
11

Realization�of�Large�Force/Torque�
Standards�and�Applications

2017.�5.�31.�(Wed)

Dae-Im KANG



2



3

Force Standard Machines in KRISS
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Mass
kg

m

F =m·g

F F

Force
1 N = 1 kg·1 m/s2

N

Torque
1 N m= 1 N·1 m

N×m

P =F/A T =F·l

Pressure
1 Pa = 1 N/ 1 m2

Pa

200 N

5 kN 20 kN

100 kN20 N

500 kN
Deadweight 

machine (2x10-5 )

2 MN Hydraulic 
amplification

(1x10-4 )

Traceability

10 MN Build-up 
machine (5x10-4 )
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【Reference Force Machine for APMP.F-K2】

§ Draft�A�in�preparation

【Specification】

KRISS 100 kN DFM

Results of CCM.F-K2 (2012)
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【Features】

§ Problem�:�Old�and�stability�issue�(1926,�Cast�iron)�

èMotivate�development�of�a�new�force�machine�

1st Floor 2nd Floor

10 x
4536 kg

9 x
453.6 kg

Second Floor

Third Floor

Lifting
Frame

Loading
Frame

Calibration 
Device

Hydraulic Jack
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【Specification】

【History】

Jan.�2011

§ Test�at�manufacturer’s�site:�Dec.�2013

§ Installation�at�the�new�mechanical�metrology�building:�Jan.,2015
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No.
Conventional 

mass (kg)

Expanded 

Uncertainty (g)

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

5 t mass standards 5 t mass comparator

Weight comparison
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Concrete base

Structure to install DFM
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the�1�MN�deadweight�force�standard�machine
2×10­5

Uncertainty component Sensitivity 
Coeff. Uncertainty

Uncertainty due to mass 1 1.9 x 10-6

Uncertainty due to gravitational acceleration 1 1.0 x 10-7

Uncertainty due to density of air 1.5 x 10-4 2.5 x 10-2

Uncertainty due to density of deadweight 1.5 x 10-4 5.8 x 10-3

Uncertainty due to inclined base plate 1 1.5 x 10-8

Uncertainty due to swing motion of deadweight 1 7.9 x 10-8

Combined uncertainty 4.3 x 10-6

Expanded uncertainty 8.6 x 10-6
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KRISS NMIJ
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【Degree of Equivalence, APMP.F-K4】

【Specification】

KC results

KRISS 
2 MN HFM
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【Features】
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Force transducer

F
Load button
Middle platen

Base platen

120o

FT B

120o

FT C

FT A

x

y

àForce�measurement�
capability�increased�to�
three�times

àEvaluation�of�the�build-up�
system
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Pump

Upper compression head

Column

Cylinder
Oil

Force measuring device
to be calibrated

Pressure sensor

Motor

Ram

O-ring
Build-up system
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Force
Transducer
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Torque Standard Machines in KRISS
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【Degree of Equivalence, CCM.T-K1】

【Specification】

KC results

KRISS 
2 kNm TSM



26

2017

- International�Comparison�with�NMIJ:�2018
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Nuclear Power Plant
Tension: 400 ~ 800 ton (4 ~8 MN)

Arian 5 Rocket
Mass of Satellite: 2460 kg

Thrust force: : 1400 ton (14 MN)

Weighing of Mega-Structure
Gross weight: 1,000 ton ~ 100,000 ton (10 ~ 1000 MN)

Health Monitoring
of Large Structure

Force: ~ 100 MN
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Seohae Bridge Kwang-an bridge 

In-Cheon Bridge 
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Elastomeric�bearing�

pier

deck
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30 MN Pot-bearing 
Testing Machine
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Airplane Brake Tester Wind Turbine Ship Engine
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(2019)

(2020)

(2018)

Mass
Deadweight 

force
(2x10-5)

Hydraulic 
force

(1x10-4)

1st Build-up 
force

(2x10-4)

2nd Build-up 
force

(5x10-4)

Deadweight 
torque
(5x10-5)

Before 1 t 0.5 MN 2 MN 5 MN 10 MN 2 kNm

After 5 t 1 MN 5 MN 16.5 MN 50 MN 20 kNm

Ratio 5 2 2.5 3.3 5 10
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Thank you very much!

Better Standards, Better Life!


