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A guided missile is a weapon system used in the interception of a ballistic missile using kinetic energy of a kill vehicle. The
DACS (Divert and Attitude Control System) is a quick reaction propulsion system and subsystem of a Kkill vehicle that
provides control over positions of a Kill vehicle. The DACS allows for the interception of its target with greater accuracy and
reliability. A Kill vehicle needs to move at high speed in a bid to intercept a ballistic missile after detecting a target. Thus,
the weight reduction design of DACs system is required. The DACS operates under high temperature and pressure
environment. In this study, one-way FSI (Fluid and Structure Interaction) analysis were conducted for various types of
weight reduction valve model to validate its robustness. Through this process, we suggest an optimized weight reduction

valve model

NOMENCLATURE
o = Stress
E = Young’s modulus [MPa]
& = Strain

&" = Thermal strain

o = Expansion coefficient [1/K]

T = Temperature [K]

H = Heat transfer coefficient [W/m’K]
A= Area [mm?]

¢ = Specific heat [J/kg/°C]

k = Thermal conductivity [W/mK]
Qwall = Heat flux

Copyright © The Korean Society for Precision Engineering

Manuscript received: February 20, 2019 / Revised: April 11, 2019 / Accepted: May 3, 2019

1. M2

= vt elst RS dubH o R Famel A, of
g gl dAol weh e o]9] St &
Gret 220 Anti Tank, of 243 of sheeh, 914 @
ol Slrk. 2% o g Be 3ol
24 HWO‘C’ Beeky 23 3740}% 7

21 ¢

ol oja) 25ei0] BEEE aa 2747)% Aot
KVi= 3717k s]aiat o719l i 97 8eld ZEste] 2l
2 o)t A= 4o

fiatc)
ki
fo
i)
tlo
1
ot
ofN
=)
=0
L
9
R
ru

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



730/ August 2019

IRI
GMD Aegis THAAD ~ PAC-3 300-1,000 km  1,000-3,000 km 3,000-5,500 5,500 km
(39 min) (19 min)  (19-26 min) (>26 min)
c  Control.
Missile Defense System Threats

Fig. 1 Types of missile defense interceptors' (Adapted from Ref. 1
on the basis of open access)
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Fig. 2 Typical configuration of DACS thruster’ (Adapted from Ref.
2 on the basis of open access)
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Fig. 3 Configuration of DACS valve® (Adapted from Ref. 3 on the
basis of open access)
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Fig. 4 Configuration of weight reduction model
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Table 1 Material composition and weight ratio

Table 2 Boundary condition of fluid analysis

Shape of (2) part

Inlet conditions : Total pressure

Material
Normal type H-Type V-Type 1 Total pressure 12,500 psi
C/SiC 1.00 0.93 0.90 Total temperature 12,750 K
® C/C 0.86 0.80 0.77 Outlet conditions : Pressure outlet
S/Phenolic 0.78 0.73 0.70 2 Back flow pressure : latm
@D : Steel, ® : S/Phenolic, @:AISI 4130 Back flow temperature 1300 K
*Reference model : 2 material = C/SiC, Normal Type Wall condition : Constant temperature
4 Symmetry condition
Carbon), S/Phenolic (Silica Phenolic)s #]-& 32 o] ]
L}E}mu} 45 C/SIC 249 W 2,300 kg/m®, C/C 272 Y & o
T 1,800 kg/m®, S/Phenolic 2219 WxX 1,720 kg/m® 4=
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Fluid Analysis

Thermal Structure
Analysis

Heat transfer coef.(h), sink
temp., pressure are applied
By mapping method

1-way FSI

\
Fig. 6 1-way FSI flow
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(a) Normalized displacement of nozzle liner for C/SiC material
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Fig. 8 Normalized displacement of nozzle liner for weight reduction
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Table 3 Design parameter of weight reduction valve model

Reference model Suggest model

Heat resistant
material

Weight ratio 1

C/SiC C/C

0.78 (22% down)

Reference model Suggest model

Fig. 11 Configuration of reference and suggest model for weight
reduction model
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