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ABSTRACT

A system design and integrated design process for a space launch vehicle were established based on
system engineering. With the mission design results for a given payload weight and trajectory, it is
possible to perform optimal design by integrating each unit such as propulsion, weight estimation, and
aerodynamic force after analysis, during in the system design process. The program is finally
configured to verify that the designed vehicle can perform its mission through 3-DOF trajectory
optimization simulation. Genetic algorithms are used as the optimization method, and the optimal

design results of the variables and parameters to be considered during design are presented.
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Fig. 2 Liguid rocket engine program flow chart.
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Fig. 4 Example of angle of attack design.

Table 1. Optimization conditions.

System Design Module Process

Objective -
L (X)=w
Function min (%)
Design

X=[(z/D).,(D),
Variables (2/D);,(D)]
Constraint li = lch,anzbc7',+lnozzlcl ltank.ol+ltank"fl+l61,
Condition | D, —0.8D, <0
Boundary |1=< z; <12 (L/D)
Condition |2< =z, <4 (Diameter, m)

Sub-system Design Module Process (Engine)

Ob]ect'lve P @ = I,
Function ax !
Design
X=|(P).,(),(OF).
Variables (7)), (O]
5< x; <20 (Pc, MPa)
Boundary | " 120 (&)
Condition

1< 2z, <80

(O/F ratio)

Trajectory Analysis Module Process

1<z, <10

10< z, <35

Objective -
. F X = V
Function nax (0=,
VDe'SIEIH X= [am ax’am’tr’ tlm',clﬁtc}
ariables 1
. | V - rbtt| =0
Constraint
- |hf Prriie] = 0
Condition
[y |=0
1<z < 10 (axnax/ ’ )
0.1< x, <08 (4, 7)
Bounfi:.iry 1< 2, <10 (t,, sec)
Condition
(
(
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1280
1270
1260

250

(sec)

240

sp

41230

220

1210

200
3.5

15 2
Of ratio

25 3

Fig. 6 Sensitivity analysis of design variables about
OF ratio.

Fig. 19 A7 Flr
vl EAA Al

Space-X AF¢] Falcon 9
doz dAste]

] O
=
H] 2

A3slE 35t 75_74-% B w8} ). Falcon 99
AAle A48 A dsEs 1gste H4
ste Ao= <EA ATH20,21]. o] B H]
nE FE B AT AUt AEH W AHH
o2 gHEAE =R AT 4 QUh
Table 2= & A4 /AL 229 19 4
Table 2. Results for first stage compare to
Falcon 9.
| Ref. | Result | Diff.
Design Variables
Length (m) 42.0 4227 | +0.64 %
Diameter (m) 3.66 3.68 | +0.55 %
Nozzle 1 yo0 | 1735 | +8.44 %
Expansion Ratio
Chamber
+ %
Pressure (bar) 75.0 76.53 2.04 %
O/F Ratio - 2.4853 -
Parameters
Total Mass | 5000 | 4708 | 546 %
(ton)
Structure
+ %
Mass  (ton) 18.0 18.15 0.83 %
Propellant o
Mass (ton) 380.4 3555 | -7.00 %
Mass Ratio 4.0328 | 3.8605 | -4.46 %
Structure Ratio 0.0452 | 0.0485 | +6.80 %
Thrust (kN) 6440.0 | 6440.0 -
Specific (Sea.) (Sea.) 341 Y%
Impulse (sec) 2820 | 2727 P
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Table 3. Results for second stage compare to
Falcon 9.

‘ Ref. ‘ Result ‘
Design Variables
15.0 13.84
3.66 3.59

Diff.

-8.38 %
-1.95 %

Length (m)

Diameter (m)

Nozzle
Expansion Ratio

Chamber
Pressure (bar)

O/F Ratio -
Parameters
107.4

117.0 11797 | +0.82 %

75.0 74.5 -0.67 %

3.044 -

Total Mass (ton) 105.19 | -2.10 %

Structure
Mass (ton)

4.70 4.81 +2.29 %

Propellant

Mass (ton) 89.59

88.4 -1.35 %

Mass Ratio 6.0188 | 6.3270 | +4.87 %

Structure Ratio 0.0499 | 0.0516 | +3.29 %

Thrust (kN) 801.0 | 801.0 -

Specific
Impulse (sec)

(Vac.)
340.0

(Vac.)

+ %
343.9 1.13 %

Fig.
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Fig. 7 Altitude variation over time.
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Fig. 8 Flight path angle variation over time.
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Fig. 9 Velocity — Time graph.
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10 Total mass of launch vehicle includes upper
stages and payload.
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5o 2+ 1500 kg 2719 FAAE 5x 1 Table 5. Results for second stage compare to KSLV-11.
T 700 kmo ATAHAE AF SYPE TS
o me} A7 A gl @l UT_ ‘ Ref. ‘ Result ‘ Diff.
F3 e KSLV-I & Hutdes HES 53 - =
o o B AToA Aud Design Variables
SHSATH22,23]. Table 4-62 & Length (m) | 10.639 | 10215 | 4.15 %
9o 7F oW
sEe] Ak KSLV-Tef Ade 2 &= vl Diameter (m) | 29 | 2835 | -2.29 %
g Aol
Nozzle 1 50 | 6178 | +936 %
Expansion Ratio
5 Generation 40 Generation Chamber 60 61.59 +3.88 %
Pressure (bar)
O/F Ratio - 3.0489 -
[} ]
i £ ie Parameters
e L e Total Mass (ton) | 569 | 5548 | -2.56 %
- e Structure o
S S Mass (ton) 53 | 474 | -11.81 %
80 Generation 100 Generation P lant
. . rope o
' 9 Mass (ton) 36.6 | 3824 | +4.28 %
e i Mass Ratio 2.803 3.2173 | +12.56 %
R R Structure Ratio | 0.1265 | 0.1103 | -14.48 %
Thrust (kN) | 788.72 | 788.72 -
- - Specific (Vac.) | (Vac.) +557 °
Fig. 11 Finding optimal design variables. Impulse (sec) 315.4 334 ’ °

Table 4. Results for first stage compare to KSLV-11.

Table 6. Results for third stage compare to KSLV-11.

‘ Ref. Result Diff. ‘ Ref. ‘ Result ‘ Diff.
Design Variables Design Variables
Length (m) 24532 | 2249 | -9.08 % Length (m) 2.772 | 2.772 0.00 %
Diameter (m) 3.3 3.09 -6.80 % Diameter (m) 2.6 2591 | -035 %
Nozzle 12 1313 | +8.61 % Nozzle 1450 | 12119 | +0.98 %
Expansion Ratio Expansion Ratio
Chamber Chamber
+ % . +2. %
Pressure (bar) 60 60.14 1.36 % Pressure (bar) 70 7214 2.97 %
O/F Ratio - 2.3061 - O/F Ratio - 3.1249 -
Parameters Parameters
Total Mass (ton) | 200.0 196.1 | -1.99 % Total Mass (ton) 15 12.505 | -19.95 %
Structure o Structure o
Mass  (ton) 14.9 14.2 -4.93 % Mass (ton) 1.8 1.674 -753 %
Propellant o Propellant o
Mass (ton) 128.2 1265 | -1.34 % Mass (ton) 10.8 8.932 | -2091 %
Mass Ratio 2.7855 | 2.8160 | +0.97 % Mass Ratio 3.5714 | 3.4993 | -0.02 %
Structure Ratio | 0.1041 0.1006 | -3.69 % Structure Ratio | 0.1429 | 0.1578 | +9.44 %
Thrust (kN) 2983.22 | 2983.22 | 0.00 % Thrust (kN) 68.67 68.67 -
Specific (Vac.) (Vac.) 087 % Specific (Vac.) | (Vac.) +297 9
Impulse (sec) 298.1 295.52 Impulse (sec) 3251 | 335.04
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Fig. 12 Altitude variation over time. Fig. 15 Total mass of launch vehicle includes
upper stages and payload.
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Fig. 16 Dynamic pressure variation over time.
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Fig. 14 Velocity — Time graph.

Fig. 17 Flight sequence.
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