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Q_:‘:l Use of on-board metrology systems EURA@

for area-scanning on machine tools

A CNQVACHINHOOL
A FREEFORM STANDARD
A SCANING
A ONBOARD METROLOGY
A INTERCOMPARISON
A E, CRITERION
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G_:f_l Kinematic scheme of CMM and CNC machine tool EURAMfD

A CNQUACHINEOOL MODEL OF CNC MACHIRI©L

A FREEFORM STANDARD
A SCANING
A ONBOARD METROLOGY

May 18, 2016 w Final workshop PTBBraunschweigGermany 3



c&-! Double-sine PTB freeform standard

MATHEMATICAL MODEL
2(x,y) = sin(x)sin(y)

CAD MODEL
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EURA@

A CNQVACHINEOOL

A FREEFORM STANDARL
A SCANING

A ONBOARD METROLOCG
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Q:f! CMI Hyperbolic paraboloid freeform standard EURA@

N

A CNQVIACHINEOOL
A FREEFORM STANDARL

MATHEMATICAL MODEL
z(x,y) = x&

A SCANING
A ONBOARD METROLOCG

CAD MODEL
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Q@1 Scanning EURAMET

CONTACT SCANNING
A SCANING (e.g. ZEISS PRISMO with active scanning probe VAS
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Cl:i:! Scanning EUM@

LASER SCANNING
A SCANING (e.g. based on autofocus)
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Cr:ﬁ Scanning EURA@

A CNQVACHINEOOL
A FREEFORM STANDARD LASER SCANNING
A SCANING (e.g. based on autofocus)

A ONBOARD METROLOGY
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EURAM\ETJ'

A SCANING

AREA SCANNINGPHOTOGRAMMETRY

VDI/VDE 2634 Pag -
Optical3-D measuring
systems Optical systems
based orareascanning

VDI/VDE 2634 Part 3
VDI/VDE2634 Part 3 Optical
3D-measuring systems
Multiple view systems based
onarea scanning
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T oai . 3
(M1 Scanning EURAMEL

Fringe projection

A SCANING
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MI Scanning EURA"fT)

A ON-BOARD METROLOGY
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@j On board metrology i in-process control EURA@

Demonstration¢ measurement of FHMS on
machinetool DeckelMaho DMU 50 with Renishaw probe OMP 400

Productive Process Pyrami
(acc. Metrologysolutions for productive process
control, Brochure ofRenishawy

In-process controisrepresented by active
controls applied during metal cutting.
The control is focused on inherent
sources of errors caused during all
machining processes, such as tool
wear, part deflection and the impact of
temperature and heat flows. The-in

Informative controls
applied after machining is complete

Active controls
applied during metal cutting In-process control

Predictive controls .,
applied just before cutting Process setting

i Process foundation process control is carried out by on
machine probing module equipped by
Inspection cycles included in NC
programs.
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Q:ﬁ Freeform EURAMfD’

A WHY FREEFORM?

A WHYFREEFORM STANDARD

A HOW TO USE FREEFORM STANDARD?
A INTERCOMPARISON

A E,CRITERION
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Ml Basic geometrical elements

A WHY FREEFORM?
A WHYEREEEORM Plane Cylinder Sphere
STANDARD
A HOW TO USE
FREEFORM |
STANDARD? o
D W 0wa Q T O 0 i o i
Gauge block Hole bar Ball
Step gauge Hole plate Ball bar
Ball plate
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NE ] : /_\.
@_! Freeform metrology i what is a freeform geometry?

A WHY FREEFORM? Cylinder Cylinder Fregform shape
R WHYFREEFORM as a basic as a freeform_geometry (modified cylinder)
STANDARD geometrical element (represented in NURBS)
A HOW TO USE
FREEFORM
STANDARD?
e
W W S(u,v)=iiRU(u,v)Pu, 0<u<l 0<v<l
=0 j=0
R )= Pl
Z Z N, » (” )N i (v) W,
i=0 j=0
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Cﬁj Freeform metrology 1 what is a freeform geometry? EUM@

FREE-ORM SURFACE )  (c(om) o) (o))
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Q1  Freeform metrology EuERe,

FREE-ORM SURFACE

PARAMETRI@,v) ANDCARTESIAN,y,2) COORDINATES

L]

X
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Q:ﬂ Freeform material standard (FF-MS) EUM@

Hyperbolic paraboloid

Mathematical model CAD model
Explicit equation Exact NURBS representation

GGy A e @)@ B v v
where (& Fe ) are Cartesarcoordinates of n(ohd) "B;0 f (6)0 (L) h

vertex andQis a shape coefficient
where“E; are control points,

0k (0) AT Wy (0) are linear Bspline basis
functions
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C_rvﬁ Freeform standard Hyperbolic paraboloid EURAM\ETJ'

FF-MS Hyperbolic paraboloid
In procedures for ensuring reliable measurements on machine tools,
demonstration and integration focused on end-user needs

A HOW TO USE FREEFORM STANDA = =
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(Ml En criterion in in-process measurement EURAMET)

FREEFORM MEASUREMENT UNCERTAINTY EVALUATION

@ reference value
measured on CMM

@ measured value on
a tested CNC machine

Y reference measurement
uncertainty of CMM

Y measurement uncertainty
of a tested CNC machine

YX 'bYbhzb 1 ['9Q
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@ CALIBRATED FF-MS, CALIBRATED CAD ki),

PILOT MEASUREMENT
SIP CMM 5

PILO LABORATORSPECIFICATION

Measurement

Tactile

system
Max. perm. error (0.5 + 0.8LP m
Measurement ~

: 1.60m
uncertainty
Maximal Length720mm
measurement Width 720mm
dimensions Hegth: 550mm

- -
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a5 :
S
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Q:ﬂ Measurement of 3D line on machine tool EURAMfT)
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(M Reliable measurements on machine tools Bk

MEASUREMHIAB1.1

Measured standard HP PA H P P A

Output data format TXT Points along
curves and lines on
freeform surface

Evaluation SW Geomagic

Comparison method  Bestfit alignment
against the CAD model

Measurand definition  Deviation between the
actual and nominal
data, form error

Results Colour map of
representation deviations
Form error [8. 1, 6.8] Om

Average deviation

. . 2.3,-220m
(one-sigma limits)
Standard deviation 2.8 Om St ot 08
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M1  En criterion in IN-process measurement Bk

MEASUREMHAIABL.1

MeasurandX. Deviation of each measured poiobtained by Measuremert.1
from reference CAD model

Limits of evaluation =~ Two-sigma limits
Ur 51.60m

Substracted deviations from CMM and MT with uncertainty of measurement
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0.004
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0.006
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(Ml Reliable measurements on machine tools EURAMET }

Coordinate system Curves on freeform surface
determination measurement

— s
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(M Reliable measurements on machine tools EURAMET)

MEASUREMHIAB1.2

Measured standard HP TIM

Output data format TXT Points along
curves and lines on
freeform surface

Evaluation SW Geomagic

Comparison method  Bestfit alignment
against the CAD model

Measurand definition  Deviation between the
actual and nominal
data, form error

Results Colour map of
representation deviations
Form error [-24.7,6.6] Om

Average deviation
(one-sigma limits)
Standard deviation 2.8 Om

1.6,-1.8
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M1  En criterion in IN-process measurement Bk

MEASUREMHIAB 22

MeasurandX. Deviation of each measured poiobtained by Measuremeri.2
from reference CAD model

Limits of evaluation =~ Two-sigma limits
Ur 51.60m

Substracted deviations from CMM and MT with uncertainty of measurement
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(M Reliable measurements on machine tools EURAMET)

LABORATORY 2
ATOS Triple Scan

LABORATORXYSPECIFICATION

Measurementsystem 3Doptical
Maximalmeasurement “
. . 170x1306y mn E ¢
dimensions
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(M Reliable measurements on machine tools

MEASUREMHIAB2

Measuredstandard

Output data format
Evaluation SW

Comparison method
Measuranddefinition
Results representation

Form error

Average deviation
(one-sigma limits)
Standard deviation

HPPA
STlg 3D point cloud

Geomagic
Bestfitalignment
against thepilot data
Deviation betweerthe
actual and pilot data
Colour map of
deviations
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16K Y

HPPA

)
EURAMET
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Ml Reliable measurements on machine tools EURAMET
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