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Standard aluminium channel
section for frame structure with

thickness tc
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System of plates for single 
horn support

Vetical plate for saddle
supports with thicknes th
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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 the 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
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Upper horn supporting plates:

Lower horn supporting plates:

Vertical supp.plates, thickness th = 12[mm]

Outer ribs, thicknes trout = 12 [mm]

Horiz.supp.plate, thickness tp = 48 [mm]

Inner rib, thicknes trinn = 17 [mm]

Vertical supp.plates, thickness th = 12[mm]

Outer ribs, thicknes trout = 22 [mm]

Horiz.supp.plate, thickness tp = 50 [mm]

Inner rib, thicknes trinn = 12 [mm]
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Results after two stage optimization process

Uy displacement in [m]

MN

MX

X

Y

Z

                                                                                

MN

MX

X

Y

Z

                                                                                

-.496E-03

-.441E-03

-.386E-03

-.331E-03

-.275E-03

-.220E-03

-.165E-03

-.110E-03

-.550E-04

.149E-06

APR 17 2012
13:01:13



7

Analysis of natural frequencies – results for symmetric half of 4 horns
structure with dimensions chosen on the base of static optimization

results
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DISPLACEMENT DISPLACEMENT

STEP=1
SUB =1
FREQ=4.587
DMX =.033001

STEP=1
SUB =1
FREQ=4.587
DMX =.033001
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DISPLACEMENT DISPLACEMENT

STEP=1
SUB =4
FREQ=12.474
DMX =.051154

STEP=1
SUB =4
FREQ=12.474
DMX =.051154

Mode 1, f = 4.59 Hz

Mode 4, f = 12.47 Hz
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DISPLACEMENT DISPLACEMENT

STEP=1
SUB =6
FREQ=25.825
DMX =.038992

STEP=1
SUB =6
FREQ=25.825
DMX =.038992

Mode 6, f = 25.82 Hz

Mode 7, f = 26.45 Hz
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DISPLACEMENT DISPLACEMENT

STEP=1
SUB =7
FREQ=26.453
DMX =.086654

STEP=1
SUB =7
FREQ=26.453
DMX =.086654
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Natural frequencies – results for symmetric half of 4 horns structure with
dimensions chosen on the base of static optimization results and with

increased thickness of the channel section (modification 1)

tc = 20 mm
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Modif.1
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Mode 2, f = 15.79 Hz

Instead of:

fold = 12.47 Hz

Modif.1
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Mode 3, f = 24.68 Hz

Modif.1
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Mode 4, f = 27.35 Hz

Modif.1
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bottom horn
deflection48.0912

47.7611

32.268
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Mode 4, f = 27.35 Hz

Modif.1
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Vetical plates used for saddle
supports thickness increased
from: th =12 mm to th =16 mm
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Natural frequencies – results for symmetric
half of 4 horns structure: 

thickness of the channel section tc = 20 mm, 
modif.1 

thickness of vertical plates th =16 mm,  
modif.2

Modif.2



16

Mode 2, f = 17.37 Hz

Originally:
f = 12.47 Hz,

After 1st modification: 
f = 15.79 Hz,

Modif.2



17

Results of static
analysis

•Max. for abs. value of
vertical deflection: 

•Max. value for equivalent
stress: ][3.10

][45.0

max
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47.8647.2943.7310

47.7446.2741.749

34.8332.2629.698

31.7730.5128.087

31.4630.2627.626

29.6428.3926.455

28.5627.3525.824

27.5224.6818.603

17.3715.7912.472

5.0845.0754.591

2nd modif.1st modif.Statically 
optim. str.

No of freq.

Comparison of natural frequency values for structure with statically optimized
support system and with modifications of thickness in certain members
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Thank you for your attention


