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Force Standard Machine

Force Calibration Facility

Build-Up System used 

as a transfer standard 

Reference transducer

of machine
Dissemination of the

physical quantity „Force“

F

MUMU

Concept of a Build-Up (BU) system used as a Transfer Standard



Elastic deformations causing cross forces



Deviation d of Build-Up Systems

*            = ( * )(1+d) 

Sensitivity of 

single transducers

Sensitivity of single

transducers with the

interaction of the

adaptation parts
Applied force of the machine 

to be calibrated

Applied force of the

Force Standard Machine



EMRP SIB 63 project: Creating of a knowledgebase for 

typical properties of BU Systems



EMRP Project SIB 63

https://www.ptb.de/emrp/forcemetrology.html



EMRP Project SIB 63

https://www.ptb.de/emrp/forcemetrology.html



Analyzing the influence of different constructional outlines

Investigations of different

- types of force transducers

bending ring transducers

column type transducers

- types of adaptation parts

usual load cups additional 

pendulums

additional

load cup on the top

conical sphere on the top



Elastic deformations causing cross forces



Elastic deformations causing cross forces

Force in

Deviation 

high 

stiffness

Deviation 

low 

stiffness

kN dL,135 dL,135

1500 -0,020% 0,131%

3000 -0,005% 0,145%

4500 0,004% 0,150%

6000 0,010% 0,151%

7500 0,011% 0,150%

9000 0,014% 0,149%

10500 0,012% 0,147%

12000 0,013% 0,145%

13500 0,013% 0,145%

15000 0,014% 0,144%

16500 0,011% 0,140%



Elastic deformations causing cross forces



without loadloaded numerical simulation of deformation behavior

cross force generation: 0.01% · F0

F0

“Bending-neutral plate” to minimize cross forces



Constructional methods: Influence of adaptation parts



Deviation d between single transducer- and build-Up-

System-calibration

d can not be totally reduced to zero !

A theory for the correction of d and the calculation of uncertainties is necessary

d of 30 MN version at 16,5 MN:    0,140 %                0,015 %



Procedure how to calibrate a Force Calibration Facility with a higher 

nominal load than the Force Standard machine using a BU-System

Questions?

falk.tegtmeier@ptb.de



Uncertainty model based on ISO 376 uncertainties

calibration of a BU system application of a BU system
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Procedure how to calibrate a Force Calibration Facility  

using a BU-System 

B

C

Calibration of BUS in FSM

Plausibility Measurement in FCM

Calibration of FCM in full range



Procedure how to calibrate a Force Calibration Facility  

using a BU-System within 6 steps

- Calibration of whole BU-System in full range if FCM
Result

P
lausibility of the deviation d

up to nom
inal load in the F

S
M

Indication
deviation

q
ofthe

F
C

M
 w

ith

uncertaintyB

C

- Calibration (ISO 376) of all single transducers up to nominal load

- Calibration of all single transducers in partial range if necessary

- Calibration of whole BUS in nominal range in FSM to determine d

- Calibration of all single transducers (can also be used for 

the calibration in lower range without BUS)

- Calibration of whole BU-System in partial range of FCM

-> Argument for verification: EN value of the comparison of d

Calibration of BUS in FSM

Plausibility Measurement in FCM

Calibration of FCM in full range with extrapolated d´



Procedure how to calibrate a 

Force Calibration Facility using a BU-System

- Calibration of all single tranducers

- (Calibration of all single transdcuers in partial range if necessary)

- Calibration of whole BUS in nominal range if FCM to detrermine d

Calibration of BUS in FSM

If nominal load of the single transducer calibration differs too much (50%) 
from the highest load within the BUS calibration at the FSM, than it is 
important to calibrate the single transducers two times: 

Up to nominal load for the estimation of the sensitivity and the uncertainties
for the calibration of the FCM. 

A second calibration up to maximum load of the single transducer during the 
BUS calibration at FSM should be preferred for the determination of d.

Example: 50 MN BUS of PTB calibrated in 16,5 MN FSM:

Why?

dL and uncertainties
sensitivity and uncertainties



Procedure how to calibrate a 

Force Calibration Facility using a BU-System

- Calibration of all single transducers

- (Calibration of all single transducers in partial range if necessary)

- Calibration of whole BUS in nominal range in FSM to determine d

Calibration of BUS in FSM

Are the results safe?

Doublecheck overlap! 

dL and uncertainties
sensitivity and uncertainties



Extrapolation of dL´

Load Step Indication deviation Calibration result

FLS W(FLS) dL U(dL) FS,int W(FS,int)

kN % % % kN %

1500 0,010% 0,005% 0,022% 1500,43 0,031%

3000 0,010% 0,025% 0,022% 3000,84 0,026%

4500 0,010% 0,028% 0,022% 4501,21 0,025%

6000 0,010% 0,028% 0,021% 6001,55 0,024%

7500 0,010% 0,026% 0,021% 7501,84 0,023%

9000 0,010% 0,025% 0,021% 9002,09 0,022%

10500 0,010% 0,022% 0,021% 10502,29 0,022%

12000 0,010% 0,018% 0,021% 12002,44 0,022%

13500 0,010% 0,020% 0,021% 13502,53 0,021%

15000 0,010% 0,017% 0,021% 15002,57 0,021%

16500 0,010% 0,016% 0,021% 16502,53 0,021%

?



Extrapolation of dL´

Typical for BUS



Extrapolation of dL´

„Engine for type of extrapolation”

- Developed for the extrapolation of 
force transducer signals in case of 
a partial calibration (EMRP, Task 1.6). 

This works also for dL.

- Compares two partial calibrations 
to find the best strategy to 
extrapolate from smaller to bigger 
partial calibration. 

- Deviation is shown in colors 
according to ISO 376 classes. 
(green 00, yellow 05, orange 1, 
red 2, blue none)

Detailed information in the final report 

of the EMRP project on its homepage



Extrapolation of dL´



Extrapolation of dL´

Force in kN

D
e
v
ia

ti
o
n

How can we check this?



Extrapolation of dL´

 tangent extrapolated dL´



Advanced 50 MN BU-System using VN class LF transducers

Load Step Indication deviation Calibration result

FLS W(FLS) d U(dL) FS.int W(FS.int)

kN % % % kN %

1500 0.010% 0.005% 0.022% 1500.43 0.031%

3000 0.010% 0.025% 0.022% 3000.84 0.026%

4500 0.010% 0.028% 0.022% 4501.21 0.025%

6000 0.010% 0.028% 0.021% 6001.55 0.024%

7500 0.010% 0.026% 0.021% 7501.84 0.023%

9000 0.010% 0.025% 0.021% 9002.09 0.022%

10500 0.010% 0.022% 0.021% 10502.29 0.022%

12000 0.010% 0.018% 0.021% 12002.44 0.022%

13500 0.010% 0.020% 0.021% 13502.53 0.021%

15000 0.010% 0.017% 0.021% 15002.57 0.021%

16500 0.010% 0.016% 0.021% 16502.53 0.021%

- 5 single transducer class 00 according to ISO 376 (even VN class as a better class in GTM´s notification)

- Highly effective compensation of bending moments and cross forces. reproducibility is much lower than 0.01%

- Ultracompact. stiff structure 

- The low sensitivity against cross forces and the effective reduction of the generation of such components by the 

stiffness result in a very low indication deviation d of the system 



Comparison with the 60 MN FSM at FJIM – overall results



ISO 7500-1„Extrapolation

Engine“ for d

Verification B2 measurement

BUS evaluation template of EMRP SIB 63

“Qualified” BUS

Generating an ISO 7500-1 Certificate using BUS

Partial A2 calibration if necessary



30 MN material testing machine of the

iBMB/MPA Braunschweig

o Static / dynamic force in tension and 

compression

• max. stat. / dyn. Force: 33 MN / 24 MN

• max. piston stroke : 0.4 m

• max. frequency:  5 Hz (at 5 mm stroke)

o Dimension of test specimen in tension

• max. length: 10.3 m

• max. diameter at the anchor coupler : 0.5 m

o Dimension of test specimen in compression

• max. height: 5.0 m

• max. diameter: 1.1 m / 1.1 m



30 MN material testing machine 

of the  iBMB/MPA Braunschweig

Dynamic test of a bridge stay 

cable

Forth Replacement Crossing  

Queensferry Bridge, 

Edinburgh/Scotland

• Axial dynamic load 

• Synchronized bending 

moment loaded to the 

stay cable to investigate 

influence of wind/rain 

induced sideway swinging



ISO 7500-1 Certificate using BUS
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ISO 7500-1 Certificate 



“Competence Center Large Force” 

Calibration of the 

Transfer-Standard in 

PTB´s 16,5 MN FSM

Dissemination of 

the quantity Force 

to the new 30 MN 

Reference System
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