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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 Torque 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 torque measuring device to calibrate and measure torque.

3. Literature books and documents
1). ISO 17025, General Requirements For The Competence of Testing and Calibration Laboratories
2). Guide the measure for uncertainty(KRISS 98-096-SP), 1998

3). European cooperation for Accreditation(draft 14), Calibration of static torque measuring devices,
1999.

4). Steven D. Phillips, Keith R. Eberhardt and Brian Parry, "Guildlines for Expressing the uncertainty
of Measurement Results Containing Uncorrected Bias," J.Res. Inst. Stand Technol. Vol. 102, No. 5.
1997.

5). "Standard calibration procedure of torque measuring device," Korea measuring device
calibration association, 1995.

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) Torque Measuring Device

Measuring device can display the value of torque equivalent to elastic transformation of elasticbody
by measured with electrical and mechanical method the indicate device, and it will be included all of
parts such as torque transducer, indicator, connecting cable and others.

2) Deadweight Torque Standard Machine
Torque standard machine is used in the national standard, and have a function to occur direct

actual torque by torque arm, which was correctly calibrated the length, and weight, which was
correctly calibrated mass
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3) Hydraulic Torque Standrad Machine
Torque standard machine calibrate torque measuring device, and have a function to occur direct

actual torque by torque arm, which was correctly calibrated the length, and force transducer, which
was correctly calibrated mass

4) Deadweight Torque Calibration Machine
Torque calibration instrument used to calibrate torque measuring device, and have a function to

occur direct actual torque by torque arm, which was correctly calibrated the length, and weight,
which was correctly calibrated mass.

5) Hydraulic Torque Calibration Machine
Torque calibration instrument used to calibrate torque measuring device, and have a function to

occur direct actual torque by torque arm, which was correctly calibrated the length, and force
transducer, which was correctly calibrated mass.

6) Torque Calibration Machine
Torque calibrator measure torque measuring device by high precision torque measuring device and

loading device.

7) Uncertainty
In connection with measured, parameters are shown scattering characteristic of reasonably

assumed value.

(1) Type A Evaluation Uncertainty
This method is got the uncertainty through statistically analyzed a series of the measured value.

(2) Type B Evaluation 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 he 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 empty variance according 1o changing of each input amount to influence resuit 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

uncertainty.(all most measuring standard organization applied k=2, CL:95.46%)

8) Relative Accuracy Error
Relative accuracy error is relative error calculated from deflection between actual torque and

indicated torque of measuring device which will be calibrated.

9) Best Measurement Capability of deadweight or Hydraulic Torque Standard Machine
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It is relative expanded uncertainty in connection with torque standard device in the calibration range
of torque standard device. Relative expanded uncertainty shall be evaluated the uncertainty
evaluation method of deadweight torque standard machine or hydraulic torque standard machine
provided by Korea measuring device calibration association, or comparision test among existing
torque standard machine with precision torque convert and indicator.

10) Best Measurement Capability of deadweight or Hydraulic Torque Calibration Machine

It is relative expanded uncertainty in connection with torque calibrator in the calibration range of
torque standard device. Relative expanded uncertainty shall be evaluated the uncertainty
evaluation method of deadweight torque standard machine or hydraulic torque standard machine
provided by Korea measuring device calibration association, or comparision test among existing
torque standard machine with precision torque convert and indicator.

11) Best Measurement Capability of Torque Measuring Device

Best measurement capability of torque measuring device was get relative combined standard
uncertainty, when calibrating torque measuring device. It will be calculate relative uncertainty by
sensitiveness drift of torque measuring device multiply coverage factor(k=2) after combined with
formula(10.19) in case mechanical torque measuring device, and formula (10.20) in case electrical

torque measuring device.

12) Capability Range

The satisfied range for relative expanded uncertainty of each grade at calibrated range for torque

measuring device.

13) Lower Limit of Capability Range

It is minimum torque to calibrate torque measuring device, and it is more than 2% of the rated

torque. So, Lower limit of capability range is 0.02 x ME(the rated torque) or large.

14) Capability Curve or Capability Equation

The relation formula between the average output of torque measuring device from calibration and

torque.

15) Rated Torque
Set value as top limit of measuring range

16) Resolving

Minimum unit to readable from indicate device of torque measuring device. Resolving ability will

decide according to “9. 1) decision dissolving ability of torque measuring device”

17) Symbols and Definitions
Symbols and definitions which were used in this standard are as below sheet 1.
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Definition of symbol and unit

Definition Unit

e e

Net indicated value of torque measuring device at i repeat measurement in calibration torque point | stage

Indicated value of torque measuring device at i" repeat measurement in calibration point i stage

________—_—_—-——_—-—'-"'—-—_—______-_—p_n-—_‘_—__'-—

Indicated value of torque measuring device with non-loading condition at i" repeat measurement

_M"- b

Average value of torque measuring device at calibration torque point i stage when calibrating increasing order.

K
K
b
4
M
o0
9
ot
i

"

b

U

— e

indicated value of torque measuring device at last repeat measurement in calibration torque point i stage when
calibrating increasing order

e ———————————————

indicated value of torque measuring device at last repeat measurement in calibration torque point i stage when
calibrating decreasing order

L I - A i M‘_ I i h-y—————

Calibrated value was calculated from capability curve at i stage when calibrating increasing order

______________________._-—-————-—____________________——————— N —

Net torque at i stage calibration point when increasing order

- - M il p———

Number of repeat calibration at i stage of calibration point

Dissolving ability of torque measuring device -

Coverage factor

Accuracy error at i stage of calibration point n

Going and returning error at i stage of calibration point

Mﬂw

Uncertainty by repeating at il stage of cal ibration point

Uncertainty by dissolving ability of torque measuring device's indicator meter at | stage of calibration point

Expanded uncertainty of torque calibrator

_ﬂ L

calibration point

Uncertainty by output of zero pint

Combined standard uncertainty

Uncenrtainty by calibrated value from average value of torque measuring device and capability curve at | stage of -

Expanded uncertainty

Relative expanded uncertainty Y%

__w__

Relative uncertainty of torque measuring device when using torque measuring device %

Relative combined standard uncertainty of torque measuring device get from calibrating torque measurng

device B e
Relative uncertainty by change temperature when using torque measuring device %
Relative uncertainty by sensitiveness drift of torque rneasuring device %
Flelati;e uncertainty from calculation measured result of torque measuring device with linier approximate o

method.

Line expand coefficient of sensitiveness region of mechanical torque measuring device

Change sensitiveness by chage temperature of electrical torque measuring device

Changing amount of temperature during using torque measuring device

Deflection with average temperature when calibrating electrical torque measuring device

M—H——

Relative error by sensitiveness drift of torque measuring device

Relative error by deflection between calculated value the measured result of torque measuring device with o/,
quadratic or third power equation and liner equation

H—_ﬂ ——— ey —— v A— e ————— __ I ———— e — I - -
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6. Performance of calibrating instrument and calibration method

Grade of torque measuring device and such relative expanded uncertainty is as below sheet 2.

Sheet 2. Grade of torque measuring device

‘ ’ | Relative expanded uncertainty of | Relative expanded uncertainty of torque
rade

torque measuring device(%)

4 0.5
1.0
3.0
i 5.0
8 10.0

Minimum value of |

calibrator(%) torque
0.1 | 2 1000
0.2 2 400
0.6 - m?_ 200 r
1.0 2 100-r
2.0 2 40

Performance of torque measuring device and calibration method are as below sheet 3.

Sheet3. Performance of torque measuring device and calibration method

Grade of torque

measuring device

Accuracy of

torque

Accuracy of

torque

Accuracy of

torque

Accuracy of

torque

Accuracy of

torque

Calibration item

Performance

Relative expanded

uncertainty : 0.5 %

Relative expanded

uncertainty : 1.0 %

Relative expanded

uncertainty : 3.0 %

Relative expanded

uncertainty : 5.0 %

Relative expanded

uncertainty : 10.0 %

Calibration method

e —

Compare with torque calibrator(relative

expanded uncertainty : within 0.1 %)

Compare with torque calibrator(relative

expanded uncertainty . within 0.2 %)

Compare with torque calibrator(relative

expanded uncertainty : within 0.6 %)

Compare with torque calibrator(relative

expanded uncertainty : within 1.0 %)

Compare with torque calibrator(relative

expanded uncertainty : within 2.0 %)

7. The required instrument list and minimum required performance

Calibration association shall prepare the required instruments to calibrate torque measuring device

as below sheet 4. The required instruments are more than one set among deadweight torque
calibration machine, hydraulic torque calibration machine and other torque calibration machines. AT

this time, they have to prepare the proper grade of torque calibration machine to calibrating object.
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