Mechanical & Materials Engineering
for Particle Accelerators and Detectors

PRACTICAL SESSION
Metrology - Hands-on session

3D scanning
Prepared by: Maciej Burkowski, Ahmed Cherif & Olivier Langlois
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Agenda

1. GD&T reminder

2. Part description —discussion about the reference datums and requirements
3. Measurement devices

4. Practical session part 1 — part measurement

5. Practical session part 2 — part evaluation

6. Discussion - questions
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GD&T reminder

Technical drawings
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GD&T reminder ISO 1101 - (GPS) Geometrical Product Specifications

Table 1 — Symbols for geometrical characteristics

Tolerances Characteristics Symbaol Datum needed Subclause
Straightness — no 18.1
FO r m Flatness 0 no 18.2
Roundness O no 18.3
Form
Orientation g i -
Profile any line I no 18.5
Profile any surface fn no 18.7
Location — P -
\ Perpendicularity 1 yes 18.10
I au n _O u t Orientation Angularity e yes 18.11
Profile any line '] yes 18.6
Profile any surface faut yes 18.8
Tolerance
Position 4 ¥es or no 18.12
Axis line
Measurement plane Concentricity (for centre points) ©) yes 1813
Limits
Measured line
Coaxiality (for axes) @ yes 18.13
Location
Tolerance Symmetry = yes 1814
Profile any line i yes 18.6
Profile any surface faut yes 18.8
Real surface Real surface Cylindrical area Circular run-out b yes 18.15
Run-out

Total run-out b5y yes 18.16




GD&T reminder

Form: Flatness

0.04

June 2024

Geometrical tolerance

Parallel limit planes

0.04
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GD&T reminder Datums order
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Part description Engineering drawing
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MAHR and TRIMOS "3
Linear height gages N g
Measuring range: 600 mm ) z
and 1000 mm E
¢
.

O-INSPECT 863
MULTISENSOR CMM

Measuring Range:
800 x 600 x 300 mm3
MPEg, (3D)=2.2+L/150 ym

F 12.24.10 & 12.18.10
Measuring Range: Measuring Range:
600 x 900 x 700 mm3 1200 x 2400/1800 x 1000 mm3
otarytable 900 mm MPEg, = 1.2+1/500 um
lax Load: 1500 kg Rotary table 630 mm .
ey g | Maxload: 2000 kg SPL Cavity
[

-
m N

Measuring Range:
400 x 300 mm2.

X5, x10, x20, x50 and
%100 magnification

Screen diameter 800 mm,

METROTOM

MITUTOYO CVS-3100 - -~
f - easuring Range:
Mechanical Profiling and " Min, Focal Spot Size : 7 um
Roughness system *(x5,x10, 8 Max. spatial resolution: 4 um
Measuring Range: 1 * (x50, x1 image processing: 16-bit
100 x 500 mm2 [ . max. tube voltage = 225 kV,
max. tube current = 3000 pA

(==
b= ey mj= 9+L*/50

ROMER Arm

Measuring range: 3,6 m

Hewlett Packard Laser ¥
Interferometer -
Measuring Range: | 4| o) Different kind of instruments:

@ leasuring range : From 0 to few meters
28 tool and

© 3 - MM - Caliper
% = ; * Micrometer
O a = I calibration + Comparator

@ ] i * Gages

@ Measuring Range: * Etc.
1200 x 1000 x 700 mm3
@7 Max Load: 1000 kg MAHR MMQ 400
@ External Rotary Table

Measuring Range:
280 x 500 mm2
Rotary table @ 300 mm
Max Load: 70 kg.

TR
Roughness measurement
VEECO NT 3300 3D Optical profiling and

room h t - pr—
e roughness system i - e
gradients: Measuring Range:

0.1K / Meter
0.2K / Hour

Table: 200 x 200 mm2

Height: VSI 2 mm & PSI 150 nm
X1,5; x2,5 ; x5 and x20 lenses
Max Load: 30 kg

MIRAU & MICHELSON
Interferometers

o

Formtester MR e 400 e Proflig e Remgfiness Meelime




Measurement devices 3D Laser Scanners hw




Measurement devices Technical Specifications Y
HandySCAN 9.

TROLOGY

[] w
MATERIALS &=

Technical specifications

0.025 mm (0.0009 in)

0.020 mm + 0.040 mm/m (0.0008 in + 0.0005 in/ft)

1,300,000 measurements/s

P 0.05-4m(0.15-13 ft)
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Measurement devices

June 2024

HandySCAN
targets & scanning area

25cm
10in

'T.?
i

For parts between
50mm and 4 m
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Practical session part 1 — part measurement
Scan

V)(e Launch the acquisition software -VXelements
A

wy S i ““ \'El VXelements - 3D Software Platform - [New session]

Tools View Configure Help

O start

Active products
Scanner : 9272379
@ Open session VXscan-R Scanners

9272379 HandySCAN BLACK|Elite (Detected)

@ Learn VXshot
VXinspect
Analysis

VXinspect
Quality Control

VXmodel
VXprobe

Small part guided workflow
VXtrack

0,6% of 64,0 GB (RA  14% of 16,0 GB (GP

@) June 2024 CAS - Metrology - Hands-on session - 3D scanning 13
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Practical session part 1 — part measurement

Calibration plate Calibration

HandySCAN BLACK|Elite - 9272379

Scanner parameters

HDR mode

@ More details

VXelements

Calibration completed (0,010)

Save calibration?

<Z

@) June 2024 CAS - Metrology - Hands-on session - 3D scanning 14



Practical session part 1 — part measurement
Scan the targets

View of the targets aquired

Start scanning

|

Scan |7 S e targets

vigation D Scan surface

Scan positioning targets
VXscan .
I scan1 > Stop scanning
B the targets

@) June 2024 CAS - Metrology - Hands-on session - 3D scanning 15



Practical session part 1 — part measurement
Surface scan Select the High contrast mode

HandySCAN BLACK]|Elite - 9272379

* o i

Calibrate HandySCAN (Ctrl+Shift+D)
Start HandySCAN calibration.

Finalize

Scanner parameters

HDR mode

- a  Scan surface ol =

Scan positioning targets © More detals

Scanner parameters

HDR mode

|
CI B Es
© were (Y
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Practical session part 1 — part measurement
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Practical session part 1 — part measurement
Scan the part

@) June 2024 CAS - Metrology - Hands-on session - 3D scanning 18



Practical session part 1 — part measurement
Scan

Stop scan Scan view Cleaning tool Delete

S @+ GGy -
Rectangle selection Ctrl+Alt+R v o
Free-form selection Ctrl+Alt+F W:."‘ g

Brush selection Ctrl+Alt+B elete triangles (Del)

Connect Ctrl+Alt+C Delete selected triangles.

Ssudden change Ctrl+Alt+H

Similar curvature Ctrl+Alt+V

Similar normal Ctrl+Alt+N

Isolated patches Ctrl+Alt+1

Curvature selection Ctrl+Alt+U

Triangle picking Ctrl+Alt+P

Boundary selection  Ctrl+Alt+0
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Practical session part 1 — part measurement
Part alignment on VXelements

Alignment - Manual alignment 1 <<

. Name Manual alignment 1

Alignment mode

s |2
Alignment  Basic entities  Measure

Constraint A

Entity Constraint
I (T)
= Details A
Manual alignment
Specify axis location and orientation

||'|"|p0|"t alignm&ﬂt X axis Y axis Z axis

Offset 10398 12-38595 12]-9335
(mm)

Pﬂint SEIECtiGﬂ VUGN - 1104 3 -1350 3-207
Entity based

Alignment - Manual alignment 1 A <

Name Manual alignment 1

n File | Tools View Configure
ignment mode
22

MNew session Ctrl+N f—
Constraint ~

Enity Constrant = Open session Ctrl+0

A pifeanexs ] > . i ) i

g Recent sessions , | Use dlipping
c ] ‘ AT reference
Details '

A

Save session Ctrl+S
Specify axis location and orientation \

x':.
]
i

X axis Y axis Z axis

- - r =1
i | Save session as  Ctrl+Shift+5 4« 4+ 2 { o N
?”53\‘ &-8371 @ 50823 @ 8580 4 2 »” » L=

Angle (°) @ 14387 @ -7372 @& 2405

\ | Import

— . : ¢\ Export Positioning targets Ctrl+Shift+T
Constraint 1 :
Translation (mm) 0,00

1o Exit
Rotation (%) 0,00

Constraint 2

Scan template
Translation (mm) 0,00

Mesh Ctrl+Shift+F
.
» R (Active)
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Practical session part 2 — part evaluation

PolyWorks

Inspector

The 3D dimensional analysis and quality control
solution to gain control of your product
engineering and manufacturing process.
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Practical session part 2 — part evaluation
Graphic interface

3 5
l 4
| b PotyWorolrupetss Prevsaes - ULE-bupectcr (Easmrvaeds {-N-Forclamertas OULZWC * v = ;ﬁ
1—-’ Ple 00 Sehct Yew Aon  Neswre  fepot  fosh  Wvoew  fek "| Menu bar:
2—P| P H s BN FUOS 82 -\ I )- Q- ¥
P ',; I : t 2 Standard toolbar:
0 ay‘x,;.-. swce 2 - [;:_J.‘:mu‘c 5\ . .
Cave o e ow ton e 3 Main Objects toolbar:
z THATTR T84 278 Doee "‘
— e 4 Multipiece inspection
o i e Py toolbar:
® ANG a2 X 1.800 e
- 14000 188TT Y817 X 5
] P 5 Search box:
6 | v :‘ 0600 ﬁ !
I; aa ooooll g - 6 Tree View:
& o=l A
1ol @ 7 3D Scene:
} Sec 4.600 :
200 ’_? 8 3D Scene toolbar:
I B L e 7ol 2 9 Selection toolbar:
o || Sk A b | 2500 2
2 TR Teky 2308 O
pren 10 Status bar:
) Soorw Repor! Sty
- I Ix _
TR J 11 Devices toolbar:
9 8
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Access to all the functionalities of PolyWorks | Inspector .

Quick access to common operations such as Open, Save, and
Undo.

Quick access to the most common tools for an inspection.

Quick access to the various multipiece tools.

Used to enter a query and search through Tree View objects or
menu items.

Pane where all the objects of the project are stored.

3D rendering window where objects are displayed.

Used to navigate in the 3D scene, to change the view, and to
control the visibility and display of objects.

Used to select objects or elements in the project.

Provides information and allows changing units, layers, and the
automatic update status.

Used to connect to the device for data acquisition.




Practical session part 2 — part evaluation
CAD
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Practical session part 2 — part evaluation

The part for this exercise is the vacuum chamber
with machined and formed components and finally
assembled by welding.

Your task is to check/measure the geometrical
(GD&T) and dimensional characteristics
highlighted on the drawing
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Practical session part 2 — part evaluation

- Define the relevant entities and necessary datums following the information provided on
the technical drawing

- Get the results and deviations for the GD&T characteristics and report the measurement
results
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Practical session part 2 — part evaluation

Drawing
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Legend

Datum

[ ]To be measured

X i 1z Rx Ry Lit]
1A x |
B a L]
4 | x

Isostatic table

Tolerance
Tone

L

Geometrical
specification

T
Datum
system

WOl Applicable

Vacuum Chamber

 Vacuum Chanber Empty
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Practical session part 2 — part evaluation
Required files

Reference Object (CAD Model) : CAS Vacuum Chamber.stp

Object data : CAS Vacuum Chamber 1.stl
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Practical session part 2 — part evaluation
Import CAD

Create a new project and import the CAD model of the part.
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Practical session part 2 — part evaluation
Alignment features

Create the features required to obtain the entities to
create areference system as specified on the
engineering drawing.

Datum labels can be assigned when creating features or
in the feature properties.

File  Edit Select View Align Measure Report Tocls Window Help
— A 010 W:.
B & KW QL @211

D E Q @ ﬁ 4 110, ﬁ], o 022 ), P €,

3D Scene
% T T s oncan o
&=

® e /S ON
e = o
® ¢ P17 ge

- csys 1
| & df-ABC

\ <]

W

T

rfaces ~

Datum labels must be assigned to the
appropriate features in order to be able to
create specific GD&T controls in the
following steps.

< datum plane A

June 2024 CAS - Metrology - Hands-on session - 3D scanning
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Practical session part 2 — part evaluation

Ti rick S L g ==
ps & tricks e X & Pick
| &k | |4 J- world
Name: _ top flange plane (2) }
Datum feature label:
Creation method
« Select single surface or multiple surfaces depending on the Hees faconciletd ~
Submethod: Multiple Surfaces V.
C aS e Parameters Single Surface
« Once the selection is done, click on the green icon or press — e
right button of the mouse :
 Press space bar to toggle from the selection mode and the 3D
scene manipulations
&V

Nominal Measured

June 2024 CAS - Metrology - Hands-on session - 3D scanning



Practical session part 2 — part evaluation
Tips & tricks

Datum

Eile Edit Select VMiew Align Measure Report Jools  Window  Help

HEPEE &> B T H#i @2

Dialeg Zone B v X 305
Create Features 7 X :@

& [—|[A s

MName: | datum plane & |

Datum feature label: m ~

Creation method search 2
[Mone] ~

Method: Pick g Unassigned Labels
Submethod: |Mut

B

C

D

E

F

G

H

|

1

K

L

Parameters

Pick

June 2024

Untitled® (Stiff
File Edit Select View Align Measure

: AC.pwk) - Pol

LDEE A%

Dialog Zone

Create Features

@~ |

Name:

Datum feature

pat

[Inspector Premium

B T

Feature selection

Report Tools Window Help

P50 92 N\

B ¥ X 3DScene

"7

[ optinater 1

e label: |[Nnne]

Creation method

Method:
Submethad:

Parameters

Pick

Dialog Zone

Pick on CAD Model

Multiple Surfaces

Tree View Control Reviewer

Close

-~ world

z

o

3D Scene | Report Editor
Geometry Controls

Control Nomina | Measure

CAS - Metrology - Hands-on session - 3D scanning
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Practical session part 2 — part evaluation
Alignment features

Eile Edit Select View Align  Measure Report Tools

& T #

D_D a®

piece 1

0 Untitled - piece 1
EI# Reference
&'9 CAS chamber nouveau ref alignement trous 3.stp
EIC@ Features
°§° datum plane A
= B
-@ cylinder3
. @@ cylinder2
B)— Coordinate Systems
f. . world

Window H
ol0

o
110, u
B~ X 3

@

File Edit Select View Align Measure Report Tools Window Help

DEE a®

& T #

BHPL @B PNEART JPUA FE®G® TAE X0 4§ &

First select in the Tree View

the features to be used for

Intersections

June 2024

Dialog Zone @ » X 3DScene
Create Features @7 x
e -l A - world
Name: | point 1 |
Datum feature label | (None) vl
Creation method
Method: From Intersection b
Submethod: Plane and Cylinders hd
Parameters search P
2 Circles
[lon crosssectiony , ,
2 Cone Axes
2 Cylinder Axes
Create 2 Lines
3 Planes
Circle and Sphere
Plane and Cones
Plane and Cylinders
Plane and Polylines Plane and Cylinders
Flane and Lines
Line and Circle
Line and Arc
Line and Cone
Line and Cylinder
Line and Sphere
References and Axial Features
z

CAS - Metrology - Hands-on session - 3D scanning

@ cylinder 1
MNom| Meas Dev Test
Dia_ 6.647

& cylinder 3
Nom Meas Dev Test|
Dia 152 000

&) cylinder 2
MNom| Meas Dev Test
Dia 6647

O|[A] 4 datum plane A




Practical session part 2 — part evaluation
Measurement features

Create the features required to obtain the
measurements specified on the engineering drawing.

File Edit Select Miew Align Measure Report Jools  Window Help

&R THAUHSSL €215
( é DilogZene @ v X 3D5cene
CreateFeatures  awx

4» Pick Planes on CAD Model
I l @' = | A - csys 1
H df-ABC

% e/ 0N |

O = 0ede Y|
® ¢ By

reroTroEnr o d el

Submethod: Multiple Surfaces

Parameters
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Practical session part 2 — part evaluation
Measurement features

Conical flange
cylinder Conical

flange plane
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Practical session part 2 — part evaluation
Alignment features

§sy poim 3 (Origin)

[[B] @ datum cylinger B
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Practical session part 2 — part evaluation
Tolerances and GD&T controls

Eile  Edit i::" Yiew  Align m;vsuv¢ R ;i e o 2 Xp
DPE &® S E ‘1% 05 82 p\NEARY JUUAGEE® BE #05 +6 A& T X%

Tree View ‘l X 30 5cene R
yWorks|Inspector Premium - cays 1 Qﬁi
s Window Help ‘%

010 aallies 2
@5 @B Y & 98@&% >
4 1104 4 4 274 ¢ '_JCA Q% o,
B = X 3DScene Geometry Controls b fﬁ

dl > A

Al

R
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Practical session part 2 — part evaluation
Tolerances and GD&T controls

Set the appropriate tolerances for the
dimensional and GD&T controls using the
iInformation provided on the engineering

drawing. —
onLro
P A'
E |—>1 £710.100 v
‘ Centroid X
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Practical session part 2 — part evaluation
Data import

Import the meshed scan of the part into the
project.
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Practical session part 2 — part evaluation
Pre-alignment

Align the scan of the Vacuum chamber scan
to the CAD model using a best-fit alignment.

View | Align | Measure Report Jools Window  Help

BS  Split View... Qﬁ G!P:' — 0
% Point Pairs... @A I+—+ 077‘ .\‘ 2, \

Manual Alignment... ]
Pl CMM Prealignment... /\

- — Best-Fit Data Objects b | 22K Data to Reference Objects...
=5 s f-  Best-Fit Measurement Objects... @ Da j
=8 Feature-Based 4 Data using Cross-Section...

= Surface Points... Prealign Automatically
Reference Targets ; Prealign using Point Pairs...
Datum Reference Frame »

Remeasure using Reference Elements

Optimize Flush 8 Gap Gauges...
Auto-Match Data Points...

Remeasure using Data Points

Transform using Matrix...

Center Data Object on Screen

Store Mew Initial Position of Reference/Data Objects
Move Reference/Data Objects to Initial Position

Transformation Group 3

Data Alignments »
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Practical session part 2 — part evaluation
Extract measured components

Select the features in the Tree View and extract their ;
measured components. £ Features

+- % datum A
+ @) datum B
190 datum C
| %y datum D
90 cylinder 1
0 surface 1
48 plane 1
#-48 plane 2

June 2024 CAS - Metrology - Hands-on session - 3D scanning



Practical session part 2 — part evaluation
Create ABC alignment

Perform a Datum Reference Frame alignment that uses
datum composite A, B, and C.

|%|--ﬁ Data Alignments

. El4h alignment group 1
¥ original
2t best-fitto ref 1
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Practical session part 2 — part evaluation
Extract measured components

Review the measurement results.
File Edit Select View Align Measure R

NEEH a& -~ B

Control Reviewer

Control View Edit View Report

)
x we
x ——
! t (All Controls) - o -

Object Name Y- | Control Y- | Deviation
Conical flange ... Centroid X -1.879

cylinder 1 Diameter 0.351I
oylinder 2 Diameter 0.333l
datum cylinder B Diameter 0.0s6 |}

June 2024 CAS - Metrology - Hands-on session - 3D scanning



Practical session part 2 — part evaluation
Color mapping

Create a data color map to visualize deviations.

asure  Report  TJools  Window  Help

B AL GSL €215

@~ X Data Color Maps

S0
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Discussion - questions

Based on the results, can you please justify if the alignment was correctly
performed ?

June 2024 CAS - Metrology - Hands-on session - 3D scanning
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