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Key Objectives ComTraForce

memd  Review of existing testing machines and standards
1
Developing advanced models and digital twins of force measuring devices
1

Developing a force traceability chain for metrological services for static, continuous and dynamic forces

=] Developing new recommendations and standards for static, continuous and dynamic forces

1
sl Facilitation of the take up of the developed procedures for end users
1

The overall aim of the project was to provide calibration services, in the field of mechanical and material
testing, with the methods and guidelines needed for comprehensive traceability of static, continuous and
dynamic force measurements.
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WP 1 Roadmap

ComTraForce

influence)

Drivers & 1. General Industry 2. Materials Testing
X Provide traceable dynamic (continuous, sinusoidal, and shock) Provide traceability to the Sl for dynamic force and strain
Benefits force standards incorporating uncertainty for all areas of industry | to improve accuracy in the area of materials testing
improved ) ( Calibration Traceability Traceability for high-
testing machine infrastructure & uncertainty frequency industrial
Targets verification / for piezoelectric (< 0.5 %) for fatigue applications e.g.
calibration (time force - machines, including automotive crash testing,

resonance ones acoustics, fatigue testing

. Better

Develop explicit Clearly defined Guidance on Develop standardised traceability
procedures / continuous / guidance on | | effects of alignment path for medium/high frequency
Deliverables uncertainty model dynamic force machine / and temperature on dynamic testing using common
for low frequency machine verification specimen continuous/dynamic commercial adaptors /
\_structural testing procedures U alignment machine calibration transducers
Continuous Dynamic Dynamic
Technologies measurement extensometry | | temperature
characterisation standards measurement
Characterisation | |Characterisation
---------------------------- of alignment OffEMpErature [ - ----=-=----=-==-c- - -~ - ;e cmmccaaa-
| effects effects
: Traceable
En_abllng static force
Science measurements
Timeline: 2020 2021 2022 2023 2024

NPL

Mational Physical Laboratory

Deliverable 1

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraforce_D1.pdf
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WP 2 Selection of the Transfer Standards

B o
?Bf“ &=

Piezoelectric force
transducer — A,/ OKistler

Strain gauge force
transducer — Byy,s/ ©GTM

Manufacturer information of the force transducer to be examined

Co mTraForce

Apx Bows Cowms Dowms

Nominal force Foom 20 kN 20 kN 25 kN 25 kN
Measuring range 0.1-100 % 10-100 % 2-100 % 10- 100 %
Interpolation error fe 05 % FSO 0.02 % 0.02 % FSO 0.04 %
Hysteresis v ) 0.06 % 0.025 % FSO 0.09 %
Rotation b - 0.045 % -- 0.05 %
Repeatability b' - 0.023 % 0.005 % 0.02 %
Zero point deviation fo -- 0.01 % - 0.01 %
:::;e _____ - 0.01 % 0.01 % in 20 min 0.01 % Strain gauge force
characteristic value e -0.02 %/K 0.001 %/K 0.0005 %/K 0.0015 %/K transducer - Cpys
Temperature erroronthe | - 0.001 %/K 0.00025 %/K 0.00075 %/K
zero signal
mass m 0.33 kg 3.1 kg 4.1 kg 3.3 kg
Nominal temperature B nom - 1710 27 °C “10t0 45 °C 10t0 45 °C
range
Operating temperature
range Bro | -40to0 120 °C 10 to 35 °C -55 t0 90 °C -30to 85 °C
Fundamental frequency fe 45 kHz -- -- 5.3 kHz
Rigidity N/S 1.6 kN/um - - 0.417 kN/um

e Amplifier for strain gauge: DMP 40 and DMP 41 from HBM

Dewetron DAQP- STG, Bridge-B oorain gauge force | oHaM
e . ~ Yoms
e Amplifier for PK: MGC Plus with MLO1B (Voltage measurement)
e Charge amplifier for PK: Typ 5011B from Kistler
ComTraForce — EMPIR project for continuous and dynamic force measurements 5
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WP 2 Advanced Model Static - Strain Gauge “omliraforce

Best measurement capability (bmc)

Force

Calibration certificate /

Ly

Interpolation deviation_

Hysteresis
Repeatability
Rotation
Zero point deviation

R Resolution /
Sensitivity stability ‘/

Temperature Amplifier

Temperature

[
»

Sensitivity stability

Creep

Force transducer
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WP 2 Advanced Model Static - Strain Gauge SomlraForce

K — Correction factor

11
Fso = Frer - | [ K
i=1

c—creep
t —temperature
st — sensitivity stability
zero — zero point deviation
with Ki = K¢ » Kp* Kgt * Kzero * Krot * Krep * Knys * Kinp * Kres * Kamp - Kpme ot —rotation
i=1 rep — repeatability
hys — hysteresis
inp — interpolation deviation

11

5x; res —resolution
and K; =1+ ﬁ amp — amplifier
o bmc — best measurement capability
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WP 2 Advanced Model Static - Piezoelectric “omlraforce

Best measurement capability (bmc)

Force

Calibration certificatg/

| 7

Calibration certificate _

Interpolation deviation
Hysteresis
Repeatability

Temperature Temperature

v

Sensitivity stability -

Sensitivity stability

— I.%otatlor\. , Charge Amplifier Resolution /
Sensitivity stability
Temperature DAQ

Drift

Piezoelectric transducer
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WP 2 Advanced Model Continuous ComIraForce

Best measurement capability (bmc)

Force
. . . . >
Interpolation deviatiorl/ Calibration certlflcatS:/ Semplerate /
Hysteresis =/ Temperature | Filter ‘/
Sensitivity stability Sensitivity stability - — ,
> . > Synchronicity
Temperature = Resolution >

>

Tilt
Side forces

[
Ly

»

Bending moment Data acquisition

Amplifier

»

Creep / Relaxation

7

Force transducer
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WP 2 Advanced Model Continuous ComTraForce

;nmmw““FT;?ﬁmﬂHﬂ
e
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10 100 et o=t

Teading pr®
yonas 58"

Deliverable 2 Part A

Creep / Relaxation => Kelvin-Voigts model

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraForce D2.pdf
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WP 2 Dynamic Force Measurement ComlraForce
Frequency dependency of the sensitivity
Sf = S_f‘n- (1 - %- (Uz) Transfer function - Force & Acceleration top mass
" AN
—+— kg
1.0E-03 : ';::
E 8.0E-04
P~ e
2o o S
é-: - — ".-m.““
A0ED4 ey .- = - s W R
2004 .\""-—v - S et
10’ 1w0*
frequency | Hz
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ComTraForce

WP 2 Dynamic Force Measurement

* Setup

Top Mass ==

=
Transducer == £ II' |
|
Mechanical ==& =
adapter ‘ R — =4
Laser interferometry = -
Manufacture: Polytec
Electrodynamic shaker Laser: He-Ne
Manufacture: LDS Wavelength: 633 nm
Model: V850T-SPA-K Laser class: 2
Sine force peak: 17792 N < - |-
Effective mass of moving element: 14.34 kg * N
Velocity sine peak: 2.0 m/s R
Acceleration sine peak: 1225.8 m/s?2 :
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WP 2 Dynamic Force Measurement ComTraForce

Different methods of the acceleration measurement
Definition of the stiffness and damping coefficient

Mirror
Laser beam

acceleration

top view
Sial-ter
Measurement : sided Measurement : axial Measurement : sided
Position: on the shaker Position: on the shaker Position: on the plate
Sensor : Piezoelectric Sensor : Piezoelectric Sensor : Laser
No. of signal - 1 Top / 1 Bottom No. of signal - 24 Top / 1 Bottom No. of signals - 24 Top / 16 Bottom
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WP 2 Advanced Model Dynamic -- arorce

Load mass
Charge amplifier
Measuring amplifier "\

e, . .
Laser Interferometer \ ¢ Acceleration compensation K|

Damping
Stiffness _

Repeatability
Sampling frequencies

Temperature

— Humidity

Misalignment
Non-longitudinal vibration modes

Transient response ~ /
Excitation signal

Deliverable 2 Part B

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraForce_D2.pdf
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WP 2 Digital Twin

Real Space

 force profile
e temperature

<

* measurement
uncertainty

* prognosis

* stability

Virtual Space

/ uolne[najed Ajuiersaaun \

oM

~

LG I

ComTraForce

— &
—

Database

g A

Mnf\;#‘ ﬂ“,ﬂp‘-“’.’ 4

Deliverable 3

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraForce_D3.pdf

ComTraForce — EMPIR project for continuous and dynamic force measure_

26/May/2023 F. Hauschild



WP 3 Traceability Chain Static / Continuous C¢emTraForce
100
90
80
70
60
F/oll;;e 50
40
30 —CRM661 Nimonic 75 ——13 % Mn steel
20 —S355(BSEN 10025) ——316 stainless steel
10 ——Machine calibration = ——Load cell calibration
0
0 50 100 150 200 250 300 350 400 450
Time /s

Diagram demonstrating force against time profiles for four different steel testpieces
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WP 3 Proposed force traceability method ComTraForce

Step 1 N PL

Develop continuous force calibration reference standard National Physical Laboratory
* Top class force transfer standard, based on static calibration
results
 Additional short-term creep test and associated performance
criteria A \
Step 2 ‘
Calibrate proving instrument against reference standard A/ R
* Range of force application rates, determine sensitivity e T
differences
* Proving instrument also to be calibrated statically

Rate = 2.0 kN/s : Offset = 2983 5

Step 3 “H
Use proving instrument to calibrate testing machine force display e i.;J%.-;W m—
 Range of force application rates, determine machine errors L

e (Care needed in data synchronisation

Farce [ kN

26/May/2023 F. Hauschild ComTraForce — EMPIR project for continuous and dynamic force measurements 17



WP 3 Proposed force traceability method ComlraForce

Methodology for continuous calibration of testing machine force
indicator has been developed

* Reference standard criteria proposed
* Proving instrument calibration procedure

e Testing machine calibration procedure

Issues identified to have major effect on results

* Data synchronisation — procedure should be as automated as
possible

* Instrumentation settings

Deliverable 4

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraForce _D4.pdf
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Traceability Chain for Multicomponent

ComTraForce
Forces and Moments

NRIM

STITUTO N
DI RICERC! ILIMLL 3ICA

MULTI COMPONENT CALIBRATION TRACEABILITY

1\

I |

FSM Angle and Dimension
Force Traceability Traceability

National Level

MCM
Multicomponent
Calibration Machine

|

Industrial Level Multicomponent
Application

A multicomponent force and moment
transducer (MCFMT) during calibration
Source: https://doi.org/10.5281/zenodo.7844513
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WP 4 Traceability Chain Dynamic

ComTraForce

Dynamometer:

Fatigue resistant,
Specimen-like 1.6580QT
elastic element

(1]

Accelerometer on
additional masses

P12

Bending strains
Force

Temperature

Masses

[1] M.J. Dixon: Dynamic Force Measurement, in Materials Metrology and Standards for Structural Performance, B.F. Dyson, M.S. Loveday, M.G.
1 Gee [Editors], Chapman & Hall, 1st Edition, London, 1995

Stiffness Adapter: Fatigue
resistant, EN AW 7075-T6

Universitat
Stuttgart

140 kN/mm

P12
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WP 4 Traceability Chain Dynamic

J
e S e rw'
"".mw-"“‘.w
o w2000 raim gt
o

Physikalisch-

Technische
Bundesanstalt

w

Deliverable 5

Dynamic Calibration of Material Testing
Machines

hitpsTidoi org!

Table of Content.

1

Definition of Dynamic Forces and Dynamic Calibration.
Purpose and Scope of Application

Basic Principle of the Calibration Process

Setup of Dynamic iine Calibration

Preliminary Work
Machine's Controller.
Machine’'s Static Calibration
Machine's Verified Aignment
Machine's Verified Peak and Valley Detection
Machine's Parameter Matri
Transfer Standard’s Stafic Calibration
Transfer Standard's Dynamic Calibration
Transfer Standard’s Amplifier
Do iion cuot

ComTraForce

Dynamic Calibration of Matesial Testing
M s

532

Universitat

533 Fitfunction

Stuttgart

54 nsifivity

541 Sensitivity

54,2 Uncerainty of sensitivity

& Appendices.

61 Necessiy of Calibration

62 Dynamic Calibration Gompared to Others
6.3 Evaluation, Example Template

6.4 Contents of Certificate.

Guideline
DKD-R 9-4

Dynamic Calibration of Material
Testing Machines

Edition 20224
hitps-/idol org.

LIy

S

Dynamic Calibration of the
Prepare for Cyclic Loading
Apply Cyclic Loading,
Evaluation of Measured Data
Next Parameter Set

Measurement Uncerainty
Transfer Standard

511 Uncertainty of Dynamic Calibration of the Transfer Standard

5|2 Unr.enaurny Contivoutions Due o the Subsequent Use of the Trans[er

s | 3 Amwﬁm of the Transfer Standard
52 Machine
521 Static calibration = K,
522 Longterm mmmy Kre
523
524 Signal noise = K,
525 Zerodrift=K,,
526 (of masses) = K,
527 masses = Ky
528 - K.
529 Sifiness, Damping, = K.
5.2.10 Controller = K,
53 Procedure
531

Introduction

Uncertainty

Appendices

Preliminary Work

Calibration Work

Source: https://www.ptb.de/empir2019/fileadmin/documents/empir-2019/ComTraForce/documents/04_Deliverables/ComTraForce_D5.pdf
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WP 5 Procedures & Recommendations ComTraForce

Aim of ComTraForce:
developments for traceable
continous & dynamic forces

State of the art:
force standard

procedure for machines for static

forces

) ] force transfer standards
dynamic loads in & measurement

testing machines procedures for static

forces
. Validation of the

. Develop calibration

continuous and
force transfer standards &

measurement procedures
for continous & dynamic
forces

continuous & dynamic

Calibration Laboratory

rocedures static force using Reference Standards > &
P calibration of force calibration of
testing machines Inhouse Calibration Laboratory testing machines
Using Working Standards

Inspection and Measurement
Instruments in Industry
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WP 5 Procedures & Recommendations ComTraForce

. Develop calibration

procedure for National
Metrology

continuous and Institute

dynamic loads in Accredited Calibration

Laboratory using
Transfer Standards

of the Calibration Laboratory
using Reference Standards

. \ichines

Inhouse Calibration Laboratory
Using Working Standards

Inspection and Measurement
Instruments in Industry

https://www.ptb.de/empir2019/comtraforce/information-communication/deliverables/
Metrological Infrastructure Industry
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Impact by Networking ComTraForce

Bureau
‘ Il"l"e I'l"lﬂliDI"lﬂl des ~ the itergovemmental organization through which Member States act together I C M -
Poids ei on matters related to science and standards, ez
} Mesures e
Mass and Related Quantities
ABOUTUS WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE
P EURAMET Technical Commiuee >
= You are here: worklwide metrology: commitice structure > Consultative Commitiees > CCM = COM-WGFT u i I S OITC 1 64
CCM Working Group on Force and Torque (CCM-WGFT) Mechanical testing of metals

: IMEKD |

ll'f’}

International Measurement Confederation

(( DAk bSi, Standards Development U C/\S Eﬂlﬁ&ﬂ

=F
DI

Akkreditierungsstelle
EUROPEAN

ACCREDITATION
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Summary ror

= Traceable validated methods for continuous time-dependent forces
= Traceable validated methods for measuring dynamic forces
= Development of advanced force measurement devices with input to industrial market

= Developed methods and techniques enable compensation of dynamic and
temperature influences

= Calibration laboratories can extend their accreditation to continuous and dynamic
forces

= The project is successful because force traceability is extended from static to
continuous and dynamic force through comprehensive traceable force measurement
methods



EMPIR ==  ComTraForce

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

Coordinator
PTB, Germany g -

Anel oo
CEM, Spain

CMI, Czech Republic | €M
INRIM, Italy &

NPL, UK NPLE

RISE, Sweden 1/‘_ National Physical Laboratory EIE
VTT, Finland W77 .

MIKES METROLOGIA

TUBITAK, Turkey _l]l:?f
o ™M @

USTUTT, Germany
ZAG, Slovenia IAC
INMETRO, Brazil o

Universitat
Stuttgart

WG 1.23 - Force Measuring Technique
Frank Hauschild

Bundesallee 100

38116 Braunschweig

Email: comtraforce@ptb.de

Phone: +49 531 592-1179
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