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Technical Quiz — The Sound Design of Home Appliances?

Remark: binaural sound recording using an artificial head NJ

Remark: all appliances are presented only schematically
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History of PED-VAU department

» 2002 — founded in 2002 as
predevelopment group for vibration
and acoustics at BSH/EDS
Regensburg (3 members)

« 2005 — relocation to KoSice, 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)

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

O 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.

O 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.
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Application of interconnected methods

Optic Measurement Methods
Static

Optic Measurement Methods

Numerical Simulations .
Dynamic

(FEM, MBS, CAA, CFD)

range of services
PED-VAU
Experimental Noise Source Localization -

Modal Analyse Analysis
Sound Design

Engineering Acoustics Psychoacoustics

Linking experimental and numerical methods is the most effective solution
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Technical specification

Project Title

Test Bench for Hybrid motor

Notes

General overview

This project includes design, construction and
production of the test bench for testing hybrid motors
under load conditions. it will be designed to be used for
below defined types of hybrid motors. The test bench
should be used mainly for acoustic testing on the test
stage (built-in situation will be defined). The test bench
should allow independent setting of bearings' position,
settings of rotor position according to "Definition of
maovements”. These movements should be measured
with sensors according to "Sensors”. The test bench
should also allow to measure forces according to
"Definition of force measurements”.

General
requirements

Requirements
for movements

Notes ‘ Measuring device
Fax
Force
z
measurement
X =5 0
o
y X requirements
Force = Rerige Notes
min max
|FAx -3kN 3kN
FAy 10kN 10kN
FAz 10kN 10kN
Force ranges |also static force
are only has to be
estimation. |measured - range
FBx -3kN 3kN 0-1kN
FBy 10kN 10kN
FBz 10kN 10kN

Motor types ASM - (drawing, models will be defined)
Motor speed range |0-7500rpm [zzmzT Range Resolution | Measured
Max motor power |30kW at 2800rpm
Max motor torque |[100Nm 0.05mm it
Motor cooling Not required 0.05mm with sensor Seen
Bearings' housing |Convertible for different bearings, and also from different [Max bearing diameter 1g m zz:z;:
(bushings) materials. They =gt - T T
; Name Part includes Notes. { notdefined | not-measured | mevement
. part (planned)
Bearings defintion KW4g not defined | not measured | movement
temperature * first concept intreduction - see file
monitoring 140110 _TestBench_01 ppt
Concept proposal (2-3 variants) | Concept! |end of 2013140120 TestBench_02.pdf G -10mm 10mm 0,1mm with sensor
140127 _TestBench_03.ppt
?mwﬁdt fon Concept descrip 140213 TestBench_04 pot T 5 i ser
ocumentation (for S
Bosch) ( % 140401_TestBench-Conceptz_01.ppt|1.4.2014
escription of
Calculations ! Study Conceptz 140409_TestBench-Concept?_02 ppt[9.4.2014
— Jan 2014 Decision for final concept 28.4.2014
Testing Function test sh Selection of final concept for
break) realization i
Measurements
required and she 140522 _TestBench-
Function test wi AP201 |einal Design Stator ppt =
- 140527 _TestBench-
Additionally Test bench has Final_Dasign_Base. ppt 27.5.2014
Design ot the final concspt - CAD 140805_TestBench-Final_Design.ppt |5.6.2014
Model
140812_TestBench-Final_Design.ppt |12.6.2014
140812_TestBench-Final_Design.ppt |12.6.2014
2 Realization 140824 _Final_Design_5 248.2014
Static check
- deformation
Time schedule
Model check: Dynamic Way 2014
check—
modal 140527_MA-Stator-Steel_holder.pptx |27.5.2014
behavier
check
Production of all parts ~Sep 2014
r Test of the Test Bench without
presk in Kosice
3 Tests
Teach in (demonstration of the
Test Bench)

> |
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The design of the first concept

B Key subassemblies are modeled at the beginning

B Each new part (design feature) in assembly is discussed
with the customer

B These subassemblies are joined together to the first
concept
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The first concept

B [t contains only design of main movements
B Connection of motor and brake is not defined

aprox.312

«©
\
]
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Final design

Test bench for
starter motors

B The whole design was finished in July 2016
B This model was used in numerical modal analysis to check resonances
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Check of resonances — prediction

Type: Total Deformation
Frequency: 161.89 Hz
Unit: m

0.3703 Max
0.32916
0.28801
0.24687
0.20572
0.16458
0.12343
0.08229
0.041145

0 Min

Type: Total Deformation
Frequency: 175.77 Hz
Unit: m

0.21963 Max

0.19523
0.17082
0.14642

B 0.12202
= 0.097614
] 007321
L] 0.048807

0.024403
0 Min

B 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

B There was not enough time to perform deeper numerical analysis
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The first test at customer

B The first test was done at customer in October 2016

M [t was not possible to achieve max. required speed
7500rpm because of resonance at ~70Hz

B The frame did not fulfill requirement of the first
resonance and therefore redesign was necessary

MAFIN_EMA _axial_B_11 (1 accl./(m/s*2)/N
1|A_z_ax/Hammer 1

E]\ fJ.-E
N iy
A\ ik } W o
TR TR

ARV E LAY 0
60~80 120 fiHz 300 400 600
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Design modifications — RMK3 design

—

®

B The main aim of all modifications was to shift
the first resonance frequency above 125Hz

B To use as much as possible of original parts of
original design

B This time, much more time was spent with
numerical predictions and verification
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Prediction of mode shapes after design modifications

Type: Total Deformation
Frequency: 154,55 Hz
Unit: m

Type: Total Deformation
Frequency: 203,11 Hz
Unit: m

0,20831 Max

0,22437 Max
0,18517 0,19944
0,16202 0,17451
0,13867 0,14958
01513 { 0,12465

| 009283 | 0,099713
0,063437 — 0,074783
Janess 0043853
0,023146 002483

2,4276e-13 Min

8,2147e-13 Min

B This time prediction was made also for different boundary conditions
B The process of design modifications took more than 4 months
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The ODS measurement after modification

\-‘ o+ - u »

s
[}

149Hz ':b_

Type: Total Deformation
Frequency: 154,55 Hz
Unit: m

0,20831 Max
0,18517
0,16202
0,13887
0,11573

- 0,092583
0,069437

- 0,046292
0,023146
2,4276e-13 Min

B Predicted value 155Hz was almost achieved —
real measured value was 149Hz

B More importantly, well above required value
125Hz
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Final measurement at customer

B Measurement at customer (Sep. 2017) proved
significant reduction of vibration

M [t was possible to run motor to max. required
speed 7500rpm
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Results from customer

10k 10k Schiefstellung A-Lager
flHz fiHz ¥ ¥ | %
2
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B After few months, first results with different settings of the frame were available

B The first results were obtained without load
B Currently measurements under load are in progress
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Built-in oven back panel —workflow of the numerical optimization analysis

present (flat) design

final optimized
design

preparing CAD model
and setting

optimization conditions export rough\l
optimized CAD

model simplified CAD
model ready to\

manufacture
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Results of Sound Optimization | Before vs. After

Remark: binaural sound recording using an artificial head

Washing machine (e. draining):
2 before vs. after

7

=

Cooker hood (at run up):
before vs. after

NG :" M - N
paumwolle | =
jegeleicht | — |
Hemden ~ / :fchnen/Mi*‘ gigelleicht
Handticher ==~ cein/Seide g
I sponsw::s' : 2 ol Vorwasd
;Z;;;Zicht - ANEfSSiz:::: smu—Perfe‘
schleudef“
|
Automatic coffee machine (pumping): Hedgecutter:
2 before vs. after ~Z STIHL HSES81 vs. Bosch prototype

Remark: all appliances are presented only schematically
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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

© FEDM/TE-DEA 2013
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