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Comparison between using generalized differential
quadrature method and analytical solution in analyzing

vibration behavior of nonuniform nanobeam systems
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Abstract: In this article, generalized differential quadrature method (GDQM) is used to study the free vibrational behavior
of variable cross section nano beams. Eringen’s nonlocal elastic theory is taken into account to model the small scale effects
and nonuniformity is assumed by exponentially varying the width of nanobeam. Governing equation of motion is solved using
generalized differential quadrature method with different numbers of sampling points. Effects of increasing the sampling points
in reaching more accurate results for first three frequency parameters are presented and it is shown that after a specific number
of sampling points, results merge to a certain accurate number. It is concluded that generalized differential quadrature method
is able to reach the correct answers comparing to analytical results. Moreover, due to the stiffness softening behavior of small-
scale structures, necessity of using Eringen’s nonlocal elastic theory to model the small scale effects due to the frequency
variation is observed.
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nonuniform nanobeam with )
fil T R (%)
SARTEE Y 2.624137 2787796 2.948800 3.076059 3.126165 -

G/I\)gM 5 2.648128 2.790631 2.975591 3.103779 3.141507 6.63278
(REIEY e-3
CDQFMAG 2.623994 2787297 2.948568 3.077145 3.127054 1.89918
AT e—4
GBQM 7 2.624128 2.787754 2.948798 3.076066 3.126171 4.67371
(el e—6
('/I]B%Ni_g 2.624128 2.787754 2.948798 3.076066 3.126171 4'?1171
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(Table 2. Second mode of vibration frequency term in nonuniform nanobeam with )

SR I 12 WRZE (%)
G 3.795550 4315183 5.004425 5.820408 6.290498 -
GDQM 5 77 45, 3.810800 4321869 5.005180 5.840437 6.302245 2.20534 e-3
GDQM 6 4715 % 3.796457 43160276 5.005812 5.821824 6.292014 2.39225 e~4
GDOQM 7 5 45, 3.795564 4315108 5.004471 5.820398 6.290454 7.79473 e—6
GDQM 8 7 45, 3.795564 4315108 5.004471 5.820398 6.290454 7.79473 -6
7 3. IR SIGUR I 3 — AR A 3 5
(Table 3. Third mode of vibration frequency term in nonuniform nanoheam with )
fil R I R (%)
S 4.768500 5.442014 6.467170 8.073308 9.432419 -
GDQM 5 4~15 45, 4.767854 5.441456 6.466045 8.072585 9.430874 1.33063 e-4
GDQM 6 4~ 45, 4768421 5.442874 6.466924 8.072987 9.432010 5.91514 -5
GDOQM 7 5 45, 4768472 5.441987 6.467122 8.073358 9.432371 5.90749 e—6
GDOQM 8 5 45, 4768472 5.441987 6.467122 8.073358 9.432371 5.90749 e—6
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