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). Ra, R (39)~3K (42) 76 A e fF s B A= 5 O
AL, 2 JE T B % AR (43) SR X P x QM A
(DL 8(e) H il iy st ) HiR 2 HEi

et = (44) F (45) FIRrAE R AL 45 R 2 &
WSk, ARSI, W B E R AP BRI TR — kAR, ERIS
F S (L 8 (h) Hhak o =K ) .

(5) JayiBEh AL

H 55 (4) 28 AT RO BURAE J i A R o0 )2 eA B
(LOA)PWERH 2 17 I, 4R 75 Je 24478 12 e A Ak figg [25/-35/
90/- 451, (UL 8 (i) Fhofy £ = ) R 0L 1 TG B AN % 5
BN f = wa® /phlD, =38.692.

3 HEER

DA T BL 250 SR Al T 526 MR AV 0 A R 27 F LA
MR sh 303, 3R F 2DSO 48 2 A FLAT e KA A 2T o
3.TFSE T B 2GR IS RO A O F 5 B A Sk T
X 3.2.1 W4 H T HE H i R SORIE S =R R
ANTFHE B RIS TRV 152 138 K7 m, B 52 R AL A A e A £
AR5 2y B AR SR AR . 3.2.2 4545 H T 46 10 Flil A



Boli 3 ST CAERRRIR AR I SR RO R AR 1 o f LR Bk Sh AL B i

10 1 o109 10
gt & &
© BIHHCATTLA ® G A S A © DA A
(a) B EEHRC (b) FEBFHEC R U 1 50 5 (o) ZEREHHED T 53 3

Aottt R A
() 55 R A R A AL

A ikt SRS ® iRt Px QMR
(d) et b s (&) S— Ry hEE Ak

-1.0 1T 5109 1.0
& &
A
® 55 UKL Px O RILA A e — Toapi

(h) JR AR T T e e (0) SR R 2
K8 2DSOM LI

Fig.8 2DSO design step

(2) 5 —WJRy B AL AL

SlE PR S EE AT R R FL AR T X RRE A AR SR LR
TEAR LA 27 ARSI FIIRAS . 72 LA 5l
TR, SRR SECH L E, = 130GPa, E, =
9GPa, G,, = 4.8GPa, v, = 0.28, p = 1656kg/m’>, #1 ¥} 2. E, =
138GPa, E,=8.96GPa, G,,=7.1GPa, v,, = 0.3, p = 1656kg/m’,
MR 3:E, =206GPa , E, = E,, G,, = E,/[2(1+v,))], v, = 0.3,
p =8000kg/m’,
3.1 BEGEWENIERT

T PG IRE FEL 2% SR ik S5 B R A 53 A 4 2l AR A

SR . RAIMEL 3, 245 T A PORATEIE
alh = 100 1 52 45 4R 1 (B AR 1Y) JC 1 G000 2 S 880 f =
(wa?lm?) [ phD, MBI BT T B 100550, K 45 S A2 A SC
BREE AT TR, 25 RN SR BRI ITE m x n
M9 x 9HEME] 10 x 10 B, To i 49 [ SR S50 fha /s
F 1%, H 10 x 10 W7 8% pR HOR 1 o 20 A SRR S
ORI 1 SCHR 14 TC 5 20 1 SRR S R0 2 [ 119 15 25 3t /s
F 1%, RAME, R3GH T SERE a/h = 448 HHZTT
[—45/45/- 45/- 451, FLA2 2r/b = 0.3 BT FR A A AR 28 LR
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FEAR A RNIRBHELS = wa® [phiD, , 45 F 57 2407 7% e B
B m x n 30 x 30 845 35 x 35 F, RFRE AR ZESL
FETE AR A T 20 F SRR SRR A /N T 1%, IR
HIZEAEIE REOTE I m x nj&30 x 30 P45 5Lk, R
B, Fe 4450 T TR alh = 256 Al 2 ¥ [45/0/0/90/0/-45/
0], . INFLIL A 45 BC2 = F XS BRI A M B2 LA TE Al s
Hf= w/(2n) (Hz) , % 45 RR YA s BT R 30 % 30
28 R

R2 BIREMREI6 MRS = (wd’/n*) |/ ph/D MRS KIHE

Table 2 Convergence and verification of the first six

frequency parameters f = (wa*/n*) ./ ph/D,
for the super-elliptical plates

BCl |, |ab | mxn | BEST | #E52 | B3 | BG4 | #5s | Bidse
10 1 8x8 | 3.6586 | 7.4496 | 7.4496 | 10.983 | 13.963 | 14.047

9%9 3.6503 | 7.4474 | 7.4474 | 10.983 | 13.336 | 13.400

10x10 | 3.6503 | 7.4410 | 7.4410 | 10.971 | 13.336 | 13.400
SCHR[37] | 3.6420 | 7.4340 | 7.4350 | 10.962 | 13.305 | 13.364
2 8x8 9.9950 | 12.935 | 18.588 | 25.969 | 27.228 | 28.850
9%9 9.9725 | 12.916 | 18.157 | 25.969 | 27.219 | 28.850

¢ 10x10 | 9.9725 | 12.911 | 18.157 | 25.693 | 25.944 | 28.822
k(371 | 9.9510 | 12.897 | 18.132 | 25.743 | 25.926 | 28.805

3 8x8 | 21.225|23.656 | 28.331 | 35.905 | 57.187 | 59.828

9x9 | 21.177 | 23.610 | 28.061 | 35.869 | 46.945 | 57.187

10x10 | 21.177 | 23.607 | 28.061 | 34.772 | 46.945 | 57.132

SCHk[37] | 21.132 | 23.581 | 28.027 | 34.851 | 44.045 | 57.096

10] 1 8x8 | 1.9994 | 4.9909 | 4.9909 | 7.9677 | 10.053 | 10.090
9x9 | 1.9951 | 4.9896 | 4.9896 | 7.9677 | 9.9720 | 10.005

10x10 | 1.9951 | 4.9894 | 4.9894 | 7.9675 | 9.9720 | 10.005

k(377 | 1.9900 | 4.9860 | 4.9860 | 7.9650 | 9.9680 | 10.002

2 8x8 | 5.0171 | 7.9846 | 13.034 | 17.006 | 19.965 | 20.483

o 9x9 | 5.0036 | 7.9758 | 12.961 | 17.005 | 19.965 | 20.477

10x10 | 5.0036 | 7.9757 | 12.961 | 17.004 | 19.956 | 19.964
SCHK[37] | 4.9860 | 7.9690 | 12.955 | 16.989 | 19.953 | 20.003
3 8x8 10.062 | 13.014 | 18.027 | 25.408 | 37.037 | 39.998

9%9 10.031 | 12.989 | 17.954 | 25.393 | 35.555 | 37.037

10x10 | 10.031 | 12.989 | 17.954 | 24.935 | 35.555 | 37.035
SCHk[37] 19.9870 | 12.970 | 17.942 | 25.033 | 34.123 | 36.998

3.2 fLER

2DSO F IR IR S BE i 2 1 L. B F HLZZ i A
2DSO P At 1 g3 5 1r £ ] B 43591 Sy AG = 5 FTAG =151 8
JE 48 EXS BRI A ARHEAR R A , LA S A3 63 1) £ (1] B
B AG =5 F1AQ = 15 1) 8 |2 F1 40 J2 XS FR 5 G MR ZEFLE
TR, A2 1840510 36" = 1679616, 122 ~ 7.9497x10% |
12% ~ 3.8338x10%", HALAY H AR eRECIA FHU A F A8 1 NF 36

x"3 NRESMRFIIEAREINSHf = wa® /ph/D,
SR SR
Table 3 Convergence study of the fundamental frequency
parameter f = wa’,/ph/D, for the symmetrical
composite perforated rectangular plates

B sREOTEL m>n

a/b | BC1 | BC2
5x5 | 10x10 | 15x15 | 20x20 | 25%25 | 30x30 | 35x35

4.2292 | 4.1830 | 4.1732 | 4.1685 | 4.1669 | 4.1663 | 4.1661

1 | CCFF 9.0624 | 7.7908 | 7.4034 | 7.1779 | 7.1252 | 7.1135 | 7.1112

13.558 | 10.797 | 10.439 | 10.313 | 10.296 | 10.289 | 10.288

19.344 | 19.184 | 19.136 | 19.111 | 19.091 | 19.079 | 19.069

3 | CCFF 28.567 | 26.565 | 25.824 | 25.363 | 25.031 | 24.791 | 24.606

35.117 | 30.232 | 28.710 | 27.809 | 27.390 | 27.083 | 26.940

2.8052 | 2.7720 | 2.7608 | 2.7581 | 2.7569 | 2.7566 | 2.7564

1 | SSFF 8.8451 | 7.7395 | 7.1340 | 6.9558 | 6.8796 | 6.8646 | 6.8619

13.586 | 11.068 | 10.357 | 10.255 | 10.221 | 10.216 | 10.213

8.2108 | 8.1971 | 8.1853 | 8.1780 | 8.1724 | 8.1694 | 8.1677

3 | SSFF 22.585 | 20.434 | 19.493 | 19.003 | 18.664 | 18.421 | 18.227

Al m|aolul"mlo|lwn|m

30.290 | 24.857 | 22.708 | 21.808 | 21.218 | 20.936 | 20.722

R4 WIRESHRZIERAREMSE /= 0/ (21)
NEEHNIE
Table 4 Comparison between the fundamental frequency
parameters f= w/(2n) for the symmetrical
composite perforated rectangular plates

2r/ B | B | B | B | B

mm 1 2 3 4 5 6

71

b/mm | BCIl

Present 302 | 395 | 543 | 753 | 1020 | 1128

35
SCER[38] | 299 | 393 | 535 | 739 | 1004 | 1106

Present 300 | 394 | 544 | 750 | 1028 | 1109

114 | CSCS | 44
SCHR38 ] 297 | 381 | 538 | 727 | 1015 | 1076

p Present 299 | 390 | 553 | 735 | 1053 | 1071

SCHk[38] | 298 | 385 | 549 | 702 | 1035 | 1042

35 Present 80 195 | 359 | 411 526 | 574

3CHk[38] 80 193 | 355 | 406 | 519 | 567

44 Present 80 194 | 358 | 405 | 524 | 573
121 | CSCF

k(38 80 | 192 | 354 | 401 | 516 | 563

57 Present 81 192 | 357 | 400 | 519 | 568

SCHR(38 ] 81 | 190 | 354 | 396 | 509 | 556

3 Present 62 112 | 170 | 245 | 332 | 422
5

SCHKE38] 61 111 | 170 | 242 | 329 | 417

Present 61 113 | 170 | 243 | 331 | 421
127 | CFCF | 44

SCiik[38] 61 | 112 | 169 | 240 | 328 | 416

Present 61 113 | 169 | 240 | 329 | 419
57

3CHK[38] 61 112 | 168 | 237 | 327 | 414

IR AR AN BT AR ZE S AR 34 T AR S
f=wa* ) ph/D, =N o
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3.2.1 EAMRER R R IR ST

AT S WA R B AR A AR 2 HLZ G AR T8 R T
alh=100, 356 53 HZ5th T 8 )2 (A6=5) Fil 48 |2 (AG=
15) SRR IR 2 A AR A LA 25 S s 2 7T A& 8 43 B4 H T 8
2 (AG=5) F1 48 JZ2 (AO=15) Xt FR A8 AW 51 )22 5 Al 19 416 1k 25
Wo G IR BE T 0, ML RS AR R, 2 AR
[5E] iz B9 5 R REH Bt 1 B8 LE /b BB R T IS K, DL 5~ 8.
PEA, ZERG IR B R n, K 56 b a/b AR S0FT , A
R A R0 A 1) e AT B 5 i S IR T 1, D3R 5
T NFERECH 8 R A M R EIEIA , T35 H AR pR %L
P FHURECNE 39574 K AN i S 1 F 25 119 0.0236% 11
F ORI S R X T 48 IZXFRE A bR A, 35 B
T bR B FH VOB NE S 1009.19 ¥ 3 22 W 2DSO 523 1yt
it 5EAMEZESRIGEZE R EOCR T2 T
M. HRIZECH 48 2 A ADRLE R R B AR p6 E0R F v
FUNF LUsH)ZECR 8 )2 00 5 A bR R Al B A e B0 FH VR
HUNF 221 32 2 J5 52 R i A TR i 25 LOA™ 2 72 J2 i i
WRAL, WG ZERE I, B bR R E0H R EUNF B ;
T LOA T 264245 i W B SR A 748 48, H AR R IR
B E 2O R L R R K9 TR T F &
B MRk A A (58 Al 4 T 7S A0 4 B LR AR, AN [ A PRI
() 1050 K )2 e 43 9 M ¢ () my = 10, a/b = 3,BC1 = F,
@, = +[10/-15/-25/0];;(b) n, = 4,alb =1, BCl =S, d,, =
+[45/-45/-45/-45] ; (c) n,=4,a/b=2,BC1 =C,®_ =[90,]..

opt

x5 SEHMRHEER(SR)EMEIMLHE
Table 5 Optimal solutions for fundamental frequency of
composite elliptical plates (8 layers)

&6 SEHRHER(48 R)EMRINE
Table 6 Optimal solutions for maximum fundamental frequency
of composite elliptical plates (48 layers)

alb | BCI @, Soo NF
[45/-45,/45/75/0,/~75/75/~75/90/~75/
F 14.166 6799
90,/~75/15/-45,/45/60, ]
1
[45/60/-45,/15/90/0,/90.,/45/15,/30, ], 12.880 4447
C [9040,,], 26.789 330
[(-15/15),/-15,/15/-15/15,/90,/60/
F : ’ 23.456 4230
~75/-45,/45 /- 45/45 ]
) 3 s
S (90,1, 44.486 334
C (90,1, 95.747 334
F (0,1, 28.056 334
4 S [90,,1, 167.29 334
C [90,,1; 369.35 334

24

R7 SEHNBIHER(SE)EMRIE
Table 7 Optimal solutions for fundamental frequency of
composite super-elliptical plates (8 layers)

alb BCl @, Som NF
F +[-50/90/20/15], 11.702 1444

1 S +[45/-60/-15/-15], 12.864 741
C +[45/-45/-45/-45] 26.785 218

F [15/-15/-15/70] 22.090 233

2 S [90,], 44.486 218
C [90,], 95.747 218

F [o,J, 28.056 218

4 S [90,] 167.29 218
C [90,]; 369.35 218

n, alb BCl D Jopt NF
1 F [55/-55/5/0] 10.097 1679

S +[45/-45/-45/-45] | 13.736 463

C [90/0/0/0]; 23.890 189
2 F [5/-40/55/50] 17.613 1104

4 S (90,1, 40.734 218
C [90,] 90.562 218

3 F [-10/15/20/5], 21.491 358

S [90, ] 90.191 218

C [90, ], 202.46 218

1 F [55/-55/5/-30] 9.8898 70

S +[45/-45/-45/-45]_ | 14249 218

C [0/90,], 23.894 218

2 F [-5/40/-50/-50] 16.826 499

10 S (90,1, 40.943 218
C [90,]; 90.547 218

3 F +[10/-15/-25/0], 20.838 417

S [90,], 90.551 218

¢ [90, ] 202.42 218

3.2.2 XHFRE A MRV RS LR TE AR Sh LAk T
A/NITEBIE AR, RO 10 0FN4 H T 5%
F a/h = 448 11 8 J22 (AO = 5) X FRE A AR ZEFLAR TE AR £
P2 3R 1L AR 12 73050045 T FEIE L a/h = 89.6 19 40 )23
(AG = 15) XRE G A R ZEFLAETE AR I Ptk 25 51 . I,

F10FE 2B MBI ZEFLEIEARI K SEt a/b =2, X3l
TR 8 AR, 525 WP REZEFLAR TR AR 1) B AR
Wil 2 [ FLF A2 B3 TG K, I 3% 9~ 12, X424k
8RN ZEALIZ A, V-1 B AR R £ I EUNF 2y 572.32
WAV 7 BB 23 18] 19 0.0341%, DL 9 fIE 10, T 11
A 12 R FFAEECN 40 2 E S H R R FLE AR,
S H A eR B0 I CETNFE Sy 825.13 Ik, X HE— K0,
2DSO B h )2 S8 e UL S S kit e 5
HAMEZ G ETZBAN RHREBOCR . BI04 TE



52

LIRAEE L P N

Oct. 25 2023 Vol. 34 No.10

*8 SN BHEREMRILEE(48E)

Table 8 Optimal solutions for fundamental frequency of

composite super-elliptical plates (48 layers)

&9

SEHRESLISTAR(8 B)ESMRIAR

Table 9 Optimal solutions for fundamental frequency

of the composite perforated square plates

n alb | BCI > o NF (8 layers)
. [4s,/-45,/45/-45,/0,90060,/ || 2/b =03 20/ =0.6
: BCl |BC2
. -60,/-75,/45/60/45,/-30/45, ] . dsum fop| NF qjom ﬁm‘ NF
S | [-45/45,/-45.45,/-45/45]] | 13790 | 2320 ccec| F | +Loi-80/65/65], |25.669 |634|  [90/0/0/0],  |50.866 | 567
¢ [9040,}, 2380 | 323 cccc| s [0/90/90/90], | 74.244|550|  [0/90/90/90], | 146.06 | 536
F | [04/-30/45,/-45/-60/15,/30,] | 18.148 | 1028
4 : CFFC | F | [-40/45/-70/~75] |4.6186 | 787 | +[-30/-85/30/25]_ |4.1960 | 627
2 S (90,1 40.734 | 334 - -
CFFC | S | [-40/45/-65/-60]_ |8.0848 |498| [-35/-80/30/35] |10.178|496
¢ [90,,], 90.562 | 334 : .
F | [15-15/15/15/15-15.0.1 | 21482 | 317 CCSS | F | =[-45/45/45/45]_ | 19.244 | 534 | [-45/45/45/45]  |27.137 | 493
2 2 2 715 )s -
3 S [90.] 90191 | 334 ccss | s | [15/85/85/85], |48.789 610 | [35/80/-25/-30]. [97.761|712
24-s ‘ - -
C [90,,]. 20246 | 334 CCCF | F Lo/o0],  |22.750|499 L0/0/0/0], 23.315 | 485
| Lasymasisi-asyz0m30300 | CCCF | S [£[10/-15/-10/-15] | 24.036 | 489 | =[35/-40/-40/-35] | 33.018 | 637
90,/0, ], CCCF | C |£[45/-50/-45/-45] | 26.240 | 715|  [90/0/90/90], | 58.107 | 565
! g | [45/assmasgasmas) o s SCCF | S | =[-30/45/-25/45]_ | 19.772|505 | [-35/45/-35/50]_ |29.904 |85
(45) /45,/-45 ]
c 190,00, ], 23.894 | 323 R10 SEMREIIEIAR(8 B )BT
. [15,/~15,/-30/-45,/45 /-45/ 17712 | esl Table 10 Optimal solutions for fundamental frequency of
10 s 45/30,/75,/-45/-30], the composite perforated rectangular
90 40943 | 334
[90,J, plate (8 layers)
¢ (90,1, 90.547 | 334
[=15,/15,/-15,/15/~15/0, /90/ BCI |BC2 /b =03 2r/b = 0.6
F e " 20.883 | 467
45,-60] ' Pon fon | NF Loy Jow | NF
3 [00.] 00551 | 334 cccc| Fo| (909090901 [92.021 484 |  [90/90/90/90], | 94.857 494
24-s .
c 190,,] 20242 | 334 ccee| s | +[80/-4020/15], |98.134 | 717 |  +[5/-20/70/15], | 123.10| 532
CFFC | F |[-85/-85/-85/-85] | 14.235 | 656 | £[90/90/~60/~10]_ | 12.960 | 627
[ EH:! . .
CFFC | S | [-70/-6530/35] [17.725]679 | [-70/~70/30/30], |18.863 | 788
1 ‘ ’ ’ CCsS | F | [90/90/90/90], | 61.405|493 | [85/-80/-80/65], |61.309|610
20.838 13.736 90.562 CCSS | S | [55/-50/-50/-50] | 76.334|522 | [45/-40/-40/-40] |91.665 | 488
, \ c/ ¢) CCCE | F [0/0/0/0], | 23.247| 486 [0/0/0/0], 23.944 | 489
% CCCF | S | +£[-25/35/90/45]  |38.692 | 571 | +[-10/40/-70/-70] | 55.036 | 489
20.860 31.857 94.128
P CCCE | ¢ [90/0/0/0], |55.343|607| +[10/-50/65/70], |90.970 | 532
, -
&' v SCCF | S | [-25/50/-50/-35], | 34.856 | 676 | [-10/40/65/60], |47.901 |529
47.452 33.138 101.34
Mol 2 Y- S, S, RN 2F
- w 6" G MRLZEFL 5 TR AE & T S U0 BRI 4 B 4338 e
" R - 4 K9 O RIAL K A AT , 5 2 bR AU AR
55.488 55.392 113.48 \
FN - - ) fe KA A Bt A 20 A5 S W T O o plt T P
5 y . . N % N .
% - S 5 52 R 5 SO A2 1 5 2 5 B 6 T2
57.100 61.756 135.25 _
758 1) 7 P10 R KR, 5 B 22 2 TR [ 0 10— 20
¢.‘ « S MR FE S8, i 78 2DSO b £ LI T R 51 %
71.292 62.240 163.96

(c)
9 ’f’ﬁﬁli’-éﬁd] 8 EE’J&%M LB 15 A A DA 1)
FiJ 6 Hr iRl
Fig.9 First six mode shapes of the 8layers optimal

super-elliptical composite plates
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BCI BC2 A1 A2 A3 4
25.669 41.958 46.961 65.254

74.244 74.596 78.406 79.187

19.244 37.352 37.480 60.555

o ﬁ ‘ @ g
48.789 55.760 58.941 78.017

| T—

-

CCCF F @
-

22.750 25.812 29.891 45.471

J— — | ——

-

CCCF S oy
-

24.036 46369 50.081 61.434

K10 R hERHIZECH 8JZ M E S B AL AR
Bk BT 4 Bk RS (20/b = 0.3)

Fig.10  First four mode shapes and frequencies of some the

8layers optimal composite perforated square plates

in Table 9(27/b = 0.3)
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The convergence diagram of composite square plates 2DSO under various boundary conditions in Table 9(27/b = 0.3)
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R11 SEMREIHIAR(40 B) ESMRIE
Table 11  Optimal solutions for fundamental frequency of
the composite perforated square plates

&12 SEMPERSUFERIAR(40 B)EMRIHE

Table 12 Optimal solutions for fundamental frequency of

the composite perforated rectangular

(40 layers) plate (40 layers)
#b | BCl | BC2 @, fo NF Wb | BCl | BC2 >, fo | NE
[0/90,/0,/~75/90/75/0/45/0/-15/ ccee | F [90,,], 92.031 | 670
ccee | F 25.677 | 909
~60/-45/45/60/~15/90/45/-15] cece | s [=75/-15/~75/90/60,/75/45/~75/-30/ os171 | s34
ceee | s [(0/90),/(90/0),/90,/0,/90] | 75.037 | 986 15,/90/~60/15/-45/75/-60/-15/0] |~
CREC . [—453/15/(—45/60)2/—602/30/60/ w6230 | 760 CFEC F [—752/90]]/—75/903/—75/90/—75]S 14.163 | 950
~15/45/60/-30/-15/-30/75, ], crre | s [-60/-75/-60,/~75,/30/~75/30/-60/ R
are | s [45/-45/-15/-60/45/-60/-45/-30/ N —75,/30/-75,/-60/30/~75/30]
90/45/30/60/90/60/-15, ] ) ccss | F [90,,], 61.405 | 804
[-45/45/-45,/45/-45/45,/-45/45 / 03 [45/-45,/60,/-45/60,/45,/-45 /45/
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Vibration Optimization Design of Composite Super-elliptical Plates and
Perforated Plates Based on 2D Sampling Optimization

Duan Lei, Jing Zhao
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: Composite super-elliptic plates and perforated plates are widely used in engineering structures. Resonance
can be effectively prevented by controlling their natural vibration frequency. In this paper, the stacking sequences of
composite super-elliptic plates and perforated rectangular plates are optimized using the 2D Sampling Optimization
2DSO(method) to maximize the fundamental frequency. This algorithm is composed of sampling optimization and
Layerwise Optimization Approach (LOA). 2DSO takes full advantages of the dimension reduction technique of
lamination parameters, flexure stiffness sensitivity, and linear superposition principle of flexure stiffness. At the
sampling optimization stage, a sampling optimization solution is obtained based on a dynamic distance constraint. On
the basis of this solution, LOA is applied to optimize the stacking sequence until a convergent stacking sequence is
achieved. The Ritz method based on classical laminate plate theory is used to solve the vibration fundamental
frequencies of composite laminates, and 2DSO is used to optimize stacking sequences of composite super-elliptical
plates and perforated plates with different boundary conditions and aspect ratios. The optimization results
demonstrate that 2DSO algorithm is highly efficient, reliable, and robust.

Key Words: 2DSO; stacking sequence optimization; composite super-elliptical plate; composite perforated plate;
vibration; Ritz method
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