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2 ~ PTB 2eh{TT2 K EERE

ARRZ5 PTB 422 RITHE » FEH S REE 5 4HKE% T2 (Precision Engineering ) 40 (E1$E
5.3 FEfEE& (Coordinate metrology) & 5.2 252K K ~f(Dimensional Nanometrology) #BF9) & 9 4H
(B PR B A 7 & 7 (Legal and International Metrology)4H~ 9.4 &= EirfE#AY ( Metrology for Digital
Transformation) &S] o PYEEE M EskbaLG » HHETT Z B B B 5= THE AR E R
ey = HAT AR ST ETA R 4R L8R B bRCR  EFEUEEEEHIEEHIE Hole Plate 3lI2
AeF LA 21 TH 2 {35 72 & HI4E S XML RE G 3 2 T B fles A TRlE 2 MR A(WE = )
P PTB #0F TR S T8 5 i i SN B B 2 5 I R il 38 fe B - A2 PTB 2 TR AR
T BB ERER AT
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Monday, September 18, 2023

Time Topic Location Contact Lab visit

10:00-12:00 | Visit to Entrance Hall of Dr. Karin Kniel WG 5.31-

Bessel-Building 1 5.34

Department 5.3 Dr. Daniel Heielmann

“Coordinate
Metrology”
12:00 Lunch Canteen Dr. Daniel Heifelmann
Dr. Sascha Eichstadt
13:00- Visit to Z-Building, R.001 | Dr. Sascha Eichstadt
Department 9.4 Dr. Daniel
“Metrology for Hutzschenreuter
Digital Dr. Tomas Krah

Transformation Mr. Helga Hansen

Mr. Michael Ulbig




Tuesday, September 19, 2023

Time Topic Location Contact Lab visit
10:00-10:30 | Introduction to Abbe-Building Dr. Jens Fliigge
Department 5.2
“Dimensional
nanometrology”
10:30-12:30 | Visit to Working Abbe-Building Dr. Jens Fliigge WG 5.22
Group 5.22
“Displacement
Interferometry”
12:30-13:30 | Lunch Canteen Dr. Jens Fliigge
Dr. Ralf Geckeler
13:30-15:00 | Visit to Working Clean Room Centre | Dr. Ralf Geckeler WG 5.21
Group 5.21
“Length and Angle
Graduations”

DCC and In-Process Calibrations

* Measure the Hole plate on the five-axis machine tool and obtain 21 geometric errors

+ Using the digital calibration process to speed up the error compensation
Traditional way

Geometric error
l f + :
Qn information

Qs
Hole plate 4 ‘ ——

< SN\
Holeplate 1-Administrativedata 2 Normsand = |/
| 0E P ) clratoirents [ Standards >/
3.Comments  ———%F ) Sy
4Document  — \

Probe
On the machine tool —

* Approved

=~ ITHbtMHE R Lo Z a8 ERER

v Geometric errors By manually
. e
Laser Interferometer 30 mins

Machine tool controller
Heidenhain TNC 640

BB

* International accepted

* Cryptographically signable

+ The demo site was built ir
machine tool industry.

* Error compensation
information was based or
Digital Calibration
Certificates (DCC) and
Extensible Markup
Language (XML).

* Error compensation
information can be
automatically transferred

+ Digital calibration can
reduce the time from 301
5 minutes.

n ITRI




=HEARNEEN — RegimEHELZ2EME ( HH Dr. Daniel Heifelmann f#:7 )
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e BRI - BUHECERY HERZE] 2030 FHARERIGAEREIRAYLL G A
32% -t B RTRFERGR AT AT RE G IAJEAE 22888 (WES) BB =T 2 222
FEHIRN » A LENE r R G R SRR (B RSB SR - TR bkt gl
RETEmAY AT SEME > DNIEL A 2 m B A AT N RS B 2 T o B Rl 22
SRR WES ZEFAY A SEMEII iR 7] - RBMEHRE A5 - HAKCR - &
LR E B ARG AC IR E R R I T2 & A 2 > PTB ERERE T T iR
2021 R > UYL WES 4RI E RN m] 280 AR AE KA MEET TR
fili > G FA R TR B E AR AR BN B AT e Y SR ACN » (HaH 3
BRI RESIE = (BN AT T SR -

PTB AV A i SRR > EAE 2 AR B 3 A > BEEEAF—
REUESAEEANGEE - EHIFEER 4 AR x5 AR x2 AR (AEY) - ZE#EEd R
SFHVEAEREE CREZL/NR 0.1 C - MRS ERT 5~7 REDRERRE )
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m 25

H ARSI &3 1T A R EE TR _ A HE DB - RiECRAT
{[EFAVREENZ 3D &M %48 (Mobile 3D measuring systems ) Z & HIAEMEEL AT S -
A HERE R AR S b I BT S I T PTB RWIFTEIISHiE - Dus— 3R fh
B I I N B R B 2 2R ek AR AR A B AV B R 2 -

17> PTB Beli: Sk IR A EER A - fEhka e ieEE R Eki%m b - " %2 PTB
RROEEGEHEATAE T RZE 2m CHAGRE) WSEHE (reference wall ;
WIE 71 ) - DAEAIE AR A B AT iR AR A5 L SR RE AT} H S sth 22861 E S AR RooHl
IR o ISy S EE - —F|ELR Gm) -~ “HALG (3595 12m)
TARPEROGT ARy 6m Kz 10m) - jE SRR AR SR DURT TR NI RS B (nest) 24 » DL
Mo & PR R B A SRS e AE M- SR (targets and markers 3 BV AT FTAE nest
PR EFHEHEMEE - FEEA E BENENRE  ZHEAEENRTE 10m
x 6mx3m AYRHERENEENEHREE TG - BB - B
FCRBE I R B 2 A ER e RENETTNENEEE (k=2)
Al S pme ATAARIEESEHIEITS TR (CMM) BRich izl
i MY ENISO 10360 ZFIHEAE » AT S B K eF R E &A= - HAlZ
s R AL S B HE R IE SR B BB pa(E AN WAE b o2 BB 38 2 R g
}EH °

[E7 - PTB 255&

10



® XCTEE= ( /4 Dr. J. Fligee R )

XCT » T5EH XOtEISE R - A XOtrEEN: - LL 360 i@ HRY)
Ay 2D 208 - A MR RO E AL 3D ARG - A C BB FIY R N EE R
AGERE ~ RIL ~ BT - NIERBEREN - BRIV ER T A - JCHATERTL -
VRN R FE R DR PR RS - XCT 5a TR H B bR RBIRRI T ER
RETT - Al B ELE R B R S RS E AL ~ &R ~ BP0 R TR IORE -
AR FE nases TR RBE 2 RA - 35 H R ERERENE. (GID F8# > 28K XCT i isfE
2023-2028 FEHAM] - piEA AT 5.8% ©

PTB A8 XCT FE& TP BB = FTHAY “Multisensor-Coordinate Metrology”™
0P T B e PR AR R I B U AR BE = MR Al T TR ST 0 R XCT ~ CMM _ERY3ERE
= OHIEESS - 1578 3D ML A% S0P 0y 2% e g -

PTB 2% —E#EH C XCT HYEZE Bk - (LIS —Ee HEF s - WA
fiix 22 BLAH [ [ P AR A E T F - H AT PTB P 1Y XCT /2 Nikon MCT 225 (ANIE 7S ) > A8
B R 225KV JREFERIE 20CR0.5°C B - e REFTERZEMPE) & 9 pm BLE - e KENY)
B2 R B 250 mm > HAVETAEEAE © HUSEBEARV NS B E A SRR -
FRASSETIEAR ~ B b B A BT AR E - B r T ry MBI RT FT I E s 2 AR
HERE ~ B R BMIFTRR T - MR ke < BN -

XCT Z#RAEAR T ~ RS~ W B e R H 28 R R e S R e B IS
NEREN H AT Z XCT fFRIEEWIRES) - TR TAF s8a8 2 XCT IRIEE = » Tif
b5 o oh B EE 2 28 A B R G Ze Bl EE (L XCT s FEasiflis - 7Y 2023 fEREA T E RS
FEE - EAHR XCT 3% > 2% VDI/VDE 2636 » W& R A XCT S5 (- Bllgsfy I
Fifly Fe S IR HEE RS > PTB FEILSEISRAYH A BLEK S - 1 vl R4+ 10 ok B H A ey
e
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[& 7~ ~ PTB Dr. Ulrich £8H XCT Z iRt KiFies

® Z=KEEEE (Nanometer Comparator )

Folii & ~F RS 4E I R T S5 2OIZ0K > $R AL 58 b 28 ( Mask Comparator ) K222 CMM
JE3 - PTB 1EE23% B HEIDENHAIN Kz Werth A S|4 » {£ Abbe-Building 55HYE 2 23 RAY
R (9 AR) BIrEskibE (Nanometer Comparator 5 YIEH ~ B/\) » & HIFE
2 610 mm > EHINHEE SRy Snm > ATHRELIERE H 2 nEWIMEAYZOR RST 8000 > I 24 o]
SER I T AR ST - PTB R/ DEREESI LER BN B T i R E IS A2 2 - FRax
R AT B SN » R BROR - HENRE - KB - H2Enyisd] 2 RAftEE
ELRE BN AU R BB ES EMBAET AN » B AR R E NN HEE T A
VAR

S

NMK Facility . P]'B
_/ - \
o ko = == o
=T = = = =
filter iniet shielding
‘ = == = e ‘
e .
gm meSUETEN | iter ikt
" cabin |“"“imjur Abbe-
‘ /| Building
contral N
fioot reom
X
= . .
* ||o‘lon“o 00000000 *

ground isolation  glectrical heating

mmmmmmm Nationalés Metrolagieinstitut

Bt~ SRS BRI A
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& /\ ~ PTB Dr. J. Fliigge sRBAZFK LB Bk R E B E

o AEEMNEEE (1 Dr. Ralf Geckeler fi#R )

AR Z EREREER T2 > FIATES T2 - B2 - [ERP IR R et &
FRZEfiR ~ KHUHIE - BRTFIASIES - PTB By ISR LA IE 7 AR IR0 - 1688
JE Bl E TSR FIRIERATRROR - DUEH R m) - S i AR e iU 800 - A AGHT
SRR A BE R RUERY AT - e N S EasatatiVict - MEENER=RE
12 PTB HY7275H0:(Clean room center) » { {8 Johannes Heidenhain HLiGH S5 E A
FEEEHcRE WMT 220 F A mfEilEny £ EMEes - B IefrmeE st - AR =
FBENERECRE( A 7<0.05K )~ EHRENFIFR ENVE i R S NNHERE FE T2 0.001 arcsece
% PTB # & EPAE R E EH H R IEZ R mISES - HENAHEEERE K 0.005
arcsec > H AL Z 80 iR IR P dmtihes ~ J7H ~ BEIREESIIRIE (AETL) -

[& 1. ~ PTB Dr. Ralf Geckeler ERBAMSE RAIEESE
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® SrERfI{bZETEw ( ¥l Dr. Sascha BEIXAIM )

E 2013 F0EE] (ST kg 2020) FARARKERWALSE 4.0 THE » FERBRIGEE
o BIREST 10 4 - 48T 4.0 WUEE - 2RI EYIBE ~ BONR i 3as &Y - 1
LA - PRPRE N\ Z [ P DI R - RS i e sl - 8L - %
{BHIRESERE R » T DAPERELE D 8 S TRA R o - BOHIZSHY 38 I AT R 136 4.0 HY F 228 )
BRI > MEREDRERE LAY TS - FLE AR BB [ 2508 - H AT PTB st & BirsA s
Bl EE LR A0 2t S 2 P A o ] BB Y B R BB (i A TE R  (Machine readable data &
DCCs (Digital Calibration Certificates ) ) » AHEIRNERSRIES# S - B RIEHR & 2 (BHE R
R ~ HEMEATER  EE KA HERBERAIRGT - M rRERAEE L > A1t
sE AR AR S e AR KE) -

AKX PTB R EERIHE ARy 9.4 EFILE Dr. Sascha > HAETIME(E OIML #ifir{b T
TE/NHERE - PEAMUfE CIPM BRH&=S 1138 - #E8) DCC ML E R A% PTB &
x o NN EITROOERE oy g (AE ) S T B LA B e S A G 1 =
FEEMERE G ENLE QR code RHUHE HEMIwCEEAHEUE - &R PTB 2 H1H
REVE R B E ©

& ~ 7£ PTB 9.4 Z[F9€2 Dr. Sascha BRI

LU ERE PTB £ DKD ##E{F ~ 8fir 4 fE 5T B e i IR 5 R AR T
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DKD (fEEIRIEART) :

DKD ( Deutscher Kalibrierdienst ; German Calibration Service )i PTB K fE[Eq 400 %

FASRRE IR IE B B e LA EI PR A - S ERCIESR S N R fR 2 B A (EAR E
HI7E - REAMIRER AL B A BH A P SR SO EEERAR S b3S & - DKD &5 & PTB #Y
sTREEFECEFRER - A CIs TG o Rt B S EROERAE - I
IR EE R HEER eI A » DKD IR ZEEEHEE DCC 45E - HAT
CAEZTHE B resE 1L DCC 1Y BAFFFEARHD SRS Ui S B s (1
@ -+—) 5 FttE - PTB IERHEMEBIR ESL - 2P R B - S HE
FE o MEIE— D EiaE H R

Current activities of the DKD EPIB
Mass v N
Scale \/ 7
Temperature J ‘/ J
Humidity \/ \/ \/
Length \/ \/ J
Air pressure J J
Torque \/ \/ ‘/
Force J ‘/ (
Electr. measurands \/ \/
Chem. measuran ds J J
Laboratory medicine ‘/ \/
Vv Ready to use
www.ptb.de/cms/en/metrological- \/ Work started
services/dkd/publications. h » tab Expert Reports J Planning started

E+— ~ DKD #ER R IE#RE-SHE AR 2 T
The Digital Twin ( Bfir#4: ; Hands-on Experience from Coordinate Metrology )

FAREE TR — SN A T B 43 TR 2207 hole plate » LR &1
BB RS TS T A S AR ST © 250 PTB RETRMEA-BE £
PTB Z 17 EHEEE R HIE ( VCMM : Virtual Coordinate Measurement Machine ) Y
fE&E 1990 FRFEEIRD > WH 1994 FABEER FHGEERA - HERE
DA G rEERRAE ~ T RERET B E YR - B R & IH
SEIVESS T8 - ERAAHEE IR Zakl - Bl St ses g -
BUrEARERTRER 2B (REERER S ITEREATR ) EROE
5k 5.3 FERE M FIHEED VCMM 19888 (fE+—) -

15



Summary

State-of-the-art VCMM is available:

= Scanning, stylus changes, form
and roughness considered

= Utilized for MU determination
and pre-planning

= Accreditation by DAkKkKS finalized

Future tasks:

= Rotary table module (verification
of model required)

= Optical CMM/probing

= und Berlin Nationales Metrologieinstitut

E-+— - PTB & EE REEE A (VCMM) Z 3R
DPP (Digital Product Passport ; Bfir & meEHR ) -

BRI PTB 25 » B A R VA RReE T - MRELSG - ek
Bl & FRE 7k 48 & L 1Y 4 RE 5% 51 74 % ( Ecodesign for Sustainable Products
Regulation) » THETH 2026 F#E - Ris@bilAR#i A ABK R B AYES 7 ps o A Al
ARV E IR (B =) B-HE R e e A E A RHVEM
Pin - AR EEE A ST 4n ~ Bt - BRE ELER - HEANZR(RE
AER L E CEEERPOR ~ A - EmEEiE - St Z e bikBERES)

KSR~ atata S E o (el EmfVEE SR EINE S - WINEE
I KB G © Ry B T (E I TH4E DPP _Limf R #0032 HAB1S(E
EAVEER > RARE L s IR g BB T A S E HF & NAS & PTB JRIERASE
FRESZRTANA ~ R RAHREE L2080 - MR AR I B T & e T B R -

O

Trust and confidence in digital information B&PIB

L2 S

Ecodesign for Sustainable
Products Regulation
& Digital Product Passport

DPP design
—nd -
Ofpsyier| Jummm =g W 0 EE)  [0ihain

DOgital Product Passport

(@01

EU-Project CIRPASS - What is it

' P —_ :
ESPR ‘Adoption of Adoption of DPP v sretnat sret
Proposal ESPR for first products DT
=
™

March2022 B Mid2025 2026
https://wviv.europarl.europa.eu/committes

eul es/de/digital-product-
passportstenhancing-trai t-details/20220510CHE 10181

- und Berlin Nationales Metrologieinstitut

= ~ BXHE DPP Bifir e mnrg IR Ba R R ESing
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) EREER T Ei%E
1 BEEEGEN

2023 FEEER R T E#E (EMO HANNOVER 2023) BHIH 9O H I8HZE9 H 23 H »
AR EMO JEEE Ry " Living innovation, shaping change | » PURFAE I A IEFR I K 2 SEAVID ARG
S §|HERTEME RIS LR ERAE - NIEIR R BB R IUEE %4
iR > SARREEERAE - BEME - 2 TREG - K EERE 8IS - 5V rEEnE -+ (G
17 {BEfEdE - B2 2019 SFREEEEUHEE - /D TE0 O REEIR ~ $EPRHY 3 HfEEE) - BMAE &R
F EMO AR E FK 42 (ERIZR - BfEUIH AN T ~ BUE 44 - % LE - HEY)
FrER B ~ BEREGHRT - TR T EL 1,750 REEEE SR - B R EE 50
AR - S4BT A SR G P AU HYSEER » S5 FEIN 2 iy T BB 4 (g
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SIEMENS Accelerate transformation for a sustainable tomorrow

FANUC WHERE THERE" S INNOVATION THERE S FANUC

OKUMA OPEN POSSIBILITIES

DN SOLUTIONS | Next Greatness for Green Future

(#%)
FFG(X&3%) Innovative Manufacturing

Strong Partner for Your Production Worldwide
YCMGk #E) Make it Better, Together

Green x Smart — Realizing Your Smart Factory Dream
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umati

s Future of
Transparency from data
= i CONNECTIVITY = optimization
e.g., Manufacturing-X = more efficiency
X

Participation by data
data sharing
= data driven economy = reduction of waste
= better business = conservation of resources
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