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Static and Natural Vibration Analyses of Bending Problems
Using 5-Node Equivalent Element
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Abstract

In the present study, we consider modified 5-node equivalent solid element which has smallest
degree of freedom among 2-dimensional solid elements accounting bending deformation as well
as extensional and shear deformations. We shall investigate static and dynamic characteristics of
this element, which is very effective in thin beam, thick beam, large displacement problems, beam
of variable thickness, and asymmetrically stepped beam, etc., as well as relatively simple prob-
lems of beam. The degree of freedom of this element is 10, which is smaller than 18 of 9-node
element, 16 of 8-node element, 12 of modified 6-node element and Q6 element. Therefore, this
element is expected to broaden the effective range of application of the solid elements in the
bending problems further.
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Table 1(a) Patch test result for load in x direction
Number of element Ox Oy Oxy
1 0. 400000 0.107384E-16 0. 392648E-16
2 0. 400000 0. 781303E-17 0.156701E-16
3 0. 400000 0.217142E-16 —0, 745076E-16
4 0. 400000 0. 489382E-16 —0, 667567E-16
Table 1(b) Patch test result for load in y direction
Number of element Ox Oy Oxy
1 0. 330546E-16 0. 400060 0. 100626E-16
2 -0, 206676E-16 0. 400000 —0.139212E-16
3 —0. 35101E-17 0. 400000 0. 869462E-17
4 0. 154400E-17 0. 400000 —0, 502175E-16
Table 1(¢) Patch test result for load in x-y direction
Number of element Ox Oy Oxy
1 0.578706E-16 —0.437123E-16 0. 400000
2 0.299931E-16 0. 428910E-16 0. 400000
3 0.190765E-16 —0. 266062E-15 0. 400000
4 —0, 298600E-15 0. 284711E-15 0. 400000
E - 2.1Gpa Fig. 69] =lo| o3 884 o4} MQMS 84
v =02 of ohel Saddel AFREE WASAA ShEA
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Table 2 Displacement error of 2-D trapezoidal mesh of MQMS5 element

Distortion
Element 0.0% (% error) | 5.0% (% error) | 10% (% error) | 15% (% error) | 20% (% error) | 25% (% error)
8-node 1.17567(---) | 1.17552(,013) | 1.17491(,065) | 1.17360(.18) 1.17055(, 44) 1. 16472(, 93)
QM5 1.13335(3. 6) 1.13332(3, 6) 1.13365(3. 6) 1. 13394 (3. 6} 1.13418(3.5) 1.13131(3.8)
MQM5 1,18010(. 38) 1. 18004 ¢, 38) 1.18029¢(. 39) 1.18044(, 41) 1, 18047, 41) 1.17713(, 12)
Table 3 Displacement error of 2-D thin beam
QM5 element MQM5 element
8-nod T idal T idal
Classification elerrlr?e:t Rectangular ra(;;g(z)/:; a Rectangular rjl:l)g;:; a
Displacement
11, 7570 11, 3335(3. 6) 11, 3332(3.6) 11.8010¢(, 37) 11. 8004 (. 37)
mm (9% error)
Equation No. 80 64(20% reduction)
Memory 860 400(53% reduction)
24 649 40002 77 20%9} 53% 7t £ EE = 1.0 Mpa
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Fig. 7 Geometry and finite element of inclined beam
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Table 4 Comparison of displacement of inclined cantilever beam

Element 8-nod QM6 QM5 MQM5[MQ5]
Jacobian © (% error) (9% error) (% error)
7=] 23,0164 23. 4673 23, 5507
’ (. 30) (1. 09) (.74)
23. 7264
J=] 23,4753 23.5922 23.5922
(1,06) (,57) (.21)

J : Jacobian determinant, conventional

Jo : Jacobian determinant at r, s=0

Table 5 Comparison of center displacement of fixed beam

El t
emen 8-node (% error) QM6 (9% error) QM5 (9% error) MQMS5 (9% error)
Mesh form
Rectangular .301818(—-) .302398(.19) . 289151 (4., 2) .300743(. 36)
Trapezoidal . 301666 (. 050) .302369¢, 18) . 289017 (4. 2) . 300600 (. 40)
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Table 6 Comparison of edge displacement of tapered beam

Classification 8-node element

QM5 MQM5

Displacement mm

(% error) 4, 79461 (-—--)

4.55097(5,1) 4,73938(1.2)
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Table 7 Comparison of natural frequencies of cantilever beam
Mesh form Element 1st mode (Hz) 2nd mode (Hz) 3rd mode (Hz) 4th mode (Hz)
8-node 259.7 1538. 8 3235.9 4006. 4
Rectangular | QM5 (% error) 263.8(1.6) 1573.3(2.2) 3237.7(.056) 4131.2(3. 1)
MQMS5 (9 error) 258.6(, 42) 1545.5(, 44) 3237.6(.053) 4068, 5(1, 6)
8-node (% error) |  259,3(,15) 1538, 2(. 039) 3235.9(.00) 4001, 7(. 12)
Trapezoidal | QM5(9% error) 263. 8(1,6) 1573.3(2.2) 3237.7(, 056) 4131,5(3. 1)
MQM5 (9% error) 258.6(, 42) 1545, 5(, 44) 3237.6(.053) 4068. 9(1. 6)
Table 8 Comparison of natural frequencies of asymmetric cantilever beam
Method Element 1st mode (Hz) 2nd mode (Hz) 3rd mode (Hz) 4th mode (Hz)
8-node 3943, 0 31393.3 58016, 7 81819. 8
A Beam +4-nod
nsys ca “| 3750.8(4.7) | 33187.4(5.7) | 60474.0(4.2) | 87677.4(7.2)
(% error)
8-node (% error) | 3934,0(. 00 31393.3(. 00) 58016, 7{. 00) 81819. 8(. 00)
Present QM5 (9% error) 3974,.1(,79) 31990.0(1.9) 58626.5(1. 1) 84897.9(3.8)
MQMS5(% error)| 3931, 8(, 28) 31832.9(1.4) 58609. 2 (1. 0) 84504.5(3. 3)
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