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An analysis on the Structural Safety of Supersonic rocket
Preliminary Model using Fluid-Structure Interaction

Gyu-Sung Do* - Jung-Soo So* - Ji-Hoon Kang** - Hyung-Jin Kim** - Dae-Hun Park**
Jeong-Su Oh** - Hee-Jang Moon***

ABSTRACT

The structural stability for preliminary model of supersonic rocket which has large L/D ratio
is investigated. Large L/D ratio can cause a critical problem on the structural stability by the
increase of bending-moment. By using the ANSYS and the CFX codes, we inspected the structural
stability for Ma =2 and angle of attack for 20 ° . The optimum number of bolts and their joints

required on the rocket surface are predicted.

Key Words : Bending—-moment, Margin of Safety(MS), Hybrid Rocket, Joint of Bolt, L/D ratio
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Table 1. Standards of M5 and M6 bolts
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Fig. 2 Flow chart of the numerical model

CFXE ol g3le] 9% 54 4 Fal 13
Aol 7 E S ANSYSAlA Tt 2 g3k
AL S One-way A/AdaA o]t shm, ANSYS
Mol x4 Wsl aeiste] thAl CFXe] 9



AddJgs 0188 X A&Y o4 37

A WstAY v dEle] A, Two-way A
el Aol o] gk s|Me] shesich4]. A

o veede

PXXORK DK K OH XD

<

r

Sending Side

Fig. 3 Conservative interpolation

ANSYS-CFX 7teo] W uge Fig. 3¢9 #o] 7}
ARl wslsh ewst AdsE AR
Dol BAAFE ST WS ALl
st mgAcd].

23 Hj3A 9% {54 sazA

Figure 4% vlsl 22 H|gsh= WA w37}
3} BgPAIZel w2 Ao RE Ve Qi)
HISPAIZE 1020014 wh&7to] 202X F 79 H|s)

Aol ggdel BAgEA s & 5 5,61,

=)

— = 0Osec
—+— 10sec
——— 20sec
——s—— B0sec

\\ ‘\4"——-\“1
S

s R iﬁ\!_.ﬂ;"w—;—ro; L

10 0—a M5 50

SM
& » A b o M 2 o ©

=)

ALPHA
Fig. 4 Static stability margin(SM) on flight time
and angle of attack(ALPHA)

weba] kg Age] grEE Wizt 20% o]dt
oA kAl Hlgo] 7hed Aow FeE,
vhal 204 WEgZbo] 202 wj mlgA| e Fx
2 kg Aol i AFS st

Figure 5+ H|AA 9FFF 31XES ¢I8) 7t
2, A&, Fo] 100me wAH AxE A

Aot

Fig. 5 Computational grids of numerical

model

24 FIA S HFFNNE) A
| 9% i R HNS A et
= WA AJ239 o, ANSYS-CFXE

o H
43 Two-way 434S Sl dHE AEES

=2 o oo 1
8 e
—§+v-(pV)=0 (1)
(2) EEFRE LA
alpu;) 9 ap 0Ty
—Z (puu,)+ L= 2
ot G] (puluj) dr;  ox; 2




38 Erd - A28 ZJAE - ZEY - HUHE - 8- 25E SERFAAEIZESK
3 8N 2 Zut D&

(3)

(4) Standard k-¢ =&

0 0
E(pk) + %j(pujk) = pP— pe

) He ok
o 22| @
ox; [ a oy 0%
2 )t 2 (o) = ¢ PPE_ o pE
ot )T o (ue) = €, 5= G5
5} Ky de

32 8|3 2% 554 sy 24
Figure 6-a®} b Ww&7be] 204 u CFXE
ol-¢ WA oF FEHS WA s FAol

MAE e e Azl

Fig. 6-a Pressure distribution (One-way)

Figure 6-a:= 9|5 %573 314

zol ARt 283 One-way <1743l
A3tolw Fig. 6-bE T2 W

AL 9 Fede dMske A S
Two-way 173 si4ie] Axtolrt,

Fig. 6-bo} o] m|gAe] =-8-s} o

g ogrxA sy s s}, wgAe w3

e 2 5 A,

il
o
=

o

o

Two-way 9ANAS 53 AyES v 3| 9y
o Zt w=d &FS FE ] v A T
Fod HHsto Fig. 77 o] vgA HWF

o g SFoz e,

Faorce (M)

Nozzl

T T T T v
2 3 4 5 5

" .$ Nos

o
Displacement (rm)

Fig. 7 Loading diagram along the axial direction

Q

14000

STA3300
12000

10000
5000 STA3920

6000

Morment [Nrn]

4000
STAS40 STA1640

2000 \

Vol STA740
. .

0 | L s
0 1 2 3 4 5 B
Displacement [m]

Fig. 8 Bending-moment along the axial direction

P
Db ) D 4

P
— €€

Fig. 9 Relation of bending-moment and axial force

din




M 23 25 2008.6 =235 UM 2Eo HYIIEE 0|88t X oMY oA 39
Figure 99} #ro] w3 mulES} Qe le] # Table 3. Mass and axial loads of each station
AE ol &ste], v A gt Fuhdol w
_ _ L , Mass, m; Load, N,
£ 35S BE ZAREY 9 gz | (ke) o)
g
=10
et - STA 540 2.5 1323
w EHEe W o] #AE o] STA 740 4.8 1705
sfLpe]l EEO 2gshes AYE2 Eq. 99 #o) STA 1640 19.9 3291
EHHE8] STA 3920 36.7 9122
Equation 10%} 119 A}8%+= dlo]E & Table
4M— Nazialdin 2% Table Si]' ZELE]'[5,6]
Py =—————— (9)
nboltdin
32 Station'# ¢HHolF 2 AR BE 4 ARl
wel e 2ga= Adas 7alr] 96 Figure 10 Z} Stationd $XE ZEAISI S
A HPgon 48 HFT(N,,,)E ng o O Stationd® shie] Ged HESE
o 7o = Q = ESRe]
ok Wk ol wmmelA WASz & gy T o L 128 CIEsl AR
sty Jh&wd oF] HA|d WAlsE = ek
= _ = P,
st&9] d=olm | EBq. 107 Eq. 112 o] Fox Toott = bolt (12)
l_:I'. S, nom
1) w2Fo)A] WAlE = Zurer e 0.60]7d2] <FHAFON)E THFA7|= BE
1 T shue] BEe #Este Hdud", dds
Fp=5pCpSV (10} o rhelfO)E Table 49 At
E &= 3 d9 FHA gl ool 87 ol
2) 7V&wo] & EAd wAlE= EuEr ab% o] de%S Hol:= STA 16403 STA 39209]
Ao oy 92 AAT dFo|rH8,9,10].

Table 2. Acceleration, velocity and FPA in 10 sec

Table 4. Number of bolts and margin of safety

of each station
‘ No.of | P,
Acceleration (m/s?) 69.83 0-0 bolt Tholt MS
Bolts (N) (Mpa)
Velocity (m/s) 591.36 STA 540 8 | 1,308 | 92.1 | 4.9
STA 740 3 2,617 | 184 1.97
Flight Path Angle(FPA) 81.97° STA 1640 18 4,755 | 334.9 | 0.64
STA 3920 42 4811 | 338.8 | 0.62
STA 540 ;
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STA 1640
STA 3920
STA 5311

Fig. 10 Geometry of KHyRoc-I preliminary model
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Table 5. Margin of safety in joint of bolt

g Jq/ield
PO (Mpa) | (Mpa) MS
Al 6063-T6 | 46,649 | 78.80 215 1.72
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