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Development of the NVH measurement stations (EoL)

The effectiveness of application of 

measurement and simulation 

methods in development of NVH 

measurement stations for an 

industrial production (EoL Testing)

Otto Petraska, BSH PED-VAU

on 15th of March 2018,

Academia-Industry Matching Event,

Stary Smokovec
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Technical Quiz – The Sound Design of Home Appliances?

Remark: all appliances are presented only schematically

Remark: binaural sound recording using an artificial head 

OptiMum_K04_sample_nr3_speed_7.000_Bad.wav


B S H   H O M E   A P P L I A N C E S   G R O U P NVH Methods at PED-VAU I 13.03.2018 I Folie: 3

• 2002 – founded in 2002 as 

predevelopment group for vibration 

and acoustics at BSH/EDS 

Regensburg (3 members)

• 2005 – relocation to Košice, Slovak 

Republic

• 2006 – formal start of cooperation 

with all BSH product areas as TZSA

• 2011 – formal start of cooperation 

with Robert Bosch GmbH

• 2018 – 17 members (PED-VAU) 

(average age 31 years) 

History of PED-VAU department

PED-VAU can draw on extensive experience in the field of NVH
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Mission

 We offer innovative, fast, and cost-effective support for 

Product - / Production process development, concerning 

sound design and vibration behavior of BSH products as to 

expand positively differentiating factor in the market.

 We build competence in field of vibration and acoustics 

(NVH*), in order to increase competitiveness of  

BSH/PED/FEDM especially in parameters such as

Time to Market, Performance und Costs.
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Application of interconnected methods

Numerical Simulations

(FEM, MBS, CAA, CFD)

Optic Measurement Methods

Static

Experimental 

Modal Analyse
Sound Design 

Psychoacoustics

Optic Measurement Methods

Dynamic

Engineering Acoustics

range of services

PED-VAU

Linking experimental and numerical methods is the most effective solution 

Noise Source Localization -

Analysis
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Technical specification

General 

requirements

Time schedule

Requirements  

for movements

Force 

measurement 

requirements



B S H   H O M E   A P P L I A N C E S   G R O U P NVH Methods at PED-VAU I 13.03.2018 I Folie: 7

The design of the first concept

 Key subassemblies are modeled at the beginning

 Each new part (design feature) in assembly is discussed 

with the customer 

 These subassemblies are joined together to the first 

concept
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The first concept

 It contains only design of main movements

 Connection of motor and brake is not defined
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Final design

Test bench for 

starter motors

 The whole design was finished in July 2016

 This model was used in numerical modal analysis to check resonances
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Check of resonances – prediction 

 This numerical prediction was performed only to prove that the first resonance of the test frame 

is above 125Hz, so the rotor unbalance would not excite any resonance of the frame

 There was not enough time to perform deeper numerical analysis



B S H   H O M E   A P P L I A N C E S   G R O U P NVH Methods at PED-VAU I 13.03.2018 I Folie: 11

The first test at customer

 The first test was done at customer in October 2016

 It was not possible to achieve max. required speed 

7500rpm because of resonance at ~70Hz 

 The frame did not fulfill requirement of the first 

resonance and therefore redesign was necessary    
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Design modifications – RMK3 design

 The main aim of all modifications was to shift 

the first resonance frequency above 125Hz

 To use as much as possible of original parts of 

original design

 This time, much more time was spent with 

numerical predictions and verification

New base plate 

made from one 

piece

Reinforcement of bearing housings

Another partial reinforcements of 

certain parts
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Prediction of mode shapes after design modifications

 This time prediction was made also for different boundary conditions

 The process of design modifications took more than 4 months

155Hz
203Hz
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The ODS measurement after modification

155Hz

149Hz

 Predicted value 155Hz was almost achieved –

real measured value was 149Hz

 More importantly, well above required value 

125Hz
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Final measurement at customer

 Measurement at customer (Sep. 2017) proved 

significant reduction of vibration

 It was possible to run motor to max. required 

speed 7500rpm 
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Results from customer

 After few months, first results with different settings of the frame were available

 The first results were obtained without load

 Currently measurements under load are in progress 
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Built-in oven back panel – workflow of the numerical optimization analysis

raw optimized model

rough CAD model

present (flat) design

final optimized 

design

preparing CAD model 

and setting 

optimization conditions
export rough 

optimized CAD 

model simplified CAD 

model ready to 

manufacture
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Results of Sound Optimization I Before vs. After

Hedgecutter:

STIHL HSE81 vs. Bosch prototype

Cooker hood (at run up):

before vs. after

Washing machine (e. draining):

before vs. after

Automatic coffee machine (pumping):

before vs. after

Remark: all appliances are presented only schematically

Remark: binaural sound recording using an artificial head 
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Thank you for your attention

Our contact adress:

BSH Drives ans Pumps s.r.o.

Abt. PED-VAU

Popradska 82

040 11 Kosice

Slowakei (EU)

Tel.-Nr. +421-55-79-79-615

mailto:otto.petraska@bshg.com

mailto:otto.petraska@bshg.com

