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Implementation of the Conceptual Design Framework for Medium-Class
Launch Vehicles Based on Response Surface Method (RSM)
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Abstract
The main aim of the research is to create a comprehensive database for medium-class space launch vehicles (with

payload masses ranging from Y to ¥ tons) and perform the conceptual design based on statistical data. Thus,

comprehensive data was gathered for five space launch vehicles with two stages and liquid propellant (fuel and
oxidizer) in a series (not strap-on) configuration. The Design-Expert software was used to establish the design

space of the main parameters and produce the response surface. Also, Y# design main parameters were considered

as inputs to the software, and the main design space was generated. Y#Y outputs of the Design Expert software are

plotted as response surfaces. Based on the flowchart of the statistical design of a specific mission of the launch
vehicle, using MATLAB code, a search is done in the design space exclusive to response surfaces. Then, the
statistical coefficients of the output response surfaces are compared with the ranges of statistical coefficients of the

existing (real) launch vehicles, and samples that differ by more than Y'+7. are eliminated. Finally, one data point was
selected as the design point from the remaining data (approximately Y&7. of the total). To validate the proposed

design method and flowchart, the CZ-Y launch vehicle was selected and the design results and flight simulation

were examined. The comparison of the statistical design results with the existing launch vehicle confirms the
accuracy of the proposed method and flowchart for the conceptual design phase.

Keywords: Statistical Study, Response Surface Method, Statistical Pattern, Launch Vehicle, Flight Simulation.
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Name/Details CZ-Y CZ-YC Strela CZ -YC+ CZ-YD
(Overall Vehicle) Payload weight (ton) VIA VA VIAD AR Y/
(Overall Vehicle) Gross liftoff weight (ton) VAB/Y RATA V¥ ARRTAYA YYAX
(Overall Vehicle) Gross propellant weight (ton) VYY/FO VY7 a0/ \\iAYd AARYARY
(Overall Vehicle) Total length (m) Yoy YN YVIvS AR v/
(Overall Vehicle) Max diameter (m) YYD YIYo Y/ YIYo YIvo
(Overall Vehicle) |  Total liftoff thrust (s.1.) (KN) YYAD YA-F YA Yasy Yasy
(Overall Vehicle) Total impulse (vac) fyv/. fAd/Q Yafy fay/A DABIY
(Fairing) Total length (m) Ve YINE \li OINE OINE
(Fairing) Diameter (m) YIYO YIY Y/ YIYo YIvo
(Fairing) Total weight (ton) -/ A <Y AN <10
(Stage V) Length (m) Y-/ay Y-/0v \YIY AR \Ari24
(Stage V) Diameter (m) YIvo YIYo Y/ YIvo AR
(Stage V) Liftoff weight (ton) VEAYE VOV AFISD VOV/A VAYIY
(Stage ) Propellant weight (ton) \Yva/-. VEE/- Aol AATAY ANA7AN
(Stage V) Engines YF-Y - (¥) YF-Y (%) RD-+ YYY/-- YY'f YF-Y - (¥) YF-Y ()
(Stage V) Propellant UDMH/NYOY¥ UDMH/NYO¥ UDMH/NYOY UDMH/NYOY UDMH/NYOY
(Stage V) Total thrust (s.1.) (KN) YYAAL YYAA/- VAV YYAA/- YYAA/-
(Stage V) Specific impulse (s.1.) (N*s/kg) YOF- /YA YOF-/VA YVAO/AD YOF-/VA YOF- /v
(Stage V) Burn time (s) VYA VYN YA/ YA/ VYA
(Stage V) Total impulse (vac) (MN*s) Fa /) YA/ YO/0 ¥/ YA/
(Stage Y) Length (m) Alva Yio YA AIYQ AIva
(Stage Y) Diameter (m) Yo YIYO Y/o YO YITo
(Stage Y) Liftoff weight (ton) voIf v/ VEIYO Y/ YVI$
(Stage Y) Propellant weight (ton) YY/fo Yo/ VE/- Yole ANING
Stage ¥ Engines YF-YY(+YF-YY) | YF-YY(+YF-YY) RD-- YY YE-YY(+YF-YY) | YF-YY(+YF-YY)
(Stage Y) Propellant UDMH/NYO¥ UDMH/NYO¥ UDMH/NYO¥ UDMH/NYO¥ UDMH/NYO¥
Yy - vy vY- vy AR
(Stage ™) Total thrust (s.1) (KN) “+F5/Y) “F51Y) +\OIVE) “+F51Y) +£5/Y)
Ya-Y/ve Ya-v/ve YAYa/y Ya-Y/ve Ya-Y/ve
(Stage ) Specific impulse (s.1) (N*sko) YAYO/-9) +YAY /- 9) +YAYE/YY) +YAY /- 9) +YAYD/-9)
VY. \Y- \V- VY- \Y-
(Stage Y) Burn time (s) #be) 80 AT 50 80
(Stage Y) Total impulse (vac) (MN*s) AA/A AA/A AavA% AA/A AAIA
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