creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

FHA AR LR

FE4A4 714 < ol &% d=A

+TE T84

Numerical Analysis of Multiple Bodies
Collision Using Meshless Method

20204 8¢

A<t sty
NAFZTITER
3 ¥ &



FAA 7S o] 838 &S
g 5A194
Numerical Analysis of Multiple Bodies
Collision Using Meshless Method

AEXZS P2 4 F
o] =%& T =R oz A&F
20204 8¢

Agiea qae
AAGEZHE
3 &

Ase] FHYA RS AFY

20204 8¢

943

#419%

9 4




FE 25
2 ATAAE 3 A9 WA o5 BAY 45 U FE AL 9

Impact Mechanics Method & °] 839 522 7|¥ 7]v & 4 ¢

FYEFS NEedd. FE A nEEFe FE AT, ‘FE AR @
| “FE impulse A, “FFE impulse T £33 6 AFE A4

AR 4 QAR FAHo] 9o FE impulse & FE AIAS 59 A
e, ¢uEe BE AL HESE 2se A7 9433 a&F9

2T Ago] bedgich. £, 7E FE 4T dHeE AXFd F

i
i
A,
o
to
|

75 23] Hd AzATES JA A2 s AL

6 ARE B, 35 2d9 23S dstel At TASE B

Agel ExFE FE3A5L, ALAIAE AZES} fAFH = Ae &
sl =3, A%, +F 254 9 € A% EAE T ¢XYF

Z90] : AX $A4 9 (Computational Fluid Dynamics), 22
71" (Meshless Method), ®JAA ©¢]% A (Unsteady Moving
Objects), &% (Collision), Impact Mechanics Method

8 ¥ 2018 - 20899



| R PPN 1
1.1 AT AN eereriiiieiiieerenerenerenerenenesenecnnsressensenssansenes 1
1.2 AT M7 e e e e aas 2
PR 4 L N 4
0 L ) o . N 4
2.2 FAA #4 71'8 (Meshless Method) ..c.veveenrenrenrennnnns 5
2.3 FTZF OJAEB i eaae 8
P R B i PN 12
2.5 O1F BAl A 71 oo 16
3. FF 4 QIIUF .o e 19
3.1 T A CIEUYFE M ceeririreeirrererrrcncnenererereeens 19
3.2 3F 4 LIIUF TF oirireerrrererenerernerenniecennens 21
3.3 FF MY LIHIUYF M e e 30
4. FF AH LIUF BAF .ciiiiiiiriiciiiieiiereereneeinseens 37

ii



4.1 3F HH QI ZE B torrererererereresesesesesesesesesesess 37

4.2 FF HH SRIYF G i, 50
< R 58
B R EI e 59
A 1] 1 o e 62

iii



19 &3

Figure 1. Schematic of local cloud [6]....ccevvvvnnnnnnn.... 6
Figure 2. Schematic of minmod limiter [6]............. 11
Figure 3. Meshless program including collision

ANALYSIS iiiiiiiiiiiiiiiiiii e 20
Figure 4. Structure of collision algorithm .............. 21
Figure 5. Collision point cloud in spheres collision.23
Figure 6. Conversion to pre-collision situation ...... 24

Figure 7. Collision point determination [Red point] 25

Figure 8. Direction of collision impulse vector....... 26
Figure 9. Invalid collision point determination....... 30
Figure 10. Normal vector correction using LSM ...... 32

Figure 11. Locally dense point around collision

90 0 34
Figure 12. z—Vz Graph of falling sphere................. 38
Figure 13. Variation of U,W in time ........cccovvnneee. 39
Figure 14. Variation of z in time ....cccovviiviviiinnnnnn.. 40
Figure 15. 2 Spheres on the same line ................... 41

Figure 16. (a) Perfectly elastic, (b) Plastic, (c)

iv


file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464794
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464795
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464796
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464796
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464797
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464798
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464799
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464800
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464801
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464802
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464803
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464804
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464804
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464805
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464806
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464807
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464808
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464809

Perfectly pPlastiC .civieeiiiieieeiieeieeeeeneensenneeneennns 43

Figure 17. Spheres not on the same line ................ 44
Figure 18. Sphere and rod «..oovvvveiiriiriieiireierneennenn. 47
Figure 19. Position of sphere and rod .......c.cccc......... 49

Figure 20. F-18 and bomb collision analysis case....50

Figure 21. Pressure coefficient during f-18

(20 1 5 1) o 52
Figure 22. The bomb before and after collision....... 53
Figure 23. Velocity and position of bomb ............... 53
Figure 24. Space shuttle collision analysis case...... 54

Figure 25. Pressure coefficient during shuttle

Lo70 ] B ) (o) o N 56

Figure 26. The insulant before and after collision...57

Figure 27. Velocity of insulant .....ccovevveiivieenennnnn. 57


file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464809
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464810
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464811
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464812
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464813
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464814
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464814
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464815
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464816
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464817
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464818
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464818
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464819
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464820

Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

% 23

Analysis condition of falling sphere ......... 38
Analysis condition of parabolic motion ..... 39
Post impact velocity of spheres.......c........ 42
Post impact velocity of spheres................ 46
Post impact velocity of spheres......c.c....... 46
Post impact velocity of sphere and rod...... 49
Post impact velocity of sphere and rod...... 49
Property of F-18 and bomb.......cccovvveenna. 51
Freestream condition in F-18 case ........... 51

Table 10. Freestream condition in space shuttle

ANALY SIS tttirtuiirenieerareeraneeeansessseesassssssesssssssnnnns 55

vi


file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464842
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464843
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464844
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464845
file:///D:/SNU/conference/2019.12.석사논문심사/논문/석사논문_경태윤_V8.docx%23_Toc46464846

1. A&

1
d 97 Ae

Mo m-
- "
T 25 s
A W , x :
mj of o X P _
oo 2 z : E i
OW o * m_m .PM"L ...Axmo ‘Mo w_._ < : -
HT 4oz Tk A W o o o
B = Y o = ) : : :
- =0 or ) o fal : 5 : :
= - I do b :
D - © T : 1 :
. px_v_. - e Z0 T mM.a . ofF o %
™ - N o} > . ; :
= 7 S 3 Mo < My = P ~
—_ —_ iy ol B il ; : ; Q..._
Iw = 2 Z.o _..._ _ 3 o —_— B e
- mo M—AT Iq_A.o o ﬂ X0 In_vv ~
e N 5 mp p T Jjo % : F
03 > Ao w ~ Mo &= L
- il = ™ | m :
ﬂ .mw_l Iqu _._._O o.Jll _._._O .ME ‘wlpv_._ —
™ b :
W 50 % ~ B ” z - : m ol_a
; | i x =S ~ia
mm . 8 Y = ) " o ofn
: ! : © > 2 n_.E ﬂ_mo n._.=._ ;o.._ E
W o I __I-l ‘.I_| B—m ‘_ﬂvﬂ ’ M E
a X ZT =y = A _ J 1m_.l . _5.0
Ak _ X0 WL G i m : . :
: : mﬂ = Yy = o = = o ;mh
O _ ET_ N = O_E . o m oF .ﬂo;_._ =
A = ° iy X0 z . : : Mo x
! - DS X T Y
.Z.._ E_n. T .ul MM . m _W :
I = ¥ A e X 5 :
[— — W ° i L : |
N Mm .W ®e ) 5 s * Mu_.w : M.m,_
L = o ® 5 ;
: : = i e o|J K B
o = o e m o
: ‘:_|a Ry R Ao
3 4 ._
or ﬁ
l



[
=}

o

=)
w

@)

oo}
Qo

w

(@)

o
=
]

H
=
o

=
\\V)
<
el
o
et
X
o
2
=
it
2
[
D)
o

Constraint-Based Method[1]+ Impulse-Based Method

o epgel 3 FF Bdel st BASe) St U2

AR o 2R Hurt LARES = AT 2AE ol ol

\\J



2

o]

]

@}, ol B FEo] HAHE BASS mdYo] 5

Mz

SA R, Ageld WAFE oA Foly] Ustel FEPEL WEA

o2 o] AAds)of 3}

att. wEbA, wE &£xe EA| X o] o]8)¥ Penalty Method
8} AAF A 7ro] UF wo] A83%E Constraint-Based Method

Bos 29 3R

o

qeRez wgse Ay Al FE

T

Impulse-Based Method 7} ©] # 3gt3s}c}.

ZEF ez, & dFAAE A A 9= o)F A9
= HAL AWsgrt EASo] AxA =W Impulse-Based

Method € °]§3lo] & +2d< 733t



2. 93| 713

2.1 AW 44
2.1.1 ¢=A Arbitrary Lagrangian Eulerian %A 4]
= FH9 75 WA A A AR 3 AY 4FA 2o
g WA o] &3ttt EAl FF AWHLS FA 54 A olF A9
5 Mol HFAHo|7]d] RHEFS ALE(Arbitrary Lagrangian

Eulerian) Jeje] B4 AH83tgen A2 o5t 2o

9Q OE 9F 0G _

ot Tax oyt

[p 1 p(u—1)
[ pu | [pu(u—u)+p}
Q=|pv| E= pv(u—1ua) |
lpwJ [ pw(u — 1)
pet pe.(u—1) + pu
p(v—"7) p(w —w)
[ pu(v — D) ] [ pu(w —w) ]
F = | pv(v—"D) +p |,G= | pv(w — W) |
pw(v — D) pww —w) +p
pec(v—7) +pv pec(w —w) +pw

e+ total energy, H+ total enthalpy & calorically perfect gas

A A% et 2.

p

1
P +§(UZ+U2+W2),H=€t+;



2.2 332 A 71" (Meshless Method)
2R He AR AYE AEHE §3 ATUEVMFH 2o 2
A3 AE 749 A7 AR (Connectivity) B o] &3t 7| olc}t. Az}

A 2730] Qo AAT FAol o)F3= AV EAEE £A419 A4

T & AAE AL I3 1 oA 71E A i ol dste] Hde A
g s Gt A
_ ¢ d¢ d¢ ,
o(x,y,z) = ¢p; + Ax axL + Ay 6y|i + Az aZL +0(A?%)

$l Aol A 23} F& FARZ A 7HE 5 wE 2t H2AF

W (Least Squares Method) & A}-&3}4 o33 21},

n 2

L d¢ d¢ d¢
minimize Z w; [A(bj - ijaL - ij@ i - AZE
]=

J

A7NA, wie AR 7tE deoln et 2

1
wj = 1

(Ax? + Ay} + Az?)?




Figure 1. Schematic of local cloud [6]
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EAlel ¥R 52 Newton’ s Law o &]3to] ch-33 o] 28 d},
wvw)E A BA $EF, (fon foy fr)E BN FE3E A9,

(gB,xJ ) gB,y: gB,z)'\_‘:' %Eﬂ‘v % 9’] l:l] ?:S_E]'

du + /8,

—— =T1gVg — QW

dt BVB — 4pWp mass 9B x
dvg fo

—— = ppWpg — Trglug + —

dr  PBWBTTBUB T o T 9By
dwpg Un — Do & /5

_dt qpUp — PpVp mass 9B,z

2)317] 93ke] AE Y2 (Quaternion) & ©] &3

il

o] w2 singularity

o,
qo 0 —p —49 79
G| _1lp 0 T —q||a
q2 2lq -—T 0 p q;
qs r q —p 0][lgs

=A el 1z W3t AdE 93 9= B Aol

dx;

dar
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dz;

a0
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17



frame 94 Local frame 229 FHF W3S o}y

Transformation Matrix & o]-&3t}.

a6 +af—a5—4q5  2(q192 + 9093) 2(9193 — q092)
[T1°" = | 2(q192 —q9093) a6 —af+a5—4q5 2(q295 + 9041)
2(1q3 + Q092)  2(9293 — qoq1) 96 —a% — 45 +q3

2.5.2 Runge-Kutta 4" 713

6 AHr= HAAe] A AES 95ke] Explicit Runge-

Kutta 4" order 7]'8& A}£3+9c}. Runge-Kutta 7]'8-& thtle]

A S F317] 95kl W multi-stage S o] &3t whdo|t).

He chest e,

y' =fty), y(to) =0

tTl+1=tTl+h
h k
kq =f(tn' Yn): k, Zf(tn +E: Yn +71)

h k
ks =f(ta+3 9 +2), ke = fta +h, yo + ko).

h
S Yn+1 = Yn t g(kl + 2k + 2k; + ky)
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Figure 3. Meshless program including collision analysis
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6DOF Y4 <+

£ 7tX| No
H KIS 7E2E EE w——p H I8 & 735 04
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Figure 4. Structure of collision algorithm
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Figure 7. Collision point determination [Red point]
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Figure 8. Direction of collision impulse vector
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AW(i) = I_l(timp)f) X f

uo]:

e} $F T vbE ZHE FA¥HH $F impulse = oA

A 9]8 unit normal vector 7%} 2L wkgko|}.

+ _ —
Upep = —EUpg

9 A B4 SRAY vHEY RAS 488 F39

X

3 Al
ojct. TE AF A =9 w7l EAZF 5 JHAH, e 0<
e<19 WSl &AM}, & FF PR AlF(Coefficient of
restitution) 2 ¢ ztol WA FEQ FH7F 2AAL). e=19]
W oaAd BA FE, 0<e<10od BEA FE, =00 ¢A

Wy FEol a g,

¢

=3, =4 A 9
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ofw
i
Py

%, Y45 & Newton’ s Law,
Euler’ s Law & ©]£3}o] impulse /& 7234 &3 22},
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. —A+ U
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Figure 9. Invalid collision point determination
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Figure 11. Locally dense point around collision point
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3.3.2 & 7oA ¢ Runge-Kutta 4" order 7] A&
Runge-Kutta 4™ order 7]®-& multi-step 7|22 A&A 9 £3
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k
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L o] & JhEstt. BA 299 EAS oo w A7 AR ALE
24 sigen HFHoz E AFoA ALFT A g 2.
ky ky ks ks TQE T AHEE.
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Juy |,
0 (else)
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29z
V(t) = VZI:erm(1 - eVzterm)

79 9 AF(Cp) #F 0.5 2 /P en 1 9 MFSS o el

dehisich 6 AGE BHAE 5 A4e ol EAE WEE 19 12014

39 D = 0.5pCpAv?, Cp = const.
T 1m

g 2.67 X 107> m/s?

p 1kg/m?®

Table 1. Analysis condition of falling sphere

-5E-05 |-
I numerical solution
I analytic solution
0OF
N
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5E-05 -
0.0001 |- e
0.00015 =1 1 |
0 0.0001 0.0002
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Figure 12. z -V, Graph of falling sphere
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4.1.1.2 TEA 5
Aol A 9] 6 A& WA Runge-Kutta 4™ order 71" & #A%53}
7l f3e] TEA +FT AN o)A A T AT =

o Agel WARGT AR W, 27 HE5} Fo)7 A9 Z

r_>.:
Mo

5 AHE AReo] oletst nuadch AU o 2ast FAs) A
o,

34 D = 0.5pCpAv?, Cp = const.
VUxo 10 m/s
Vyo 0 m/s
V20 10 m/s

Table 2. Analysis condition of parabolic motion
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Figure 13. Variation of U,W in time
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Analytic Soultion
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Figure 14. Variation of z in time
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WAEY 27 1m, BFo] kg AT 2 A9 T AR AAYAE &

A=

oz ojFd. ¥ AT AR e, FE FHA Y np Y2 F

rlo

A& § 9l 74 skd, Impact Mechanics Method 7]4te] & nds)
= A48 £ o AF FE A4 1, LEF & =4 2 g2 s, 2]
&% V,V,E 34m/s,-34m/so|H FE Fo &% v, V,'E FE il AF
eol wtg} oh3} o] MR o® Fai. 7|4, m,m,= B AFol),
. m,(1+ ¢€) . my(1+¢€)
V1—V1—W(V1 ), V=W L, W =V)

FE P AT eo] 1A BA), 0.50FA), 0($+A vjgA) e 3 7HA]

Aol BF 22ES Agetsich 279 Aol datel sS4 o) 2l

ruft

Hlastgen, 35 dbL AF e B2 24 22 Wslx F3g

% 3 FE F S5 HAH o] BHE YA F RAES vl
Hd 937 107'°9) machine accuracy R Eeo] &3}, =3k, 12 16
o ¢4 B4 FEAANE FE A SE9 A2 SEE Hoix|d, ¢4 v|g
A FEAAE F5 3ol AAH d= s & & o &3] €A &

$%9) 297 =437 LAsE Ao,

I S R
I S 7S S /S A 7S

(-3.4,0,0) (3.4,0,0) (-3.4,-9.48X10716,1.68X10715) (3.4,9.48X1071¢,1.68X10~15%)
0.5 (-1.7,0,0) (1.7,0,0) (-1.703,-7.11X10716,1.26X1015) (1.703,7.11X10716,-1.26X10~1%)
0 (0,0,0) (0,0,0) (0,-4.74X1071¢,8.434X10715) (0,4.74X107%6,-8.434X107%5)

Table 3. Post impact velocity of spheres
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4.1.2.2 Sphere-Sphere Collision (Not on the Same Line)
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Uy =1.0,V, = 0.0

Ug = 0.0,V = 0.0

= o
= ¥
/ 24,2
U, =U 2mp  (r4 +15 )% +e? v = 2emp (g trg ) te
AT PA m+m + 2 a5 A7 mu+m + 2 A
atmp  (ry +rg) atmp (g +15)
24,2
;_ 2mgu (4 +rg )%+e? , _ 2emg (r4 trg ) te
U B — UA ’ |4 B A

ma+tmp (r, +1g )2 matmp  (ry +1g )2

2ozl 7 e, A B 9o 2% mpE WIMAI|W FE 237

Zo) A% A4 el vlzalo.
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b 2oz A2 e 9 W3}

ra=rg=1my=mg=1le=1

I O 5
—____“

0.00000 0.00000 1.00000 1.00000
0.25 0.01562 -0.12402 0.98437 0.12402 3x10 4
0.5 0.06125 -0.24206 0.9375 0.24206 5X10 14

Table 4. Post impact velocity of spheres
844 B3y FE (e=1)2 ASo dste] Holz AT eF 1,
0.5, 0.25 & WA A FF HHE T8l o] &2t @

27F 107* ©+9]E machine accuracy ¢ zpo|gl Helc},

() A mpe] W3}

ra=rg=1my=1e=05¢e=1
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1.5 -0.12499 -0.29047 0.74999 0.19364 6X10~
2.0 -0.25000 -0.32275 0.62500 0.16137 3X107 1

Table 5. Post impact velocity of spheres
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4.1.2.3 Sphere-Rod Collision
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Figure 18. Sphere and rod
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b e=1(¢A A TF)

ra=rg=1my=2 mg=8,1=1.2,15 =0.96

I N T

0.000000
UB 1.25 1.250000 -
Wpg 6.25 6.249999 1X107 14

Table 6. Post impact velocity of sphere and rod

(WH e=080TAH F=)

rA—rB=1mA=2 m3=8l=1213=096

I T

0.499999 2X10~14
UB 1.125 1.125000 8X10~14
Wpg 5.625 5.624999 2X10714

Table 7. Post impact velocity of sphere and rod
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Figure 19. Position of sphere and rod
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4.2.1 F-18 Store Separation Collision

Figure 20. F-18 and bomb collision analysis case
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Mass [kg] Length [m] CG,CR from base [m]
F-18 2000 20 9.8585
Bomb 1000 4.5 2.8500

Table 8. Property of F-18 and bomb

w5 HAHE 93k Arbitrary Lagrangian 293 B34 & A3
37} Ao 2= AUSMPW+ 7]® 3} Minmod limiter &, A7} A& 7|4

© % LU-SGS ¢ Dual time stepping 7|®8& AH&3}4ic}. o]

oftt
4o
2
-0
>

& Y3t 6 AFE HAAF explicit Runge-Kutta 4™ order 7| o2

AR AfF 24 oest 2o

M AOA Te [K] P [Pa]

1.2 0 288.15 101300

Table 9. Freestream condition in F-18 case
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Figure 21. Pressure coefficient during f-18 collision
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Figure 22. The bomb before and after collision
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Figure 23. Velocity and position of bomb
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4.2.2 Space Shuttle Collision

Figure 24. Space shuttle collision analysis case
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Table 10. Freestream condition in space shuttle analysis
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Figure 25. Pressure coefficient during shuttle collision
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Figure 26. The insulant before and after collision
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Figure 27. Velocity of insulant
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Abstract

Numerical Analysis of
Multiple Bodies Collision Using
Meshless Method

Tae Yoon Kung
School of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

In this study, the algorithm which can analyze the
collision in the flow of 3D unsteady moving objects is
developed using Impact Mechanics Method with meshless
method. The collision algorithm is composed of four steps:
“collision detection” , “collision point determination” ,
“collision impulse calculation” , and “calculation of six
degrees of freedom equation including collision impulse” .
All processes of the algorithm are able to reduce time and

use memory efficiently by implementing parallelization. In
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addition, to solve the collision point determination error,

which have been pointed out as a disadvantage of Impulse-

Based Method, a least—-square method and singularity point

calculation are proposed, and high accuracy can be

achieved with less calculation time.

In order to verify the six-degrees-of-freedom

equations and the collision modeling, an algorithm is

applied to problems in which analytic solution exist, and it

is confirmed that the accuracy is maintained in multi-

dimensions. In addition, its effectiveness is also tested

through simulations of collision situations such as in the

fighter and space shuttle.

Keywords : Computational Fluid Dynamics, Meshless Method,

Unsteady Moving Objects, Collision, Impact Mechanics Method

Student number : 2018 - 20899
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