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Pulse-mode Response Characteristics of a Small LRE for
the Precise 3-axes Control of Flight Attitude in SLV

Hun Jung* - Jong Hyun Kim** - Jeong Soo Kim**' - Dae Seok Bae****

ABSTRACT

A liquid-monopropellant hydrazine thruster has several outstanding advantages such as
relatively-simple structure, long/stable propellant storability, clean exhaust products, and so on.
Therefore hydrazine thruster has such a wide application as orbit and attitude control system (ACS)
for space vehicles. A hydrazine thruster with the medium-level thrust to be used in the ACS of space
launch vehicles (SLV) has been developed, and its ground firing test result is presented in terms of
thrust, impulse bit, temperature, and chamber pressure. It is verified through the performance test that
the response and repeatability of thrust are very excellent, and the thrust efficiencies compared to its

ideal requirement are larger than 93%.
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F ¢ thrust, N (Iby

I-Bit : impulse bit, N-s

L, : specific impulse, s
P : pressure, MPa (psia)
Q : calorie

SD (0): standard deviation
t : time, s

T : temperature, K (°C)
wlzf : propellant mass flow rate, g/s
Subscript

cd : chamber, downstream
cu : chamber, upstream
d : decay

e 1oexit

effi . efficiency

exp  : experimental value
r : rise

s : supply

t : nozzle throat

theo : theoretical value

v ¢ vacuum condition
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Fig. 1 Application status of thrusters as attitude
control system for space launch vehicle[2]
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Table 1. Design specifications of 70 N-class
liquid-rocket engine (@Ps = 241 MPa)

Parameter Unit Target Performance
£, N 67+5
L, s 225+8
Ac/ Ay - 50
Pey, Pe MPa 1.52, 1.38
m; g/s 29.2
Bamer Tube

Injector

Chamber, Upper

Chamber, Lower

FM w/ 50:1 Nozzle

N TEM wi 10:1 Nozzle

Fig. 2 Configuration of 70 N-class liquid—-
monopropellant hydrazine thruster
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Fig. 3 70 N-class hydrazine thruster installed
on TMR and test stand
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Table 2. Summary of pulse response characteristics

Classification Time SD (o)
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Table 3. Response characteristics of commercial
NoHs thrusters

Thruster F [N] tr [ms]
MR-103 112 150
> | MR-111 441 150
& [ MR-50 22.0 150
% | MR-106 27.0 200
€ [ MR-107 257 200
MR-104 441 50
Z |LT-IN SP 1.1 30
T [LT-5N SP 6 50
5 [ ACT-45 45 60
S | ST-200N 180 100

(1) www.astronautix.com, (2) www.rafael.co.il

o F23& w3 ;gog 70y
Table 30 AA|g A4 3lol=

drd o] b

o
[
DRI

Aol ARE Flg 8(b)0ﬂ Bt} 2@4

7
TES WESE B FAA FAgLe o

0.05 MPa®| 47st7t 2T, WEIjH=
AIF F1A FAYH e 4 Mst= 085 MPa
o2 FHFHT o] 4¥Ase FIA FTFH
294 WAy, F27] SEUAE 3 P,

Z (water hammer) 8/ A& 93 2892,
zz];q] FFAAE S VB T3 Ze AFA
X A F&IIER HIYEdE e 597

£ HgE FAXNEHNNE gEAste &

o gA oy st By ojyet T4 qtyHo=
a3z & 5 J=E A wrgsteol 3.
FRA FAYHE 241 MPaolA 675 No A&
AFRE IFFES ZAEE A B F87)
= W™¥ 109 i%——% el B B s |
7}, 241 MPacllA] 381 N i 25 0
A7 Aol ZF/‘OM 1=y AAddE F



H17# HN1& 2013, 2.

SELAMH S| HBAY 35 FUNOIS I8t .
48 AN=ANZIO] BADE SEEY

Propellant Supply Pressure [MPa]

Propellant Supply Pressure [MPa]

80

‘ P_: 2.41 MPa (No. of Pulses: 20, Period: 5.0 s, EPW: 0.5 ) ‘
E /Supply Pressure - |-Bit _
b o0 =
9
@
E rig
s
P - 40 E.
A 8
tg =
£ s {20 Z
EE L =
E
O] £
Fo IS
= 0
R b AT M e "
30 40 50 60 70 8 90 100 110 120 130
Time [s]
(@ Overall variation
50
Q@ [-Bit 19~20th Pulse
Ja0 =
1 2
¢}
P 7]
Ja0
@
z
Y <420 5
=
J10 =
0
2
£
IS
Hjurafhesetha e 0
A . A A . |

1195 1200 1205 1245 1250 1255  126.0
Time [s]

(b) 19 and 20th pulses

Fig. 8 Variational behavior of thrust, impulse bit,
and propellant injection pressure with 2.41
MPa of propellant supply pressure

60

40

30

Thrust [N]

20

Fig. 9

Last 5 Pulses [Ps (MPa] [2.41]1.72[0.69]0.34
: o SSF[N] |36.4|269/100] 36
[ (EPW: 0.5 s, Period: 5.0 s) [PWF N [38.1]27a[10.1] 33
r 2.41 MPa
F 1.72 MPa
0.69 MPa |, n J |
F "“ a il ” | ™
0.34 MPa | i L
. | | L .
105 110 115 120 125

Time [s]

Thrust levels with 241, 1.72, 0.69, and
0.34 MPa of propellant supply pressure

2o 90%7tA EEEtEd AQFHE AL 65
ms ©]3to|tt, FH B2 HES HFF A
FHA A3 #AFE vkl o) Fole 1 =YY
Zgo] e FARS AL oM FEAL S
o)
AA

Table 4. Comparison of the thruster performance
with theoretical criteria at the propellant
supply pressure of 241 MPa [16, 17]

A,/ A, 1* 10* 50%*
P, [kPa] 751 13.1 1.42
T. [K] 986 385 229
Mach No. 1 3.6 51
Fineo (Fexp) [N] 48 39 (36) 67
Ipmeo (Ipex) [] | 169 | 137 (122) | 225
Fopiy Ispepi [%] - 93, 90 -

*ambient condition, **vacuum condition
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