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1. Summary

This "Standard calibration procedure (SCP)" has been prepared by the Korea Association of
Standards and Testing (KASTO) to ward a goal of uniformity in the field of calibration.

The contents of this SCP describe procedures related to the calibration of Electric Force Measuring
Devices and show methods for expressing the calibration results including the uncertainty in
measurement.

The terms for describing the procedure are used in the meaning defined in terminology section.

In appendix, an example of the calibration certificate is presented.

2. Scope of Application
This standard will be applied on Electric Force Measuring to calibrate and measure for force.

3. Literature book and document

1) ISO 17025, General Requirements for the Competence of Testing and Calibration Laboratories
2) Guide the measure for uncertainty(KRISS-98-096-SP),1398.

3) EAL-G22, Uncertainty of calibration results in force measurements, 1996.

4) EN 10002-3, Tensile testing of metallic materials- part 3. Calibration of force proving
instruments used for the verification of uniaxial testing machines,1995.

5) Steven D.Phillips, Keith R. Eberhardt and Brian Parry,"Guildlines for expressing the uncertainty
of measurement results containing uncorrected bias", J.Res. Inst. J. Res. Inst. Stand. Technol. Vol
102, No. 5, 1997.

6). KS B 5528, Load tester for material tester, 1993

4. Period of Calibration

To do according to the written request(The request for certificate) from client. In case there is no
request, then record as “according to internal set up period™.

5. Definition

1) Deadweight Force Standard Machine

It has the function to directly make deadweight by mass of weight, which was correctly calibrated,
as force standard machine using national standard.

2) Lever Type Force Standard Machine

The machine produces force to amplify force from mass of weight, which was correctly calibrated,
by lever device as force standard machine using national standard.

3) Hydraulic Force Standard Machine

The machine produces force to amplify force from mass of weight, which was correctly calibrated,
by hydraulic magnification device as force stancdard machine using national standard.

4) Build-up Type Force Standard Machine

The machine produces force by hydraulic device, and keeps force standard by build-up type
transmitting standard machine as force standard machine using national standard.

5) Deadweight Force Calibration Machine

it has the function to directly make deadweight by mass of weight, which was correctly calibrated,
as force calibration machine to calibrate force measuring device.
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6) Lever Type Force Calibration Machine

The machine produces force to amplify force from mass of weight, which was correctly calibrated,
by lever device as force calibration machine to calibrate force measuring device.

7) Hydraulic Force Calibration Machine

The machine produces force to amplify force from mass of weight, which was correctly calibrated,
by hydraulic magpnification device as force calibration machine to calibrate force measuring device.
8) Build-up Type Force Calibration Machine

The machine produces force by hydraulic device, and keeps force standard by build-up type
transmitting standard machine as force calibration machine to calibrate force measuring device.

9) Other Force Calibration Machine/Force Comparator

This machine is consisted of high precision force measuring device and loading device, and

produces load with increasing order and decreasing order as force calibration machine to calibrate
force measuring device.

10) Electric Force Measuring Device

This machine produce electrical output signal corresponding force, and express such value on
display device as force calibration machine to calibrate force measure or tension tester,
compression tester and others.

The kinds of force measuring device is strain gauge type load shell/indicator, piejoe sensor/indicator,
magnetic type load sheli/indicator.

11) Mechanical Force Measuring Device

It is transformed elastic body corresponding force, and express such transformation amount on
display device(micrometer, dial gauge and etc.) as force calibration machine to calibrate force
measure or tension tester, compression tester and others.

The kinds of mechanical force measuring device is calibration ring, ring shape and roof type power
meter, volume type force measuring device, push-pull gauge and others.

12) Uncertainty

Regarding to measurement result, parameters express variance characteristic of reasonably
assumed value for measurement amount.

(1) Type A evaluation (of uncertainty)

This method is got the uncertainty through statistically analyzed a series of the measured value.

(2) Type B evaluation(of uncertainty)

This method is got the uncertainty through not statistically analyzed a series of the measured value.
(3) Combined standard uncertainty, uC

Standard uncertainty of measured result will be found to be set from the several different input data
of measured result. The combined standard uncertainty is equaled square root of weighted

variance and covariance according to changing of each input amount to influence result of
measurement.

(4) Expanded Uncertainty, U
The defined amount for some section surrounding measurement result to be expected the almost

included distribution with reasonable assumed value of measured amount Expanded uncertainty(U)

is multiply combined standard uncertainty(uc) by coverage factor(k).
(5) Coverage Factor, K

Multiplied value factor on the combined standard uncertainty in order to find out expanded
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uncertainty.(all most measuring standard organization applied k=2, CL:95.46%)

13) Low limit of usage range

Minimal load to meet each classes relative expanded uncertainty (refer to sheet 2) at the calibrated
range for force measuring device.

14) Lower limit of calibration range

L ower limit of calibration range is minimal force to calibrate electrical force measuring device, and it
is large value among the muiltiplied value 4000 at 00 grade, 2000 at 0.5 grade, 1000 at 1 grade,
500 at 2 grade on resolution, and 2% load of rated foad of measuring device. But, resolution is
decided according to “7. 1) decision for resolution of electric force measuring device".

15) Calibration Curve or Calibration Equation

Relation formula between average output of force measuring device during calibration and load

16) Rated Load

Upper limit value of measuring range

17) Resolution

Minimal unit to read from indicate meter of electric force measuring device. Resolution is decidea
according to “9. 1) decision for resolution of electric force measuring device".

18) Symbols and definitions

Symbols and definitions used in this calibration procedure is as below sheet 1

Sheet 1. Definition of symbols and unit

Symbol Definition

Pure indicated value of force measuring device at i™ measurement of i stage on calibration load point

M_

U[\_it

Indicated value of force measuring device expressed on indicate meter
at " measurement of i stage on calibration load point

Indicated value of force measuring device expressed on indicate meter under non—-loading status
before load at i measurement.

Average value of indicated value ot force measuring device at i stage on calibrating
Point when increasing order calibration

Calibration value was calculated by calibration curve at i stage on calibrating point
Deadweight at i stage on calibrating point
Relative uncertainty by repetition

o |.0
o~ | o~

Wresi | Relative uncertainty by resolution of force measuring device indicate meter

m Relative uncertainty by interpolation error

“ Relative uncertainty by not return zero point

Relative uncertainty by hysteresis error

m Relative uncertainty of force measuring device used on standarg
Repetition calibration times at | stage on calibrating load point

o |0 |0 |0
SAEILAES

S

Resolution of electric force measuring device
K Coverage factor

v — _w I L

Temperature sensitivity coefficient of torce measuring device

Relative uncertainty by variation between calibration temperature of force measuring
device and used temperature

™~

>

Relative uncertainty by sensitivity drift of force measuring device
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Relative combined standard uncertainty of electric force measuring device %

Relative expanded standard uncertainty of electric force measuring device
(When increasing order calibration)

%

%

Maximum measurement capacity of electric force measuring device

6. Calibration contents

Sheet 2 is expressed to meet conditions such as relative repetition error, relative interpolation error, relative
zero point error, relative hysteresis error, number of scale of indicate meter, minimal value of calibration and
relative expanded uncertainty at grade of electric force measuring device and each grade. Lower limit of
calibration range (minimal value of calibration) shall be met with sheet 2 and more than 2% of rated capacity

of force measuring device.

r | Relative . . _ . No. of scale of . Relative
repetition Relative |Relative zero| Relative o Minimal

. _ . | . indicate expanded

Grade | error (%) |interpolation| point error hysteresis .| value of . Remark
error (%) (%) error(%) meter(resolutio calibration uncertainty
nis 1) (%)(k=2)

+0.012 0.07 50,000 | >4000xr | Under0.06 |>tandard device for
calibration

Over 0.06 |Standard device for
g e h 4
. +0.025 0.15 20,000 2000Xr Under 0.12 calibration
020 | +0.10 | +0.050 0.30 >10000 | >1000xr | Over0:12 |Standard device for
Under 0.25 calibration
Over 0.25
=

Note ) r is resolution, This resolution will be decided according to procedure “decision of electric
force measuring device”. Performance of electric force measuring device and calibration method is
expressed in sheet 3. Electric force measuring device of 00 grade shall be calibrated to use force
calibration machine which relative expanded uncertainty is under 0.01%. Electric force measuring
device of 0.5 grade shall be calibrated to use force calibration machine which relative expanded

uncertainty is under 0.02%.

Precision machine

Sheet 3. Performance of electric force measuring device and calibration method
Grade of

Calibration

. Calibration method
item

Performance (Spec.)

measuring
device

Relative expanded uncertainty
Force
(k=2) : Under 0.06 %

alibration by force calibration machine/standard machine
which relative expanded uncertainty is under 0.01%.

Relative expanded uncertainty alibration by force calibration machine/standard machine

Force
(k=2) : 0.06 % ~ 0.12 % which relative expanded uncertainty is under 0.02%.
1 Eorce Relative expanded uncerainty alibration by force calibration machine/standard machine
(k=2): 0.12 % ~ 0.25 % which relative expanded uncertainty is under 0.05%.
5 Force Relative expanded uncertainty alibration by force calibration machine/standard machine
(k=2): 0.25 % ~ 0.5 % which relative expanded uncertainty is under 0.10%.
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