nodes I and j
=kA/L

Gy : radiation conductor between nodes I
and j = Al Fjj

k : thermal conductivity

A : cross sectional area through which heat
flows

L : length of conductor

o @ Stefan-Boltzmann constant

A; ! surface area

&  emissivity of the surface

Fyi © view factor between nodes

Qienv : absorbed environmental heating

Qiint : internally generated heat
t}2-¢] Fig. 2% SINDAZE o|83F #p 3]E 9]

84 oojrt. Z o] At WE & WsE
HojFot
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Fig. 2 DTM valve temperature cycling
(1.6 watts/thruster, thermostat set = 47°F
/68°F}

A3 FA7R HAAN FPHE {FEHNLS
Z(primary) %87] Al2"A E(redundant)
7] Alxgoz Aol AEE wot F| A&
2 Y o P £ Ae FA FH(water
hammer) 848 WXstn {74 A3 ¢
oz dAgyl FE5E  AEXE 2A Fristed
At o] % 442 FORTRAN ZE=E AHE-3t
gk gubzoz wWHo wAZke 9d o 20
msec, @8 1 10 msec oA FFHMAME
Hore]l 43S 7HAH3Y 27 AI7HE 1 msecE
At F2A FF Glol Zele Ao 4HE
HHgh o] Wl FA) F2E E ¢y W
o tigt sjAx Fa3 A fdolth

2g7)o] sl ANHe FRIHHLE fAo] &
A" oo ZAe AT 2 FF g ik T
2 FEo) Y@ JIE SHo It giRE 9
A Ak AAA] BAA A Z B Aol Me ZRARY
QAL o] e 718 vloleE AFEH, 2 dlo]
Elol BALA] YAJo] A He AF R 23 @
Aol 3 AL EFH o] Qi) olwf ALSEE &)
A uhe FEMS o|&3dhke IukaQl 7R
Z2adgo] AHEHE, FAF A4E FY WA=
2ol gl A9 TR UF HFAH BAE F
& 71Eo FHE 4 dolels 12 &-83t7]
= g

oluto = FHrloA wiEE Jh2ol % Fd
71719 o ¥ EAY JEE FHr8tn E FH
719 F9 Jtxel A5 Aol o3 fE 53
2§85 5% HiE 7¥sle plume analysis
Sol FiHolofgt F7d it FHA Hrt
g & 4 AU” KOMPSAT #27]9] ujy|7px
AREHA A, wiri7txe) FES 3 Ems
drALA 2] adapter ring®lA Z42he} nominal B3
thy] roll/pitch/yaw AjoJA] ztzh +0.3%/-2.3%/
-05% uA&A A ANF =5 OB 74
R mixle 7Hd#FHy dEs FAIY £ lvde
Y FxE Ut

4. I FE 713 ¥ HEH, =H

Zg7le AL FAALY AYAH £ Uig 2
A% 2 A% 59 872 AL UEAA =
2 ztzte] BE EANo] w2 HHsA HYF
of gty THEA AE&HA FE7[o A AHE
® 2A-& Haynes 25019, Haynes® 71A&<)
EA& Table 29 Zd,

Table 2. Mechanical properties of Haynes 25

2 % (mg/m’) 9.1
438 (Gpa, 25C) 255
Q1A = (Gpa) 930
327} = (Gpa) 450
ANE(%) 60
& 3 &7 4 (m/mK) 144
A= E(W/mk) 182
v A(J/Kg K) 384
¥ 2 7% (Mpa) 107 cycle 275
SgHAC) 1320~1410

Wagse it AsteeDFol Bl A A
F7b dAsA Dold AD 74FE17E A42E] of
gl ol WERIFo 12dME E2 BEE
fAgta, AvgHe| w1, vlAF vtEAE
Aso] F& AL EA3H, BIEET} B,
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Foll #2 BH RS @A Hol FF W
g 2 59 45E st dd. wetx Weast
T 7HA E2E ARG ANEEE @A,
T2 AHE e FTE ARSIl dt.

Fg719 4 FF F9 <) injectord] 7
% injector holed] 7}¥& #3] WA7FE A&
gtk AZtEe ASH JHEES HsEdd @
a3 ARE AoFo F5& FAoMle 578 7t
F Wholtk WAt
2 ARl ARE AFE YAT Ax Frd
ARl MEE 7HEES U FHol Aen B
At @ 2 uA AEgel ol AH¥Eh
injector hole®] 7% A7 0.15 mm F=< 4
THE ol AAH 2011 AR JFE + 9
ojo} gt

287 AZ] HRI BEL feed tube,
thermal barrier tube, injector, injector screen,

N

N

injector ring, upper chamber, chamber screen,
lower chamber, screen support, nozzle 5 ©]t}.
Z7] Az AMBEHE E U8 5583 FFSR
£ B#olH(brazing)® HAR EFH(electron
beam welding)o] ok HaolAe BA# I
& olg3ale] AdE&(filler metal) S T2 &
FAA B 20EA & F AFAA FIse
E783 9 3hveln, 83 EXE 7tE3d7] oy
& B33 Ao &3 E&FH otk EyolR
BNi-59} BNi-4 filler metal& AM8-3t] ¥ @7
2 288, furnace brazing'd& AH&sle 13}
Balo]g& 2150 °F, 2z H#o|AL 1775 F7HA
FEAZh

Axw g3 AFsAA HAE HE3HA
Hole WwHez &3 Zx ¥ AT 540
et 58 FFY &Xd dE9y 2
Table 3& HAWAJA F87] 7t3 & 29 T4
BQl Fojct

o

Table 3. Manufacturing process of thrust
chamber assembly

No. Process

1 | ¥F 714 7}3(injectory 10%)

2 | FF AY AH 2 A

HZ(partial head end assembly) Z¥ %
3 | 1=} brazing (injector + barrier tube +
feed tube)

4 | partial head end assembly 7 £5 A|¥

HZ(head end assembly, HEA) ¥ %
5 |22} brazing(partial head end assembly
+ injector screen & ring)

lower chamber-nozzle A}yl &3

I EEEED

HEA-upper chamber-nozzle assembly

A $7

%g

A

thrust chamber assembly H&3 %

2 24

5. ¢4 Al

i

1A

BE 7l 2 2gAEE AA AFE FE
(thrust chamber assembly)S A4 AAA1E
23 A5 S ZHIAY AN ARAHELE AFE
A Fg7)e BA FEHE FP3te FHoEA A
a5 dAste ARE 167) AdS 53] 3000Hz
olge) 452 3 AF EHIFT Yojo It
ol £FHE F8 HAHE IF A YR ¢
Hil dg #3 F8 Sol9 ooz 5 K&
o] &&= % ¥u H Fojrh AF AlHE =ZA
A7 g FEE 4 Jdon, Algste F97]9
#2 Heo met Ald TR 2 Aanlgo] 71
FrHoz AR Aol Atk AMAE VA
HE2A AFAN} AT P=, A5 H3, g 9
A7 Fold, FHAE dolg g5 2L A Alx
Hozd &4, 4% 28 FHse AMFSY
dlolel A 2 A 28 X Foloh AL
2 AAE 37 A BE duigA, sol=g
A ¥EA B gAAN7IE g4 A="FG slol=
2 A 2 e A, BAVEE A Fol

o
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Table 4. Test matrix of KOMPSAT thruster

St | o | o0 | oo | e
1 350 SS 1200 100
2 350 0.25 1 25
3 350 0.05 25 2
4 200 5SS 3000 100
5 200 0.25 1 25
6 200 0.50 1.67 3
7 35 SS 5700 100
8 85 0.25 1 25
9 85 0.25 0.83 6
10 50 SS 60 100
11 100 SS 60 100
12 250 SS 60 100
13 400 SS 60 100
14 59 0.05 5 1
15 100 0.05 5 1
16 250 0.05 5 1
17 400 0.05 5 1

* Pinj = injection pressure
EPW = Electric Pulse Width

6. 0I5 #37| RE X8, AlH

ol% #¥7y] REL bracketd] =87 EE
A dFozA HE A A ol
ok o)F FYy| REY ZHITHL FZA3 2
Hol EE A4, thermostat #3 F¥r)9}
bracket®] )72, valve heater® catalyst bed
heater®] ¥-& %ol it}

olF FY7| ZEd uigt HF Q5 AP B
%48 Al¥(proof pressure test), 2 71DAE
{external leakage test), W% Z}2A)¥(internal
leakage test), 7} F+EA1¥(gas flow impe-

Side of the Teut Cornpis
10 Wicron Absshaa
s
Vb
, /\
o™
Proweurs Cunge
Prosaurs Rogutster — SAGTM o
o g ca v rred & Trq 2 Exde
1 =

Lokt Hed  Right Hand
Twuster  Thruster

ettt %t

BLAST SHIELDS AND
PRESSURRANT LINES NOT
SHOWN FOR CLARITY

Fig. 3 Proof pressure test console

dance test), #71% A5AHl(electrical fun-
ctional test), AFEA8(vibration test)o.E o|F
oA},

Fig. 32 @A &85 2% ¥ A8 A=
23 AA Azslgd.

7.9 B

A48 FAVHRLE 387 ¢ A8A YR
e dAZRE Zdae AR 4 2 gRg
F4 39 AAZCIA AYuEY, fefr]) 2 o2
Aol g-83te] HEE 4 e Y FZot
(FEss APy SAAYAA v]F ARG A
o] 9548 A(space-proof)o] &g F&7 A
A, A4, A2 7)&E FHE ojn] o HEQ)
FE71E AR GERoEN ALY FHrd o
g 7es A Witk

FEAe A48 FY7 A2AE A4E 1998
d ARl F AA 83Y Oge FYE Ze
F87)9 Mdd) 88 oFolnt =3I} YAE
87| Azte 53 Fug JEL 243 Wik
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F87)(cold gas thruster), 22714 38 7)(hot
gas valve system), A& AE Fgy)
(electro-thermal thruster) 59 /&g FAF
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