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Introduction




Overview of several Automotive Applications

W,
BRUKER

using White Light Interferometry

3D Microtexture Measurements and Analyses for Automotive Components

* 3D roughness, step, and shape measurement

» Rapid, noncontact, R&D and production metrology
* Subnanometer vertical resolution

» Submicron lateral resolution

* Industry-leading data analysis software

Upholstery

Piston Skirt Clutch Windshield

Chrome
Defect

-

3D quantification provides profound
insights into part performance

Repeatable non-contact
measurements does not deform or
damage surfaces

High vertical resolution captures
optical-grade surface roughness

Vertical range enables
measurement of large steps,
surface excursions, and film
thicknesses

Comprehensive data analysis offers
in-depth understanding of surface
performance
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What Optical Profiling Do for the
Automotive Industry

3D, High-Speed, Microtextured Measurement and Analysis

Quantify Wear...
e Failure analysis investigation
e Design for longer life

Quantify Texture...
e Design the Surface for Performance

Quantify/Monitor Manufacture Process...
e Monitor production
e Quality control . Ve 4.}
° Improve production | Different Metal Surface Preparios
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Automotive Applications
Surface Texture Characterization

Optical profiling gathers critical data on:

Component Wear (Rings, Piston Skirt, Gear, etc.)
Friction (Clutch Plates, Rings, Pistons, Gears, etc.)
Fluid Handling/Sealing Surface (Valves, Seals, etc.)
Noise, Vibration, Harshness (Brakes, Gears, Clutches, etc.)
Sensor Failure (Fuel level Sensor, Air Bag Sensor, etc.)
Coatings/Textile (Adhesion, Appearance, etc.)

Brake rotor surface texture

| Connecting rod Failed surface
= ¥ bearing surface preparation for &
wear pattern paint .
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Automotive Applications

B
Film Thicknesses

- Lubricant thickness Thickness Avg: 4.95 um ey

- Anodization layers Thickness Rt: 1.30 um

- Polvmer coatinas Thickness Rp: 5.45 um
y 9 Thickness Rv: 4.15 um

Measurement Fringes on Top and
Bottom of Film Surface

Film Thickness
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NPFlex — Made for Automotive




Versatility of measurable parts
Inherent Flexibility and Accuracy

Pressure plate for 4-
| wheel drive vehicle

Car engine

. _roller
bearings in

4-wheel drive rotor Print roller
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Versatility of Measurable Locations
Optional rotational stage

Corrosion

cylinder

Miniature shaft

Small inner
Slip Yoke shaft ring
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Versatility on accessibility

W,
BRUKER
SLWD objective and fold Mirror (<O

SLWD = Super Long Working Distance
34mm working distance

Piston head

Long working
distance gives |
bottom access

Piston
Connecting Rod

Fold mirror
gives side
access
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Versatility of measurable locations
Optional swivel head and deep fold mirror

Steering Wheel Column

.....___-’!!

Swivel head
I + 45°
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Bruker Bench Top Measurement
ContourX White Light Interferometers

ContourX-100 ContourX-200 ContourX-500
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Bruker Bench Top Tribology
Offering Wear Testers to Measurements

; | Wet Clutch
<UMT Tribolab Wear Testing
Mechanical | |
Tester

ContourX @&
Benchtop WLI>§
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What is White Light Interferometry




White Light Interferometry o O R
A Specialized High-End Microscope (<O

o White Light Interferometry, also know | o o=
as Coherence Scanning Interferometry, ~=*| .
scans thru focus using specialized
interferometric objectives which creates c
a fringe pattern thru that focus i = i:

e Using this pattern at known heights R .
create a topographic map of the surface gl- LA

r \

N—~
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http://upload.wikimedia.org/wikipedia/en/f/fa/Cntr-map-1.jpg

White Light Interferometry o O R
A Specialized High-End Microscope (<O

e Microscopes with interferometric objectives with internal mirror used
to provide sample height data with the created fringe pattern

e Optics scanned vertically so that the sample is passed through focus

e Computer system computes up to sub-nanometer height information
from this focus scan data for each camera pixel

DetmormMF: Digitized Intensity ;‘“"T
; Data j )
|

MEMS (air bag)
Cotton Weave
Quarter

[ s

LED II |I
Fources lluminator

&

[ N I a ‘ 3
VS (e e | = Beamsplitter |:> ey il
/ / / I Translator . /- o !

Dichroic  Field Aperture

: [ | Microscope
Mirror Stop Stop l; d Objectivap
iﬁi Mirau

Interferometer
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Surface Characterization using S-Parameters




Automotive Definitions
Is Ra (Sa) Enough?

» These surfaces have identical Ra (Sa) value
» But these surfaces are different functionally (fluid retention, friction, etc.)

3D areal parameters (S-parameters) have been
developed to capture and quantify differences

RN I B AYAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN
s
Ra=3.08um —— o—~u~_ “ \NJWWM

RA=300UM e o e e YT
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Automotive Definitions
S-Parameters provide missing details

Amplitude Parameters Spatial Parameters
(analogous to 2D parameters, Derived from autocorrelation
assessed via height data + form function, e.qg., preferred direction

Hybrid Parameters Functional Parameters

Combine height and Derived from Abbott curve,
spatial parameters assess lubrication behavior,
adhesion, etc.
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Automotive Definitions
S-Parameters

Sdqg = Root Mean Square Surface Slope (sealing, cosmetic, appearance)

Surface wi Miple peaks Sek - Sk = 18.7 Penodhe Texture Ssk =016 Sku= 163
Sa=75 nm, qu=0.2 deg Surface wilh mullie peaks Ssk - 3.20 Sku - 18.771

Sv & Sp = Evaluate the absolute highest and lower peaks

S q= 0 3 3 um . Sdrzo. 0 62 3% A shrface .'A:;t.ti.'.'lc'i.v:ﬁ{:t’:'.\rTx 'l"n’ll'l:.‘.:'."' n';.'l-'l_i-"l‘lflf'i‘l:ﬂ by deen valey A polymer surface pa ‘:'Il peﬁes as measured by
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Automotive Definitions W,
V-Parameters Bearing Curve Ratio (1) (<O

e Parameters can predict surface wear and retention |

Label Value Units
Al 4.8095nm
e Peak areas that erode first are quantified (Spk) e
. um
Htp 2777 |pm
e Load bearing surface is identified (SK) S 1
. e NumberBins| 1000
 Valley areas that contain lubricates (Svk) Y s {1279 Jum
‘ Spk 0.234 |pm
Spk* 0.985 m
40 STl
Apk Svk* 5925 |um
ValleyOffset |0
tpl 5 %
RE tp2 90 %
Rwvk
Mr1 Mr2 - 0 %
A 100 %
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Automotive Definitions

_ _ BRUKER
V-Parameters Bearing Curve Ratio (2)

Bearing Ratio Analysis

um R 4
ST ]
4
3
2\ Tended No' to Rust
2 \\ 4. 1% below !lm |
—_ . — T YT i
3 3 — X:939%
® s Y:20um
® 0
* —
o] —~t \
- )
23 P g
E Tended to Rust | x:893% T
3 [Y 20um | \
-4 10.7% below Zum |
“ y— Y — P —— 7 Pr— r v 1% »
¢ 20 @ 20 100

Percent Data Cm

Bearing rotio onalysis of the two surfaces in Figure 2. The stock thot eventuclly corroded
showed a greater percentage of valleys deeper than 2 microns.

Rpk Bearing Ratio Curve
um -

D_BD:E\‘\
Rk _E| e Tended Not to Rust

Ruk hyoE ‘ Stock either maintained an acceptable surface finish (left image) or corroded (right image)
3 following processing. 3D parameters helped trace the difference to a predominance of deep valleys

% which Ra did not discemn.

0 il 41 5l a0 100

Mrl Percert Data Cut Mr2
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Different Machining Processes B(RU>K< E)R
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Wear/Corrosion Characterization




Wear of Cylinder Components
Quality Control and Failure Analysis

e Bruker profilers have characterized
drive train components

e Shaft, cam, rod, valve roughness and wear

e Cylinder bore machining
m

Disief &i8) Of +| sl mixf 2io) Suzislal Cle| € Tlslv)

Quantifying cylinder.
bore finish and wear

2D and 3D plots of honed cylinder
wall showing volume of material
lost over time, ratio of peaks to
valleys, directionality of wear, etc.

SR . ."?.f'-'*';': : l‘. : je R = ‘ NS = =
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Hypoid Pinion Gear Wear (1) BRORER
Ability to Measure Shaft and Tooth-One Setup

e Hypoid tooth shape preferred to apply more torque over a smaller
“contact patch” area

e Currently used contact technique or cut down on parts

e Form & roughness using stitching of multiple images due to large
contact patch

E. 0.25 mm
Fa 0.23 mim
Et 0.95 mim
En 0.22 mm
Ew -0.73 1o

Lngle -0.33 mrad
Curve  -73.44 mim
Terms Hone

- AveHt  -0.06 mm
R L L L R A A N A BrEn -1.39 mm?2

Tooth bow x-section shows range of z-height.
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Hypoid Pinion Gear Wear (2)
Using Volume and Areal Surface Parameters

Volume measurements quantify the amount of wear in
the contact zone and show the displacement of material
toward the OD of the gear

20mm stitch of hypoid gear tooth

Volume Calceulations

Wolume Options MNormal
Matural Volume 25176350400 um3
HMormal Volume 4770 um=
Hegative Volume 2094161600 um3
o Positrve Volume 2164212000 um3 —
UnWO["n area Met Mizsing Volume ST01504.00 um3 Worn area
Sa= 3.48um Total Displaced Volume 42584736 .00 um3 Sa= 0.78].Im
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Automotive Application
Wear Measurement on Clutch Plates

- -100

Paper Clutch Plate (slightly womn) Paper Clutch Plate (highly worn)
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Cam Cap Wear Study
Supplier Selection Testing Study

I\-/I,icrograph - New Supplier A ;Miérograph - New -

p"' .4" ! 3

Mrt‘rograph -zTested

Im
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Quantify Wear an
Depths, Volume Loss/Gain Analysis (<O

Pin and Ball Wear

Volume Calculations
St u d y Volume Options Nonnad
Natural Volnme 20013972 00 nm3
Nogmal Volume 0.5 mnd
Negative Vohune 1020010 00 um3
Postive Volume 11072223 um3
I I Net Misang Volume 90582 2% um3
Q uan t | fy m a te rl aI Total Displaced Volume 8130862 00 um}
characteristics with c -

wear studies

Quantify material
removal in terms of

volume -
Evaluate negative, — )
positive and missing
volumes
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Quantify Wear B‘.;?,@R
(<O

Depths, Volume Loss/Gain Analysis

Cutting Surfaces 1

Measure inside surfaces!

e The cutting edge that
wears, not the outer o
circumference B =

Machining bits

e 1106wt

e Roughness, radii of BRI

Tenme Now

curvature, angles B R B e 2a g aattll

Y Profile ¢
Y 3‘0 03.‘8. un

High-speed machining ./ N “ .

| o
&

: o 276

'+

068 mu

=

1% mn
Rp 1498w

1256 mu

2

Angle “3 35 snd

. |
Quantify wear and set o
ditions on | : Title: Drill Bat
con g | | (T::,,,—,“%—gm— Note: Tip Shape and Wear
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Quantify Wear B‘;‘a@.‘
Depths, Volume Loss/Gain Analysis (<O

Cutting Surfaces 2 High Speed Steel Inside Surface

e Study wear with usage 08 60000
06 o 50000, _
e Cutting bit roughness changes over the course | . 04 T ;‘3333%;
of 30 uses 4 20000 E T

' K + 10000
e Material redeposit on surface significantly 40" _____ _

affects topology sy

e Radii of cu.rvature edge quallty unaffected

10 Processes 20 Processes 30 Processes
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Quantify Corrosion an
Depths, Volume, Size Analysis (<O

. Diameter Area RVS Volume |
(um) (mm2 ) (um) (um3)
¢ CorrOSIOn 38.054 0.001 -4.567 -1799.938
44.755 0.001 -4.375 -3096.113 i
. 54.458 0.001 -3.537 -2860.571
o AUtomat|C 27.525 0.000 -2.598 -722.797
. 143.674 0.005 -3.852 -12003.441
detection and 20,869  0.000  -2.567  -650.485
. . 35.194 0.000 -2.556 -769.561
characterization
1 48,645 0.001 -3.859 -2503.165
Of corrosion and 72.611 0.002 -3.787 -3550.267
40.735 0.001 -3.866 -2461.870
defeCtS on 30.417 0.000 -4.048 -1008.718
54.525 0.002 -4.353 -5034.870
Su rface 110.301 0.003 -4.695 -8884.792
B 52.653 0.001 -2.824 -1838.387
R . CI Ts » El <. ;aa ] 74.810 0.002 -4.067 -5176.191
(] = ~ f 31.592 0.000 -3.704 -1000. 648
eCIpe Save % 14 d'" 2 ¢ o 3 A 31.592 0.001 -3.314 -1589.020
s - e 40.894 0.001 -3.665 -2349.824
for each type wlg A o Y .mb‘?“ 30.301  0.001  -3.528  -1354.902
: - 3 » . 55.304 0.001 -3.409 -2193.438
proceSS and ] 4 Fo a® WP s, " 'Q B oﬂ'-é 57.487 0.001 -2.433 -2840.395
. o £ ” AP o 95.290 0.002 -4.130 -3980.248
ana|y5|s f R gt mel 36.305  0.001  -3.075  -1155.807
** E. s = 44.681 0.001 -3.551 -2184.592
»] =g e n e ™ 5 20.851 0.001 0.782 1849.531
: . * e ..'o o @ o 120.458 0.00S 4.583 11362.362
B G e o
o 1 T S T | i
93 03 66 08 08 OT O3 O 190 1y 13 Title: ProcessA
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Quantify Wear
Depths, Volume Loss/Gain Analysis

= Bruker profilers have measured wear
rate on fuel level sensors
= Wear mechanisms can change over time
= Failure Analysis Done

= Lifetime testing of before and after
o components

X Profile: AX=04E48 mm AZ=-13.355 um

Profile along worn contact

Nominal Wear Failed Component

Bruker Confidential




Surface Finish — Gear Teeth using SLWD Objective




Tooth roughness B‘.;?.@R
SLWD Objective (<O

34 mm
WD

super
Long
Working
Distance
objective
allows for
sidewall
tooth
inspection

Surface Stats:
Ba: 33541 nm
Raq: 405.66 nm

Eit: 3.69 um

7/27/2023 7/27/2023 Bruker Confidential
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Cylinder Bore Inspection




Cylinder Bore Inspection
Complete Solution for Pre-Inspection

Cylinder bore texture ’ ]

~ - Mo RO A Dhameter Row
- _! | | M prm
o 2 ]
o . 1 16400 -1.360
m e
| . .
(] ’ Piston 2 ‘ 54,419 -2.560
'g =
E. } Compression Ring ; . 33310 -

Automatic defect analysis

Bearing Ratio

Height
nl’u\h\,\uT\H\

LI I | 1 LI | LI |

Poroent Data cut 1.0 20 3.0 40 5.0
6
Plateau texture affects x 10
contact mechanics with rings Cross hatch - deep valleys - - £
affect gas/flmd ﬂOW and fluid Bore-Scope objective collecting data
retention 150 mm inside large metal engine

Valley affects oil retention

cylinder liner.

Dynamic Sealing
Interfaces and
Surface Texture

Cylinder Bore/
Rings

Cylinder Bore

Surface Texture

OVERALL Engine
Performance
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Cylinder Bore Inspection
Complete Solution for Post-Inspection

Severe Cylinder Wear and
Catastrophic Damage
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Brake Rotor
Characterization of Performance

Brake rotor vibration
- Enhanced process control of noise vibration harshness

- Discern between tool life, material, pre/post machining operations,
etc.

; Sdqg: Low

Sdq: High

Bruker Confidential
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Cam and Crank shaft




Shaft roughness
Leak Prevention with Sds/Ssc Parameters

Shaft Dia.
Seal LD

Sa 368nm
Sds 1130 /mm?
Ssc 49 mm-! (radius 20mm)
L Bore Depth
oeal Width
BORE Z
T \:
o &
==
— 2 DustlLip Metal Case
32 a \\“-3 Primary Lip
T SHAFT

New shaft

Sa 769 nm
Sds 247 /mm?2
Ssc 6 mm-! (radius 166 mm)

7/27/2023
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Camshaft & Crank Shaft Roughness

BRORER
Challenging Access Resolved with SLWD (<O

Crank shaft

Wear Scar &
Flat Spot
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Camshaft
Lobe Chatter

<)
BRUOKER
(<)

Surface texture of camshaft lobe shows
evidence of chatter

Quantify periodicity with optical
interferometry

Metrology results in:

Better manufacturing and design of
interfacing surfaces to avoid engine noise
& failure

Better operation and timing for proper
combustion and subsequent lower
emissions

7/27/2023
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Material Surface Assessment




Influence of Texture & Processes
Surface Finish to Efficiency/Performance

Cylinder bore machining
(Courtesy GM Powertrain)

Experimental Clutch plate designs
(Courtesy Steel Parts)
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Influence of Texture & Processes
Surface Finish to Process Results

Shot Peened surface Laser Peened surface
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Influence of Texture & Processes BRUKER

Pre-Paint Surface Finish to Final Visual Quality (. ><J

Labe Value Units
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Influence of Texture & Processes B(RSK(E]R

Various Preparation Processes (<O

e The surface roughness and waviness of different steels was
quantitatively tested

Ui urm
Z 1.00 E 1.00
- 0.50 grer TEL AT ftiss — C
B B T e e T8 S e o i i e TR B
- -5.00 S d Do Y ';:n';-‘..‘ \ﬁ: s ‘ "oy e LA -_'_'Fr;._.ijt.‘_.u_ £ - -5.00
E e i'lu 3 ; :".‘.1 ﬁ"{'l" oy 2 4. i-" '.g-f\;"" ehii ¥ CE X ."l s M
0.oo [ T I [ [ [ [ I [ [ [ [ 1
o0 05 10 15 20 25 30 35 40 45 50 55 6D 00 05 10 14 20 25 30 35 40 45 50 A5  B.D
Hot Dipped Galvanneal Electrogalvanic
Um Um
- 500 - 500
= 1.00 - 1.00
0.50 E L _~'--'7:--1;,:::‘-'_: ."._-I'_- "j\:i'.‘.'!"r;r. e s W E 0.50 :m_m = : RERT S e W et TN - : E
z .‘ ol e 500 E o ,_ ;;*".': a. : T L ot ot e 2 ; e = " - -5.00
J e i Pt G BT ¥y R o SR R o o B - m
0.oo = 0.00 = T T T — — | E— T T 1 1
00 05 1.0 15 20 25 30 35 40 45 50 55 GO 00 0&5 10 158 20 25 30 35 40 45 50 55 B0
Electrogalvanized Cold Rolled Steel
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Sealing Surfaces




Flathess
From Seals to Fuel Injectors

<)
BRUOKER
(<)

Face Seal — “Form — Waviness — Roughness”

35. 000 @ al .l
T
- Yo -5, 000 um!
N ®[s)
Total Swface
All Spatial Wavelengths

i
-

W
-
#
- Bam 1, ’
BrAld L Jhi
- T
* LI
Ll LRI al
0000 am :
o 2
308
T

111111

vy
Form Waviness Roughness
Wavelengths = lmm 0.5 mm < Wavelengths <1 mm Wavelengths < 0.5 mm
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Clutch Plate Tab Roll Off o O R
Easy Acquisition and Analysis (<O

o Metrology results in better clutch materials for improved
performance

o Roll off limits movement of the whole plate- tabs stick to hub
e Friction causes chatter, premature wear, slippage, overheating

#: 0.6464 rmm

375 um
311 um
1349 um
2.08 urmn
-1141 um

=z

f———
wn £pprEL 7
[E Eh?|§

g

[ 20.88 mra
Curve -13.50 mm
Terms  MNone
avgHt  -1.95 um
Area -1258.56 um32

E

¥ 0.5844 mirn

!

Radius of curvature: 12.50mm & 48.63mm

n
w
-
<
-l
Q.
=z
O
-
o
14
.

f————
Bra0E 7
FEREEE
&5

=3

E |8

o3
2]
w
-
<
-
o.
I
S
=
-
=t
&)
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Tribology of Rotors

W,
BRUKER
New Areal Roughness Parameters (<O

e Contact surface under significant load, friction, heat
e S Parameter Metrology provides:

Functional: surface wear, lifetime, performance, fluid retention
information

Hybrid: directionality of surface texture

Hybrid

Sdq 7.85 deg

Ssc 33.85 imm

[ sar 0.93 | |
Sds 204.64 imm2 14 B

Setup Paramstars
I FRLUESEE- %
3 e

eaura 00 Uur

Processad Options
Tarms

Tl
Fiksnng Sang
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Sensors - Electronics




Electronic Measurements
Qualification and Failure Analysis

ential

Analytical Results “ﬂ
En g Ine Label Value Units
Oxyg en Matural Volume 0.005 mm?
Sensor Negative Volume 0.001 mm?
Met Missing Volume -12574.056 |pm?
MNormal Volume 5.201 pm?
Positive Volume 0.001 mm?
Total Displaced Volume| 0.003 mm?
s ¥ Profile: AX=0 5854 mmr AT= - pm Analytical Ruslts 9
i M Genernd
m_P. Lkl Wl Uity
1] Heught fwg 17022 |pm
i “ " I'.' N | Mo, Traces 1
'.F l' ||I|rF h Spsiw fa 1487 |pmi
R i g ' ] Space Fig 1.935 [pm
-l 2 " 2 42l |I f Spece K] 23962 | pm
o4 | 1 |l Space Rz FEE1T | pm
8] | Trace 1 Height AT822 |pm
. Trace 1 Widlh o115 [men
- 16 0or o1 020 080 gs0 050 gsg  LmesdWelthbas 0362 |men
e Trace 1 Wlth Min T3 [pm
£ 3 Trace 1 Width Side o014 |men
- Traes 1 Wallh? 195 [men
LL o Prafile: A3=1.0446 mm; A= - ym Trace 1 Wtk Max 036D |men
B M Traee 1 Widlth2 kn W73 (pm
I Trace 1 Wadlth? Stoes oid men
15 ™ Irace Ha S0 [pm
; . Wil Trae R 2EA% |
& I | | | | fi [1 Trace Rt 11535 | e
< 1 £ i Tt i || 1 Traes Bz 11740 pm
a0 24z | | | | { | H | | | Trace Width fug 015 |men
k 0 | || | W | | Trace Width Aug2 0115 |mm
] | Trace 'Widih Max G5 |
I raca Weictth Min ool |men
: & B Y y Y Trace Width Std o
G40 pen nAl 04n pE0 o an 0z o4 ] 18 nE 11 |r::mam:=.u::mg o :“:
i e race Width Stdew g2 (014 |men

58




Electronic Measurements
Qualification and Failure Analysis

<)
BRUKER
LX-)

Components - Contacts - Solder Bump Arra MEMS Sensors

e~
N

o ~ "
™

N
.

‘\-‘ ‘&Q_,Q —— \\\

' —
N
B

\_»

= =\ B8 Raw and
R\ ™ Analyzed
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Visual Appearance - Upholstery/Paint




Quantify Appearance
New Areal Roughness Parameters

Bruker profilers have characterized
automotive surface finish

e Cosmetic finishes
e  Surface-prep/cleaning
e Paint

e Plating
* Anodizing Dashboard upholstery “\ "

- -
e  Polishing

AAAAAARAAAAT LB 0BT
S B B R R
ARAAAAAALASLTT T A BB B R TR RR BB BEOYY
CTRAAAAAARAAASATERSASSSsss s s e -
AAAAAAARAALTAARBTTEBBBRBBEBB BTN
MARAAARNSAEAARAAEATSISASYsssssssnsmmmmw
R i 5
\\\\\\ NARAAAAAAAS AL B ———
e T T e S S S
\\\\\\ ARAAAMAAMAAMASAsSsss s s s as e -
T e e e e e e e e e S N S S S e
\\\\\\ NAAAAAAAAATARARARARERBRBRE B
AAR A AN S SIS S SAISARSAN e i S R S A
NAASAAAAAAAMAAAA S S S S RS s s s s mam -
ARmAAAARASAAASAsS AAs AL S ygansamn e

e Upholstery

601.6 um

~~~~~~ AAAAAAARSAAARAARBBBRBRD -~
L, " YN cscsasnsaw
~~~~~~~ AAAAAAASsSASS S S s s s s aaan-
e e e e e e e e e R  a ——
~~~~~~ AAAAAAASA S S S S A S S S S As s T
o e N I NN NN A N "~
SAAAAAAANSASNSS S SRS ASA S a s aan

Lense - Reflector B e
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Dimensional Measurements




Dimensional Measurements

<)
BRUKER
2D CAD Analysis w/ Vision MAP (<D

Dimensional analysis of
geometrical profiles
according to 1ISO 1101.:
sizes, angles, radii,
diameters, form deviations.

Compare against CAD
model or user-defined

tolerances
] i -
- [ z
- -"H_L"‘—--_l"ﬂ_'l""—-—-_f-r:'"
N |_ 1_Jnr J 5
] - :
T T Y v T v Y 2 > ]
l -2%0 -200 -150 -100 50 0 50 100 150 200 2909 il e T
Arile - Cirencior 1 .
HIGHG y
e ————————
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Dimensional Measurements
Thread Analysis w/ Vision MAP
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Summary - Characterization,
Qualification and Failure Analysis

<)
BRUOKER
(<)

3D optical profiling provides unprecedented, nondestructive insight into

surface characteristics, functionality, and performance

e 3D profiling provides accurate surface data for:

R&D
Testing
Process development and control

Failure analysis

e Bruker Series of optical profilers offers the most comprehensive metrology
platform available for quantifying wear, texture, manufacturing processes, and
many other automotive applications with automated data capture and analysis
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Innovation with Integrity
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