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Structural Reanalysis Method Based on Condensation
in Large Scale Structure

oD,

v

»

!

HH A Of**
1 O -

TAEOEtE A S EF R HAIHE
T EEEY A7E
MBS A

0
0
1
1t
K
P

1. M 2 A Rz ER B3t $ 7o s AAA AR At
A7HA R Mgt & Fste] AA AlARY S E o)
FHRAE L2 EY o4& &oldtA st ndE 4 ot Aol o2 A oA FE L FAHS ¥
A AT 4 Aol FF, Asa, 24 F AY Ak £5 ot FAzEo] e 7t ALkl ez fatx
AFE-E| 3L Qlth. Nastran, Abaqus®t 2 W& 4F¢l-8 174 o] diside AAS 7R S3HA] gl ojd Ants
7b e o] HEZF ofU et A AREE £ glon, BE3517] ool A4k magol et AL 7 H
AAbA e 2o A% dH e 1AM S T 1 3x). 7P de] AR FE 72 WMo E 147
stAl =T 9k H CAERof A= thEE A 3 7| (Fixed interface) F-& -2 FAdwo] Stk o] W 7t
A, HEl2AY a4, A & dHE FxREC] g & BizxES URBAR 7HYstaL B4 AfFaree] digt
et Aatagol @tEal Qlek o]2jdh A= o8 IFHEE HA7|HE o] AAHS BE 7|9 HF
A4 AU asttt. oYt SAE FEIL B4, A4 st Jed ALEE Qo stz A oA T A
o agAdE FH] flote] FaAAE 7IHO &80 ARgE A 2RO 47| A E F7HA Q] 7hHdh A4 R by
BZbe] 3 Qlvk. ZSAAAY 7| 53], A4 7Ro] @o Ao g AHgshe ol AeA 7o), o] & Fato] A
20 Fs HEEld, BESHA B Fukg SHHY F AFEES I £ ATk 2 B3 7)AbollA = HE AL
A Hofol Al 2 AMEEAL vk H&o] FEEA g A BE xS 7IWe R Aed M
A& AlAE Wy gt wEA 4 st o Agsttt. o] AA AT a& FHAA HFehaL
o ¥iwisiet. AA W] HES 3L o] Hzto| dhaf A AA HAAA A Agoto] W AMdAdI aES
AXN L s Ao] Hagh H ZAAAH 7ol AL 7 elatart. o] At E ANbEl HAaAAH 7Tt
I AP F2 ol d 4= gtk FaAAH 7Y AahA 7)ol s At H At FAAAE 7]
gk %9 2dl Zp4= &4 (Reduce Order Model, ROM)of| -+t < AsiA 71l A& At E thET

28 7|WS HgY BE T2 GRS 22 olg AY



Baseline

?/QFUII system in Analysis

(Large scale problem)

Substructuring scheme

‘ Reanalysis ’

ex) optimization
procesures

Reanalysis technique

Modification

. .
04 .0
-

Com?onents in analysis

(small & medium scale problem)

Hon
RedUCtion Reduction ReSW

o =y =3

a2 1 SHiAQl Y TESM

2 1960 Guyano] A|otsl A 2 )4 of
=5 UwA AfEet dAste o4t
Aoz Hdeg4E ol8st 53
IR S(Improved Reduced System) 7|¥ 50|
A= 7R A" e A
7}” Bol = A2 Y AF=FA

Aol A4 WA BAH

do oz

v o . }\_:_ b B = SR EY
ol o3t BH o2 Shah®} Raymund7} A|9HgH &2h4 4
7] ¥ (Sequential Elimination Method)o] A3tA& 714 2 H

Aote Ao dEA vk o] WS AlA" o] ZHA = A
LS9 #A o Ao dist v|E 7|EC 2 HAAAEH
PFE A A ¢ Y AfrEE &A% F
Hr=s AR o2t Afk 7|whe] HaAAY 7
e FrEdM FATES skt Azl @el
He A AU ok olHd dAHE S5
EFNdA B2 F ARFEE AAste Yol
Kim¥} Choof &Jsf AAH AL H4 ] FHI} 48716
go] Cho¢} Kim 5ol o3 HiEiey. S4Me 483H

G 2R AGE ST A Qb 2 gy 7

p

B ok
fo rlo

rir

=)
E
(o]

== 5
2E7xg

. .

— ..

[ﬁi’f_ ;
;

ey
.

Using.t;;sline data

7|gket TsiA 7Y HE9

E A

of P A LHNA FAaAAHS
- A ZAHE HE3k= A7t
%Xﬂ% - 5 2ES A9 A
9l B2 Bt dfdsts B
%3} 7o =g 324 }%8]—E}(K1m et al.2006). o] HILZ
o} & 2808 2AE 9 tHChoi ef al., 2008)

Hol] REE 7|uto 2 slo] A AERS 45}
E 2d A4 249 F83 EEFLREAH(Compoent
Mode Synthesis)©] it} o] H¥H-& zhzbe] Rz Eo tf

3 A AlA"o] thet W v A ' ALbeka o
A g Hexte Fa 5719 %a AzEe TAT,
19684 Craig®} Bamptonof 2]3f *
& rpaEs 2y 7}240}@1 FARER
<

X
of
llo 12

2

i)
i
X
o

Bk

. 74]°§°ﬁ‘°ﬂ gt FeE Faglo] 7HA
AA Q9 AFETt ZrFete] A A
SHAIZE Aok $2o] sfAR e

23} 7]¥o| Bennighof2}

fo 3 1o

N
o &
B ofo xo

U of
tlo

2
Ol)ll
oX,
o
=
v
st

HMamEDe P52 Maseor2 12) 15



THEN

1
d
E
p—

I A5 SJsf AtE it o] B T Bak W
2 olgstel AFon 728

AA Gl Az o
2717 7|HO 2 43T (Bennighof et al.,2004). L, HAF
OF T4} B s Ag W o] Backd} Chooll oJsf A|QhE ¢l
o] W “/AE thetA F-x3k 7]¥(Enhanced multi-
level substructuring scheme)” 2.2 HH T 1A AA F1L
23} 7IME 7Rt R, BA 99 §4 FEREE &Y
sto] 7h& e 3 RS ol RExEo] Wt £
=5 2 Ueia getd 2Y sjAo A §E Fata oo
oﬂ/ﬂ Z‘]i]—ﬁ]— OH/H o ’o‘]— /\ OIE}-(HH/\H] =, 2011)

2.2 A4 719

Fok Aol F2 TRE HAHA 2AE 5d vl
w2 el 34 BAo] Bastch olelat A AN %
AN2Y ES Agdtel AA BES BN 4 AUrk
B2o] A2glo] o3 au A ABE Wao] WAsH:

Asgo] AR o §ROR TS AT UL

H

.

2t wlo] A4 J1olek. ol F % A4 71
of ohal Tl ANE ke WaE medo) g
Ab aEs SHgititt. 53], 200613 Massono] 2Jsf At
Enriched Ritz WS 14 AALREE AMEsl= H&

Aste AlLd it

|

E]El

Al

]

‘?_

2 FAANE o] gsto] dEol W *
7HA 392 Akglo] el Y dAto g Al a&S

=k o] B wigko] WSl A|AHIQ] 2ol & ZR-5-Y
o= 7pgatal olof dis AA s AL R Ritz 9
E]E gtk o] & baseline®] 1R Eof A AAHSE 13-4 E
of gxgste] Agst=dl &8 WYY FL 584 =

T £ 4 Qlck(Masson et al, 2006). o] 7|¥E&
Back¥} Chooll 2Jaf] A|Qte 7fAlE chebA] F7Ez3) 719 of

2g3to] A WIS BAAHAST 5, 2012)

fjo

JES!

3. JHME CHEHA B3=3s 7|8
M

s 7E

AAE vhebA Bzsh AEe AHAA B0 £
o= A8 $Iskel AHA 71l 28t

3.1 /0A9 gaA F3xs 7Y

M oetA RF23E 71 Craig-Bampton 7]H 3
. Craig-Bampton W2 A|AHS o 7fjo H4

16 wA7xZS A5 H45(2012, 12)

Start

Graph partitioning
using Metis
(Hierarchical structure)

K, KT(u)]" [M, M,
Bl B S e el
K, K,| |u, M; M,

Transformation matrix
—> of each substructure

TTKTx = AT MTx

x=T"u

Reduced system
of substructure

RTT"KTRy = AR"T" MIRy

y=(TR)"u

Assembly
of each substructures

l

n=1 (# substructure )

I [[ Yv d}
0 I 0
= Static constraint mode :
Y, =-KK,

= Dynamic constraint mode :
VY, =K (M, - MK )w,

R=diagl®, ©, @]

Solve eigenpair problem

End

a8 2 JHME Cfe

2E2 Uil 4 g disid yRgga dAgge=
T2 F UWRGGlM e IHFALEE A&t F4
7IAE AT o] FRTVIAE ARG AlAF ] digt
Aty AR 4o *01] ofsf = Fejo] ALE
FEe FAAT # Ad BAYGIN e BHREE W
Y vrHA 2 HE & % AA Hed FAFEl
Ae Alad A= Sagle] adi2 BES of A
e BE FHO 4 RixE Arde fEeAAY @
AEo Sad A4 A2dE 4 <+ Uk 28y 3
AGeel digt 4 ARz AL" 2718 Foled &
As XME 7é7il°§°f‘1% R ol &4

A Bzst 7| Lne|E

I



Rl
ox
o
H1
N
5T
SR
ETN rlr
[‘-{EI

pael 2e

o130 A 2o AAHE Hs o
43} BT R ALY Sad £
meistel U] i) e way

8515, ol o) Mets 2ol e|zl7} AL§Hc, o

&

sl 2B RUL AFOE U 4+ Uk Aol
%

=

o

DEse] nFAeE old 4
o7 HFT o

o oox @ i O
H1
. ]
foi
_\-FL
o
moox BN orlr o

oy,

=N
&
4>
(M)
S g e g2 =
o 2 e

2
>
Lot
rO
ok
=4 rr
30

A AEE WAAA BES|u BE PE GAEAE
7 nofold 1gH HAS B F2714E FATT @
A AN FaAARS FASHEE AT 71 B
o ggElL BEolth malo] 450 Aot wEH 3
4o aRHe EAo BgHos %iAliEél 4 A

7]Z& Craig-Bampton 7]m S 7]
o, ¥ AR S2714E é%ol

rE
Hu

ME Sy
CHRES ER L

Ao Al BEHOR AgSHE BHS Tokatgich WY
Ao Azde] g3t 47145 WY Fo| Aade] 1)
2 Ag3l7 = 589 o4k 27} wasich o] &
Ae Ay Q8 Aoy HES AFSHOR s ]
Ritz WS 73 A28 ¥y tfalsigicy. oje o
de A2 o 2o

(K, +AK,{®}, = wi[M,+AM,]{D,}, 1)

M K AL 728, e 8% 22 A

S WA AlEe] WS Uebith ik Wi delm
L NfA BES EHAT ALY ¥Y FES HFSYO
2 7pgstel 9E0R A the A3t Zo| B}

(K, —wiM D} =Af(w)

Af(w)) = [AK, —w]AM,]{®,}, @

Afe 7H84€

gt Al 2Hlof EH@ ﬂ%‘l & w, o= v BR HF A
4

e
> it

fiu)

uu)

N

4

-

it BN

w o

o g 2 4y M 1o

fo
i
do =L o o,
I
=2
o o N

bolo du o

&2
)
24
>,

>.
o,
2y
3
jn)
et
o
fu)
o
_>|4_-
il
N
N
[
o
b
[

1% o4 ECB-CMZ 7]& Craig-Bampton 7]%-S 73 4]
7R el 283t W o]w, EMLS updates= & 7] Atell A A%k
ot N E oheA B2 71l A s 48
S Uetdth TR oA AEE 4 % 24 1A, 23

2 3% A Ao A baseline 7|& hoE FAIOR

HE Awt ARl whek Ao Rt 3e BT 4

Clamped

Substructuring
(8 Sub — 3 Level)

Node : # 474 Element : # 414 Total D.O.F : #2856 z
4 noded hybrid shell element (Aminpour, 1998)

O3 3 MAE B 7X9 018 13T 2E 2Y

MAREZE K5 HMas(e012, 12) 17



- 10 Relatlve frequency oor”
+ECB CM
b hy.. ~¥-EMLS update o
= : 5
N = 4
% 0.8k i D Y (T S
i L
s =
BB P nnneeanenasd =
4 =
= =
3 04N .
2 :
.
0.2 g

0 i i
0.02 0.04 0.06 0.08 0.1

J8 4 1% DRX|of et WHE JH2t

10% fg” Reeivefeguancyemor .
h : —e—ECBCM
9 D 0 A Hs e e " g —— EMLS updaie

Relative error(Hz/Hz)

!l!.l..l..l..llIAIHHHIIHIHIHIHA....'

: - ,‘. .'--v-
5 "'( Lo SO L S o
0.02 0.04 0. 06 0. 03 0.1
h(m)

a3 5 2xt LRX|0f oSt YHE YUt

Relative frequency error

— ECB-CM .
—¥—EMLS update |

Relative error(Hz/Hz)

N W A O

0 i i
0.02 0.04 0.06 0.08 0.1
h(mj)

J8 6 3kt IRX[0f cfiet YHE YUt

olch. Ht) A% HEZ baseline F719] 254912 41, ©]
ol Atheape] A4t v A oS vk F 7RA W
Aoteg yehdch ey B AFolA Aeksls EMLS
update o] SFAALH A7 7)E WO SaA A
o] 23% A= EPEIIL 2 AEALS Ul S 2l
= Qlek ol Aed HES wiEer A HAEA

M1 n o

18 =iatpxzat desE M45(2012, 12)

dv @

dv 10

Full
CB
ECB
EMLS

m EMLS update

1400.000 1209.060 kg (Full)
o=
1200.000 930,
- ® g,
(=] @as
¥ 1000.000 Sq
= 685.567 kg JFull)
[=)]
‘$ 800.000
2
600.000
400.000
0 1 2 3 4
Iteration
——Full O EMLS update ¢ ECB
J7 8 Yy ¥ SxEs Yol 47 Jm
10000
1102s
1000 -
100 -
36s  3pg
13s 11s
10 -
1 T T T
Full CB ECB EMLS EMLS

1 9 P4xY

Aol =gk,
e dAzs 57

selde. 7

Atk & AAWeE 042 &
AR 114 57 TR A
DIUSE 6% 107 st
2 obdo] 298 1}, 23 181
7] e FATh HHAA BAE

e

update

7 Ltoll oot Y

ro

EH
=

AQA|Zt

aA Al Asid 71 A g E

L =2 O
dogs 255 Hh‘



| 5% 54¥S 080 Uy IXS APIY Y

c

2

N 4
@ _

o "

£ £004 ¢
Swo0s
95 Full i
> 8002 3
9

9 S 001

5 >4 mEMLS update
- 0

S DV1 DV2 DV3 DV4 DV5 DV6 DV7 DV8 DV9 DV

10

3210 AEAe] W HE HMZHFUI-HHAAH, ECB-7IEMH, EMLS update-HIQtSHs )

1.00%
0.90%
0.90%
0.80%
c
o 0.70%
& 0.60%
..g 0.50% 0.43% 0.30% mEMLS update
@ 0.40% 0.36% = ECB
3] 0.30% 0.28%
@ 0.30% 0.24% 0.25%
0.20% 0.13% 17% 0.13% 0.058
010% 4o1%  oo1%  “%*%  go1% 004%  0p1%  0.02% . 0.04%
0.00%
DV 1 DV 2 Dv3 Dv4 DV5S bDve DV7 DvV3 bvo DvV10
T8 1 MR AIARIOIM AlASE MAIHS FXZL0| e WHE MBS X}
B4 : A9 g SRS o A0S Uitk EMLSE A28 B8TET
FEZA A < 1544 ), < 20400 A, < 42745 W2 7123 EMLS updatels A|2-& RETZIGAHS o
AAWS - B (& 107 - Pias, A7) 3 A A 71 A gofl ek Biiolth & Z]AbllA A=
27157 : /AT = 16mm A7) = 22.5mm AlQrshe ol 7 AntAIZbe] AA 28HS ST
A9l AA B AA %/éfﬂr = 2/30mm Stk HF AW gigk gk 19 100 Ve 9l
= 5/40mm th 39 e A AlLgoz Aket Ao digh 2zt
W RS 9A1S Ukl Abeks Wl 7)E W
243} g1e]& o2 SLP(Sequential Linear Programming) Map Blaskels of AEekE Ed 4 ok
£ Ageanh &2 A A EE 344 9 SAM
(Semi Analytical Method)& AM&3t%Tt o] & o]43t 53 5 A=
gt ohe 8o Uehioleh WA AaEe olg A 27)
BAY B%E GAAT 7| EEHECB), Aok B TP FERE L IEE T TR Rt R
(EMLS update) 257 ARRE & UebdT) A2 she A5 AN AN Ade ARsty] ffsto] sy
9% o= HAAA ANTHNN DGH PR o A S ARe HEFEFIYCl Ageldth. 4A A2
3 T A4 Al 22 5= AIZEE YERdT Fulle HA A ool A maed SHl tig A5 skl oS 7l
g0z ARt 432 Yetfil CBe 7|& a2 o g AA HAEA wAOl A&skiTh olF Fohe] Aet
4, ECB= 7|& F& 2 R A4 7He 28 Sk 7IM9] ALY aedS AT 4 et



20

. Craig Jr

. Dongsoo

ik

rar

W5y, 2YE, UF 52 72 A2ANHY G4
e Rpzst el wd A, BelAs
0119E 37 3418, Y7 EXCO

s chat
A wzsh 7T A2Y 27 A, Aee
B ojshe JI AR R, HARS) B

wl, oA, ZWE, HAE thekA $7xs 7)Y
2 o83t T2 AN AW AT, BT 2

st g, By dwAo

. Bennighof JK, Lehoucq RB., An automated multilevel

substructuring method for eigenspace computation in
linear elastodynamics, SIAM Journal
Computing, Vol. 25, No. 6, 2004, pp. 2084-2106.
RR, M.CC,
substructures for dynamic analysis, AIAA Journal, Vol. 6,
No. 7, pp. 1313-1319.

Choi, Hyungi Cho,

Improvement of Substructuring Reduction Technique for

on Scientific

Bampton, Coupling  of

Kim, Maenghyo

Large Eigenproblems Using an Efficient Dynamic
Condensation Method, Journal of Mechanical Science and

Technology (JMST), Vol. 22, No. 2, 2008, pp. 255-268.

TR EZSE M5 M4as(2012, 12)

10.

11.

. Maenghyo Cho, Hyungi Kim,

. Dongsoo Choi, Hyungi Kim, Maenghyo Cho, Iterative

Method for Dynamic Condensation Combined with
Substructuring Scheme, Journal of Sound and Vibration,
Vol. 317, Issues 1-2, 2008, pp. 199-218.

. Hyungi Kim, Maenghyo Cho, Improvement of Reduction

Method Combined with Sub-Domain

Large-Scale Problem, International Journal for Numerical

Scheme in

Methods in Engineering, Vol. 72, Issue 2, 2006, pp.
206-251.

Element-Based Node
Selection Method for Reduction of Eigenvalue Problems,
AIAA Journal, Vol. 42, No. 8, 2004, pp. 1677-1684.
Masson G., Component mode synthesis based on an
enriched ritz approach for efficient structural optimization,
Journal of Sound and Vibration, Vol. 296, 2006, pp.
845-860.

Sungmin Baek, Maenghyo Cho, The Transient and
Frequency Response Analysis using the Multi-level
System Condensation in the Large-scaled Structural
Dynamic Problem, Structural Engineering and Mechanics,

Vol. 38, No. 4, 2011, pp. 429-441. [R]

(BY: 223 HYHE]



