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This paper describes the general formulation for the in-plane flexural free vibration analysis of
two layered structure by the transfer influence coefficient method. The structure is regared as a
distributed mass system with lumped mass and inertia moments, massless linear and rotational
springs, and joints elements of releases and rolls at which the displacements are discontinuous in
each layer. The results of the simple numerical examples on a personal computer demonstrate the
validity of the present method, that is, the numerical high accuracy, the high speed, the flexibility
for programming of the present algorithm, compared with the tranfer matrix method.
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Table 1. Comparison of computation accuracy of
natural frequencies for case 1 at 2=10°

(N/m)
k=10%(N/m)
No
TICM’ TICM TMM
1 114.09650 114.09650 114.09650
2 305.65733 305.65733 305.65733
3 317.41701 317.41701 317.41701
4 319.63467 319.63467 319.63467
5 328.50927 32850927 328.50927
6 427.81891 427.81891 427.81891
7 566.59125 566.59125 566.59125
8 692.38670 692.38670 692.38670
9 896.53235 896.53235 896.53235
10 1099.9398 1099.9398 1099.9398
11 1305.3079 1305.3078 1305.3079
12 1613.4679 1613.4679 1613.4679
13 1829.9069 1829.9069 1829.9069
14 2243.4077 2243.4077 2243.4077
15 2399.9003 2399.9003 2399.9002
16 2944.4797 2944.4797 2944.4979
17 3051.0151 3051.0151 —
18 3734.4748 3734.4748 -~
19 3774.2180 3774.2180 -
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Table 2. Comparison of computation accurary of
natural frequencies for case 1 at £=10°
and £=5X105(N/m)

No k=10*(N/m) k=5%X10%(N/m)
| TICM TMM TICM TMM
1 |7.5350173 | 7.5350173 | 100, 99120 | 100, 99120
2 | 123.55461 | 123, 55461 | 314. 33792 | 314. 33792
3 | 271.82694 | 271. 82694 | 440, 86716 | 550, 86716
4 |339.08510 | 339, 08510 | 981. 50648 -

5 1393, 83489 | 393, 83489 | 1025, 8842 | 1025, 8842
6 | 661.45759 | 661, 45759 | 1179, 1782 —
7 | 874,23818 | 874. 23818 | 1261. 9100 | 1261, 9100

8 | 1076, 4034 | 1076, 4034 | 1665, 0863 -

9 11086, 4626 | 1086, 4626 | 2078, 6809 -
10 {1610, 3672 | 1610, 3672 | 2192. 3411 -
11 | 1803. 8676 | 1803, 8676 | 2363. 7429 | 2363. 7429
12 | 2085, 0153 | 2085, 0153 | 2752. 5510 -
13 | 2228, 7313 | 2228, 7313 | 2935, 5055 -

14 | 2936, 5721 - 3043. 1409 -

15 | 3039, 9322 | 3039. 9322 | 3507, 9208 -
16 | 3393, 7941 | 3393, 7941
17 | 3728, 6295 -
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obAlmh, TMMS A9 Aol ER7L QoA 968 A 4ASKE £ =% duelZS Ahgsia, Qo
¢ sy ol TMMel 2%, gdeieels & o 24 %, Addezeas), P8, and, 29
el FRboz k-l Fol BAFEEA, 4 E)Feld delel Helefo| LS4 2L, ole]

b oBojide 7l malo) o)z o) &,
Table 3. Comparison of computation accurary of T EAREE e ARl A ofrel glEstel
natural frequencies for case 2 at 2= 10* Adtglel, Awh o sldamegael Huks xAdsl
and £=3X10°*(N/m) 224, o =AE A & o, =7, A

No k=10*(N/m) k=3x10*(N/m) Az7lolt S7EAA 22 i wlaiziA]ofet,

1 TICM TMM TICM TMM gd, TMMS 479 "Haja 2471 ET 7
© O n d5hsl B 1 =z O

1 |12.170201 | 12.170201 | 390, 92298 | — T, o) Afmlell A S dnefFT A

2 | 15.050248 | 15, 050248 | 508.97290 |  — goml okl &, FeHe] AdeEHacke o

3 | 23.58855 | 23.588551 | 664, 47325 | 664, 47325 Z4 AuEa)ae ARRElA, 7 AA] A=)

. . 359012 | 982, 99552 - o )
5 A

6 |127.65129 | 127. 65129 | 1127. 3776 | 1127, 3776 ol7F AAAAS s me AAe) 220e st

7 |273.61598 | 273.61598 | 1476, 4087 | 1476, 4087 of we} Az-g daelFe AAIEA gowd qbs]

8 | 342.43802 | 342, 43802 | 1877. 4876 | 1877, 4876 E EaAEha wAZSe] A Hu, odiado

9 |396.12487 | 396. 12487 | 1892, 9539 - olulal m o 5151 malsho .

N3 m) zaaalel wlesly) Eakahe o 4 9

10 | 668, 72709 | 668, 72709 | 2597. 9799 - L :o 41 f 7 '}iﬂ T ;3

11 |883.72119 | 883.72119 | 2640, 1792 | — ehoolsdE AR Y FAA 2200 A A

12 110905331 | 1090. 5331 | 2865, 7963 - Soll welbade ehatrizlz gz 4 glel,

13 | 1104, 7814 | 1104, 7814 | 3005, 7198 -

14 | 1649.9745 | 1649, 9745 2. IRkEe

15 | 1843.5668 | 1843, 5668

16 | 2138.0214 | 2138, 0214 153} 230 Aelt e, 845 o Fig.3

17 | 2304. 3858 | 2304, 3858 2 7+e welel fsi4] Timoshenko B 2 7}&sli,

1 332335? 3152, 2647 ESIPIN /), K=o, Eb:K”_EZ I

20 | 3534, 0088 | 3534, 0088 K 1,=0 o, 1HelM dabixle) 2R es vt

21 | 3940, 3519 | 3534, 0088 Wk, A, s, A, 21.1)41*30 zbzb 13jol]
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AR a2} B =7 Y9 AiEs S v
&spr] Ysted, 7$1,2,3% Euler 22 7133513,
E=103(N/m)Qdw], 271224 1HzolA 2728 ]
Hz2 A5 2/A545 Tilcd dad A4
2|7k (sec)-& Z43 A Table 50 vyepich, 749 1,
2,3 F3 TICMS TMMc} 1 6uAE wmi=cis
e o+ A

Table 5. Comparison of CPU time (unit: sec)

Euler beam
Case Roots
TICM TMM
1 393 630 17
2 363 573 20
3 364 574 20

E- B

qu4 25 F2E) o) Aol WA} &

= i=4 A= ] & Q
A%ql 2olE 245 e AY, AN Y AA

4+ aleh,
(2) FzEol QJole] F1r Aol Al e (3
A9l g, W o BdE $)F 9l B
| 4eid4e dricks, uelZ g sk

[

(3) ADGASHelAL, TR Flol
ARl 2e wRg ARl ok EAlehe
4ol obuelze WAY Laglel A

%% 57 Az gl Aud kg sk A B

o2 FR2el HEAR 4 Yu, BE AARAE
wpbr 2 A2l 4 gl
2 5

7 ¥ Timoshenko ¥ Hrujedl Al o}
Aln}p 7bo] LlEflo] ATt '

Af = [Co—cr@ l[Cl—(a+r)Q]Ji

’ bG/1 G—G Y
Bi = [—al[(b+62)Cs—dC1]/b aC, ]i
’ —aC, a(Ci—2C) /17
ci = [b(aQ—Cl)/al —bC,/a Ji

’ bCs/a H+ e G—2Cl/a)/
D :( G— oG —bca/l}i

’ —IC—(o+)C G—1C)7

o714,

Cé,=[(A4,)2cosA i+ (Ai,)2cosA{,] /A

Ci=[(a4,)sinhd{;/ 2], +
(lfj)ZSinlfj/lfj] /A%

Ci= (coshA{;— cosAi;) /A

Ci;= (sinhd{;/ A{—sindi; /A1) /A

a.ji:#jiwz (lji) 2/ (xGA)ji

= —a i it (i) 2w

A= (A{j)z"f_ (Azfj)z, ai= (He/ (El>ji

b= (L) *w?/ (EI)

(lzij.xj)zz mi (O}i'}‘ ;%) /2
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