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Traceability of Force in KRISS
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100 kN Deadweight Force Machine KRISS

[Specification]
= Max/Min.Load: 110kN/2kN
» Loadingstep: 1 kN

» Loadingtime
- Preloading:90s g-ﬁn.n"- i
FTinmm
- Nomalloading : 90 1t

i
! L

= Relative expanded uncertainty : 2x107

[Reference Force Machine for APMP.F-K2])

= Pilot: KRISS (No. of participants: 13 NMs) KRISS 100 kN DFM
= Transfer Standards 1.0E-04 —
- 50kN2ea/100 kN 2ea o soes 0100 ky T %
= Measurement Points SRl e Bl ﬂ || ﬂf i
- APMPMFK23: 2 points e ﬁ % %
- APMPMFK2.b: 1 point 208051
= Measurementfinished : Sep. 2014 A 3 5 4 8 & 7 & % 1 48 9
= DraftAin preparation Results of CCM.F-K2 (2012)
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500 kN Deadweight Force Machine KRISS

[Features]

= | argest deadweight force machine

= Forcerange: 13.3 kN ~498kN Eéflt;’eg\

= Uncertainty : 2x105 (?) | [ Hydrauti Jack

= Problem : Old and stability issue (1926, Cast iron) Iffaﬁng = i -—Third Floor

= Motivate development of a new force machine ) T |k//]§2lvi?§2ﬁ°n
T second Floor

—!%!——I!—
__k 9 x

—
| — }453.6 kg

1st Floor 2" Floor
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1 MN Deadweight Machine

[Specification]

= Max. Capadaty: 1.1 MN

= Relative Uncertainty: 0,002 %
= Height: 17 m

= GrossWeight: 180t

[History]

= Decision on developing the machine for replacement of the old 500 kN
force machine: 2010

= Start Mega Mechanical Metrology Project: Jan. 2011

= Desigh 1 MN Deadweight Force Machine: Oct, 2011

= Selection of Manufacturer: Jan, 2012, Poongsan Holdings

= Machining and Weights Calibration: Oct, 2013

= Testat manufacturer'ssite: Dec, 2013

= |nstallation at the new mechanical metrology building: Jan.,2015
= Inauguration of the new building: 20t May, 2015
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5 t Mass Standards

5 t mass standards

1 999.997 0 2.7
2 999.996 6 2.7
3 999.997 4 2.7
4 999.998 2 2.7
5 999.997 3 2.7
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Assembly and Test in the Yard

KRISS

= Assembly check
= Performance check
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Concrete base

Structure to install DFM
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New Building to install 1 MN DFM

KRISS

= Construction was finished in May 2015

= Building brand: M3
- Mechanical Metrology from micro to Mega
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Installation in the New Building

KRISS

= |nstallation
- Dec, 2014 ~ Jan. 2015

LG/'ST Convergence Research Institute

= Opening Ceremony
- May 20, 2015
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Uncertainty Evaluation of 1 MN DFM

KRISS

Uncertainty component Se(r:mgi;}\éity Uncertainty
Uncertainty due to mass 1 1.9 x 10°®
Uncertainty due to gravitational acceleration 1 1.0 x 10”7
Uncertainty due to density of air 1.5 x 104 2.5 x 1072
Uncertainty due to density of deadweight 1.5 x 10 5.8 x 103
Uncertainty due to inclined base plate 1 1.5 x 108
Uncertainty due to swing motion of deadweight 1 79 x 108
Combined uncertainty 4.3 x 10

Expanded uncertainty 8.6 x 10-°

= By considering unknown uncertainty components, the relative expanded
uncertainty of the 1 MN deadweight force standard machine was dedared

as 2x10 with a confidence limit of approximately 95 %.
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Installation in the New Building

KRISS

= Bilateral comparison with 500 kN DFM of NMU, Japan

Protocol: Modified KC protocol

- Measurng time: 6 minutes
- Measuring directions: 0°, 90°, 180°, 270°, 360° (1 rotation)
- Measuring force: 500 kN
Degree of Equivalence
500.015 . .
) = Degree of Equivalence
0 - .
o - EnValue=0.11
e - Egquivalence was confirmed
g O = Key Comparison
£ 499995 - Supplementary comparison of
N R | CCMFK3 at 1 MN will be
| conducted with PTB
499.985 T T
KRISS NMIJ
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KRISS
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Hydraulic
Force Machine

]

15



Force Generation by HFM

KRISS

Measuring system
(pressure balance)

~ O ~

Force transducer

working system

Leakage Oil

Unsealed

Control system

AZ
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Hydraulic Force Standard Machines

[Specification]

[Degree of Equivalence, APMP.F-K4]

Maximum load: 2.2 MN

Minimum load: 50 kN

Relative expanded uncertainty: 1 x 10-4
Amplification factor: about 200

Deadweight set
- 250N 2 ea), 500N (10ea), 1000N © ea)

Relative expanded uncertainty : 2x10°

Pilot: NMU
Period: 2005~2007
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5 MN Hydraulic Force Machine

[Features]
* Force capaaty: 5.5 MN
Uncertainty: 1x10%

Ampilification factor
- 250

Dimension
= Height:9.2m
= Main ram intemal diame

Schedule
- Projectstart: 2013
- Finish developing: 2017
- Service start: 2019
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KRISS
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Build—up
Force Machine

]
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Build-up Force Measuring System KRISS

= Three equal force transducers F
loaded in parallel —- ——Load button
->Force measurement .. |~ Middle platen
capability increased to
three times @27 Force transducer

«— Base platen

= Calibration of each force
transducer in a deadweight or a
hydraulic force machines

—~> Evaluation of the build-up
system

= Used in combination the output
have to be added or averaged

20
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Force Generation by BFM

KRISS

Upper compression head
/ PP P

. I Force measuring device
Ram to be calibrated
O-rin ] ,
"o - I Build-up system
< «— Column
«—+— Cylinder
< Oil
- 1]
Pressure sensor
Motor Pump
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10 MN Build-up Force Machine KRISS

= Forcerange: 10 MN
= Uncertainty: 2x10%4 (~5 MN)
5x104 (~10 MN)

= Comparative force machine using
build-up system

" CCM.F-K4 KC

300 +
Lab differences, 4 MN

- Transducers 1 & 2
200 combined |
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50 MN Build-up Force Machine

Force range: 50 MN

Uncertainty
- 2x10%(~16.5MN)
- 5x10% (~50 MN)

Reference build-up system
- 16.5MN: Traceable to 5.5 MN HFSM
- 50 MN: Traceable to 16.5 MN BFSM

Schedule
- Projectstart: 2014
- Installation: Dec, 2015

- Finish of development: 2018
- Service start: 2020 !

a O O D

Main Post
(Tie Rod)

weo AIA o
(165 MN. 5 | [mi

1UHE Plat

Hydraulic Unit
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KRISS

|Torque Standard Machines in KRISS
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2 kNm Deadweight Torque Standard Machine KRISS

[Specification]

= Measuring range: (100 ~ 2000) Nm

=  Minimum loading step: 10 Nm

= Measuring uncertainty: 0.005 % (5 partsin 10°)
= Speed: less than 50 s for one point measurement
= Pilot Machine for CCM.T-K1.3

[Degree of Equivalence, CCM.T-K1]
= Pilot: PTB
= Period: 2005~2006

LG/'ST Convergence Research Institute

..
KRISS
2 kNm TSM

relative deviation in ppm —

200

150
100
50 4

.50
-100 -
-150 -
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TT1 500 N-m cw torque
relative deviation of deflections from the KCRV

A B (o] D E F G H
participating laboratory

KC results
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20 kNm Deadweight Torque Standard Machine KRISS

= Spedification
- Min. torque step: 100 Nm
- Max. torque: 22000 Nm
- Uncertainty: 0.005 %
- Leverlength (oneside): Tm
- bWxH =43mx34mx40m

- Working space: 110 mm dia. (max), 1000
mm in length

= Schedule
- Projectstart: 2013
- Installation: Dec. 2015
- Finish of development: 2017
- Intemational Comparison with NMI: 2018
- Senvice start: 2018
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KRISS

LG/'ST Convergence Research Institute

Applications of
Force Standard
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Applications of Large Force

KRISS

Arian 5 Rocket
Mass of Satellite: 2460 kg
Thrust force: : 1400 ton (14 MN)

Health Monitoring

of Large Structure
Force: ~ 100 MN

Nuclear Power Plant
Tension: 400 ~ 800 ton (4 ~8 MN)

Weighing of Mega-Structure

Gross weight: 1,000 ton ~ 100,000 ton (10 ~ 1000 MN)
28

LG/'ST Convergence Research Institute



Big Bridges in Korea

_ Kwang-an bridge
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Elastomeric Bearing for Bridges KRISS

Elastomeric bearing used between deck and pier provides a flexibility of
bridge against forces caused by earthquake and passage of vehicle on the

bridge.

30
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Large Force Machines in Industries KRISS

= |ncrease of heavy industries

- Needs of larger force

= Needs for evaluation of mechanical
components such as pot bearings

- Testing machines with capacities
greaterthan 10 MIN

= 15 testing machines in Korea

30 MN Pot-bearing
Testing Machine

31
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|

Applications of
Torque Standard
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Applications of Large Torque KRISS

= Demands for High-capacity Torque in Korea
- Torsion Tester, Airplane Brake Tester
- Testing electrnical motors, Turbine generator

- Engine Tester

* Two bearings and single housing
« Automated lubrication system ]
* Simulated by dynamic analysis & * Hyds

)
r
ydraulic mounting
- Validated by Dynamo test = Validated by HALT
l |
R
| [ 4 °

Airplane Brake Teste Wind Turbine Ship Engine

33
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KRISS
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Summary of Large Mechanical Standards KRISS

= New Standard Machines
- 5tmass standards
1 MN deadweight force machine
5 MN hydraulic amplification force machine (2019)
50 MN build-up force machine (2020)
20 kNm deadweight torque machine (2018)

» Before and After Mega Mechanical Metrology Project

Deadweight Hydraulic 15t Build-up ~ 2nd Build-up Deadweight
Mass force force force force torque
(2x107) (1x104) (2x104) (5x104) (5x10-)
Before 1t 0.5 MN 2 MN 5 MN 10 MN 2 kNm
After 5t 1 MN 5 MN 16.5 MN 50 MN 20 kNm
Ratio 5 2 2.5 3.3 5 10
35
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