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Design parameters (13 in total):

1. Two vertical plate supporting

horn, thickness th

2. Horizontal plate with thickness

tp

3. Outer ribs with thicknes trout

4. Inner rib with thicknes trinn

5. Height of 8 ribs in chosen ‘z’

position, namely h0 ÷ h8
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Control parameters (results):

1. Maximum absolute value of vertical

deflection:

2. Minimum absolute value for 

diference between vertical

deflections in chosen points of

supports:  

3. Equivalent stresses in horn and

support as low as possible

4. Volume (mass) of the horn support

mmu
y
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Monte Carlo simulation (over the whole

design space) with Latin Hypercube

Sampling. This technique helps to avoid

clustering samples. In general this

technique requires 20% to 40% fewer

simulations loops in comparison with so-

called Direct Monte Carlo Sampling to 

deliver results with the same accuracy. 

As a results parameters are divided into

two groups important and unimportant

from the point of view of control values.

Application of ANSYS PDS module to asses the influence of design 

parameters on results
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Summary of ‘important and unimportant design parameters’

with respect to output values

tp, tb

tp, trout, trinn, h2,

tp, h4, h3, h2, trout, 

tp, h6

Signicant parametrs

h0, h1, h2, h3, h4, h5, 

h7, h8

Total volume of

supporting system

h0, h1, h3, h4, h5, h7, 

h8

Maximum equivalent

stress in horns

trinn, tb, h0, h1, h5, h7, 

h8

Maximum absolute

value of vertical

deflection

tb, trout, trinn, h0, h1, h2, 

h3, h4, h5, h7, h8

Absolute value of

difference of vertical

deflection in point A and

B

Insignificant parametersControl value

Additional assumption h0=h1=h2=h3= h4=h5=h7=h8, which also reduces the size

of numerical task. Final design parameters: tp, trout, trinn, h0
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Optimization is divided into two

stages:

1. Search of the set of optimal thickness

and height of important design variables

with minimum absolute difference of

vertical deflections in supporting point 

A and B for 1 horn

2. Search of the set of optimal thickness of

important design variables supporting

lower horn while thickness of important

design parameters for upper horn is set 

in teh 1st stage of the process
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Objective function: 

minimization of absolute

value of difference of vertical

deflection in point A and B

State variables:

1. Maximum absolute value of vertical

deflection;

2. Equivalent stress in horns

3. Equivalent stress in the whole

structure

2_1_ pypy
uu −



Results after two stage optimization process
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Results after two stage optimization process

Distribution of equivalent
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Isometric view of mesh with boundary conditions introduced
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Uy displacement in [m], not optimized structure
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Distribution of equivalent stress

in [Pa] – detail of frame is

shown
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19.06.60.50supporting

plates with 3 

ribs (optimized

thickness in two

stage process)

29.55.20.83supporting plate

with 2 ribs (not 

optimized

structure)

 σeqv, max

MPa (frame)

 σeqv, max

MPa (horn)

|uy|max

mm

Strucutre, loads

Comparison of results (deadweight only)



Analysis of natural frequencies – results for symmetric half of 4 horns

structure
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Mode 9, f = 28.08 Hz
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Mode 12, f = 43.72 Hz
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Mode 14, f = 48.26 Hz

Mode 15, f = 48.43 Hz



Further steps to make:

1. Calculations of natural frequencies for the

whole structure (not only symmetric half, 

partially done)

2. Introduction of water frame

3. Introduction of strip line plates

Thank you for your attention


