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Test bench overview

Quantity Value Unit
Freq. range 1-10 kHz
Peak force 0.1 N
Max exc. Number 20 --

Threaded shaft \
Support disk

N Tested

Basement ~
wheel

Excitation device

/

Non-contact: electromagnets

No influence on structure response
Low precision force measurement
Low peak forces

Ferromagnetic materials

Poor harmonic content control

T~

Contact: electrodynamic shaker

Direct force measurement

High peak force

Any material

High precision load control

Possible influence on structure response



Excitation device

Quantity Value Unit

Freq. range 1-10 kHz

Peak force 0.1 N

Max Radius 17 mm
Quantity Value Unit
ry 10 mm

Biot-Savart r 15 mm

Shell-model L 50 mm

£ Optimizatic;n Wire diam. 1.2 mm

N, 150 --
h 30 mm
R 5 mm




Moving part support
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winding region “ 7 cylinder
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Permanent /
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: mounting
Mounting

support ——



Stingers comparison

Contact: electrodynamic shaker
Possible influence on structure response
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Stingers comparison

FRF along horizontal direction (X)
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Final test bench
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Response
15 shakers
Ball stinger

Compression preload

Response measurement: accelerometer



Control loop

N/2

2 channels amplifiers

OUTs

Load-cells feedback signal

Response measurements

INs and OUTs result coupled through the vibrating structure
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Control matrix

AIN,

OUT =M - IN

M(w,IN)

L 0UT,

System l
linearization
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Control matrix

OUT =M - IN
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Operation example

F; = A;cos(wt + ¢;)

: : - . 360NND
Set point, rotatingload: A; = A, ¢@; =1

(i=1..Ng)




Operation example

F; = A;cos(wt + ¢;)

: : - . 360NND
Set point, rotatingload: A; = A, ¢@; =1

(i=1..Ng)
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Operation example

F; = A;cos(wt + ¢;)

: : - . 360NND
Set point, rotatingload: A; = A, ¢@; =1

. 321 | |
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Operation example

F; = A;cos(wt + ¢;)

Set point, rotating load: 4; = 4, ¢;
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Operation example

F; = A;cos(wt + ¢;)

- i 360NND

Set point, rotating load: 4; = 4, ¢ (i=1..Ng)
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Experimental results
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Experimental results
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Experimental results

Deformed shape reconstruction: measurement
of the response of all the sectors
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Hypothesis:

- Component mistuning
- Inaccurate force control
- Error in shaker positioning



Results discussion

Norm. freq. 1.044 ' 1343
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Results discussion

Error in shaker positioning: FEM analysis
HRA, Damping ratio: 0.02 %

4 Symmetric load (NND, =2) A Asymmetric load (NND, =2)

Amplitude
Amplitude

Sector i
Sector j

Frequency Frequency

High sensitivity to shaker positioning!



Conclusions

HRA test bench design: exciters, stinger solution and control software

Preliminary results specification fulfillment, sensitivity to shaker positioning

Norm. frequency
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Future developments

Improved shaker positioning to reduce spurious effects
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