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NVH Customer Requirements: Silent Brakes or Robust System ?
Lining Material Surface: Brake Noise Influence

New Workflow Proposal with SoS

Application to a Real Brake System

Summary/Future Development
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Answer:
Our focus is to achieve
a NVH robust system
for the whole life cycle.

...you get ideal curves with constant slopes at low percentage values
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Main Task: Silence Brake System E_\/,
to the Whole Life Process

-

Influence of the Influence of drivers
production dispersion and time

Production dispersion:

Geometry tolerances (Uncertain
Parameters, friction coefficient,
weight, etc.

Drivers and time:

Problem

Pressure, temperature, friction
behaviour, fading, etc.

Focus reliable prognostic of brake squeals relative to the production, time and drive
conditions to the whole life process
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NVH — Brake Components Influence

3 V2 442 Lochbid

12: Value = 1.70434E400 Freq = 20778 (cycles/l.

Brake Disc

Calliper

NVH — Brake System

CAD-Design

Lining Material

Target: Robust
Brake System to
the whole life

process
Axle components

Our target for today is ...
Establish a work flow with SoS combined
with opitSlang based on lining material
surface changes
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Alternative 1: Integration of Friction Curve and Surface £ =)
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Change in the Simulation Model
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2 0.865
1.8
0.6
1.6
14 0.55
£
=2 ”°
2
g 0.45
& 0.8
oe = e S — o
0 \&
\K_ 35

1000 2000 3000 4000 5000 S000 Fgelele] 8000
Welacity (mm/s)

Thermocouple element

Backing plate

e Brake lining

Possibility to integrate the friction curve in the simulation model
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Alternative 2: Work flow SoS Combined with OptiSlang =
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Map data onto

FEM model Generate new
Laser scans of
brake pad Import of scan surface and random
data into S0S create random geometries with

whole surfaces field model in optiSLang + SoS
SoS
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IDS Topography Measurement Station ____;4

Topography Measurement Measurement Station

: P Laser Triangulation Sensor with
B ) 0.5 mrepeatability and max. 6 m

— g XC|
i = f o & —
— T

linearity deviation

Contactless measurement of
distance between specimen and
sensor

No destruction of the surface

Moving the specimen on two linear
stages with a positioning accuracy
of 2 um

Measuring range of the height up to
10 mm

Detailed |nformation’ see [1] [1] Ostermeyer, G.-P.; Perzborn, N. and Ren, H., Contactless Wear

Measurement of Brake Pads. In: EuroBrake 2013 Conference Proceedings
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IDS Topography Measurement Station =
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Topography Measurement Measurement Procedure

Measuring the topography by
combining line profiles
Lateral resolution up to 10 um

Usable to determine Contact
Surface, Geometric Properties,
Roughness, Weatr, ...

sl Ax = Ay =25 pm
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IDS Topography Real Measurement

Topogra

Measurement

ehrwers
s

F
3
..‘E—/

-—
Measurement Procedure

Measuring the topography by
combining line profiles
Lateral resolution up to 10 um

Usable to determine Contact
Surface, Geometric Properties,
Rouahness. Wear. ...

sl Ax = Ay =25 um - - 4.48
6 P g 4.46
i s e .
4 --;1" f;;-- v :’,ﬁ& 4.44
SSEuET o ——
2~ C = ol : 4.42
e y
0»\\ qore 4.4
15 2
;\ 15 4.38
: 10 AN
S e 4.36
M * ©30%s '

Mercedes-Benz

Z/mm



Workflow

Measurements
(TU Braunschweig)

Mapping to FE-Mesh
(So0S)

AN

Nonlinear Contact
(Abaqus)

Robustness Analysis
(optiSlang + SoS )

Robustness
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Step 1 =
Import laser scan data into SoS :

Laser scan data: 1.2 million measurement points on a 2D grid

40 real measurements
Import of grids with variations in Z position in terms of a scalar field “Deviation”

Visualization of the deviation as color plot in SoS

Further: Rotation, Translation and scaling (units!) in SoS

Mercedes-Benz



Step 2 1=
Mapping of measured data onto FEM mesh

FEM mesh of break pad: 118558 nodes, 405971 elements,

Abaqus INP file format, target surface defined by node set

Projection along predefined direction (y axis)
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Step 3 j\/J

Mapping of measured data onto FEM mesh
Loss of information due to data mapping!

Reason: Rough spatial resolution of FEM nodes vs. small distances of laser scan
points

Nearly no differences in statistical mean

But: Averaging effects in standard deviation (i.e. spatially very local effects)

Deviation
Missing I- stddev R I-
Above time 2015-09-22 18:00:21 Above I|
node
S00802 Il value 0.000120208 5.00e-02 I'
wvalue 2.39893
417002 gpuuy values (number) 174607 4.17e-02 55
values (relative) 15.2402%
3.33e-02
2.506-02
— I-
8 3ae-oal|
0.00e+00
Below

dynardo dynardo
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Random field model H»

Approximate a random design with

mean value +;linear combination of deterministic “scatter shapes” multiplied with random
coefficients

perturbed T (i3] iy
= f- 21+ i sz
geometry mean value shape #1 shape #2

Accurately resembles

3 P4

shape #3 shape #4

Statistical moments (mean, standard deviation...)
Spatial correlations (anisotropic, inhomogenious...)

Accuracy:

~30 random numbers to approximate statistics of measurements with 99% accuracy

Only 10 random numbers for 90% accuracy
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Random field model: Accuracy iz

Left: Standard deviation in FEM model
Right: Accuracy in %

Above quantity Deviation Above I Deviation
result stddev wvariation
5.00e-02 creation time ~ 2015-09-22 17:11:16 100 [ ] 2015-09-22 17:11:16
4.17e-02 data type node 90% node
Ll minimum value 0.00496535 minimum value 52.9672%
3.33e-02 maximum value 0.215483 80% maximum value 99.9984%
: tion (cumulative) 99.2738%
e i. e i‘ ained variation  99.2738%
1.67e-02 I- 60% I|
8.33e-03 Below
0.00e+00
Below

.....

dynmnardo dynardo
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Random field model: Scatter Shapes iz

Left: Shape #1 (31.8% Variation)
Right: Shape #2 (19.1% Variation)

Deviation Above ‘qc.\vamity Deviation
shape[1] & it shape[2]
2015-09-22 18:06:41 -00e-02 l tion time 2015-09-22 18:06:41
node 1.67e-02 node
-0.0575921 : N p— minimum value -0.0773397
0.0777422 3.330-03 maximum value 0.0560945
variation (absolute) 4.38003 : variation (absolute) 2.63564
relative)  31.8333% o variation ( ) 19.1553%
\ (cumulative) 31.8333% II variation (cumulative) 50.9886%
— -2.33e-02 II . — —
-3.67e-02 Il
-5.00e-02
Below

dynardo
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Random field model: Scatter Shapes

Left: Shape #3 (7.4% Variation)
Right: Shape #4 (5.4% Variation) — already with many local effects






















