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ABSTRACT

This paper reports the first known free vibration data for thin rectangular plates with V-notches.
The classical Ritz method is employed with two sets of admissible functions assumed for the

transverse  vibratory  displacements.  These

sets

include: (1) mathematically complete

algebraic-trigonometric polynomials which guarantee convergence to exact frequencies as sufficient

terms are retained, and (2) corner functions which account for the bending moment singularities at

the sharp reentrant corner of the V-notch. Extensive convergence studies summarized herein confirm
that the corner functions substantially enhance the convergence and accuracy of nondimensional

frequencies for rectangular plates having the V-notch. In this paper,

accurate frequencies and

normalized contours of vibratory transverse displacement are presented for various notched plates, so

that the effect of corner stress singularities may be understood.
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Fig. 1 A rectangular plate with a V-notch
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w4 (I)EFE vEA" AF A4,.ES
B,)% G2 2883 S 49 43 FAUST  Modemo | Noof | Towl o oftemin
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24E A =9, olzg g FHEAG y class) | function | 20 30 42 56
02 A HAE ZHAE GA ok o)HF IHH
= AALZHY gy & FAde] 54 g 1
A QP /p/DlA71A, 1=2b(Fig. 1 )12 Yt (A)
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6.589 | 6585 [ 6584 | 6.584
2019 | 2914 | 2911 | 2.909
2582 | 2848 | 2.848 | 2.848
2.848 | 2848 | 2.848 | 2.348
2.848 | 2348 | 2,848 | 2.848

5412 | 5411 | 5411 | 5411
5409 | 5408 | 5408 | 5408
5403 | 5403 | 5403 | 5403
5403 | 5402 | 5402 | 5402
5402 | 5402 | 5402 | 5402

1488 | 1441 | 1440 | 1440
10.02 | 9.968 | 9.966 | 9.966
9924 | 9862 | 9.859 | 9.858
9877 | 9857 | 9.856 | 9.856
9.867 | 9.856 | 9.856 | 9.856

1498 | 1497 | 1497 | 14.96
1084 | 1082 | 10.82 | 1031
1078 | 10,77 | 1077 | 10.77
1077 | 10.77 | 10.77 | 1077
1077 ) 10.77 | 1077 | 10.77

2177 | 2167 | 21.61 | 21.53
1498 | 1497 | 1497 | 1497
1495 | 1494 | 1494 | 1494
1495 | 1493 | 1493 | 1493
1494 | 1493 | 1493 | 1493

2631 | 2508 | 2505 | 25.04
1924 | 1872 | 1871 | 1871
1629 | 1623 | 1621 | 16.21
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Table 2 Convergence of frequency parameters
o2 p/D  for completely free rec-
tangular plate with a V-notch(a/®b =2,
c/a=0.75 a=2355")

Mode no. | No. of Total no. of terms in W,
(symmetry| corner

class*) |functions 12 20 30 42
0 5432 | 5378 | 5377 —

1 1 5426 | 5375 | 5373 -
(S) 5 5412 | 5374 | 5373 ---
10 5.390 --- --- -

0 6.731 | 6.646 | 6.643 | 6.643

2 1 6569 | 6515 | 6511 [ 6509
(A) 5 6560 | 6501 | 6499 | 6.499
10 6514 | 6.500 --- -

0 1709 | 1507 | 1462 | 1461

3 1 16,15 | 14.09 | 1385 | 13.84
(A) 5 1428 | 14.00 | 1379 | 13.78
10 1401 | 1387 == ---

0 1542 | 14.94 | 1493 ---

4 1 1539 | 1492 | 1491 -
(S) 5 1534 | 1492 | 1491 -
10 15.20 - --- ---

0 2230 | 2204 | 22.00 ---

5 1 2083 | 2061 | 2058 -
(S) 5 2071 | 2052 | 2250 —
10 20.67 -—= --- -

0 3408 | 2660 | 2539 | 25.35

6 1 3106 | 2470 | 23.79 | 23.72
(A) 5 2483 | 2453 | 2365 | 23.62
10 24.65 | 24.30 --- ---

*(S) Symmetric mode: (A) Antisymmetric mode
--- No results due to matrix ill-conditioning
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Table 3 Frequency parameters 0F /p/D for defsty &2 dold #E& ze ¢ ART A
completely free rectangular plates A8 BHLE 7FE £ 9lon, IRY AFF
(a/b=2) with V-notches

Mode Table 4 Frequency parameters 0Pp/D for
a | c/a 1 7 3 4 5 6 completely free square plates (a/b=1)
075 | 8604 | 9800, | 2179 | 2269 | 2329 | 3368 with V_notches
90° 05 1172 11202 | 2386 28/7“ 2890 | 5178, Mode number
00 | 2117 | 2186 | 2946 | 5242 | 57.40 | 6885 @ | ca [T > 1 31 21 5 1 6
-00 | 3813 | 5825 | 90.80 {9895 | 1149 | 1682 C ] : ]
075 | 7005 | 7623 | 17.10 | 1939 | 2210 | 2727 0.75 | 2392 [ 2576 | 3519 | 5616 | 69.60 | 76.30,
05 | 8930 | 9516 | 2060 | 22.18 | 25,65 | 2978 oe | 05 | 2595 | 3239, | 4474 | 6485 | 8772 | OLIL
180° (8.946) {(9.602)|(20.74) | (22, 35) |(25.87)|(29.97) 0, 32_5.14 2825 | 90.80 98;937 1449 | 1682
00 {1342 {1960 | 2427 | 3480 | 3480 | 61.11 -0 132.6, 2330 | 3636 | 3958 591,3‘ 672.6‘
(1349) (19.79) | (2443)|(35.02){(35.02) | (61.53) 075 | 1538 | 2098 | 2961 | 3800 | 4189 | 6131
-05 | 2146 26,58}1 58,4% 5961 | 8802 101.5R 180° 05 | 1791 | 2133 | 3962 | 4240 | 51.78 | 62.29
075 | 5641 | 6513 | 1386 | 1554 | 2134 | 24.03 00 | 2146 | 2658 | 5848 | 5961 | 8802 | 1015
9270° 05 | 6236, | 6.602 | 1361 | 1678 | 2150 | 25.27 -0 21'41.< 52.16 | 5941 108'2, 1257 | 1715
00 8382 | 1211 | 1948 | 1984 | 2919 | 32.98 075 11315 | 1989 | 2385 | 3371 | 3490 | 60.29
-05 | 1163 19'21 2648 | 3566 | 47.75 | 51.30 9700 05 [1230 | 2029 | 2317 | 32.04 | 3651 | 57.02,
075 | 5514 | 6494 | 1378 | 1526 | 21.09 | 2380 00 | 1163 | 1927 | 2648 | 3566 | 47.75 | 51.30
s | 05| 5858 | 538 1212, | 1543 | 2010 | 22.80 05 | 1442 | 1870 [ 4211 | 4921 | 5755 | 7447
‘ 00 | 5484 | 8049 1398 | 1759 | 21.79 | 26.33 075 | 1317 | 1966 | 2389 | 3373 | 3490 | 60.27
-05 | 6682 14.21K 18.68 2157 13646 36.61N 300° 05 | 1221, ] 1965 | 2307 {3126 | 3498 | 5473
075 | 5429 | 6492 {1377 | 1506 | 20,79 | 2367 00 | 9457 | 1836 | 2260 | 3054 | 4021 | 4361
gye | 05 | 5554 | 5696 | 1151 | 1519 | 1808 | 2060, -05 | 7968 | 1690 | 2330 | 2966 | 4130 | 5215
‘ 00 13393 | 5743 1093 | 1418 | 16.33 | 19.68 075 11320 | 1948 | 2389 | 3380 | 3428 | 60.32
05 | 2462 5.887“ 9.257 | 14.02 | 1533 19.1971 330° 05 | 1220 | 1901 | 2315 | 30.78 | 3374 | 5259
075 | 5384 | 6497 11377 | 1494 | 2056 | 2363 0.0_ 8.726 | 1676 | 2201 | 2699 | 3499 | 3895
3500 05 5416 | 5643 | 1116 | 1499 | 16.74 | 2064 -05 6_079; 1404 | 2161 27.13‘ 2842 | 3753
‘ 00 | 2938 {5456 | 1012 | 1148 | 1503 | 1690 075 | 1321 | 1936 | 2397 | 3382 | 3408 | 60.33
-05 | 1752 ) 5417 | 8462 | 8932 {1202 | 1496 350° 05 | 1222 | 1858 | 2320 {3050 | 33.00 | 51.26
075 | 5373 | 6499 | 1378 | 1491 | 2050 | 2362 00 | 8397 | 1545 | 2197 | 2699 | 3278 | 3895
| 05 5386 | 5634 | 11.07 | 1480 | 1646 | 2037 -05 5.350’ 1195 | 2155 22.04} 2813 32.91ﬂ
BT g0 2848 1 5402 | 985 | 1077 [ 1493 | 1619 075 | 1320 | 1934 | 2396 | 3380 { 3400 | 60.30
-05 | 1633 | 5383 | 7957 | 8361 {1082 | 1491 355° 05 11222 1§,47 2321 | 3044 | 3282 59.92
o7 [ sl 6309|1385 | 1487 | 2088 | 72 S5 |51 | 1046 | 2106 | 215t | o | oy
50| 50 | oime | 350 | 9658 | 1013 | 106 | 000 Complete | 1 '
8 X 0,00 A o B
L -05 | 1562 { 5351 | 7167 19.863 1181 | 1490 square plate 1342 ) 1960 | 2427 | 3480 | 3480 | 6L11

* Indicates antisymmetric modes * Antisymmetric mode

Results in parenthesis cf. Leissa"
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