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A Software Portfolio for NVH optimization of
gearboxes
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Parametric LP model of gearboxes
> rotating components (gears and shafts)

Parallel GB
Bonfiglioli C41



Parametric LP model of gearboxes

«108 Esempio di rigidezza di ingranamento calcolata
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Parametric FE model of gearboxes > casing

Methodology for FE analysis of gearboxes

Parallel GB
Bonfiglioli C41

3D FE model

O
Experimental validation otAGEAR



Parametric FE model of gearboxes — Modelling
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Parametric FE model of gearboxes — Modelling
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Parametric FE model of gearboxes — Validation

Validation based on
experimental modal analysis
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Parametric FE model of gearboxes — Validation
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Parametric FE model of gearboxes — Validation
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Parametric FE model of gearboxes
Dynamic analysis in operation condition

sol 111 (modal frequency response)
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Parametric FE model of gearboxes —Results

Vettore accelerazione assiale (m s2), Amplitude
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Parametric FE model of gearboxes — Application
Sensitivity to dimensional variations within
tolerances: MMC and LMC

Standard (da )
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Parametric FE model of gearboxes — Application

Frequenza [Hz]

“ Standard LMC

I 1783 1785,7 1775,8 9,9 0,6
— 1850 1844,9 1798,5 46,4 2,6
_ 2035,4 2033,7 2015,1 18,6 0,9
n 2171,7 2172,3 2150,5 21,8 1,0
— 2199,9 2199,7 2184,1 15,6 0,7
— 2303,4 2302,7 2287,3 15,4 0,7
2482,7 2481,7 2468 13,7 0,6
“ 2543,1 2542,1 2525,8 16,3 0,6
_ 2701,7 2701,9 2679,3 22,6 0,8
2848,3 2849,2 2839,3 9,9 0,3
2944,4 2945,1 2925,4 19,7 0,7
3011 3011,5 2994,5 17,0 0,6
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Parametric FE model of gearboxes — Application

* Natural frequency variations are limited: max variation of 2.6% in
the 2"4 mode.

* The results for LMC are very close to standard conditions.

* Higher differences between MMC and standard conditions.
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Parametric FE model of gearboxes — Application

* Modal shapesin MMC and LMC are practical identical, as well as
in standard condition.
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Reduced Verification Modes from Mode Set. 1
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BE model of gearboxes — Results




BE model of gearboxes
Validation using Experimental data

100.00
95.00

90.00
85.00
80.00
75.00
70.00
65.00

& § 60.00

el
55.00
50.00

45.00

40.00

35.00

30.00

25.00
20.00

Octave map - Microphone

Y

runup_anti_ONm — 95.00
runup_anti_50Nm
| = — 90.00

— 85.00

— 80.00

— 75.00

— 70.00

— 65.00

— 60.00

— 55.00

50.00

45.00

40.00

35.00
30.00

25.00
20.00

H‘H 1600.00
35 50 63 80 125 200 315 500 800 1250 2000 3150 5000 11220 AL
Octave 1/3

Hz

100.00

12800 Hz]
Pa

dB [0

High value at about
1600Hz—Z

> the BE analysis is
conducted at this
frequency

MRthAcEAR




Sound Quality Analysis of gearboxes
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Conclusions

Software portfolio for NVH optimization of gearboxes:
* FE modelling
 LP modelling
 BE modelling
* Sound quality analysis

All models have been experimentally assessed

The methodology can be applied to every geaboxes
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