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Transition curve from Plate-Like to
Beam-Like Behavior of Free-Free Beams
and Plates for Case Study Changed

Material Properties
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ABSTRACT

This paper deals about Transition curve from Plate-Like to Beam-Like Behavior of Free-Free
Beams and Plates. The uniform cross section area of free-free beams and plates were used in this
work. The model were produced with thickness 5 mm. The length was fixed 500 mm. and the breadth
was varied with the aspect ratios from 0.25 up to 20. Three material properties variation as follow
Density, Young’s modulus and Poisson’s ratio were set up. The finite element program (ANSY'S) was
used to analyze the free vibration of free-free beams and plates to set the natural frequencies and
mode shapes. It was used to calculate the first 40 natural frequencies and mode shapes. The transition
behavior of the mode shapes in each geometric ratios were subsequently observed. Then the
relationship of the mechanical properties and geometric ratios variation were discussed. These
relationships were presented in the two variables nonlinear equations.

Keywords : Plate-Like Behavior, Beam-Like Behavior, Free-Free Beams and Plates, Natural
Frequency, Free Vibration, Mode Shape, Mechanical Property
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Miateia iy | s | PN
(GPa)

Aluminum 2700 70 0.33
Aluminum alloy 2014 2800 73 0.34
Titanm 4540 107 0.34
Zinc 7130 96.5 0.35
Cast iron steel 7150 179 0.22
Carbon steel 7850 210 0.29
Stainless steel 8030 193 0.27
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AnENURY0ITEg Density (kg/m®) Youn%Gsta)odulus Poisson’s ratio

2700 210 0.29

2800 210 0.29

nathnuLl e 4540 210 0.29

Densit 7130 210 0.29

ensity 7150 210 0.29

7850 210 0.29

8030 210 0.29

7850 70 0.29

nI@NTLUsHUAN 7850 73 0.29

Young’s modulus 7850 96.5 0.29

g s mocklt 7850 107 0.29

nIBNTHLIHUAN 7850 179 039

Young’s modulus 7850 193 0.29

7850 210 0.29

7850 210 0.22

nsmMIuUsHUAN 7850 210 0.27

Poisson’s ratio 7850 210 0.29

7850 210 0.33
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Mode 2 G‘E\wza%iﬁé'mwmunmmﬁm 2.5 Tasfl Mode 0 was Mode 1 a2 lithanfiansaniiasan
aubaszoaeuaz s Mode 0 % Mode 1 Lﬁaﬁnﬂﬂ'smﬁﬁiiumaﬁvlﬁu'lﬁmL“iTﬂﬂﬁTgMﬁd
danaly daiusadonldsandinisnnadian 2.5 1UusaEIwLsn SWSUSANEIWIIINHA 10
ﬁ]zﬁﬁmmLﬂuﬁmﬂmuq@ﬁﬁmﬁaamﬂﬁmmﬁwLﬂuﬁa:ﬁaoﬁmmq@équaam%a;&aﬁvlaﬂﬁ
sninldlasdl Mode 10 L'%'uﬁmim?imquaﬂﬁumsé’uauﬁaumananiwﬂﬁwmwiuma"l;ﬂ

HuWgANTINATIEAIUNIATIRIWLIVIA A 10

amwazu Mode AU DITNTIA ( f )
LIVIATUA nsudsRuaNAIANURWILL (kg/m®)
(r) 2700 2800 4540 7130 7150 7850 8030
2.5 2 182.13 | 178.85 | 14046 | 112.08 | 111.92 | 106.82 | 105.61
3 3 504.94 | 495.84 | 389.4 | 310.72 | 310.29 | 296.13 | 292.79
4 4 991.23 | 97337 | 764.41 | 609.97 | 609.12 | 581.33 | 574.78
5 5 1639 | 1609.4 | 1263.9 | 1008.6 | 1007.2 | 961.21 | 950.37
6 6 24471 | 2403 | 1887.1 | 1505.9 | 1503.8 | 14352 | 1419
7 7 34143 | 3352.8 | 2633 | 2101.1 | 2098.1 | 2002.4 | 1979.8
8 8 4539.1 | 4457.3 | 3500.4 | 2793.2 | 2789.3 | 2662 2632
9 9 5819.4 | 5714.6 | 4487.8 | 3581.1 | 3576.1 | 34129 | 33745
10 10 72537 | 7123 | 5593.9 | 4463.7 | 44575 | 4254.1 | 4206.1

= a ' = a o s a ' =
A1INN 3 NAYAINITLRANAIVYAIAINNNDTITNTIN ( f ) UNZBAINRIVLTYINTUGN (r) 7/8\7“5\/%7_/7\77’)[%3\/@

6199 Zunﬁzﬁﬁmﬁwuﬂmm@mawu”ﬁn?mmam”ﬁgtawwﬂ'ﬂmwwmuuu

2ANRIW Mode ANAANUNDITNTIG ( f )
L3ANUN miudsiulugazanuiiandu (GPa)
(r) 70 73 96.5 107 179 193 210
2.5 2 61.67 | 62.978 | 72.409 | 76.246 | 98.617 | 102.4 | 106.82
3 3 170.97 | 1746 | 200.74 | 211.38 | 2734 | 283.89 | 296.13
4 4 335.63 | 34275 | 394.07 | 414.96 | 536.71 | 557.3 | 581.33
5 5 554.95 | 566.72 | 651.59 | 686.12 | 887.43 | 921.48 | 961.21
6 6 82850 | 846.16 | 972.87 | 10244 | 1325 | 1375.8 | 14352
7 7 1156.1 | 1180.6 | 1357.4 | 1429.3 | 1848.7 | 1919.6 | 2002.4
8 8 1536.9 | 1569.5 | 1804.5 | 1900.2 | 2457.7 | 2552 2662
9 9 19705 | 2012.2 | 2313.6 | 2436.2 | 3151 | 3271.9 | 34129
10 10 2456.1 | 2508.2 | 2883.8 | 3036.6 | 3927.6 | 4078.3 | 4254.1

3191 4 wavasmadendrzasmwisTsvmd () ussdanawsmada (1) vasuniuuivilnue

o9 glunvdaunudasengmauidinavesizganizavagaan iangy
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amwazu Mode fanudsIsuma ()
LIUIN DA MILUIHUAID TR IBAI T
(r) 0.22 0.27 0.29 0.33
2.5 2 106.61 106.75 106.82 106.95
3 3 294.84 295.73 296.13 297
4 4 578.33 580.4 581.33 583.36
5 5 955.82 959.54 961.21 964.86
6 6 1426.8 1432.6 1435.2 1440.8
7 7 1990.6 1998.7 2002.4 2010.5
8 8 2646.3 2657.1 2662 2672.8
9 9 3393 3406.7 3412.9 3426.6
10 10 4229.8 4246.5 4254.1 4270.8

= a ' = a o ' a ' o
A1INN 5 NAYAINITLRANAIVYAIAINNODTITNTIA ( f ) UNZBAINRIVLTYINTUGN (r ) Wﬂ\ﬂlf\l%ﬂ’)\?ﬂ[ﬁﬂ@

. P . en a o . . o
[N GJZHnﬁmWLUﬂUuLLﬂﬁJﬂ')@mﬁﬂﬂ@ﬂ?ﬁnﬂ?]ad?ﬁ@tﬂw7:ﬁﬂ7a@7575?”7’\’?6173\7

INANNRNNWTVDIA NN D TITUT AR DATIRIWLTVIA AV ILNWUIIN L ANAGS 9 T
A A ' wa A o o o . nd
a:nsmﬂuaamsmaUmmmmqmauwmﬂamama@; IPENNNTLEWLAS Polynomial 2™ order
lasnsdszanadiuuy  Curve fitting @28v:108u35 Va9 Least-Square Method azldanu
ANNRUNUTUDIFNNTAILRAI AN 6
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NN IHUAN
AMFULALTING gumIsanadsssa () ﬁ%uagjﬁ‘ué’mwﬁmnmmﬁm (r)
maﬁa@;
2700 f =79.794r% — 67.332r — 36.008
2800 f =78.358r> —66.127r — 35.355
NItNTIUL AN >
Density (kg/m®) 4540 f =61.537r- —51.944r — 27.748
Young’s modulus 7130 f =49.102r? — 41.427r — 22.167
=210 GPa
Poisson’s ratio 7150 f =49.035r2 — 41.378r — 22.124
=0.29
7850 f =46.797r? —39.487r — 21.116
8030 f =46.27r% —39.043r — 20.88
70 f =27.019r% —22.801r —12.191
st 73 f =27.591r2 — 23.285r —12.446
Young’s modulus 96.5 f =31.724r* — 26.775r —14.308
GP
Doneiy 107 f =33.405r% — 28.193r —15.068
= 7850 kg/m®
oo kg 179 f =43.206r” — 36.466r —19.489
=0.29 193 f =44.865r? —37.873r — 20.229
210 f =46.797r? —=39.487r —21.116
nadimIudsiuen 0.22 f = 46.525r2 —39.283r — 20.731
Poisson’s ratio 0.27 f =46.712r> =39.419r - 21
Density
=7850 kg/m’ 0.29 f =46.797r? —39.487r —21.116
Young’s modulus
=210 GPa 0.33 f =46.987r% —39.657r — 21.364

IS. ' d’ a d’! [t o U a
MA1319N 6 FUNIIAIAIINNTITNTIG ( f ) NYBBENLAAITINIWLIVTIN UG (r)

Y

a P o ' A ady o & = A
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Response Surface
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MATLAB)

f =55.2696r° —0.072rp + 409.203r —0.1688 p —505.915

Multivariate Ratio Fit
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fo —148.4025 + 74.63557r* —0.000001126053 p*
1-0.0006247788r* +0.00000001289759 p
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