Flexible Model Validation

Bending displacement of cantilevered Beam

(Beam element) Cantilevered Beam

® The beam body is fixed to the ground with BC constraint condition.

® The cross section of the beam is 10[mm] by 10[mm] square and its
length is 400 mm.

® The number of nodes when the nodes are rough and fine is 10 and 40,
respectively.

® The concentrated load(P or T) is applied on the flexible body at the point
of P without gravity.

No. Rough node : 10
I ! | |

o P

No. Fine node : 40

3

Modeling parameter

Given Symbol Value Unit
Initial length ly 400 mm
Width of Beam b 10 mm
Height of Beam h 10 mm
Young’s modulus E 200000 MPa
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Shear modulus G 77821 Mpa
Area Moment of
I 833.33 mm*
inertia
Torsional
J 1408 mm*/rad
Constant
No. Rough and
- 10,40 -

Fine node

O Theoretical Solution

Boundary Conditions
® The load of P in the y axis, x axis is applied at the point of P for bending

and tension test, respectively.
® The torque of T in the x axis is applied at the point of P for torsion test.

Given Symbol Value Unit
Concentrated
P 300 N
Load
Torque T 500 N-m

Theoretical Solution

® Bending deformation
_pl® 300 x 4003

= = = 38.4
Y 3El 3x200000 x 833.33
® Bending deformation
5_pl_ 300x400 _ o
* = FEA " 200000 100 ¢
® Torsional deformation
Tl 500 x 400
= = = 1.82e — 3

Or = G] 77827 x 1408
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O Numerical Solution - RecurDyn

Simulation result after bending

—_—

No. Rough node : 10

Plot the results
- Measure the bending displacement of the end when the analysis result

converges.
Bending Displacement (Beam)
— Body1_FE.Node10001/Pos_TY (mm)
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O Comparison of results

® Beam element (No. Rough and Fine nodes: 10, 40)

Object Value Theory RecurDyn Error(%)

8y Rough [mm] 38.4 38.06 0.89
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8y Fine [mMm] 38.4 38.06 0.89
& Rough [Mm] 6.0e-3 6.0e-3 0
8y Fine (MM 6.0e-3 6.0e-3 0
Oy Rougn [mm] 1.82e-3 1.82e-3 0
By Fine [mm] 1.82e-3 1.82e-3 0
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(Shell 3 and 4 element) Cantilevered Beam

® The flexible sheet is fixed to the ground with BC constraint condition.

® The width of the sheet is determined as 10[mm] with 10[mm] thickness
and its length is 400 mm.

® The number of elements and nodes are specified by a rough and fine
grid.

® The concentrated load(P) is applied on the flexible body at the point of P
without gravity.

Shell 4 rough grid

Modeling parameter

Given Symbol Value Unit
Initial length Ly 400 mm
Width of Sheet b 10 mm
Sheet Thickness h 10 mm
Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
Area Moment of
o I 833.33 mm?*
inertia
Torsional
Ji 1408 mm*/rad
Constant
No. shell 3
- 162,1288 -
element
No. shell 4
- 40, 642 -
element
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O Theoretical Solution

Boundary Conditions
® The load of P in the y axis, x axis is applied at the point of P for bending
and tension test, respectively.
® The torque of T in the x axis is applied at the point of P for torsion test.

Given Symbol Value Unit
Concentrated
P 300 N
Load
Torque T 500 N-m

Theoretical Solution

® Bending deformation

pl3 300 x 4003
3El 3% 200000 x 833.33
® Bending deformation
5_pl_ 300 x 400 — 60e_3
* = EA T 200000 x 100 °°
® Torsional deformation
Tl 500 x 400
= =1.82e -3

O =G = 77827 x 1408
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Numerical Solution - RecurDyn

Simulation result after bending

Plot the results

- Measure the bending displacement of the end when the analysis result
converges.

Bending Displacement (Shell3)

— Body1_FE.Node5/Pos_TY (mm)
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0.00]

-10.007
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Bending Displacement (Shell4)
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O Comparison of results

® Shell 3 element (No. Rough and Fine elements: 162, 1288)

Object Value Theory RecurDyn Error(%)
8y _rough [mm] 38.4 37.96 1.14
Oy Fine [mm]| 38.4 38.01 1.01
8x_Rough [mm] 6.0e-3 6.0e-3 0

65 Fine [MmM] 6.0e-3 6.0e-3 0
Oy _Rrougn [mm] 1.82e-3 1.82e-3 0

Oy rine [mm] 1.82e-3 1.82e-3 0
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® Shell 4 element (No. Rough and Fine elements: 40, 642)

Object Value Theory RecurDyn Error(%)
8y Rough [mm] 38.4 39.98 1.09
Oy Fine [mm]| 38.4 38.01 1.01
Ox Rough [mm] 6.0e-3 6.0e-3 0
Oy Fine [mm] 6.0e-3 6.0e-3 0
Oy Rrougn [mm] 1.82e-3 1.82e-3 0
Oy Fine [Mmm] 1.82e-3 1.82e-3 0
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(Solid 4, 8, and 10 element) Cantilevered Beam

® The flexible block body is fixed to the ground with BC constraint
condition.

® The width and thickness of the block are determined by 10 [mm] and
the length is 400 mm.

® The number of elements and nodes are specified by a rough and fine
grid.

® The concentrated load(P) is applied on the flexible body at the point of P
without gravity.

Solid 4
I
5 I ——
N/~ ENTNT Lo NZ3 P
Solid 8
,J%IIIIIIIIIIIIIIIII:IIIII]IIIIIIIII_riLll-
P
Solid 10
éﬁl.ﬂ.%
Modeling parameter
Given Symbol Value Unit
Initial length ly 400 mm
Width of Block b 10 mm
Height of Block h 10 mm
Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
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Area Moment of

I 833.33 mm*
inertia
Torsional
] 1408 mm*/rad
Constant
No. solid 4
- 730,17077 -
element
No. solid 8
- 40, 2561 -
element
No. solid 10
- 730,17075 -
element

O Theoretical Solution

Boundary Conditions
® The load of P in the y axis, x axis is applied at the point of P for bending
and tension test, respectively.
® The torque of T in the x axis is applied at the point of P for torsion test.

Given Symbol Value Unit
Concentrated
P 300 N
Load
Torque T 500 N-m

Theoretical Solution

® Bending deformation
_pl® 300 x 4003

6, = = = 384
Y 3El 3x200000 x 833.33
® Bending deformation
pl 300 x 400
8y =— = = 6.0e —3

~ EA 200000 x 100

® Torsional deformation
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_TL_ 500400 _ . .
Gl ~ 77827 x 1408~ 4

x =

O Numerical Solution - RecurDyn

Simulation result after bending

Plot the results

Measure the bending displacement of the end when the analysis result
converges.

Bending Displacement (Solid4)
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0.00]
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Bending Displacement (Solid8)
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Bending Displacement (Solid10)
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O Comparison of results

® Solid 4 element (No. Rough and Fine elements: 730, 17077)

Object Value Theory RecurDyn Error(%)
8y Rough [mm] 38.4 38.6 0.52
Oy Fine [mm]| 38.4 38.6 0.52
8x_Rough [mm] 6.0e-3 6.0e-3 0

65 Fine [MmM] 6.0e-3 6.0e-3 0
Oy _Rrougn [mm] 1.82e-3 1.82e-3 0

Oy rine [mm] 1.82e-3 1.82e-3 0

933




® Solid 8 element (No. Rough and Fine elements: 40, 2561)

Object Value Theory RecurDyn Error(%)
8y Rough [mm] 38.4 37.98 1.09
Oy Fine [mm]| 38.4 38.036 0.947
Ox Rough [mm] 6.0e-3 6.0e-3 0
Oy Fine [mm] 6.0e-3 6.0e-3 0
Oy Rrougn [mm] 1.82e-3 1.82e-3 0
Oy Fine [Mmm] 1.82e-3 1.82e-3 0

® Solid 10 element (No. Rough and Fine elements: 730, 17075)

Object Value Theory RecurDyn Error(%)
8y Rough [mm] 38.4 3791 1.28
Oy Fine [mm] 38.4 37.99 1.07
8x_Rougn [mm] 6.0e-3 6.0e-3 0
Oy Fine [Mm] 6.0e-3 6.0e-3 0
Oy _Rrougn [mm] 1.82e-3 1.82e-3 0
Oy Fine [Mmm] 1.82e-3 1.82e-3 0
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(Solid 4, 5, 6 element) Cantilevered Beam

® The cylinder shape of flexible body is fixed to the ground with BC
constraint condition.

® The radius is determined by 5 [mm] and the length is 400 mm.

® The number of elements and nodes are specified by a rough and fine
grid.

® The concentrated load(P) is applied on the flexible body at the point of P
without gravity.

I *IH--;

(0]

Modeling parameter

Given Symbol Value Unit
Initial length Ly 400 mm
Width of Block b 10 mm
Height of Block h 10 mm
Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
Area Moment of
I 833.33 mm*
inertia
Torsional
] 1408 mm*/rad
Constant
No. solid 4,5,6
- 3905,37123 -
element

O Theoretical Solution

Boundary Conditions
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® The load of P in the y axis, x axis is applied at the point of P for bending
and tension test, respectively.
® The torque of T in the x axis is applied at the point of P for torsion test.

Given Symbol Value Unit
Concentrated
P 300 N
Load
Torque T 500 N-m

Theoretical Solution

® Bending deformation
_pl® 300 x 400°

% =351 = 3x 200000 x 49087~ >0
® Bending deformation
pl 300 x 400
Oy = = 7.64e -3

T EA 200000 x 78.539

O Numerical Solution - RecurDyn

Simulation result after bending

Plot the results
- Measure the bending displacement Y of the end when the analysis result
converges.
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Bending Displacement (Solid456)

— Body1_FE.Node121/Pos_TY (mm)
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O Comparison of results

® Solid 4,5,6 element (No. Rough and Fine elements : 3905, 37123)

Object Value Theory RecurDyn Error(%)
8y _rough [mm] 65.19 67.21 2.88
Oy Fine [mm]| 65.19 64.25 1.44
8x_Rough [mm] 7.64e-3 7.83e-3 2.48
65 Fine [MmM] 7.64e-3 7.67e-3 0.39
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Natural Frequency (7,

The natural frequency, also known as eigen frequency, is the frequency of the
oscillation, measured in hertz (Hz). All objects have a natural frequency or set
of frequencies at which they vibrate. The frequency is dependent upon the
properties of the material the object is made of (this affects the speed of the
wave) and the length of the material (this affects the wavelength).

In this chapter, the natural frequency of flexible body derived from the FFT
analysis of the body motion is compared with a calculated value based on the
theory.

(Beam element) Cantilevered Beam

® The sheet body is connected to the ground with fixed joint at the point
of O.

® The cross section of the beam is 1[mm] by 1[mm] square and its length
is 1000 mm.

® The number of elements are 50 and 500 for rough and fine grids,
respectively.

® The load of P in the y axis is applied at the point of P during a very short
initial period.
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Properties of FCLoads1 [ Current Unit : N/kg/mm/s/deg ]

General | Flex Concentrated Loads |

Load Type |Uniform

|'|

Mode Set |Body1_FE.SetNode1

]

— Expression

R | [ec]]

GEY [[eL] [sTEPtime,0.001,2,0.001,0)

| [l

™ [e]]

I
L [e]]
7 | [l

Reference Marker | Ground.Inertiaharker

[]

| QK || Cancel |

Modeling parameter

Given Symbol

Value

Initial length ly
Width of Beam
Height of Beam

Young’s modulus

Q @ T

Shear modulus
Area Moment of
inertia
Poisson’s Ratio nu

Density p

1000

1

1

200000

77821

8.333e-2

0.285

MPa

7.85e-6 kg/mm?3

O Theoretical Solution

® First critical frequency (k = 1.875)

k% | EI 1.8752

200000000 x 8.333e — 2

T = o o= " 2n

1 X 7.85e — 6 x 1000*
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® 2nd critical frequency (k = 4.694)
_ k% [ EI _ 4.694% |200000000 X 8.333e —2 _ 511
fr2 = 2m |Apl* 2m 1x 7.85e — 6 x 1000*
® 3rd critical frequency (k = 7.855)

fo= k? | EI 3 7.8552% (200000000 X 8.333¢ — 2 _ 1431
"7 om [Aplt T 2m 1 X 7.85e — 6 x 1000%

O Numerical Solution - RecurDyn

Plot the oscillation of P
- Multiple frequencies are superimposed to show complex graphs.

Oscillation (Beam)
— Body1_FE.Node10002/Pos_TY

0.0000000015 |

0.0000000010
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0.0000000000

Y Axis (mm)
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-0.00000000107

-0.0000000015

0.0 0.5 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 5.0

Time (s)

FFT Analysis
- Various frequencies can be visualized through FFT analysis.
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FFT analysis (Beam)
— Body1_FENode10002/Pos_TY
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Mode frequency of RFlexGen

» First mode frequency = 0.82

O Comparison of results

» Comparison with theoretical result and RFlexGen
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Error with  Error with
RecurDyn
Object Value Theory RFlexGen - theory RflexGen
ex

(%) (%)
[n1_Rrough [HZ] 0.82 0.82 0.8 2.5 2.5
fn1 Fine [HZ] 0.82 0.82 0.8 2.5 2.5
fn2_Rrough [HZ] 5.11 5.11 4.99 2.4 2.4
[z rine [HZ] 5.11 5.11 4.99 2.4 2.4
fn3_Rough [Hz] 14.31 14.29 14.2 0.77 0.63
fn3 Fine [HZ] 14.31 14.31 14.2 0.77 0.77
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(Shell 3 & 4) Cantilevered Beam

® The flexible sheet is connected to the ground with BC constraint
condition at the Ground.

® The width of the sheet is determined as 1[mm] with 1[mm] thickness
and its length is 1000 mm.

® The number of elements and nodes are specified by a rough and fine
grid.

Shell 3

Rectangular cross section
Length = 1000 mm
Width = 1 mm, Shell thickness = I mm

Shell 4

Rectangular cross section
Length = 1000 mm
Width = 1 mm, Shell thickness = 1 mm

® The load of P in the y axis is applied at the point of P during a very short
initial period.
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Properties of FCLoads1 [ Current Unit : N/kg/mmy/s/deg ]
General | Flex Concentrated Loads
Load Type |Uniform |v|
Node Set [Body1_FE.SetNode1 [w]
— Expression
A | [ec] | |
Fe[Ea [EL] [sTEPHime,0.001,0.01,0.001,0] |
Fz | [ecd | |
™ | [ecd | |
v [ec] | |
z | [ecd | |
Reference Marker |Ground.|nertia|\-13rker |
or [ cner |

Modeling parameter

Given Symbol Value Unit
Initial length ly 1000 mm
Width of Sheet b 1 mm
Sheet Thickness h 1 mm
Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
Area Moment of
o I 8.333e-2 mm*
inertia
Poisson’s Ratio nu 0.285 -
Density p 7.85e-6 kg/mm3

O Theoretical Solution

® First critical frequency (k = 1.875)

k? | EI 1.875% (200000000 X 8.333¢ — 2

fo1r =50 Apl* ~  2m 1 X 7.85¢ — 6 X 1000*

® 2nd critical frequency (k = 4.694)

944

0.82



o= k* | EI  4.694% (200000000 X 8.333e —2 511
"2 om |Aplt T 2m 1 X 7.85e — 6 x 1000*
® 3rd critical frequency (k = 7.855)

fo= k? | EI 3 7.8552% (200000000 X 8.333¢ — 2 _ 1431
"7 om [Aplt T 2m 1 X 7.85e — 6 x 1000%

O Numerical Solution - RecurDyn

Plot the oscillation of P

Multiple frequencies are superimposed to show complex graphs.

Y Axis (mm)
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FFT Analysis
- Various frequencies can be visualized through FFT analysis.

FFT analysis (Shell3)
— Body1_FE.Node50005/Pos_TY
- f ni
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o
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FFT analysis (Shell4)
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Frequency (Hz)

Mode frequency of RFlexGen of Shell 3 element

> First mode frequency = 0.82

» Second mode frequency = 5.11
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» Third mode frequency = 14.31

P \_/1—\

O Comparison of results

® Shell 3 element (No. Rough and Fine elements: 4000, 32000)

Error with  Error with

Object Value Theory RFlexGen Recurbyn theory RflexGen
Fflex %) %)
fn1_Rougn [HZ] 0.82 0.82 0.7 17 17
[n1_Fine [HZ] 0.82 0.82 0.7 17 17
fn2_Rough [HZ] 5.11 5.11 4.99 2.4 2.4
fn2 Fine [HZ] 5.11 5.11 4.99 2.4 2.4
fn3_Rough [HZ] 14.31 14.29 14.32 0.07 0.2
fn3 Fine [HZ] 14.31 14.31 14.32 0.07 0.07

® Shell 4 element (No. Rough and Fine elements: 4000, 16000)

Error with  Error with

RecurDyn
Object Value Theory RFlexGen - theory RflexGen
ex

(%) (%)
fnl_Rough [Hz] 0.82 0.82 0.7 17 17
fnl_Fine [HZ] 0.82 0.82 0.7 17 17
fnZ_Rough [HZ] 5.11 5.11 4,99 2.4 2.4
fn2_rine [HZ] 5.11 5.11 4.99 2.4 2.4
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[n3_Rough [HZ] 14.31 14.29 14.32 0.07 0.2

[ 3 Fine [HZ] 14.31 14.31 14.32 0.07 0.07
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(Solid 4, 8 and 10) Cantilevered Beam

® The flexible block body is connected to the ground with BC constraint
condition at the Ground.

® The width and thickness of the block are determined by 4[mm] and the
length is 500 mm.

® The number of elements and nodes are specified by a rough and fine
grid.

® The concentrated load(P) is applied on the flexible body at the point of P
without gravity.

Solid 4

Rectangular cross section
Length = 500 mm, Width & Height =4 mm
No. Solid 4 elements = 7489

Solid 8

Rectangular cross section
Length = 500 mm, Width & Height =4 mm
No. Solid 8 elements = 1000

Solid 10

Rectangular cross section
Length = 500 mm, Width & Height =4 mm
No. Solid 10 elements = 7489

® The translation force in the y axis is applied at the end point of beam
during a very short initial period.
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Tansiatona

Type |Standard Translational Force |V|
— Expression
e [e]
Fo [ea [ec]
step(time,0,001,200,0.001,0) ‘
2 [e]
Reference Marker | Ground.InertiaMarker |
Force Display | Inactivate |'|
[oc ][ cmen ][ owy |

Modeling parameter

Given Symbol Value Unit
Initial length ly 500 mm
Width of Sheet b 4 mm
Sheet Thickness h 4 mm
Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
Area Moment of
o I 21.333 mm*
inertia
Poisson’s Ratio nu 0.285 -
Density p 7.85e-6 kg/mm3

O Theoretical Solution

® First critical frequency (k = 1.875)

fa1

k2
T

200000000 x 21.333

El
ApL*

1.875%
2T

1 X 7.85e — 6 x 1000%

® 2nd critical frequency (k = 4.694)
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fnz

kZ

T 2n |Aplt T 2m

El

4.6942

200000000 x 21.333

O Numerical Solution - RecurDyn

Plot the oscillation of P

1 X 7.85e — 6 x 1000%

Multiple frequencies are superimposed to show complex graphs.
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Y Axis (mm)
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FFT Analysis
Various frequencies can be visualized through FFT analysis.
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FFT analysis (Solid 10)
) — Body1_FE.Node58182/Pos_TY
120.0 f
<+ 'n1
100.01
o 800
T
2
£ 600
g
40.07
20,01 f
n2
0.0 _J L /
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 1100 1200
Frequency (Hz)

Mode frequency of RFlexGen of Solid 8 element

> First mode frequency = 13

» Second mode frequency = 81.8

O Comparison of results

® Solid 4 element

Error with
RecurDyn Error with
Object Value Theory RFlexGen RflexGen
Fflex theory (%)
(%)
fn1 [HZ] 13 15.55 15.4 18.5 0.97
fnz [HZ] 81.7 97.45 97.3 19 0.15
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® Solid 8 element

Error with
RecurDyn Error with
Object Value Theory RFlexGen RflexGen
Fflex theory (%)
(%)
fn1 [HZ] 13 13 12.97 0.23 0.23
fnz [HZ] 81.7 81.8 78.34 411 4.41
® Solid 10 element
Error with
RecurDyn Error with
Object Value Theory RFlexGen RflexGen
Fflex theory (%)
(%)
fn1[HZ] 13 13 12.97 0.23 0.23
fnz [HZ] 81.7 81.8 79.84 2.27 2.45
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(Solid 4, 5, 6 element) Cantilevered Beam

® The flexible block body is connected to the ground with BC constraint
condition at the Ground.

® The width and thickness of the block are determined by 4[mm] and the
length is 500 mm.

® The flexible body consists of solid element of 4, 5, 6, and 8.

® The concentrated load(P) is applied on the flexible body at the point of P
without gravity.

Solid 4, 5, and 6

g

Rectangular cross section
Length = 500 mm, Width & Height =4 mm
No. Solid 4, 5, and 6 elements = 4175

Modeling parameter

® The translation force in the y axis is applied at the end point of beam
during a very short initial period.

General | Connector | Translational

Type |Standard Translational Force |V|
— Expression
A [e]
Fo [ea [ec]
steptime,0.001,200,0.001,0) ‘
2 [ec]
Reference Marker | Ground.InertiaMarker |
Force Display | Inactivate |V|
[oc ][ concer ] [_omy ]

Modeling parameter
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Given Symbol Value Unit

Initial length Ly 400 mm
Width of Block b 10 mm
Height of Block h 10 mm

Young’s modulus E 200000 MPa
Shear modulus G 77821 Mpa
Area Moment of
I 21.333 mm*
inertia
Torsional
Ji 1408 mm*/rad
Constant
No. solid 4,5,6
- 4175 -
element

O Theoretical Solution

® First critical frequency (k = 1.875)
o= k? | EI  1.875% 200000000 x 21.333 13
" T om [Aplt T 2m 1 x 7.85e — 6 x 1000*

® 2nd critical frequency (k = 4.694)
o= k? | EI  4.694% |200000000 x 21.333 817
"2 om |Apl* T 2m J1x7.85e—6x1000%

O Numerical Solution - RecurDyn

Plot the oscillation of P
- Multiple frequencies are superimposed to show complex graphs.
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Oscillation (Solid 4, 5, 6)

— Body1_FE.Node60267/Pos_TY
80.0
T L

4004 |
20.04
OB e N O I L L I [ [ Y 0 L o B A

-20.01

Y Axis (mm)

-40.0

-60.0|[

-80.01V
-100.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 20

Time (s)

FFT Analysis
- Various frequencies can be visualized through FFT analysis.

FFT analysis (Solid 4, 5, 6)
—— Body1_FE.Node52067/Pos_TY

3
°l

+— f ni

50.0

o 40.0-
<
2

€ 300
=)
s

20.01

10.01

J L » Fnz
0.0
0.0 100 20.0 30.0 400 50.0 60.0 70.0 80.0 90.0 100.0 1100 1200
Frequency (Hz)

Mode frequency of RFlexGen of Solid 8 element

> First mode frequency = 13

» Second mode frequency = 82.2
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O Comparison of results

® Solid 4,5, and 6 elements

Error with
RecurDyn Error with
Object Value Theory RFlexGen RflexGen
Fflex theory (%)
(%)
fn1 [HZ] 13 13 12.97 0.23 0.23
fnz [HZ] 81.7 82.2 74 9.24 11
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(Beam element) Pin-ended double cross

® The body is connected to the ground with fixed joint at the eight

endpoints.

® The cross section of the beam is 125[mm] by 125[mm] square and its

length (from the center point to the endpoint) is 5000 mm.

® The number of elements is 400.

® The rotational and translational impulse are applied at the center point.

B Atorque impulse was applied at the center node in the z-direction.

Rotational Force

Properties of Rotationall [ Current Unit : N/kg/m/s/deg ]

Type |Standard Rotational Force ‘ - |

r Expression

L |e]

LA [l

% [ =]

| STEP(time,0.001,1¢6,0.001,0) |

Reference Marker | Ground.InertiaMarker "El

Force Display | Inactivate ‘ M |
ok [ cameer J[ omy
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B An impulse was applied at the center node in the y-direction.

A Translational Force

L
Measured point

Properties of Translationall [ Current Unit : N/kg/m/s/deg ]

General | Connector | Translational

Type |Standard Translational Force

Expression

FX

FY Exi

FZ

|
|
| STEP(time,0.001,1e5,0.001,0)
|

Reference Marker |Ground.|nertiaMarker

Force Display ||nacti\rate

Modeling parameter

Given Symbol Value Unit
Initial arm length Iy 5000 mm
Width of Block b 125 mm
Height of Block h 125 mm
Young’s modulus E 200000 MPa
Poisson’s Ratio nu 0.3 -
Density p 8000 kg/m3

O Theoretical Solution

® The classical beam theory prediction of the natural frequencies

A% |EI

~ 2nl2 | pA

fi

® Solution table
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Mode No. Mode type A fi (Hz)

1 Pin-ended (1t rotational mode) 7 11.336

2,3 Essentially propped (1% translational 3.92660231 17.709
mode)

4to 8 Propped (Complex mode) 3.92660231 17.709

9 Pin-ended (2" rotational mode) 27 45.345

Ref. Blevins, Robert D. Formulas for natural frequency and mode shape. 1979.

O Numerical Solution - RecurDyn

Plot of the oscillations by rotational/translational impulse
- Multiple frequencies are superimposed to show complex graphs.

Amplitude

Oscillation

—— Y:Pos_PsI-Bodyl_FE.Node14010-FV02_Fine_FFT_Mi(deg)

Rotational oscillations

Time (s)

606005 ]

Amplitude

Oscillation

—— Y:Pos_TY-Body1_FE.Node15641-FV02_Fine_FFT_M2(m) ()

Translational oscillations

10
Time (s)
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FFT Analysis
- Various frequencies can be visualized through FFT analysis.

FFT analysis
—— Y:FFT-MAG(Pos_PSI-Bodyi_FE.Node14010-FV02_Fine_FFT_Mi(deg))

1# rotational mode
2" rotational mode

1

Amplitude

Frequency (Hz)

Rotational mode

FFT analysis
Y:FFT-MAG(Pos_TY-Body1_FE.Node15641-FV02_Fine_FFT_M2(m)) )

Amplitude

1* translational mode

.
|

Frequency (Hz)

Translational mode

O Comparison of results

Theory Error with
Mode No./Type RecurDyn FFlex [ HZ]
[HZ] theory (%)
Mode 1 / 1st Rotational 11.336 11.5 1.45
Mode 2&3 /
17.709 17.5 1.18
1st Translational
Mode 4-8 /
17.709 - -
Complex
Mode 9 / 2nd Rotational 45.345 45.0 0.76
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(Beam element) Deep simply-supported beam

® The body is connected to the ground with fixed joint at the left endpoint.

® The cross section of the beam is 2[m] by 2[m] square and its length is
10 [m].

® The number of elements is 50.

® The rotational and translational impulse are applied.

B Animpulse was applied at the center node in the y-direction.

Properties of Translationall [ Current Unit : N/kg/m/s/deg ]
[General [ Connector | Translational |
Type I Force |v1
x [a]
I Translational Force ‘
y Fr [Exs [e]
| Immme.u.um,wo,umq ‘
2 x
LA =
Reference Marker ‘ Ground.InertiaMarker IE]
Force Display [Iﬂadhme [vl
o ][ o | ]

B A torque impulse was applied at the end node in the x-direction.

963



Rotational Force

Properties of Rotationalaxial1 [ Current Unit : N/kg/m/s/deg ]

General IConne:tor Rotational Asial ‘

Tpe [ standard Retational Axial Farce [+]
Expr

- o

Expression

STEP(time,0,1¢7,0.001,0)

Force Display | Inactivate | = [ Jéinpiy iy 16 Acion Body

o
=

| ‘ Cancel ‘ ‘

Apply

B Animpulse was applied at the center node in the y-direction.

Translational Force

Properties of Translational1 [ Current Unit : N/kg/my/s/deg ]

| General | Connedtor | Translational ‘

Tvpe |Standard Translational Force ‘vl
Expression

Fx |Fx1

| STEP(time,0.001,127,0.002,0) |
o [a]
Fz [ [e]
Reference Marker |Ground.|nert|aMarker ‘
Farce Display |\nartwate |v|

Modeling parameter

Given Symbol Value Unit
Initial length Iy 10000 mm
Width of Block b 2000 mm

Height of Block
Young’s modulus
Poisson’s Ratio

Density

h 2000 mm

E 200000 MPa

nu 0.3

p 8000 kg/m3
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O Theoretical Solution

® Extensional (Axial) mode

A |E
fi= 2L | p
, Where
2i—-Dm
M=

® Torsional mode

B A |CG
Y72l |pl,
, Where
2i—-Dm
M=
C = torsional constant of the cross section
= 0.1406b*

I, = 2" moment of area of the cross-section about axis of

torsion

1 .
= gb“ , for a square cross section

® Flexural mode
m Classical beam theory

_A°|EI
fi_ZnLZ pA

B Timoshenko beam theory
r’p , [Pr*r* E  i*nr? , . (Er? 2 jtm
i lL_ZE-I_ I +1lwi +<T> T 0
, Where
r = radius of gyration of the cross-section

1

A 4

10(1+v)

= for a rectangular cross-section
12+11v

Py
I

shear factor =
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® Solution table

Mode No. Mode type A; fi (Hz)
1,2 Flexure (1%t mode) - 42.62
3 Torsional (1t mode) 0.57 71.20
4 Axial (Complex mode) 0.5m 125.00

Ref. Blevins, Robert D. Formulas for natural frequency and mode shape. 1979.
Ref. Timoshenko, S., and D. H. Young. Vibration problems in Engineering. 1955.

O Numerical Solution - RecurDyn

Plot of the oscillations by rotational/translational impulse
- Multiple frequencies are superimposed to show complex graphs.

Oscillation
— Y:Pos_TY-Body1_FE.Node10027-FV05_FFT(m) ()

Amplitude
: 13
g

00 05 0 15
Time (s)

Oscillation
~— Y:Y:ScopeExpression1#1 ()

Amplitude
?
g

Time (s)

Torsional oscillations
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Oscillation
—— Y:Pos_TX-Body1_FE.Node10001-FV05_FFT_M4(m) ()

Amplitude

T T T T T T 1
00 05 10 15 20 25 0

Time (s)

Axial oscillations

FFT Analysis
- Various frequencies can be visualized through FFT analysis.

FFT analysis
—— Y:FFT-MAG(Pos_TY-Body1_FE.Node10027-FV05_FFT(m)) ()
250009 ]
26e-0094
@
e
2
%_ 18e-009
E
<
a5e010-
(e, T T T T T T T T 1
aa 100 wa 00 P s00 o e o wa
Frequency (Hz)
Flexural mode
FFT analysis
— Y:FFT-MAG(Y:ScopeExpression1#1) ()
806005 ] 1% torsional mode
6.0¢-005
-1
.
£
<
20005
o | Jh ! JL , . I L, I
00 1000 2000 3000 000 s000 00 7000 800 %000 10000
Frequency (Hz)
Torsional mode
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FFT analysis

—— YiFFT-MAG(Pos_TX-Body1_FE.Node10001-FV05_FFT_M4(m)) ()

Amplitude

Frequency (Hz)

Axial mode

O Comparison of results

Theory Error with
Mode No./Type RecurDyn FFlex [ Hz]
[Hz] theory (%)
Mode 1&2 / 1st Flexural 42.649 43.25 1.41
Mode 3 / 1st Torsional 71.201 71.50 0.42
Mode 4 / 1st Extensional 125 124.88 0.10

968



(Solid 8) Simply-supported ‘solid’ square

® The body is connected to the ground with fixed joint at the 4 bottom
edges.

® The width and height of the solid are 10[m]s each and its depth is 1[m].

® The number of elements is 6400.

® The translational impulse is applied.

Properties of Translational1 [ Current Unit : N/kg/m/s/deg ]
General | Connector | Translational |
Type  |Standard Transiational Force [+
Translational Force [ Erpressian
CI [=]
roo [e]
. Fz [z e
z ‘ STEP{time, 0.001,1e7,0.002,0] |
¥y
x Reference Marker ‘ Ground.InertiaMarker "El
Foree Display [Inactivate [<]
o [ o J[ i |

Modeling parameter

969



Given Symbol Value Unit

Width w 10 m
Height h 10 m
Depth d 1 m
Young’s modulus E 200000 MPa
Poisson’s Ratio nu 0.3 -
Density p 8000 kg/m3
O Theoretical Solution
® Flexural mode
1y =54 2(1 + v)pt?
® Solution table for a/t=10
Mode No. Mode type A fi (H2)
4 1st flexural mode 0.09315 45.971
5&6 2" flexural mode 0.22260 109.857
7 3™ flexural mode 0.3420 167.002

Ref. Rock, T., and E. Hinton. Free vibration and transient response of thick and

thin plates using the finite element method. Earthquake Engineering & Structural
Dynamics 3.1 (1974): 51-63.

O Numerical Solution - RecurDyn

Plot of the oscillations by rotational/translational impulse
- Multiple frequencies are superimposed to show complex graphs.
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Oscillation
—— Y:Pos_TZ-Body1_FE.Node50700-FV52_FFT_M7(m) ()

S ————————

-25e-004

-50e-004

Time (s)

Flexural oscillations

FFT Analysis
Various frequencies can be visualized through FFT analysis.

FFT analysis
—— Y:FFT-MAG(Pos_TZ-Body1_FE.Node50700-FV52_FFT_M7(m)) (

2" flexural mode

()

:

1¢ flexural mode

L 3" flexural mode
50 s00 0 2000 250 20

Amplitude
B 14
g B

1

:

T T T
1000 1250 1500 1730

8

Frequency (Hz)

Flexural mode

O Comparison of results

Theory Error with
Mode No./Type RecurDyn FFlex [ HZ]
[HZ] theory (%)
Mode 4 / 1st Flexural 45.971 43.46 5.46
Mode 5&6 / 2nd Flexural ~ 109.857 103.90 5.42
167.002 154.85 7.28

Mode 7 / 3rd Flexural
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Resonance phenomena

Resonance phenomenon occurs when the frequency (applied periodical force)
is nearly equal to one of the natural frequencies of the system. It causes the
system to oscillate with larger amplitude than when the force is applied at
other frequency. The figure below shows the amplitude of the Y-axis motion
when applying the system natural frequency of (a) or other frequency of (b).
The amplitude becomes 10 times larger with time in (a) than that of (b). Thus,
in this chapter, we will verify the natural frequency of the system by inputting
theoretically calculated or proven resonance frequency as external force.

(a) Resonance (Natural Frequency)
— Body1_FE.Node10001/Pos_TY
400.00
300.00
200.00
£ 100.004
£
<
o 0007
<
S ~100.00-
-200.00-
-300.00-
-400.00
0.0 02 04 06 0.8 1.0 12 1.4 16 1.8 20
Time (s)
(b) Resonance (Other Frequency)

— Body1_FE.Node10001/Pos_TY

400.00 ]
300.00-

200.004
100.00+

-100.00+

Y Axis (mm)
[~
8

-200.00+

-300.00+
-400.00

0.0 0.2 0.4 0.6 0.8 1.0 12 14 1.6 18 20

Time (s)
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Cantilevered Beam

O Beam element

® The geometry of beam and its modeling properties are equals to the
shell element in previous chapter.
® The number of nodes of beam element is set as 500.

® The load of P in the y axis is applied at the point of P as periodical force
like below.

Flex Concentrated Loads

Load Type |Ur|iform |v|
Node Set [Body1_FE.SetNode1 [w]
— Expression
P | [e]] |
F [ea [[EL] [0.0001*sin(z*P1*1*time-Pi |
Fz | [ect | |
™ | [ec] | |
v [ec]] |
7 | [ec] | |
Reference Marker |Ground.|nertiaMarker |
o [ cn |

O Theoretical Solution

® First critical frequency (k = 1.875)

3 k? | EI 3 1.8752% (200000000 X 8.333¢ — 2 — 082
fn1 = 2m |Apl* 2m 1 X 7.85e — 6 x 1000*
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O Numerical Solution - RecurDyn

» Beam element with First mode frequency = 0.82

Resonance (Beam)

— Body1_FE.Node10001/Pos_TY (mm)

400.00+

200.00+

Y Axis (mm)
o
8

-200.004

-400.00+

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Time (s)

O Shell element (Shell 3, 4)

® The geometry of beam and its modeling properties are equals to the
shell element in previous chapter.
® The number of nodes of shell 3 and 4 elements are set as 3000 and

6000, respectively.
® The load of P in the y axis is applied at the point of P as periodical force

like below.

Flex Concentrated Loads

Load Type |Uniform |'|
Node Set [Body1_FE.Sethode1 [w]
rExpression
A [e]] |
BB [[EL] [0.0001*sinz*P1*1*time-Pi |
| [ec] | |
™| [ec] | |
n [e]] |
7 | [ec] | |
Reference Marker |Ground.|nertia|\-13rker |
o [ cmer |
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O Theoretical Solution

® First critical frequency (k = 1.875)

o= k? | EI _ 1.875% [200000000 X 8.333e — 2 _ 0.82
"7 o |Aplt T 2m 1X 7.85e — 6 x 1000%

O Numerical Solution - RecurDyn

» Shell 3 element with First mode frequency = 0.82

Y Axis (mm)

-200.00+

-400.004

-600.00+
-800.00

800.00 |
600.00-

400.00+
200.004

0.00+

Resonance (Shell3)

— Body1_FE.Node50006/Pos_TY (mm)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Time (s)

Shell 4 element with First mode frequency = 0.82

Y Axis (mm)

800.004

400.00+

0.00+

-400.00+

-800.00+

Resonance (Shell4)

— Body1_FE.Node50008/Pos_TY (mm)

0.0 1.0 20 3.0 4.0 5.0 6.0 70 8.0 9.0 10.0
Time (s)
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O Solid element (Solid 4, 8, and 10)

® The geometry of beam and its modeling properties are equals to the
solid element in previous chapter.

® The number of nodes of shell 4, 8, and 10 elements are set as 7489,
1000 and 7489, respectively.

® The load of P in the y axis is applied at the point of P as periodical force
like below.

General | Connector | Translational

Type |Standard Translational Force |v|
 Expression
e [e]
A [ec]
‘0.001*sin[13*PI*1*time-PI] ‘
o [e]
Reference Marker | Ground.InertiaMarker |
Force Display | Inactivate |'|
[ox [ camer | [_somm |

O Theoretical Solution

® First critical frequency (k = 1.875)

o= k? | EI 3 1.875% | 200000000 x 21.333 _ 13
™7 2m [Apl* T 2m 1% 7.85e — 6 x 1000*

O Numerical Solution - RecurDyn

» Solid 4 element with First mode frequency = 13
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-0.207

Y Axis (mm)

-1.007

-1.204
-1.40

-0.407

-0.607

-0.807

0.20
0.00+

Resonance (Solid4)

— Body1_FE.Node52032/Pos_TY (mm)

0.0

1.0 1.5 20 2.5 3.0

Time (s)

3.5

4.0 4.5 5.0

Solid 8 element with First mode frequency = 13

Y Axis (mm)

1.50

1.004

0.50+

0.00+

-0.507

-1.007

-1.50

Resonance (Solid8)

— Body1_FE.Node52017/Pos_TY (mm)

0.0

1.0 1.5 2.0 2.5 3.0

Time (s)

3.5

4.0 4.5 5.0

Solid 10 element with First mode frequency = 13

Y Axis (mm)

1.50

1.007

0.50+

0.00

-0.50+

-1.001

-1.50

Resonance (Solid10)

— Body1_FE.Node58182/Pos_TY (mm)

0.0

0.5

1.0 15 20 2.5 30
Time (s)

35

4.0 4.5 5.0
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Square shape of rectangular sheet

The natural frequency of rectangular plate sheet is verified by using resonance
phenomena.

The Rayleigh method is used in this verification to determine the fundamental
bending frequency. (“Vibration of Continuous Systems”, W. Leissa, 2011)

® The plate has a rectangular shape.

® All four of edges are fixed with BC boundary condition on the Ground.

® The flexible sheet consists of shell 4 element and the number of
elements is set to 400.

Thickness = 0.01 m

10m

A
A 4

10m

® The concentrated load in the z axis is applied at the center as periodical
force like below.
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General | Flex Concentrated Loads

Load Type |Uniform |v|
Node Set [Body1_FE.SetNode1 [w]
— Expression
A | [ec] | |
F [ec] | |
fz [es [ EL ] [0000*sin(2z+pI*a*time-P1 |
™ | [ec] | |
v [ec] | |
7z | [ec] | |
Reference Marker |Ground.|nertia|\-13rker |
o o ]

Modeling parameter

Given Symbol Value Unit
Width of Sheet w 10000 mm
Height of Sheet h 10000 mm
Sheet Thickness T 10 mm

Young’s modulus E 200000 MPa
Shear modulus G 76923 Mpa
Poisson’s Ratio nu 0.3 -

Density p 1.0e-5 kg/mm3

O Theoretical Solution

® First critical frequency (1 = 35.99)

2 ET3
fn1 = G 12pT (1 — nu?)

2.46

_ 35.99 200000000 x 103 _
2 x 100002 |12 X 1.0e — 5 X 10 x (1 — 0.3%)

® 2nd & 3rd critical frequency (1 = 73.41)
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2 ET3
fn1 = 2nw? [12pT(1 — nu?)

B 73.41 200000000 x 103 3
~ 2m X 100002 |12 X 1.0e — 5 X 10 x (1 — 0.3%)

® 4th critical frequency (1 = 108.3)

2 ET3
fu1 = 2nw? [12pT(1 — nu?)

B 108.3 200000000 x 103 P
© 2m X 100002 |12 X 1.0e —5 X 10 x (1 — 0.3%)
® 5th critical frequency (1 = 131.6)
2 ET3
fo1 = 2nw? [12pT(1 — nu?)
1316 200000000 X 103 _ 896
© 2m X 100002 |12 X 1.0e —5 X 10 x (1 — 0.3%)

® 6th critical frequency (1 = 132.2)

_ A ET3
Jna = 2nw? |12pT(1 — nu?)

_ 132.2 200000000 x 103 _
~ 2m X 100002 |12 X 1.0e — 5 X 10 x (1 — 0.3%)

O Numerical Solution - RecurDyn

» First mode frequency = 2.46
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EEEREE.
w.
[ffekpad T

T -4.00e-01  0.00e+00  4.00e-01 8.00e-01 1.20e +00 1.60e+00  2.00e+00

Resonance (First mode)
— Body1_FE.Node50264/Pos_TZ (mm)
Body1_FE.Node50364/Pos_TZ (mm)
6.00
4,004
= 2.004
:
2 0004 *\__//_\\_/
X
<
> -2.001
-4.00
-6.00
0.0 0.5 1.0 1.5 2.0 25 3.0
Time (s)

» Second and third mode frequency = 5

-6.00e-01 3.00e-01  0.00e+00  3.00e-!
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Resonance (Second & Third mode)

— Body1_FE.Node50359/Pos_TZ (mm)
— Body1_FE.Node50150/Pos_TZ (mm)
6.00

wa)C

4.0

(=]

2.0

o

0.0

Y Axis (mm)
o

-2.0

o

-4.00+

(=]

-6.00

0.0 0.5 1.0 1.5 2.0 3.0

Time (s)

» Forth mode frequency = 7.26

300e-01  -4.00e-01  0.00e+00  4.00e-01 8.00e-01 1.20e+00  1.60e+00  2.00e+00

-

» Fifth mode frequency = 8.96
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Resonance (Fifth mode)

— Body1_FE.Node50359/Pos_TZ (mm)
— Body1_FE.Node50259/Pos_TZ (mm)

4.004

2.0

O

Y Axis (mm)
o
3 3

o

-2.0
-4.007

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s)

» Sixth mode frequency = 9

-4,00e-01  0.00e+00  4.00e-01 8.00e-01 1.20e+00 1,60e+00  2.00e+00
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Triangular shape of sheet

The natural frequency of triangular sheet is verified by using resonance
phenomena.

The Rayleigh method is used in this verification to determine the fundamental
bending frequency. (“Vibration of Plates”, S. Chakraverty, 2009)

® The plate has a triangular shape.

® All four of edges are fixed with BC boundary condition on the Ground.

® The flexible sheet consists of shell 3 element and the number of
elements is set to 452.

4 Thickness = 0.01 m

10m

»
»
=
»
»
»
»
»
[

+
2

X 10m

® The concentrated load in the z axis is applied at the center as periodical
force like below.
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General | Flex Concentrated Loads

Load Type |Uniform |v|
Node Set [Body1_FE.SetNode1 [w]
— Expression
A | [e]] |
F [e]] |
o [Ea [ EL] [s0*siniz*P1+2.26*time-p1) |
™ | [ec] | |
v [e]] |
7z | [ec] | |
Reference Marker |Ground.|nertia|\-13rker |
o [ o |

Modeling parameter

Given Symbol Value Unit
Width of Sheet w 10000 mm
Height of Sheet h 10000 mm
Sheet Thickness T 10 mm

Young’s modulus E 200000 MPa
Shear modulus G 76923 Mpa
Poisson’s Ratio nu 0.3 -

Density p 1.0e-6 kg/mm3

O Theoretical Solution

® First critical frequency (1 = 33.2)

2 ET3
fn1 = G 12pT (1 — nu?)

_ 33.2 200000000 x 103 _
2 x 100002 |12 X 1.0e — 5 X 10 x (1 — 0.3%)

® 2nd critical frequency (1 = 56.8)
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2 ET3
fn1 = 2nw? [12pT(1 — nu?)

_ 56.8 200000000 x 103 _
2w x 100002 |12 X 1.0e — 5 X 10 x (1 — 0.32)

® 3rd critical frequency (1 = 68.6)

2 ET3
fu1 = 2nw? [12pT(1 — nu?)

68.6 200000000 x 103 B
~ 2m X 100002 |12 X 1.0e — 5 X 10 X (1 — 0.33)

® 4th critical frequency (2 = 85.4)

_ A ET3
fo1 = 2nw? [12pT(1 — nu?)

85.4 200000000 x 103 B
~ 2m X 100002 |12 X 1.0e — 5 X 10 X (1 — 0.33)

O Numerical Solution - RecurDyn

» First mode frequency = 2.26
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Resonance (First mode)

— Body1_FE.Node50261/Pos_TZ (mm)
Body1 FE.Node50228/Pos_TZ (mm)

5.00]

6.001

4.00-
-
E 2004
E N
g T — \/
x
< 2004 \/
>

-4,00

-6.00

-8.00

00 05 10 15 20 25 30

Time (s)

» Second mode frequency = 3.87

-4.00e-01 - 1 0.00:+00

Resonance (Second mode)

— Body1_FE.Node50228/Pos_TZ (mm)
— Body1 _FE.Node50197/Pos_TZ (mm)

Y Axis (mm)
o
3

-0.507

-1.00+

-1.50

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s)
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Third mode frequency = 4.67

FCLoad

Y Axis (mm)

-0.507

-1.00+

-1.50

Resonance (Third mode)

— Body1_FE.Node50216/Pos_TZ (mm)
— Body1_FE.Node50180/Pos_TZ (mm)

0.0 0.5

1.0 1.5
Time (s)

2.0

2.5 3.0

Forth mode frequency

5.82
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Y Axis (mm)

2.00]
1.50

1.004

o

o

=]
1

o

=)

S
¥

-0.507

-1.007

-1.504
-2.00

Resonance (Forth mode)

— Body1_FE.Node50261/Pos_TZ (mm)
— Body1_FE.Node50216/Pos_TZ (mm)

0.0

0.5

1.5

Time (s)

2.0

2.5 3.0
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Rhombic shape of rectangular sheet

Here, the natural frequency of rhombic plate sheet is verified with the NAFEMS
document. ("The Standard NAFEMS Benchmarks”, NAFEMS, 1990.)

® The plate has a rhombic shape with a 45-degree angle.

® All four of edges are fixed with BC boundary condition on the Ground.

® The flexible sheet consists of shell 4 element and the number of
elements is set to 400.

Thickness = 0.05 m

{ + :
Y e
S : FCLBADS
i Ui
Z‘ # |
) 10m )

® The concentrated load in the z axis is applied at the center as periodical
force like below.

Flex Concentrated Loads
Load Type |Ur1iform |v|
Node Set [Body1_FE.SetNode1 [w]
— Expression
P | [e]] |
A [ec]] |
fZ [ee ['eL ] [100000%siniz*P1*17.2*time-P1) |
™ | [ec] | |
v [ec]] |
7 | [ec] | |
Reference Marker |Ground.|nertiaMarker "EI
o ][ oo | i)

Modeling parameter

Given Symbol Value Unit
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Width of Sheet w 10000 mm
Height of Sheet h 10000 mm
Sheet Thickness T 50 mm
Young’s modulus E 200000 MPa
Shear modulus G 76923 Mpa
Poisson’s Ratio nu 0.3 -
Density p 8.0e-6 kg/mm3

O Theoretical Solution

® First critical frequency (1 = 65.93)

2 ET3
Jn1 = g 12pT (1 — nu?)

6593 200000000 X 503 _ 938
2w x 100002 |12 X 8.0e — 6 X 50 x (1 — 0.3%)
® 2nd critical frequency (1 = 106.6)
2 ET3
fna = 2nw? [12pT (1 — nu?)
106.6 200000000 X 503
_ =12.835
21 X 100002 ,[12 X 8.0e — 6 X 50 x (1 — 0.3%)
® 3rd critical frequency (1 = 149)
2 ET3
fn1 = G 12pT(1 — nu?)
149 200000000 X 503
= =17.941
21 X 100002 ,[12 X 8.0e — 6 X 50 x (1 — 0.3%)
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O Natural frequencies with mode of ‘“NAFEMS document’

FREQUENCIES & MODE SHAPES

12.835 Hz £

12.480 Hz [HOE] £,
13.891 Hz [LOE]

17.941 Hz

17.312 Hz [HOE]
20.036 Hz [LOE]

f, = 7.938 Hz £

7.873 Hz [HOE] £,
8.142 Hz [LOE]

It u
L T}
[T}

Mode 1 Mode 2  Mode 3

O Numerical Solution - RecurDyn
» First mode frequency = 7.938
o

/FCLoad
p g

Resonance (First mode)
— Body1_FE.Node50264/Pos_TZ (mm)
~— Body1_FE.Node50364/Pos_TZ (mm)

40.00 ]

; !l""“""""“!‘"""v"v‘v" !‘v‘v“"v“v"‘

—
o
(=
o

Y Axis (mm)
o
3

-30.007
-40.00

5.0

Time (s)
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» Second mode frequency = 12.835

FCLoad
®

3000 |

20.004
10.001

QOO-—J

Y Axis (mm)

-10.007

-20.004

-30.00

Resonance (Second mode)

— Body1_FE.Node50164/Pos_TZ (mm)
— Body1_FE.Node50364/Pos_TZ (mm)

0.0

2.0

2.5 3.0
Time (s)

3.5

4.0 4.5 5.0

» Third mode frequency = 17.941
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Pin-ended double cross

Here, the natural frequency of ‘pin-ended double cross’ is verified with the
NAFEMS document. ("The Standard NAFEMS Benchmarks”, NAFEMS, 1990.)

® The geometry, model parameters, boundary conditions, and theorical
solutions are presented at the above chapter

® The periodical load is applied to find the resonant frequency

B Rotational force

Properties of Rotationall [ Current Unit : N/kg/m/s/deg ]
Type |Standard Rotational Force |V|
r Expression
LI [e]
LA [[ec]
7 [ea [e]
‘ 1e4*sin(2*PI*time*Freq) ‘
Reference Marker |Ground.|nertia|\-13rker |
Force Display ||nacti\rate |'|
[ox [ cone |

B Translational force

Properties of Translationall [ Current Unit : N/kg/m/s/deg ]
Translational
Type |Standard Translational Force |V|
— Expression
A [e]
o [ea [e]
‘ 1e4*sin(2*PI*time*Freq) ‘
o [ed]
Reference Marker |Ground.|nertia|\-13rker |
Force Display ||nacti\rate |'|
| QK | | Cancel |
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FREQUENCIES & MODE SHAPES

11.336 Hz

11.336 Hz [Exact]
11.332 Hz [Iso]

-
~
nnou

[, = 17.709 Hz
f, = 17.687 Hz [Exact]
= 17.670 Hz [Iso]
I
|
]
1
!
1

Natural frequencies with mode of ‘NAFEMS document’

45.345 Hz

45.477 Hz [Exact]
45.667 Hz [Iso]

I
!
I
!
E
Mode 1 Modes 2 & 3 Mode 9
O Numerical Solution - RecurDyn
» First mode frequency = 11.719

AY

- f—-h\dk- ) /

/(N

Mode 1

-

Rotation-Z (deg)
8 kg H B 8 &

L |
AN
NANN 'II‘\‘||M
‘I\\‘III‘\‘HI‘\ | [
INRRENRERANANE!
,‘\'H\IH\IH‘I‘I\'HI‘ |1
IRIRIRIRIRIRIRIRIAIR
VYUY
UL T |

— Y:Pos_PSI-Bodyl_FE.Node10002-FV02_Fine_M1_8(deg) ()

P hl
T A |
1 \
P T | 1l |\ I \l \l
AN
N RN HI\ |

T

|

‘Ill"H H‘l‘n”l

I\ 1\ | 1

(U T T T |
v

|
v |

Time (s)

» Second mode frequency = 17.65
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\ / Resonance
/ - \\-"*’/ = Ezm
~. gm
\ i..
Mode 2&3
» Third mode frequency = 45.596
\)
- Resonance
\\ / o /l ) ~ Y:Pos_PSI-Body1_FE.Node10002-FV02_Fine_M9(deg) ()
= \( .
4 \ v% ~ \ 7 g &
T ’) \ §
[ (/ N
\ ’ Tin;:(s)
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Deep simply-supported beam

The natural frequency of ‘deep simply-supported beam’ is verified with the
NAFEMS document. ("The Standard NAFEMS Benchmarks”, NAFEMS, 1990.)

® The geometry, model parameters, boundary conditions, and theorical
solutions are presented at the above chapter

® The periodical load is applied to find the resonant frequency

B Translational force - y-direction

Properties of Translationalt [ Current Unit : N/kg/m/s/deg |
General | Connector | Translational
Type Standard Translational Force -
[~ Expression
FX EL
FY F EL
STEP(time,0.001,100,0.002,0)

&
Reference Marker .Graund.lnemaMarkel M

Force Display Inactivate iv
Scope oK Cancel

B Rotational force

Properties of RotationalAxiall [ Current Unit @ N/kg/m/s/deg ]

General | Connector | Rotational Axial

Trpe [standard Rotational Axial Force [-]
- Expression

[ &

Expression

STEP{time, 0, 1e7,0.001,0)

Force Display | Inactivate |~ [ 1&g iy Oniy i Adtion Badi
.
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B Translational force — x-direction

General IConnectur Translational |

Properties of Translationall [ Current Unit @ N/kg/m/s/deg ]

Type ‘ Standard Translational Force |v|
r Expression
FX ‘F}d
STEP(time,0.001,17,0.002,0)
o
FZ ‘
Reference Marker ‘Gmund.lnertiaMarker
Force Display ‘Iﬂacti\rate
o [ o ]

O Natural frequencies with mode of ‘“NAFEMS document’

FREQUENCIES & MODE SHAPES

r
L

=y

42.649 Hz

42.568 Hz [Exact]
42.657 Hz [Iso]

Lot

FLEXURAL
Modes 1 & 2

Rx

[T

77.542 Hz

77.841 Hz [Exact]
77.522 Hz [Iso]

e —

TORSIONAL
Mode 3

Numerical Solution - RecurDyn

» First mode frequency = 43.15

1000

125.00 Hz

125.51 Hz [Exaci]
125.00 Hz [Iso]

_ X

EXTENSIONAL
Mode 4



Resonance

~— Y:Pos_TY-Body1_FE.Node10027-FV05_M1(m) ()

Displacement-¥ (m)
P
B 8

Mode 1&2

05 10 15 20 23 30 35
Time (s)

» Second mode frequency = 71.26

Resonance

— YiExpression#1 ()

Mode 3 (DRX)

Rotation-X (deg)

I
Time (s)

» Third mode frequency = 125.00

Resonance
—— Y:Pos_TX-Body1_FE.Node10001-FV05_M4_6(m) )

Displacement-X (m)
gtgsese

Mode 4 (DTX)

003,

Time (s) |
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Simply-supported ‘solid’ square

The natural frequency of ‘simply-supported ‘solid’ square’ is verified with the
NAFEMS document. ("The Standard NAFEMS Benchmarks”, NAFEMS, 1990.)

® The geometry, model parameters, boundary conditions, and theorical
solutions are presented at the above chapter

® The periodical load is applied to find the resonant frequency

B Translational force

Properties of Translationall [ Current Unit : N/kg/m/s/deqg ]
Tansiatonal
Type ‘ Standard Translational Force |v|
r Expression
o e
P [e]
[ [=]
1e6*sin(2*PI*time*Freg) ‘
Reference Marker ‘Gruund.lnertial\ﬂarker ‘
Force Display ‘Iﬂacti\fate |v|
o [ o

O Natural frequencies with mode of ‘“NAFEMS document’

FREQUENCIES & MODE SHAPES

£
f

r = 45.897 Hz £

44.762 Hz [HOE] f,
51.654 Hz [LOE]

T

109.44 Hz

110.52 Hz [HOE]
132.73 Hz [LOE)

-

OUT OF PLANE
Mode 4

OUT OF PLANE
Modes 5 & &
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1567.89 Hz
169.08 Hz [HOE]
194.37 Hz [LOE]

=
-
LB T

QUT OF FLANE
Mode 7



O Numerical Solution - RecurDyn

> First mode frequency = 43.02

Resonance

—— Y:Pos_TZ-Body1_FE.Node51100-FV52_M4(m) ()

Displacement-Z (m)
58 8883¢838

Time (s)

-1.77e-02 1.77e-02

Mode 4

» Second mode frequency = 100.4

Resonance

~= Y:Pos_TZ-Body1_FE.Node51090-FV52_M5(m) ()

Displacement-Z (m)
8

,,,,,

0
Time (s)

-5.07e-03

Mode 5&6 “*"

» Third mode frequency = 154.49
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-1.58¢-03 1.60e-03

Mode 7

Displacement-Z (m)
g

Resonance

= Y:Pos_TZ-Body1_FE.Node50700-FV52_M7(m) ()

1w

Time (s)
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