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Abstract

This work presents an iterated improved reduced system (IIRS) procedure combined with sub-structuring
scheme for large structures. Iterated IRS methods are usually more efficient than others because the dynamic
condensation matrix is updated repeatedly until the desired convergent values are obtained. However, using
these methods simply for large structures causes expensive computational cost and even makes analyses
intractable because of the limited computer storage. Therefore, the application of sub-structuring scheme is
necessary. Because the large structures are subdivided into several (or more) sub-domains, the construction of
dynamic condensation matrix does not require much computation cost in every iteration. This makes the
present method much more efficient to compute the eigenpairs both in lower and intermediate modes. In Part I,
iterated IRS method combined with sub-structuring scheme for undamped structures is presented. The
validation of the proposed method and the evaluation of computational efficiency are demonstrated through

the numerical examples.
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Fig. 2 Arbitrary selection of master DOFs of cylindrical
panel(E=0.3MPa, v=0.3, p=0.01 kg/m")
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Fig. 3 Relative errors in eigenvalue

Table 1 First ten eigenvalues of the cylindrical panel : case (a)

Modes
Iteration 1 2 3 4 5 6 7 8 9 10
0 14.0101 51.1396 61.9770 139.0320 168.3685 364.6308 396.3232 592.3773  622.7541  639.9992
1 139.0309 168.3652 364.5403 396.0628 591.6292 622.5075 639.8268
2 139.0308 168.3651 364.5345 396.0493 591.5788 622.4825 639.8138
3 139.0307 168.3650 364.5310 396.0425 591.5595 622.4692 639.8069
4 139.0307 168.3650 3645283 396.0378 591.5481 622.4603  639.8020
5 139.0307 168.3650 364.5263 396.0342 591.5400 622.4540 639.7982
exact 14.0101 51.1396 61.9770 139.0306 168.3648 364.5125 396.0054 591.4866 622.4271 639.7694
Table 2 First ten eigenvalues of the cylindrical panel : case (b)
Modes
Iteration 1 2 3 4 5 6 7 8 9 10
0 14.0101 51.1396 61.9771 139.0372  168.3727 364.6308 397.2139 5929110 623.2423 640.1436
1 61.9770 139.0312 168.3660 364.5366 396.1272 591.7425 622.5574 639.8341
2 139.0309 168.3658 364.5328 396.0583 591.6696 622.5313  639.8225
3 139.0308 168.3656 364.5305 396.0409 591.6401 6225173 639.8159
4 139.0308 168.3655 364.5288 396.0330 591.6223 622.5070 639.8113
5 139.0308 168.3655 364.5275 396.0285 591.6092 622.4990 639.8079
6 139.0308 168.3654 364.5263 396.0255 591.5986 " 622.4925 639.8052
7 139.0308 168.3653 364.5254 396.0235 S591.5897 622.4871 639.8029
8 139.0307 168.3653 364.5245 396.0220 591.5820 622.4824 639.8011
exact 14.0101 51.1396 61.9770 139.0306 168.3648 364.5125 396.0054 591.4866 6224271 639.7694
ol 2] "‘E}L‘P_i}i A= oj$ A 1 FINE A Uehd Aoz 2% 100 /N9 FAFEE AAsl

A8 ok 53, )9 B¢ 2ol gz HF
AlA AR TZ]"!TEOH A% Fa Alagdl tisiA
E A |9 371 wigo2 )9 4% 5L
LAYAE 2= AFAZE ALHAT

232 HE =g

Fig. 4 & Aminpour 9] 4 23 4 942 ]2 &
71 1A= JE B FERER F AHE FE
2448 7lolt}. o] dlAldl e WEAQ FA F49
2EA4E AT Hstd 294 é_/.:%‘(TLCS : Two
Level Condensation Scheme)*¥3} 1) w8} T}, Fig. 4(a)y=
2 @A F4Hd ostd Z A FAFES U
W AolI Fig. 4(b)E Y HAY FAREE

41%) AFEe F2LA2ES TS
Table 32 2 Al 43} RS 9 %N\lé%
;m;q{m H| @& Ao} AALEEo] =& 2 T
293} v)ws B o) nrS PEE ZHrE A=
*12}01 2857 goruz AL HAME 1 &
£40] A

'%'..5

oA F4
Bl 1.0% o] 4 IFR7E ALt
Hax Z27) AHFAE 2 @4 F28Y
vl w3k g8 =F EEO\]H oF 1.6%2 e e
2 AYAE Rgory 5 Mo wiBog 10 2 RE
A 02% ol FdeAE 7iAle aRfAE At
& 4 ok



23z IEE AdFE BHEAHA FFH F4 (D 215
2F
8 —— TLCS
S
é & er ,E
H 14F 7y
g : F
. g"ll ~12 3 H \
T 2 ! :
] ] ) e 7 i
T : ot i L/
o :a w08 3 , T /
i I
1 ‘R i i
SEE e 04F ; 1 s
g o2} e / L
(a) TLCS (b) IIRS ; P ,,-f;:"\.\d )
Fig. 4 Cone structure(E=72GPa, v=0.33, p=2800kg/m’) .
2 3 4 5 6 71 8 10
Mode
N Fig. 5 Relative errors in eigenvalue
Table 3 Computation time & g
Analysis method TLCS HRS (5 Iter)
Time(sec) 231 104
Table 4 First ten eigenvalues of the cone structure : TLCS vs IIRS
Modes ( x 10°)

Iteration 1 2 3 4 5 6 7 8 9 10
TLCS 2.13061 2.13061 3.28568 3.28573 7.41743 7.41899 12.39498 12.40461 13.12556 13.17166
1IRS

0 2.13061 2.13062 3.28567 3.28588 7.42957 7.43475 12.55832  12.58467 13.06205 13.09210
1 2.13061 3.28556 3.28562 7.41893 7.42098 12.42450 12.42903 13.04911 13.06895
2 3.28556 3.28560 7.41841 742011 1241851 12.42025 13.04838 13.05464
3 3.28556 3.28559 741812 7.41961 12.41523  12.41599 13.04795 13.05331
4 3.28555 3.28559 7.41792 7.41924 12.41271  12.41305 13.04764 13.05236
5 3.28555 3.28558 7.41776 7.41896 12.41067 12.41087 13.04741 13.05163
exact 2.13061 2.13061 3.28554 3.28554 7.41656 7.41656 12.39166  12.39178  13.04561 13.04562
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Fig. 8 Modeling and selection of master DOFs at each sub-domain (E=30MPa, v=0.3, p=2800 kg/m’)
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Table 5 Slave and transformation matrices 1 /
Full System Sub-1 | Sub-2 | Sub-3 . /
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2 sk
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a [
10}
K, [70x70] |[40x40] ]| [30x30] | [20x20] : / /
of
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ot
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Fig. 9 Relative errors in eigenvalue
Table 6 First seven eigenvalues of the simple cantilever beam with sub-structuring scheme
Mode ( x 10%)
Iteration 1 2 3 4 5 6 7
0 0.9815108 11.1043341 30.1405689 49.4519201 147.5507724 1957741245 402.3365814
1 11.1039314 30.1365515 49.3827306 145.7074864. 186.3277701 348.8900498
2 11.1038929 30.1362459 49.3758694 145.4423682 184.3719992 336.0104443
3 111038743 30.1361333 493725518 1453130341 183.5987363  330.7657760
4 11.1038625 30.1360687 49.3703148 145.2296974 183.1823805 327.8406802
5 11.1038539 30.1360245 49.3686219 145.1700968 182.9161210 325.8965784
6 11.1038474 30.1359919 49.3672791 145.1252797 182.7276198 324.4754612
7 11.1038422 30.1359667 49.3661863 145.0905050 182.5854518 323.3775999
8 11.1038380 30.1359469 49.3652813 145.0628848 182.4736116 322.4987436
9 11.1038345 30.1359308 49.3645219 145.0405307 182.3829711 321.7772523
10 111038315 30.1359177  49.3638777 145.0221529 1823078741  321.1735390
exact 0.9815108 11.1038067 30.1358217 49.3580374 144.8826537 181.5920249 315.1920249
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Table 7 First twenty eigenvalues of the satellite projectile with sub-structuring scheme

Mode ( x 10?)

Iteration
1 2 3 4 5 6 7 8 9 10
0 5.68799 5.68799 5.90205 5.90252 5.90456 5.90505 12.00987 14.30073 14.30608 14.38584
1 5.68799 5.90151 5.90204 5.90381 5.90391 12.00982 14.29663 14.30121 14.3145!}
2 568799 590145 590198 590376  5.90381 1429583  14.30080  14.30674
3 5.68799 5.90143 5.90195 5.90374 5.90377 14.29526  14.30064 14.30372
exact 5.68799  5.68800  5.90175  5.90202 590335 590361  12.00082 1429334 1429987  14.30004
Iteration 11 12 13 14 15 16 17 18 19 20
0 14.38981  17.94135 18.19407 19.23086 31.64497 32.02618 32.14757 32.63019 32.04878 33.52158
1 1431808 17.94135 18.19407 19.23047 31.64209 31.94057 31.96414 32.09156 32.19040 33.52069
2 1431026  17.94134  18.19407 19.23045 31.64190 31.93001 31.94185 32.02691 32.06550 33.52065
3 1430672 17.94134 18.19407 19.23044 31.64183 31.92644 31.93421 31.99697 32.01235 33.52063
exact 1430111 17.94140 18.19400 19.23043  31.64190 31.91933 31.92039 31.92419 31.92431  33.52057
Table 8 First twenty eigenvalues of the camshaft with sub-structuring scheme
Iteration Mode (x 107)
1 2 3 4 5 6 7 8 9 10
0 0.0167091 0.0171192 0.0427579 0.0803997 0.1364096 0.1616821 0.1941334 0.2306096 0.2310630 0.3348655
1 0.0167091 0.0171192 0.0427579 0.0803997 0.1364096 0.1616821 0.1941334 02306096 0.2310630 0.3348655
exact 0.0167092 0.0171192 0.0427579 0.0803997 0.1364096 0.1616821 0.1941334 0.2306155 0.2310570 0.3348655
Tteration 11 12 13 14 15 16 17 18 19 20
0 0.4441241 07347961 0.9869439 1.2476207 1.5787938 1.8565088 1.8876658 19165174 1.9911399 28787721
1 04441241 0.7347958 0.9869429 12476177 1.5787916 1.8564973 1.8876573 1.9164987 1.9911267 2.8785902
exact  0.4441241 0.7347958 0.9869426 1.2476170 1.5787912 1.8564998 1.8876553 1.9164905 1.9911219 2.8785512
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