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Gesellschaft fiir optische Messtechnik

- Founded 1990

- Spin-off of the Technical University of
Braunschweig

- Privately owned
- Today: 250 Employees
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GOM
Know How

- GOM is a single source for measuring systems, software solutions, technical services and
professional support

- Integrated solution optimizes implementation procedures and shortens inspection ramp-up
time and offer long term support due to secured compatibility
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GOM
Measurement Principle

- Camera based sensors
- Stereo camera system
- Single camera system

- Optical characteristics are identified in
camera images

- Point targets
- Fringe projection
- Stochastic pattern

- Triangulation

- Results:
- 3D Coordinates
- Surface or single points
- Static or dynamic
- (Deformations)
- (Displacements)
- (Strains)

Validation and Optimization of Numerical Simulations Sem
by Optical Measurmements of Tools and Parts Optical Measuring Techniques

Theodor Moller




GOM
Product Overview
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3D Surface Measurement
Fringe Projection (ATOS)
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3D Surface Measurement
Fringe Projection (ATOS)

- Static measurements of any
3D geometry / surface

- Full-field component measurement
- Inspection / GD&T
 Quality control
- Reverse engineering / design
- Rapid manufacturing

- Evaluation in
- Injection molding und plastics industry
- Sheet metal and forming industry Fringe projection
- Casting industry
- Tooling and molding
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3D Point Measurement
Photogrammetry (TRITOP)
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3D Point Measurement
Photogrammetry (TRITOP)

- Static measurement of single 3D
coordinates (and displacements)

-“Portable CMM”

- Inspection of objects (in different loading
conditions)

- 3D Coordinates points versus CAD
- Distances, angles, radii
- Mating dimensions, boreholes, bolts

- (Vectors of movement for each
marker)

- (Deformation analysis)

- Measuring and analysis objects in
- Ship building
- Train building
- Gas turbine casings
- Rigs
- (with mechanical load)

- (with thermal load in
climate chamber)

[mm]
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Dynamic 3D Point Measurement
Point Tracking (PONTOS)
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Dynamic 3D Point Measurement
Point Tracking (PONTOS)

- Photogrammetric measurement
- Dynamic measurement

- Deformation analysis and evaluation of
multiple load conditions

- Deformation (Torsion, bending,
displacement, etc.)

- Velocity
- Acceleration
- Analysis of vibration

- Dynamic behavior of components
- Measurements in wind tunnels
- Drop tests
- Door slam tests
- Structural vibrations
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3D Surface Strain Measurement
Photogrammetry (ARGUS)
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Dynamic Photogrammety Deformation Analysis in
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Validation and Optimization of Numerical Simulations
by Optical Measurmements of Tools and Parts
Theodor Mdller

ARAMIS
Deformation Analysis and
Material Testing

3 Optical Measuring Techniques




3D Surface Strain Measurement
Sheet Metal Forming Analysis (ARGUS)

- Photogrammetric measurement
- Dense point grid

- Static deformation analysis in sheet metal i
and forming industry

- Material deformation analysis
- Detection of critical forming areas

- Localization of overstretched areas
prior to visible cracks

- Verification and improvement of
forming simulations

- Fast improvement of forming tools in try-
out phase

- Adjusting the tool parameters (binders,
dies, support plates)

- Changes in tools

Validation and Optimization of Numerical Simulations Sem
by Optical Measurmements of Tools and Parts Optical Measuring Techniques

Theodor Moller




Dynamic 3D Surface Strain Measurement
Digital Image Correlation (ARAMIS)
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Dynamic 3D Surface Strain Measurement
Digital Image Correlation (ARAMIS)

- Dynamic analysis of 3D coordinates,
movements and strain

- 3D deformation measurement
- Determination of material properties
- Component testing

- Flexibility for all applications

- Standard applications, e.g. tensile
tests, ...

- High temperature measurements
- High speed measurements
- Real-Time measurements

- Integration in existing testing
environments

- Tensile testing devices, load frames, ...

- Replacement for extensometers and
strain gauges

- Validation of Finite-Element simulations

Deformed Specimen
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Dynamic 3D Surface Strain Measurement
Digital Image Correlation (ARAMIS)

- Dynamic analysis of 3D coordinates,
movements and strain

- 3D deformation measurement
- Determination of material properties
- Component testing

e . . _ Transversal
- Flexibility for all applications & Strain
- Standard applications, e.g. tensile N 1’ [%]
tests, ... o 0

- High temperature measurements
- High speed measurements
- Real-Time measurements

- Integration in existing testing
environments

- Tensile testing devices, load frames, ...

- Replacement for extensometers and
strain gauges

- Validation of Finite-Element simulations

ARAMIS 8om eom
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FEA
Link

Optical FEA

Measurement

Coordinates
- Position
- Shape

Input Geometry ‘

_ Boundary Conditions ‘
Displacements

- Deformation ]
- Velocity Material Parameters

- Acceleration

Surface Strains Material Model ‘

Validation ‘
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FEA Input
Input Geometry

- Real shape of tools and parts
- If no CAD data set is available

- If there is a shape deviation between
CAD data set and real object due to

- Production tolerances
- Usage
- “Manual optimization”
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FEA Input
Boundary Conditions

- Shape and behavior of
- Fixtures
- Rigs
- Tools
- Loading devices

- Sample:
- Blank holder movement degree of freedom

[MPa]
500 ]
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300 -

200

100

Contact Pressure
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FEA Input
Boundary Conditions

- Shape and behavior of
- Fixtures
- Rigs
- Tools
- Loading devices
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FEA Input
Material Parameters

- Optical surface strain e
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FEA Input
Material Model

- Validate choice of right
- Element type
- Material model
- Simulation model
- Linear
- Nonlinear
- Simplifications Longitudinal
Strain

- Get right compromise for
- Computation time
- Degrees of freedom

Wires to S
strain gauges [max. Strainl

- Validity
- Sample:
- Helicopter blade with 8
linear simulation but § OO = |
nonlinear behavior for e P N
loads greater than £ oo —
200N o
-
-OIOIOO 5|0' 1C|)O 1FI>0 2(|)0 2%0 3C|)0 35|'>0 400 i
Doad [N] Load: 340 N Difference
-«
.|+ CFRP Composite Rotor Kaiserslautern
ARAMIS Linear Simulation 14.05.09 %m
Verbundwerkstoffe
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FEA Input
Material Model

- Validate choice of right
- Element type
- Material model
- Simulation model
- Linear
- Nonlinear
- Simplifications

- Get right compromise for
- Computation time
- Degrees of freedom
- Validity

- Sample:

- Trunk lid forming
simulated without
seam for simplification
(only small area is
affected)
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Theodor Méller

Major true strain measurement

Mzijor true strain deviation

3 Optical Measuring Techniques



FEA Validation
Comparison

- Simulation and optical
measurement provide

- Full field result data

- But are different in:
- Coordinate system
- Result presentation
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FEA Validation
Comparison

- Simulation and optical
measurement provide

- Full field result data

- But are different in:
- Coordinate system
- Result presentation
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FEA Validation
Comparison
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FEA Validation
Comparison

- Simulation and optical
measurement provide

- Full field result data

- But are different in:
- Coordinate system
- Result presentation

- Often only subsets of data
are compared manually in
external tools

- Handling of both data
sets in a single post
processor will give
advantages
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FEA Validation
Comparison Workflow

Edit Wiew Project Stage Results CADJFEM Sections !

- Import of FEA results in GOM software

B Open Ctri+0 k H I‘* ‘: @ ”m
Close Ctri+W
Clase all Ctri+Shift+W
Save as Ctri+Shift+5
CAD Data
Export |3
e r Import V4 Strain Project
Recent Files B Import Strain Project
Exit Ctri+Q Add Sub Project
Import Stage Data
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FEA Validation
Comparison Workflow

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit)

%

Without alignment

K

After pre-orientation

%

After best-fit by surface
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FEA Validation
Comparison Workflow

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit)
- By frame (reference points, 3-2-1,
translation, rotation)
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FEA Validation
Comparison Workflow

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit)
- By frame (reference points, 3-2-1,
translation, rotation)

- Mapping
- Find corresponding points for non
congruent meshes

- Interpolate result values for mapped
points
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FEA Validation
Comparison Workflow

[mm]
20

1 15
10
05
0.0
0.5
-1.0
15

2.0

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit)
- By frame (reference points, 3-2-1,
translation, rotation)

- Mapping

- Comparison of Surface deviation without spring back simulation

- Geometry
- Depth of drawing .
- Shape of die '
- Spring back '
- Wrinkling a
Surface deviation with spring back simulation
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FEA Validation / Measurement no:m
Comparison Workflow

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit) K J

- By frame (reference points, 3-2-1, @
translation, rotation)

Mapped Simulation

- Mapping

- Comparison of
- Geometry
- Displacements and Strains
- Strain distribution - -/ (o0
. State of strain l1
- Thinning :
- Distance to FLC

0.10
Major strain deviation I.o.ls
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FEA Validation
Comparison Workflow

- Import of FEA results in GOM software

- Alignment of Coordinate System
- By surface (best fit)

- By frame (reference points, 3-2-1,
translation, rotation)

. 0.30
- Mapping
0.25—
- Comparison of 020
' Geometry Section 0
- Displacements and Strains 8 0.15 - .-
£ :
S 0.10+ Fecten s
- Postprocessing ‘,”o_
- Full field data & 00
- Section 0.00
- Point markers _ | |
. 0.054 Section 0 (Major Strain Measurement)
- 3D view Section 0 (Major Strain Simulation)
. Section 0 (Major Strain Deviation)
. Dlagrams -0.10 | | T | T T T T 1 1 1
R t 0 15 30 45 60 75 90 105 120 135 150 165 180
- Reports Section length [mm]
- Export

GOM mbH Bm—
ARG U S Deformation Www.gom.com

- Interpretation ...
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Thank you for your
attention

t.moeller@gom.com
info@gom.com

WWW.gom.com
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