24th IMEKO TC3 Conference on
Measurement of Force, Mass and
Torque 2022

Held with TC5, TC16 and TC22

Cavtat-Dubrovnik, Croatia
11 — 13 October 2022

ISBN: 978-1-7138-7020-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2022) by the International Measurement Confederation (IMEKO)
All rights reserved.

Printed with permission by Curran Associates, Inc. (2023)

For permission requests, please contact the International Measurement Confederation (IMEKO)
at the address below.

IMEKO Secretariat

Dalszinhaz utca 10, 1st floor, Office room No. 3
H-1061 Budapest (6th district)

Hungary

Phone/Fax: +36 1 353 1562
imeko@t-online.hu

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

DETERMINATION OF THE LINEARITY FINE STRUCTURE OF BRIDGE AMPLIFIERS BY
MECHANICAL MEANS ... bbb bbb 1
A. Briige

INTERNAL COMPARISON BETWEEN A REFERENCE TYPE TORQUE CALIBRATION
MACHINE AND A 10 N-M DEADWEIGHT TORQUE STANDARD MACHINE ........cccooooiiiiiiiiiene e 7
A. Nishino, M. Hamaji, K. Ogushi

DISSEMINATION OF THE KILOGRAM FOLLOWING ITS REDEFINITION .......ccocveiiiiiieiiieee e 11
M. Stock, S. Davidson, H. Fang

EVALUATION OF THE EFFECT OF DYNAMIC VERIFICATION ON DIFFERENT TYPES OF
FORCE SENSORS . ..ottt sttt sttt sttt e et be s te bt e s e et e s besb e e b e s Eeeb e e b e e meenbeseesbesbeebeeneeneeneeseenbeseenneas 17
H. Dizdar, B. Aydemir, C. Vatan

SIMPLIFIED MODEL OF MASS MEASUREMENT SYSTEM WITH CONSIDERATION OF
VARIATION OF FULCRUM POSITION ..oeuiiiiiiieiie sttt eeatees s e e et e eeaaassessseesssasasessseessansesesseessranrens 23
Y. Yamakawa, T. Yamazaki

INVESTIGATION OF THE EFFECT OF WAITING TIME IN FORCE STEPS DURING FORCE
(07N 023 20N (0 TR 27
B. Aydemir, H. Dizdar, C. Vatan

THE METHOD PROPOSAL FOR CALIBRATION OF THE ALIGNMENT CELL.......ccccccocviiiiiniieiiee e, 32
B. Aydemir, H. Dizdar, C. Vatan

MODELLING SUBDIVISION IN MASS METROLOGY ..ottt ettt esibrse e ssivbraae e sanns 37
Z. Zelenka, S. Alisic, A. Malengo

DIGITAL TWIN AS A TRANSFORMATIVE APPROACH TO CLASSICAL FORCE
ME A SU R EM EN T S Y ST E M S ittt ittt ettt et ettt e ettt e e et e e et e e e e reees et e st e reeeseesssnaareeereessasereeerensnnns 43
M. J. A. Solis, C. Giusca, S. Goel

EFFECTS OF FORCE APPLICATION RATE ON TRANSDUCER PERFORMANCE ...........cccovvivvviieeeeiinns 49
A. J. Knott, R. S. Oliveira

RESEARCH ON INTELLIGENT AUTOMATIC MEASUREMENT SYSTEM OF LARGE MASS.............. 55
L. F. Wang, K. Ma, D. B. Shen, Y. Zhang, S. Zhang, P. Liu, N. Song

RESEARCH ON WEIGHING DESIGN OF CLASS E GROUP WEIGHTS BASED ON
INTELLIGENT MEASUREMENT SYSTEM ...ooiiiiitiii ittt ettt st sstte s s vaee s s srvae e s sntaasssneaesssnraees 61
L. F. Wang, K. Ma, P. Liu, D. B. Shen, S. Zhang, N. Song, Y. Zhang

DIGITAL REPRESENTATION OF A LOAD CELL .....oiiitiiii ittt ettt etee e svae e s s eata e e senaaaessnnaees 67
C. L. Giusca, S. Goel, I. Llavori, R. Kumme, O. Baer, A. Prato, A. Germak

ROUND ROBIN TEST ON THE CALIBRATION OF MATERIAL TESTING MACHINES (ISO
75T SR 73
F Tegtmeier, C. Weifsmiiller, E. Krdmer

A COST SAVING METHOD FOR DETERMINING AIR DENSITY IN WEIGHING.......ccccccocoviieiiiiies e, 78
C. Miiller-Schéll, D. Goessi



ON THE BEHAVIOUR OF SETTING-TYPE TORQUE SCREWDRIVERS .......cccooiiiiiiiininieeee e 84
C. Schlegel

MONTE CARLO METHOD APPLIED TO GRAVIMETRIC LEAK CALIBRATION.......c.ccccoevvveeeivieee e, 89
B. Blanc, F. Beaudoux

50 N-M TORQUE STANDARD MACHINE AT SASO / NMCC .....coiiieiiiiinieinienieeseniee e 94
C. Dogan, S. Tunaci, S. A. Bin Jarbua, S. M. AlQarni

1 KN-M UNIVERSAL TORQUE CALIBRATION MACHINE WITH REFERENCE TORQUE
TRANSDUCER AT SASO / NMUCC .....eiiiiiiiiieiiiteieeiiste ettt sttt sbe sttt b et sbe bbb st beabe b esesbeseebesbeneesesbe e 98
C. Dogan, S. Tunaci, S. A. Bin Jarbua, S. M. AlQarni

AUTOMATIC WEIGHING INSTRUMENTS PRODUCT CIRCULATION TEST SYSTEM.......cccccceeevinne 102
D. Shen, K. Ma, L. Wang, P. Liu, B. Ma, S. Zhang

RESEARCH AND VERIFICATION OF TEMPERATURE TEST FOR LARGE WEIGHING
LIS B L0 1 0 0 SRR 105
Ping Liu, Kun Ma, Dongbin Shen, Lianfang Wang, Shuai Zhang, Kai Zhang

A METHOD FOR APPLYING MASS COMPARATOR CALIBRATION RESULTS IN THE
UNCERTAINTY OF MASS VALUE TRANSFER ......occiiiiiiieieii e 110
Ping Liu, Kun Ma, Lianfang Wang, Shuai Zhang, Dongbin Shen, Kai Zhang

ENHANCED METHODS FOR CALCULATING UNCERTAINTY ENVELOPE FUNCTIONS

FOR FORCE RANGES ...ttt ettt ettt ettt e ettt e e sttt e e sttt e e s s 2t e e s aabts s e s abae e e s sabeeeseabaesesabeaeesssbeeessabensesanenas 115
D. Roske

COMPARISON OF TWO 1 KN FORCE TRANSDUCERS AT CONTINUOUS CALIBRATION ............... 120
M. Hiti

UNCERTAINTY EVALUATION METHOD OF A DYNAMIC TORQUE GENERATING
MACHINE USING ELECTROMAGNETIC FORCE........cccciiitiieieieie ittt st 124
M. Hamaji, A. Nishino, K. Ogushi

DESIGN OF A LINEAR-MOTION TYPE MICROFORCE GENERATING MACHINE USING
ELECTROMAGNETIC FORCE ......ooiiiitiie ettt sttt sne e st ente et enteeneesneesneenseeneeeneas 127
J. E. Zhu, T. Hayashi, K. Ogushi

STUDY ON REFERENCE TORQUE WRENCH TESTED BY DEADWEIGHT TORQUE
STANDARD MAGCHINE ... ..ot 130
H. Cheng, J. Z. Yao, W. B. Wen, B. H. Ma, W. J. Huang

THE DESIGN OF 30 MN HYDRAULIC AMPLIFICATION FORCE STANDARD MACHINE AT
SHANDONG INSTITUTE OF METROLOGY ....cuvtiuiitiititiaieaieiesiese et eeseesee e sieseestessesneeseeneeseeseessessesnens 134
Li Wansheng, Zhao Yucheng, Tao Zecheng, Huang Weijun, Sun Yong, Dai Jun

CENTRE OF GRAVITY MEASURING DEVICE ..ottt ettt ee s bt e s s eaaae s sanae s 138
M. Pabst, T. Frohlich

APPLICABILITY OF TORQUE CALIBRATION ON TEST BENCHES FOR ELECTRICAL
IMACHINES ...ttt ettt ettt at et e e e e et eh e e b e a8t es et e m b e seeeE e e Ee e Rt e s e e e enbeaeeebeebeemeereeneentesaeseesre e 144
Z. Song, P. Weidinger, N. Yogal, R. S. Oliveira, C. Lehrmann, R. Kumme

MEASURING THE INDUCED AC VOLTAGE IN THE PLANCK-BALANCE WITH AN AC
QUANTUM VOLTMETER .......ooiiiiteitiit sttt ettt ettt sttt taesteesteateanteassesseestaebeesteastesseestaesreesteeneeaneas 150
Ch. Rothleitner, J. Klof3, J. Konrad



IMPROVED CALIBRATION METHOD FOR AUTOMATIC CATCHWEIGHING
INSTRUMENTS ...ttt et r et r et r et e Rt E e Rt b e Rt e r et b e r ettt n e renrns
M. Grum, G. Grgi¢, D. Knopf, F. Buendia

FIRST STEPS TOWARD LEVERAGING ARTIFICIAL INTELLIGENCE FOR PRECISE
CHARACTERISATION OF FORCE TRANSDUCERS ...ttt ettt e e ettt n e e e neearaaaseeesennnens
D. Mirian, R. Kumme, R. Tutsch

FINAL DESIGN OF PTB’S 5 MN-M TORQUE STANDARD MACHINE WITH POSSIBLE
FUTURE EXTENSION TO 20 MN "M ... ittt sttt ettt s s st b st s s s s s s sabbbassasssssabbassessesssannns
H. Kahmann, K. Geva, C. Schlegel, R. Kumme, F. Hdrtig

CREEP CORRECTION METHOD FOR FORCE APPLICATIONS ......ccoiiiiiieiiieriee e
J. Sander, R. Kumme, F. Tegtmeier

EFFICIENCY MEASUREMENT WITH A FOCUS ON THE INFLUENCE OF ROTATION AND

TEMPERATURE ON TORQUE MEASUREMENTS PERFORMED ON SMALL-SCALE TEST

BENCHES . ... oottt st s e sttt s e e sttt e s s te e s ab e e e abeesabe e eabeesabe e e beeeabeeeabeeenbeeeteeanbee e beeeteeenraeeneeans
N. Yogal, C. Lehrmann, Z. Song, P. Weidinger, R. Kumme, R. Oliveira

EFFECTS OF STRESS-STRAIN DATA SYNCHRONISATION ERRORS ON THE

DETERMINATION OF YOUNG’S MODULUS OF HARD AND SOFT MATERIALS IN

MATERIAL TESTING MAGCHINES ... ..ottt a e e e s s s st b b a s e e e s s s st b baaessesssaanes
A. Prato, A. Schiavi, A. Facello, F. Mazzoleni, A. Germak

ADVANCES IN THE DESIGN OF DMP41 - MEASUREMENT CHAINS USING EXAMPLES
WITH TORQUE & MULTI-AXIS TRANSDUCERS ...ttt
André Schdfer

DISSEMINATING FROM THE KIBBLE BALANCE TO INDUSTRY ....coooiiiitiiiiiiiciiiiiee i
P. Potgieter, S. Davidson, I. Robinson, J. Berry

THE ARCHITECTURE OF THE NPL NEXT GENERATION KIBBLE BALANCE .......ccooivvvviiieieeeeeeenn,
1. A. Robinson

KIBBLE BALANCE FOR GRAM LEVEL MASS MEASUREMENTS.......ooooiiiiiii et
E. Webster, 1. A. Robinson, H. Chong, S. Davidson

INFLUENCE OF PARASITIC COMPONENTS IN THE STATIC CALIBRATION OF
UNIAXIAL FORCE TRANSDUCERS ...ttt ittt ittt et et s ettt et e e s sttt s s s eataaessabaesssbatssssesaesssbenessseesesnens
A. Prato, E. Giacardi, A. Facello, F. Mazzoleni, A. Germak

EXPERIMENTAL RESULTS OF MEASUREMENT HINGE FLEXURE STIFFNESS
JD ) 2 R AN () T
K. Geva, H. Kahmann, C. Schlegel, R. Kumme

DEVELOPING A KIBBLE BALANCE FOR MEASURING ULTRASONIC RADIATION
FORCE AT 1 MEGAHERTZ ...ttt ettt ettt e e ettt a e e e e e s st bbb e e e e e s s sabbbaaeeseessanes
R. C. Mayworm, E. Webster, S. Davidson, A. V. Alvarenga, R. P. B. Costa-Felix

GUIDE TO THE CALIBRATION OF HYDRAULIC TORQUE WRENCHES .........ccooviviiiiiiene e
S. Hassan, D. Howorek, D. Peschel

RESEARCH ON TEST METHOD OF ABNORMAL PASS BEHAVIOUR OFAUTOMATIC
INSTRUMENTS FOR WEIGHING ROAD VEHICLES IN MOTION......cccoiiiiiiiiiic e
Shen Dongbin, Ma Kun, Liu Ping, Wang Lianfang,Zhang Shuai, Ma Binghui



CAPACITIVE CALIBRATION CAPABILITIES IN AN EMFC BALANCE.........coooviei i 236
V. Cherkasova, T. Frohlich

TRANSDUCER RESPONSE UNDER NON-STANDARDISED TORQUE LOAD PROFILES................... 242
R. S. Oliveira, P. Weidinger, Z. Song, L. Vavrecka, J. Fidelus, T. Kananen, S. Kilponen

THE DEVELOPMENT OF DEADWEIGHT FORCE STANDARD MACHINE OF 500 KN WITH
WEIGHT EXCHANGE CONTROL SYSTEM ....cooiiiiiiiiiiiiiiiiiie e 248
Xu Yinjie, Tang Yun, Huang Weijun, Zhao Xinghua

ANOVEL EMFC TILTMETER WITH EXTENDED MEASUREMENT RANGE ..........cccocvi i 252
N. Rogge, O. Dannberg, M. Kiihnel, T. Frohlich

INVESTIGATING TYPE EVALUATION OF WEIGHING INDICATORS BASED ON DIGITAL
LOAD CELL SIMULATOR ....ocotitiiiiiiiiie ikt 258
Wenjun He, Kun Ma, Kai Zhang, Shucheng Wang, Ping Liu

DERIVATION AND DETERMINATION ANALYSIS OF THE MASS OF STEEL ANVIL USED
FOR VERIFYING REBOUND TEST HAMMER .....ccooiiiiiitiiiiieiieiee sttt s 263
Sun Qinmi, Li Haibin, Li Xuefei

TORQUE BILATERAL COMPARISON BETWEEN NMISA AND INMETRO.......ccccccoveiivviiiieiee e 267
J. Matosse, S. Dlamini, M. Sibisi, R. S. Oliveira, S. P. de Oliveira, J. T. Filho

CONSTRUCTION OF A HYBRID ROBOT INTENDED FOR MASS STANDARD
COMPARISON, EQUIPPED WITH A SUSPENDED SELF-CENTRING WEIGHING PAN.........c..ccccv..... 271
M. Solecki, T. Szumiata, M. Rucki

Author Index





