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) Introduction

e B2000 has been/is/will be used In the
fleld of:

— Radiation of sound
» Acousto-elastic interaction
e Active Structural Acoustic Control

 B2000 could be used in the field of:
— Crash behaviour of composite structures
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) Introduction

e Acousto-elastic interaction

— Viscous behaviour of air in narrow gaps
and tubes

— Beltman implemented viscous elements

— Van der Eerden and Basten presented
applications in 1998 and 2000

* For industrial application test &
familarization analyses were necessary
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) Introduction

* Results of test analyses will be
presented

— Dynamic behaviour of plate

— Dynamic behaviour of plate coupled with
viscous air layer

* Presentation of possiblilities of viscous
element

e Documentation of test results
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_ Theory and implementatief wen.
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uvniversiteit

FEM formulation of coupled problem

— Non-symmetric system matrices
— Mass matrix is frequency dependent
— Mass matrix is complex
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Theory and implementatign

* Implemented elements in B2000
— Q4.VISC
— Q8.VISC

* Material parameters (input)
— Complex frequency (FREQ, FREQI)
— Thickness (H)
— Square root of Prandtl number (sicmA)
— Speed of sound (SPEED)
— Density (ADENS)
— Ratio of specific heats (GAMMA)
— Dynamic viscosity (mu)

rsiteit Twente
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Theory and implementatign

rsiteit Twente

. Necessary for (iterative) eigenfrequency
analysis of coupled problem

— Q4.VISC
— Q8.VISC

— Structural shell or volume elements
» Q4.ST, Q9.ST, Q8.S.TS, HES8.S, HE20.S

— Interface (coupling) elements
* Q8.INT, Q16.INT

— Non-symmetric complex eigenvalue solver
* B2CNSIV (b version developed by Grooteman)
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Theory and implementation v\
* Procedure
— Calculate complex eigenfrequencies

+» — Change input file with eigenfrequency of
iInterest

— Recalculate complex eigenfrequencies

— Stop after convergence of eigenfrequency
of interest. This is only valid for complex
eigenfrequency f =f + if. defined in input
file

— Damping Is defined as x = (f/|f|)*100%
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Test problem

Clamped plate with dimensions 490*245*1 mm? and
(viscous) air layer with variable thickness
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Test problem N
_ Results (Beltman)
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Test problem N
_ Results (Beltman)
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Test problem N
_ Results (Beltman)
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Eigenfrequencies of plate only

Test problem
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Mode Eigenfrequency (Hz)
ar Measured Analytical FEM
11 96.2 100.6 100.9
21 130.1 130.4 131.1
31 181.8 183.4 186.9
12 247.4 261.7 266.1
41 253.8 259.7 270.8
22 280.8 291.2 295.2
32 322.6 341.0 346.8

24& 25 october 2002
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_ Analyses

Objective

Analyse the performance of B2000 elements
for ‘plate only’ problem.

Analyse coupled problem with different B2000
structural shell and volume elements.
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- Used elements, mesh size

Mesh 11*11 21*11 21*21 41*41 41*21

X It, Yt | 49,245 | 245,245 | 24.5,12.25 | 12.25,6.13 | 12.25, 12.25

Mass |CO|LD|CO| LD | CO | LD | CO | LD | CO| LD

Q4.ST

HE8.S

Q9.ST

Q8.S.TS

HE20.S

X lt, Yt | 98,49 49, 49 49,245 | 24.5,12.25 | 245,245
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Relative average absolute differences of firsth®

Universiteit Twente

7 eigenfrequencies w.r.t. analytical ones

Mesh 11*11 21*11 21%21 41*41 41*21
Xt Y/t | 49,245 | 245 245 | 24.5,12.25 | 12.25,6.13 | 12.25, 12.25
Mass | CO|LD|CO| LD | CO | LD | CO | LD | CO | LD
Q4ST |91 |21 |46 | 11| 17 | 06 | 02 | 04 | 08 | 04
HE8.S 760 | 744 | 293

Q9ST |24 |24| 05|09 | 03| 06|04 ]| 05| 04| 05
Q8.S.TS | 41 25 5.2 0.4 | 0.4

HE20.S 57 | 54 | 0.7 | 0.7 | 20

Xt Yt | 98,49 49, 49 49,245 | 245,12.25 | 245,245
24& 25 october 2002 4" B2000 workshop, Ligerz, CH 18
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= Analyses
Coupled with variable air layer thickness
Thickness Mode 11 Mode 21
2h, [mm] Eigenfreq. Damp. X Eigenfreq. Damp. x
4 148.4+i1.1 0.7% 84.3+i1.7 2.0%
2 130.1+i3.3 2.5% 65.4+i4.0 6.1%
1 104.4+i9.5 9.0% 45.1+i10.4 22.5%
0.5 56.7+i28.6 45% 8.1+i7.4 67%
0.25 5.4+i5.2 69%

Complex eigenfrequency [Hz] and damping [%] calculated with 21*21
mesh and Q4.ST/Q4.VISC/Q4.INT elements and lumped mass

24& 25 october 2002
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= Analyses
Coupled with variable air layer thickness
Thickness Mode 11 Mode 21
2h, [mm] Eigenfreq. Damp. X Eigenfreq. Damp. x
4 145.9+i1.1 0.8% 84.3+i1.7 2.0%
2 127.9+i3.2 2.5% 65.4+i4.0 6.1%
1 102.7+i9.5 9.2% 44.9+i10.5 22.8%
0.5 55.0+i28.2 46% 7.9+i7.2 67%
0.25 5.2+i5.1 70% | -] -

Complex eigenfrequency [Hz] and damping [%] calculated with 41*41*3
mesh and HE20.S/Q8.VISC/Q16.INT elements and lumped mass
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HE20.S/Q8.VISC/Q16.INT Ly
Thickness Mode 11 Mod(le"'i'ti"m't'i"rE rwentq
2h, [mm] Eigenfreq. Damp. x Eigenfreq. Damp. X
4 145.9+i1.1 0.8% 84.3+i1.7 2.0%
2 127.9+i3.2 2.5% 65.4+i4.0 6.1%
1 102.7+i9.5 9.2% 44.9+i10.5 22.8%
0.5 55.0+i28.2 46% 7.9+i7.2 67%
0.25 5.2+i5.1 70% | 000 e | e
Q4.ST/Q4.VISC/Q4.INT
Thickness Mode 11 Mode 21
2h, [mm] Eigenfreq. Damp. x Eigenfreq. Damp. x
4 148.4+i1.1 0.7% 84.3+i1.7 2.0%
2 130.1+i3.3 2.5% 65.4+i4.0 6.1%
1 104.4+i9.5 9.0% 45.1+i10.4 22.5%
0.5 56.7+i28.6 45% 8.1+i7.4 67%
0.25 5.4+i5.2 69%
?4% 75 october 2002 ™ B 2000 workshop, Ligerz, CH 21
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— Coupled with HE20 and Q8.VISC elements

The '11’ structural (left) and pressure (right) mode for 2h,=0.5 mm.
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— Coupled with HE20 and Q8.VISC elements

The '21’ structural (left) and pressure (right) mode for 2h,=0.5 mm.
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— Coupled with HE20 and Q8.VISC elements

The '11’ structural (left) and pressure (right) mode for 2h,=50 mm.
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— Coupled with HE20 and Q8.VISC elements

The '21’ structural (left) and pressure (right) mode for 2h,=50 mm.
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— Coupled with HE20 and Q8.VISC elements

The '11’ structural (top) and pressure mode for 2h,=50 mm (left)

and 2h,=0.5 mm (right) .
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= Analyses
Coupled with air layer thickness of 1.0 mm
El. Type Mode 11 Mode 21
L=lumped mass/ Eigenfreq. | Damp. x | Eigenfreq. | Damp. x
C=Consistent mass

Q4.ST/Q4.VISC/Q8.INT/C 104.6+i9.5 9.0% 45.1+i10.4 22.5%
Q9.ST/Q4.VISC/Q8.INT/C 103.3+i9.4 9.1% 44.7+i10.4 22.7%
Q9.ST/Q8.VISC/Q16.INT/C 102.2+i9.5 9.3% 44.5+10.4 22.8%
Q8.S.TS/Q8.VISC/Q16.INT/C | 102.1+i9.4 9.2% 44.6+i10.4 22.7%
HE20.TS/Q8.VISC/Q16.INT/L | 102.7+i9.5 9.2% 44.9+10.5 22.8%

Complex eigenfrequency [Hz] and damping [%] calculated with 21*21
respectively 41*41*3 mesh and structural shell respectively volume

elements
24& 25 october 2002 4" B2000 workshop, Ligerz, CH
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analytical eigenfrequencies belonging t0

~ first 7 modes

m Model
B Mode2
0 Mode3
0 Mode4
® Mode5
@ Mode6

11*11 21*11 21*21 41*41 41*21 m I\ﬁde7 Mesh size

A O NE ORNMN®WDMOOO
1

Q4STL is linear shell element (Q4.ST), Lumped mass
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Relative differences (in %) w.r.t.
analytical eigenfrequencies belonging i

~ first 7 modes
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-5 11*11 21*11 21*21 41*41

m Model
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Mesh size

Q4STC is linear shell element (Q4.ST), Consistent mass

24& 25 october 2002
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Relative differences (in %) w.r.t.

analytical eigenfrequencies belonging t0

~ first 7 modes

m Model

m Mode2
0 Mode3

0 Mode4

B Mode5
m Modeb

1

Q9STL Q QISTL Q9STL QOSTL m Mode7

11*11 21*11 21*21 41*41 41*21 <
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Mesh size

Q9STL is quadratic shell element (Q9.ST), Lumped mass

24& 25 october 2002 4" B2000 workshop, Ligerz, CH
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Relative differences (in %) w.r.t.
analytical eigenfrequencies belonging t0

~ first 7 modes
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Mesh size

70
60
50 @ Model
H Mode2
40 1 O Mode3
30 - 0 Mode4
20 - H Mode5
@ Mode6
10 -
m Mode7
0 - ‘ ‘ — =
Q8TSC  Q8TSC Q8TSC  Q8TSC  Q8TSC
11*11 21*11 21*21 A1*41 41*21 <
Q9STC is quadratic shell element (Q9.ST), Consistent mass
24& 25 october 2002 4" B2000 workshop, Ligerz, CH
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Relative differences (in %) w.r.t.
analytical eigenfrequencies belonging t0

~ first 7 modes
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Mesh size

70
60 @ Model
50 B Mode2
40 | 0O Mode3
0 Mode4
30 m Mode5
20 - @ Mode6
10 - ® Mode7
0 - =
Q8TSC Q8TSC Q8TSC Q8TSC Q8TSC
11*11 21*11 21*21 41*41 41*21 <

Q8STC is quadratic shell element (Q8.S.TS), Consistent mass
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Relative differences (in %) w.r.t. he
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analytical eigenfrequencies belonging t0

~ first 7 modes

80
70 11 ] @ Mode 1
60 m Mode 2
50 + O Mode 3
40 +— O Mode 4
30 m Mode 5
20 + @ Mode 6
10 m Mode 7
0
HE20L HE20C HE20L HE20C HE20C
21*21*3 21*21*3 41*41*3  41*41*3 41*21*3 < Mesh size

HE20L is quadratic volume element (HE20.S), Lumped mass
HE20C is quadratic volume element (HE20.S), Consistent mass
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« HE20.S element with (X_/t) < 24.5

gives for current problem accurate
results

* Viscous elements in combination with
volume elements give accurate results

* Eigenvalue analysis of coupled viscous
problem is time consuming
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* Implementation of viscous shell and
tube elements in new B2000 version

* Implementation of test problems In
B2TEST

 MATLAB Interface

— Coupling with control (piezo elements)
— Optimization
— Solvers

* Improving of iterative procedure
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Department of

Engineering Technology

Studies:
Civil Engineering (600)
Industrial Design (130)

Mechanical Engineering
(700)
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