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B2PIB EURAMET

Messan = Forschen = Wissen

Insights in Calibration Automation and Digitalisation
PTB, Braunschweig, Germany, 17 — 18 September 2019

Agenda Draft 2013-07-08

Tuesday, 17 September 2019, Room 133, Vieweg-Bau

0845  Registration

09:00  Opening

09:10  Overview of aspects of digitalisation in metrology Sascha Eichstadt
10:30  Coffee break

11:00  Basics of digital calibration certificates system Siegfried Hackel
1230  Lunch

1330 i;trg ;ﬁrgh(ecnlj‘fe:élrtg?;]iﬁon of processes in a calibration Christian Rohrig

14:30  Laboratory visit

16:00  Discussion

16:15  Participants' experiences all
17:00 Endofday 1

Wednesday, 18 September 2019, Room 302, Bessel-Bau

08:40  Transport to company Perschmann Calibration More details to be

announced
09.00 Automation of logistics and workflow — site visit to company Perschmann
Perschmann Calibration (presentation, site visit) Calibration
11:30  Transport to PTB
1200  Lunch
13:00  Communication and validation of smart data in loT-networks Thomas Wiedenhéfer

14:00  Roundtable discussion
1500  Conclusions
1530 Endofday 2

Notes:

Please note that photographs and video footage may be taken during the eventimeeting. By participating in photo andfor video

shoots you grant EURAMET the night to use such material in print, digital, video or web-based format for its pl and

archival purposes If you dD ncll want any photographs and film footage you appear on taken beyond the scope of the
ed (e.g. or d ¥ images) to be published, please inform EURAMET.
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(1) FH—RMELE

B4 Sl PTB & E B IEER8 (Digital calibration certification, DCC) £ 4 FEI{-
&z le DCC AR AR © 1 DCC {H MRS EAEAER Y HAE « [IEMERVERAT ~ BAA
HETE AT ~ MR i B BB AR U K 1SO 17025 TR R EAERRS > ML
FIEHR AN BRI IE & s N A 2 (BRE R f (e ~ BEEEVERTER) ~ Ak A TR
7~ AHURAEEREAL - PRI A -

PTB E48& 17 DCC et H RN > ISR A RS Z A& RE A AT L
NEAIBUEAERI AN - WP 8 A SRR U IR TAF - FHETHY 2020 4222
& & o (ERRAAT IR RIBAR IR EL AT - B (EH] XML A& =UETTERES - (EHRE
EHE AT LA — - HE LR &R -

PTB #HE AR LR S RIEY XML EFEE R HRAR EE R HEE
it » & PR A B ENSEA BRI (A TR E) - SR HE T 2 e BRI
BAGETTIRENEH > AR ERIETHET 7] LU TURAY PTB BRI A et (H
Al — PR IER £ 5500 FR/4F) -

1. Administrative data
* Regulated

2. Results of the calibration
* Regulated
v Y +-U[SI]
* not regulated

v’ individual data
V..

3. Comments * Internationally accepted
* Not regulated . Approved
4, Document . C_ryptographically
« Based64 coded signable

mFB D

Dig. Calib.
Certificate

4 PTB B Bk EHERE

PTB 1£ 2017 TRt EFEBE L2 TiF - HAl PTB /A EH A285%5t
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Metrology in the
analysis of high
dimensional data

Metrology of
communications systems
for digitalisation
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TUEEER > HATA —H L TRINE T2 » N SHARBON R T RS S e H st
IREESENT PTB 2 [NE » B PTB F@E A BT S FEZE -

ZEE 1994 FBIIRIEERE - fREER ST ERAYRIERTS » £ 2001 fEFEHHH IR
TERIRTS » 2 %2R B R SRR RE RS - B AT AR 85 THE AR E AR
T o 15 2015 #EE 2 MifRiE H AR K 2B - eI EER=E
FHeEft 50 EFMRIEH S - s A AFFRT - RIERBEHEESN] - ChthT KA
REAVRE RIS - AR Y B 18 AR5 (AE A K BETTRIE S ZEE SR g hn il - B
2017 £ERRAG  BEAEERCIEUATTEE | TEEUTl L ERE4TAE 3000 BRI IERTS -
Rtz B EA —Ee BB LRE - DR EREA - EHE AR IER -
Perschmann fZIEAFIARESHY 4 THE ZREFRERIE > 6.8« Ui - IREERAiE 246 =
BB AR R84 » TR T (E R A B R T30 - 35T OR code A5
OB R ~ AL | 2 18T — R S e H Rim i es T & R BLER 2
TE#AT © FHATECE B8 07 FETTRE » F B B IE &0 55 (5 DLsE R =00
(Coordinate Measuring Machine, CMM)#&Fctes A\ FrascaTHI-EEBMEREREE - HA)
AL IE RSN AERR S R T 8RS BT RZENRIERIE S SR RHRIEAR
$H CMM AR EIALE - EA1EE S PSR - FRfE e i+ - Wi E R
PR AR B EhAIEERR Y CMM TR ERCIE - [ElF R4 P s B A

ROHIES - #EDUR A IR EAVE 35 - SOk EREEETE ~ 455 PR sl
YEE  BoE B BRI EH AL E - ROERI TR FES

(=) 73 PIB iR B AR =

128 R gt 10 9 B 55 7T i 22 B¢ (Physikalisch-Technische  Bundesanstalt * PTB)EXIZ A 1887
Fo R ERBE AT EEVEREE > R AEEE R E e TR E o TR
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PTB A BRI 4 T EAE » 2R B A i S5 FIRE R B0 (Federal Ministry for
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EHET > 4 EH JEEREEEE (Mechanics and Acoustics) ~ &2 (Electricity) ~ {EE
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Yy ¥ B[} 12 (Chemical Physics and Explosion Protection) ~ Y&£2(Optics) ~ #5 % 1.2
(Precision Engineering) ~ Ji#sf#E &+ (lonizing Radiation) ~ Y& Bl [5] 5 #55+F (Temperature and
Synchrotron Radiation) ~ 224 BA =1 & & s FHY (Medical Physics and Metrological
Information Technology) ~ LAK A E T EHIFI(Legal and International Metrology) > {E[EY
FB B E K EFETE - AR EEE 80 (&35 R B ez d T A E
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ARKFES 2 PTB 56 5 4l 5.3 JEFEETE (Coordinate metrology) % 5.2 253K K <F(Dimensional
Nanometrology) #B["] » HiAt 5.3 Hi["T £ 2 E ¥ EdHmEL XCT(X-Ray Computed Tomography) 5 [flj 5.2
EFIRIEH S AR - IR ARSES - R AR - TR E N SR R HE R - TR
Fy PTB $HE T8 KA < & S a0

PTB Falif TiE%

Time Description Contact Location

Dr. Karin Kniel
Bessel-Building 1,

09:30 - 11:00 Gear Metrology Head of department “Coordinate
) Room 215
Metrology
Dr. Ulrich Neuschaefer-Rube
Computed Head of working group Bessel-Building 1,
11:00 - 12:30
Tomography “Multisensor-Coordinate Room 204

Metrology”

Dr. Karin Kniel, Dr. Ulrich
12:30 - 13:30 Lunch PTB canteen
Neuschaefer-Rube

Dr. Ralf Geckeler
Clean room center
13:30 - 15:30 Angle Metrology Head of working group “Length

PTB
and Angle Graduations”
Dr. Thomas Wiedenhofer Leibniz- Building,
15:30 - 17:00 SmartCom
Project Coordinator Room 3006

1. EEmEEEE

e B ARG 1ty - SRS E B i 2 B > WEREE - R -~ ISR L
SRR NGHRALEESE TR I o R 4SS A ZE TR R % - SRR A SR
f#(coordinate measuring machine, CMM) B[ FFISEAR ~ PERR ~ B8 S0P F T 52 pRR IR B -
AR N2 H A B A b S S R Rl 2 BRI SR - (¢ eim L EAGASE - T Bakat il
BUE - ElmpmaHE S - B AMHBETERK - ERHESIE il mEs - AfifErrEE

SAERERE ~ MHBAAVRIEIEWS - HAARAE —Ew ©
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PTB #f Leitz PMM-C Infinity ZEI7ESERRAECE - BAETER] RAFAVEARRET CORESE
/IR 0.1 °C) ~ sz | NELE S > ZE(ER 1y m BVEMNIAHETEE - $A24eii
BHAMEE R 720 G AR — Bt G Rl Rin B - Bl

e

2. XCT =S

PTB B R XCT FE&E&THM AEESTEI T+ A “Multisensor-Coordinate
Metrology”  #ZEEFT F A AR E - JEB AR AUAHRES 2R T &ETTi%E > B
XCT ~ CMM _EHYFEEE AR =CHITES N - (788 3D S HME N 54 S0P 0y 38 il -

H A PTB Ar##kARY XCT J& Nikon MCT 225> SE& £y 225 kV > HEREELT S 9 p m DLk -
T ERH R R B ST EIARE o B E R - IMERERE > B ATE
e XCT szl (EERER ) DUErHEEEMBA » 53¢ XCT 7 H il
MRS ~ R TR RATs e - e R -

3. AEENERESE

PTB Wy L MRl 5.2 BiFIFT & = EER =R E R PTB #2075 $1(:(Clean room
center)H > JREAVERERE /510,005 C » BFEAEER0.002 C - PTB S HEMIERfaH 2
i 4mtihes - /2 HEIDENHAIN A F]Frddis - HERHETE (2= TdoE) a2
0.0012" > Fs#& = PAEIFFR B B IR E 2 RS ECE « #it% ~ JHEDE - AR HEE Y
2 &GN o HATZ R &0 et dutfhas - 58 - HEPEREFAIRIE - EMREIH
JeebK o FHIEEL - PTB IERAfRE % a5 (e e T HPEIR L -

4, SmartCom T ERKENEZ 55w
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oK UTRFPRiAAR Y DCC N AR IES TAR BB B 2 SR RS -

(1) ZHRIEF RIS G
(2) ATHERIERFHE - #2514 (Portable Continuous Angle
Standards, PoCAS)" Z4ERIGHITRIE
a. RIS IEERNR “HE) WM ABL S, > Wt —E XML £
Z=
b. XML FIE&E RAEZ BTG » 2 WK 1T —8 % & (electronic signature) » [F]
IFFIFHEL PTB 4V FAERDE » 5 EH# XML #Y Hex number

(3) % Hex number FfHZ PTB A i AV ERHE » Ifeft XML fg 28 FERANE] (R

ERBER)
(4) F3RAFI AR XML #8528 H119 Hex number- 29[ PTB AV ERHE LT E% XML
NEEBHER

(5) B XML LA (b R EREEE TR G ) KT - MamHEE - HIE% » XML
B E R AR > NIE ESRAFINVEF > A AREHTRE I A] Fl A% BE gl A T
fEGHY XML f&2 #Y Hex number - 58t PTB HYERHE LUEREZ XML WAJE
S

4. Hex number available?

5. Available or not

5. Available or not 4. Hex number available? 3.1. Hex number

2. Calibration
HIWIM 1. Requirement for calibration and certification Z4) B R R W R A TSR =

™
3.2. Calibration result .

electronic signature

+
PoCAS
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elf-calibration of the comparator:
nning heads on the divided circle of the comparator:

divided circle of comparator
Arrangement of 16 scal
| m
-4 SRl Eight diametrical pairs of scanning heads form angular segments of:
#
[ 360'/2" (n=1...7)

@t eight scanning heads to be used for measurement (8 x 45°)

m\ \ 4t eight additional scanning heads to be used for self-calibration
(22,5°...... 2,81%)

0- -
% Mathematical description of the angle positions of the scanning heads |
o on a unit circle by the complex exponential
|
W%
g J2u min
o 102 RS . e ‘u
& ¥ with N=2"=128 and m= 0, 16, 23,..,,120 indicating the positions ,/
i as shown in the diagram.
|
of self-cali |
|

Simultaneous sampling of 15 . N angle differences 1, - 1, between 15 scanning heads m = 16, 23, ... 120 and reference
head m =0 in N = 128 equal angle steps (0 < k< N-1) during one continuous revolution of the divided circle (time = 100s/rev). j

from the measured differences (£ = ) on the basis of the following

Evaluation of the absolute values feand f,,

T  air-bearing housing and mounting ring

I main rotor with driving bell (drive system not shown)
0 inner rotor part with support plate and preumatic uncoupling mechanism Discrete Fourier Transform (DFT) algorithm:
IS civided cicles of comparator and of inner rotor part (angle encoder ERO 725) Leton DT o6 F. Fourler coefficients, (0<k<A-1) (1) ,"
B scanning heads of comparator (16) and of ERO 725 (4) L oty ol OFY R with: W= g iix @ ‘
Sum of differences (2) - (1): EZh-f) = F.s with; s-_‘}_-.‘.t_W‘-v)su ®
Evaluation scheme: f-B.g M, e

plane axial and cylindrical radial air bearings of main rotor
schnical data of the comparator T -
. |
- rotary system: gy Uncertainty budget of the Ccomparator [3]:
Alr bearing rotor: Itacpciaton of sgral perod ER L __Source of uncertanty Otstrubon
- axial radial deviation: <0,05um st0p (o scanning head) 360" 1 2* = 00012 (8 read)
- central loading capacity: 100kg Emor of crcatar scats: 2022 (2 1.1 prae)
With servo-controlled DC gear motor: ‘ e ot comeaer
Tangential friction wheel drive system sz’_‘“ 0018 TS reaey
- range of rotation rate: TS rev/min ... 78/ min Mehocs for calraton of angge Geviater:
- plazoalactrc fine positoning range: 60" (300 rad) Pre e ‘
« positioning scourscy: 0,002" (10 nvad) | -
Aot s ALY E ﬁéqZ{
FLUEFE (2N EE RS )

T 8 [k E Y T

J\N

7]
=
AN

R 9 BiPdmtEeEs - TR - HEIIEERRIE R

23



AN

5. AM Materials
wder

vaRr paramete
1rpacking

B2F 11 DMG MORI £ | 835

Overview and Goal

+

Boeing had invited DMG MORI to be part of their digitization journey.
+ This journey is to build up a CNC independent data flow for machining process and quality information.

e

Twin Machining is a parallel simulation of the machining process by a digital twin.
Twin Machining gives the end user a direct feedback of the process performance.
The Grand Challenge was presented during IMTS 2018 in Chicago September 2018.

o+

+

Fish head part

STEP STEP.
NC NC
MT Connect
DMC 125 FD data stream from CNC Digital Twin machining

B 12 DMG MORI #fir 45 B 5
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DMG MORI Digital Twin

l@\

PARTNERSHIP TIME SAVINGS QUALITY

IMPROVEMENT

100 % REPLICA OF THE ENTIRE CUSTOMER-SPECIFIC MACHINE

> 50 % FASTER TIME TO MARKET
80 % FASTER START OF PRODUCTION

100 % MAIN TIME PARALLEL VIRTUAL PLANNING

30 % FASTER CHIP-TO-CHIP TIMES FOR NEW WORKPIECES

DMG MORI Q

SMACHINE VIEW

One click start of control ai

77
—t

i 13 DMG MORI #1773 B3 s B E = H

RNIPR
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The digital twins seamlessly connect the steps of the value SIEMENS
chain both for product manufacturer and machine builder lingeuuiby for Life

Digital Twin Jit: Digital Twin
Product rod Performance

Insights from performance with MindSphere

Real
production

)

Continuous improvement

Collaboration platform: Teamcenter

Industrial security

Digitalization and flexible automation enhance successful SIEMENS
lean methods to further increase factory competitiveness

Increasing competitiveness ...

Digitalization
Flexible Automation

Speed Flexibility Quality Efficiency CoRantiona) Brooicaviiy eRatree:
»

Annual productivity

By
conventional
methods

2015 2016 2017 2018 2019 2020
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m Digital Twin
! Production

Validate the
G-code in the
virtual world

NX CAM /
SINUMERIK VNCK /
NX Virtual Machine Tool Services
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Play video
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X-AX LASERBAR LaserTRACER - MT

i@ 16 Btalon A HE]HT M X-AX LASERBAR(R <2 HI)
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{th ~ FFOCHIER

FOEEH EyEx HhOCENEE
AGT Acoustic Gas Thermometry BERRRRE R
ART Absolute Radiation Thermometry SR EEIE SRS
BIPM Bureau international des poids et mesures ((£37) BRI P45 T = 1y =
BMWi Federal Ministry for Economic Affairs and Energy | fEERH#FR48 1 B F5 A1

BEJRES
CA Conformity assessment et
CAB Conformity Assessment Body FrE e aH 4%
CIPM Comité international des poids et mesures (37:3) B EEHZEEY
CGPM Conférence générale des poids et measures (j32) Bl TN
DBT Doppler-broadening Thermometry 5 NENINERE 248
DCGT Dielectric-constant Gas Thermometry TEEERELE A
EURAMET European Association of National Metrology BN 225 1 =40 4% K50
Institutes iz
iIMERA Project of Implementing the Metrology European EBONET 2 BRI E
Research Area EtE
IPK International prototype of kilogram BSOS T I s
ISO International Organization for Standardization B PRI AR LA 45
INT Johnson Noise Thermometry i A= FEETUR FEE S48
MID Measuring Instruments Directive 2014/32/EU B E RS e
NAWID Non-Automatic Weighing Instruments Directive EXRRIEE Ehfirests <
2014/31/EU
NIST National Institute of Standards and Technology 5= (B B 2R FE AR B fif
e
NML National Measurement Laboratory B [ E A B
=
NPL National Physical Laboratory HER B FIEE TR
PTB Physikalisch-Technische Bundesanstalt TR F P ER T
geb
SI Systéme International d'Unités (Z30) RELAH]
UHV Ultra-high Vacuum i HZE
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XPS X-ray Photoelectron Spectroscopy X B4R 8T IHEE R,
fir

XRCD X-ray crystal density method X ek

XRF X-ray Fluoresce Spectroscopy X S e ehasE R iy
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