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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The revision of ISO 6789:2003 has been designed to achieve the following improvements.

ISO 6789 has been split to provide two levels of documentation. It recognizes the different needs of
different users of the standard.

ISO 6789-1 continues to provide designers and manufacturers with relevant minimum requirements
for the development, production and documentation of hand torque tools.

This_document provides detailed methods for calculation of uncertainties and requirements for
calijrations. This will allow users of calibration services to more easily compare the calibrations from
diffdrent laboratories. Additionally, minimum requirements for the calibration of torque:mgasurement
deviges are described in Annex C.

The [purpose of this document is to define the requirements for a calibration.inywhich th¢ sources of
uncdrtainty are evaluated and used to define the range of values within whick’ the readings probably
fall. JAdditional uncertainties may exist in the use of the torque tool. The ‘e€valuation of uncertainties
for dach individual tool is time-consuming and where there are sufficient/data to estimatd the Type B
uncgrtainty components by statistical means, it is acceptable to use these values for a given model of
torqpe tool, providing that the uncertainty components are subjectte periodic review.

© IS0 2017 - All rights reserved v
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document specifies the method for the calibration of hand torque tools and déscribes
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document specifies the minimum requirements for the calibration obthe torque m
ce where the relative measurement uncertainty interval, W4, is/not already prq
pable calibration certificate.

789 is applicable for the step by step (static) and continueus (quasi-static) calibratig
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Termrs, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 6789-1 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp
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3.1 Terms and definitions

3.1.1
Type A evaluation (of uncertainty)
method of evaluation of uncertainty by the statistical analysis of series of observations

Note 1 to entry: These data are taken directly from the measurements obtained during calibration of each torque
tool and cannot be prepared in advance.

[SOURCE: ISO/IEC Guide 98-3:2008, 2.3.2, modified — Note 1 to entry has been added.]

3.1.2
Type B evaluation (of uncertainty)
method of ejvaluation of uncertainty by means other than the statistical analysis of series of observations

[SOURCE: I§O/IEC Guide 98-3:2008, 2.3.3]

3.1.3
calibration system
combinatioh of a measurement device and the loading system for application of torque that acts as the
measurement standard for the hand torque tool

Note 1 to enffry: A calibration system can also be used as a torque measurement,system as defined in ISO 67B9-1.

3.1.4
measurement device
working m¢asurement standard provided either mechanically“or by an electronic torque transducer
and display]

Note 1 to enftry: A measurement device can also be referred-to as a torque measurement device as defingd in
ISO 6789-1.

3.1.5
reference jneasurement standard
measuremegnt standard designated for the calibration of other measurement standards for quantities of
a given kind in a given organization or at a given location

[SOURCE: I§0 Guide 99:2007, 5.6]

3.1.6
measurement error
measured quantity value minus a reference quantity value

[SOURCE: I§O/IEC Guide99:2007, 2.16, modified — Notes 1 and 2 to entry have been omitted.]

3.2 Symbols,designations and units

The designqtions used in this document are indicated in Table 1.

Table 1 — Symbols, designations and units

Symbol Designation Unit

as Calculated relative measurement error of the torque tool for the calibration torque %

a Mean value of the relative measurement error at each calibration torque %

S

be Stated measurement error of the measurement device N-m
D refe Measurement error of the reference at the calibration torque N-m

bep Stated relative measurement error of the measurement device %

NOTE While N'm is the unit commonly used, the output signal can be detected in various units, e.g. voltage.

2 © IS0 2017 - All rights reserved
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Table 1 (continued)
Symbol Designation Unit
b refep Relative measurement error of the reference at the calibration torque %
Variation due to geometric effects of the interface between the output drive of the
bil’lt tor . . N-m
que tool and the calibration system
b Variation due to the variation of the force loading point N'm
bog Variation due to geometric effects of the output drive of the torque tool N-m
bre Variation due to the repeatability of the torque tool N'm
Variation due to the repeatabhility of the measurement device in the same mounting
Dmd,re .. N-m
position
b Variation due to the reproducibility of the torque tool (Type I and Type Il Glasseq A,
rep N-m
D and G only)
Variation due to the reproducibility of the measurement device in differert mounting
bmd,rep s N-m
positions
b, Measurement hysteresis error of the zero signal after loading N'm
I Indicated value of measurement device without zero-value-compensation N'm
I Indicated value of the zero signal 30 s after preload and prior to load in mounting N-m
0 position
I; Indicated value of the zero signal 30 s after unloading N-m
K Coverage factor k = 2 applied to the relative measurement uncertainty to achievge a .
confidence level of approximately 95 %
r Resolution of the display (Type I and Type’]l Classes A, D and G only) N'm
md Resolution of the measurement device'display N-m
Ta Minimum limit of measuring range’of the measurement device N'm
TE Maximum limit of measuring range of the measurement device N'm
T Minimum limit value of the measurement range of the torque tool declared by the N-m
mimn manufacturer
w Relative standard measurement uncertainty of the torque tool at the calibration tordue %
W Component of w. due'to geometric effects of the interface between the output drfve o
int of the torque togland the calibration system 0
wi Component'ef w due to the length variation of the force loading point %
w Relatiye;standard measurement uncertainty of the measurement device at the o
md calibration torque 0
Wmd,c Cembined relative standard measurement uncertainty of the measurement devide %
Wmd,t Relative standard measurement uncertainty of the measurement device transduger %
Wmd,d Relative standard measurement uncertainty of the measurement device display %
Wod Component of w due to geometric effects of the output drive of the torque tool %
2, Relative standard measurement uncertainty due to resolution of the display of the o
' torque tool (Type I'and Type Il Classes A, D and G only) 0
Relative standard measurement uncertainty due to resolution of the measurement|
Wmd,r : . %
’ device display
Wre Component of w due to repeatability of the torque tool %
Wmd,re Component of wyq due to repeatability of the measurement device %
w Component of w due to reproducibility of the torque tool (Type I and Type II Classes o
rep A, D and G only) 0
Wmnd,rep Component of wyq due to reproducibility of the measurement device %
w Component of wyq due to the measurement hysteresis error of the zero signal of the o
md,z measurement device 0

NOTE While N'm is the unit commonly used, the output signal can be detected in various units, e.g. voltage.
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Table 1 (continued)

Symbol Designation Unit
w Relative expanded measurement uncertainty of the torque tool at the calibration torque %
w’ Relative measurement uncertainty interval of the torque tool at the calibration torque %
Wind Rel'ative.- expanded measurement uncertainty of the measurement device at the %
calibration torque
W Rel_ativg measurement uncertainty interval of the measurement device at the %
calibration torque
Wret Relative expanded measurement uncertainty of the reference measurement standard %
W' ef Relative measurement uncertainty interval of the reference measurement standard %
X Indicated value of measurement device with zero-value compensation Nim
Xa Targetindicated, set or nominal value depending on the type and class of the torquetool| Nim
Xmin Minimum value of X observed during different mounting positions Nim
Xmax Maximum value of X observed during different mounting positions Nim
Xr Reference value determined by the measurement device Nim
)_(r Mean reference value determined by the measurement device Nim
Xref Reference value determined by the reference device Nim
NOTE Whilg N-m is the unit commonly used, the output signal can be detected id yarious units, e.g. voltage.

4 Requirements for calibration

4.1 Calibration during use

If the user utilizes procedures for the control of .t€st devices, torque tools shall be included in these
procedures| The interval between calibrations shall be chosen on the basis of the factors of opergtion
such as required maximum permissible measirement error, frequency of use, typical load dyring
operation as well as ambient conditions during operation and storage conditions. The interval ghall
be adaptedjaccording to the procedurestspecified for the control of test devices and by evaluating the
results gained during successive calibrations.

If the user does not utilize a contre] procedure, a period of 12 months, or 5 000 cycles, whichever ogcurs
first, may b taken as default values for the interval between calibrations. The interval starts with the
first use of the torque tool.

Shorter intprval betweéen calibrations may be used if required by the user, their customer or by
legislation.

The torque|too]) Shall be calibrated when it has been subjected to an overload greater than the vdlues
given in ISQ 6789-1:2017, 5.1.6, after repair, or after any improper handling which might influenc¢ the

torque tool eanrmqnca 3nr‘] thao fulfilmant nf f]qe nua]ifv CnnFnrmqncn ranuiwnmanfc

TOT Tt T cITe T oI IrrIrerre eIty C O T O T T I C e T e o e T ST T T ey

4.2 Calibration method

The method for the calibration of the torque tools shall be in accordance with the measurement method
of IS0 6789-1:2017, Clause 6. Additionally, the requirement for the torque measurement device defined
in ISO 6789-1:2017, 6.1 is replaced by 4.3.

4.3 Calibration system

The calibration system shall be chosen to be suitable for the measurement of the specified range of the
torque tool.

4 © IS0 2017 - All rights reserved
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At each target value, the relative uncertainty interval, W'p,q, of the measurement device shall not exceed

1/4

of the expected maximum relative uncertainty interval of the torque tool, W',

The measurement device shall have a valid calibration certificate issued by a laboratory meeting
the requirements of ISO/IEC 17025. Alternatively, the measurement device shall be calibrated by a
laboratory maintaining the national measurement standard.

If the user does not utilize a control procedure, a period of 24 months shall be the maximum interval
between calibrations.

The measurement device shall be re-calibrated 1f it was exposed to an overload larger than 20 % of

Tk, gfterarepairhasbeenecarried-outorafteranimproper-use-which-eaninfluence-the-measurement
uncqrtainty.
5 Measurement error
5.1 Calculation of the relative measurement error
The| calibration values shall be measured and recorded according to the requirements in
ISO $789-1:2017, 6.5.
The pvaluation of the relative measurement error is calculatedusing Formula (1):
(X, —X_ )x100
n, = —24—1 (1)

The

s X

r

Forrula (2):

whete

5.2

5.2,

=1,2,..,n isthenumber of individual measurements at each calibration torque.

Exemplary calcidations of the relative measurement error

1 Exampled

Calcplation-of“the relative measurement error of indicating and setting torque tools (exc
Clasg B, CyE-and F):

©IS

mean value of the relative measurement error at each calibration torque is calcullated using

(2)

ept Type I,

ndicated value of dial mechanical scale or display (Type I, Classes A, B, C. D and F‘) ar

set value of mechanical scale or display (Type II, Classes A, D and G):

X2 =100 N'-m

Reference values (determined by the calibration device):

Xr1=104,0 N'm
Xr2=96,5N-m
Xr3=102,6 N'm

02017 - All rights reserved
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Xr4 =99

Xr5=10

— Calculated relative measurement errors of the torque tools in %:

(100,0 — 104,0)x 100

,0 N-m

1,0 N-m

=-3,85

asl -

_ |

104,0

nn’n — QA'R'> X100

=+3,63
96,5

00,0 -102,6)x100

=-2,53
102,6

[100,0 —99,0)x 100 41,01

99,0

100,0 —101,0) x 100
)¥100 _ 4 99

5.2.2 Exa

Calculation
B, C, E and

— nomind
— lowest

X3 =10(

— Referer

Xr1=10

Xr2 =10

Xr3 = 10

Xr4. = 10

101,0

mple 2

[lass F):

1 value set (Type 1, Class B and E), or

N-m

ce values (determined by(the calibration device):

4,0 N-m
3,0 N-m
2,8 N-m

2(0-N-m

specified torque value or pre-set value (Type 11, Class C and F):

of the measurement error of setting torque tools, adjustable, non-graduated (Type II, (lass

Xr5=101,0 N-m

Xr6 =101,2 N-m

Xr7=101,7 N'm

Xrg =101,9 N'm

Xr9 =102,2 N'm

© ISO 2017 - All rights reserved
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Xr10=102,5 N-m

— Calculated relative measurement errors of the torque tools in %:

(100,0 — 104,0)x 100

ISO 6789-2:2017(E)

a., = =-3,85
st 104,0
100,0-103,0)x100
ag, = ( ) =-2,91
103,0
100,0-102,8)x 100
15 = ( ) =-2,72
102,8
100,0-102,0)x 100
1, = ( ) =-1,96
102,0
100,0-101,0)x 100
1 = ( ) =-0,99
101,0
100,0-101,2)x100
I = ( ) =-1,19
101,2
100,0 -101,7)x 100
1., = ( ) =-1,67
101,7
100,0-101,9)x 100
158 = ( ) = —1,86
101,9
100,0 -102,2)x100
g = ( ) =—-2;15
102,2
100,0 —102,5)x 100
110 = ( ) =-2,44
102,5

6 Bources of uricertainty

6.1 | General

The [elements of uncertainty associated with the calibration of a torque tool shall be deriyed from at

least oneof the two following methodologies.

— The uncertainties shall be established using the procedures as set out in 6.2. Where a laboratory or
manufacturer has sufficient data as defined in 6.2, this value may be determined statistically for a
sufficient number of specimen (at least 10) of a model of tool, and its determination does not need
to be repeated each time for future calibrations of this model. The validity of this value shall be
reviewed systematically.

— The uncertainties shall be taken from manufacturers or other third-party data. Care shall be taken
to ensure that any such data can be sufficiently validated and reproduced in the laboratory.

EXAMPLE Examples of calculations are provided for Type I wrenches in Annex A and Type Il wrenches in

Annex B.

© IS0 2017 - All rights reserved
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6.2 Evaluation of Type B uncertainties due to the torque tool

6.2.1 Scale, dial or display resolution, r

6.2.1.1 Determination of the resolution, r, with analogue scales or dials

The torque value shall be read from the position of the active or moving cursor or pointer on a scale or
dial. Slave pointers (memory indicators) shall not be used when taking the readings.

Where the pointer tip width is less than 1/5 of the scale or dial increment, the resolution is 1/5 of the

scale or dia

han

1/2 of the s
pointer tip
increment y

TIrceTr—cr

cale or dial increment, the resolution is 1/2 of the scale or dial increment value. Whers
width is greater than 1/2 of the scale or dial increment, the resolution is the scale oy
alue.

/_\_/
10—+
+9
1 - 1

6__
\ s

0
»|~ I nn|\\\\\\\\\\\\\\l\§\\&

SR SuR=at

Iy
J/%IIII[IIIIIIIII,IIII I

U SGdaw

a) Examples of scales and dials

- [N

b the
dial

1

1

b) Scale or dial where pointer tip width is less c) Scale or dial where pointer tip width is larger
than or equal to 1/5 increment width than 1/5 but less than or equal to 1/2

Key

increment width

1 main scale or dial increment (in these examples 1 N-m)

Figure 1 — Examples of different pointer widths of scales and dials
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The resolution in Figure 1 b) is determined as: r = %x IN-m=0,2N-m

The resolution in Figure 1 c) is determined as: r = %x IN-m=0,5N-m

6.2.1.2 Determination of the resolution, r, with micrometer scales

ISO 6789-2:2017(E)

Where the torque tool utilizes a “micrometer” scale, a second set of scale marks appropriate to the main
scale may be used to allow direct fractional reading of the torque value.

W hare-thereisne-secondarysecate—itsreselutionis—1/2-ofthemain-scaleinerement
g CTroToTro—StContary ot oo T oot To—T/ = O Tt otor \=2 s 3

—Where there

111111

TCTTIC

TCTIT

is a gecondary scale, the resolution is 1/2 of the secondary scale increment value.

100- 30
80 —
- 70
60
—+ 50
40—~ 30
20+
0

Key

a) Micrometer without secondary scale marks

100
+ 90
80|
+ 70
60
=+ 50
Lt
20+

c) Partially covered secondary scale

1 main scale increment (in these examples 10 N-m)

2 peeondary scale increment (in these examples 1 N-m)

100:: %0
80 5
== 70
60 =
50
40 T 30
20 +—
T T
1 0 9
2

b) Micrometer with secondary scale marks

Figure 2 — Examples of micrometer scales

The resolution in Figure 2 a) is determined as: r = %x 1I0N-m=5N-m

The resolution in Figure 2 b) is determined as: r = %x IN-m=05N-m

The resolution in Figure 2 c) is determined as: r = %x IN-m=05N-m

© IS0 2017 - All rights reserved
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6.2.1.3 Determination of the resolution, r, with digital scales or dials
For torque tools with a digital scale, dial or display the resolution, r, shall be determined as follows.

The value of r shall be a single increment of the last active digit, provided the display does not fluctuate
by more than one digit when the device is at the lowest calibrated torque value. Where the values
fluctuate by more than one digit when the device is at the lowest calibrated torque value, the value of r
shall be a single increment of the last active digit plus one half of the fluctuation range; see Table 2.

Table 2 — Examples of resolution

Resolution
Case N-m
Example 1 | Example 2 Example 3
1 Increment size 0,001 0,02 0,05
Amount of
lowest calibrated | 000 0,00 0,09
value
Resolution 0,001 0,02 0,05
2 Increment size 0,001 0,02 0,05
Amount of
value
Resolution 0,002 0,05 0,10

6.2.2 Varfiation due to the reproducibility of the torque tool, brep

Reproducibjlity is affected by the ability to identify exactly the value at which loading should be stopped
for indicatipg torque tools Type I and the ability of the mechanism to return in exactly the same place
each time dfter adjustment of the tool in the'case of setting torque tools Type II. For both Type Il and
Type Il toolk, it includes parallax errors,

For torque fools of all types, the following method is described for the determination of reproducibhjility,
brep. The tool shall be subjected(td the loading sequence defined in ISO 6789-1:2017, 6.5, at the lowest
specified tdrque value only antd’the values recorded. The sequence shall be performed four timeg and
the torque tool shall be removed from the calibration system between each sequence. Where more than
one operatdr performs suchk’calibrations, the sequences will be distributed between operators.

The variati¢n due to'the reproducibility of the torque tool is calculated using Formula (3):

b e, =max(X ) -min(X ;) (3)

The mean value of the measurement series i is calculated using Formula (4):

— 1 n
Xr,i=;ZXi‘j (4‘)
j=1
where
i=1,..,4 is the number of the series;

j=1,2,..,n isthe number of individual measurements for series i with n = 5.
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6.2.3 Variation due to the interface between the torque tool and the calibration system

6.2.3.1 General

The variation due to the interface is evaluated as two separate influences in 6.2.3.2 and 6.2.3.3 (see also
Figure 3).

2 3
/
r!ﬂ/ 72 PN
! | .
|
i
|
|
Ik\lr
|
R

Key

1 talibration system

2 nterchangeable head; see 6.2.3.2
3 forque tool

4 Adapter; see 6.2.3.3

Figure 3 — Schematic interfaces between the torque tool and the calibration system

6.2.3.2 Variation‘due to geometric effects of the output drive of the torque tool, byq

Ratdhets, hexagon and square drive outputs of the torque tool in particular have an influence since
they| can potentially run out of true and if not used in the same orientation each time, thely can cause
variation.of reading. Interchangeable drive ends can also cause variation.

Interchangeable drive ends of the torque tool including the centre distance shall be identified and
documented.

The following method is described for the determination of the output drive variation, bog4. This value
may be determined statistically for a sufficient number of specimen (at least 10) of a model of tool and
its determination does not need to be repeated each time for future calibrations of this model. Where
the output drive is not capable of rotation, this variation shall be set to zero.

The tool shall be positioned on the calibration system according to ISO 6789-1:2017, 6.5, and subjected
to five preloadings at the lower limit value of the measurement range, Tin.

The torque tool is removed from the calibration system and the output drive is rotated by 60°
(hexagonal drive output) or 90° (square drive output). Ten measurements are recorded for each of at
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least four positions distributed evenly over 360°, at the lower limit value of the measurement range,
Tmin, without changing the load application point.

The variation due to the influence of the output drive is calculated using Formula (5):

b,q =max(X ;)—min(X ;) (5)
The mean value of the measurement series is calculated using Formula (4) with n = 10.
6.2.3.3 Variation due to geometric effects of the interface between the output drive of the
torque toolamdthecatibratiomsysteny, bi;
Hexagon arld square drive interfaces between the output drive of the torque tool and the calibration
system have an influence since they can potentially run out of true and if not used.inithe dame
orientation|each time, they can cause variation of reading.
The interfage between the output drive of the torque tool and the calibration system'shall be identjfied
and documégnted.
The following method is described for the determination of the variation bj,¢'due to the drive interfface.
This value nay be determined statistically for a sufficient number of specimens (at least 10) of a mjodel
of tool and ifs determination does not need to be repeated each time for future calibrations of this mpdel.
The tool shall be positioned on the calibration system according te [SO 6789-1:2017, 6.5, and subjected
to five prelgadings at the lower limit value of the measurement range, Tiin.
The torque| tool is removed from the calibration system and the drive interface is rotated byl 60°
(hexagonal|drive output) or 90° (square drive output). Ten measurements are recorded for each jof at
least four positions distributed evenly over 360°, at the;lower limit value of the measurement rgnge,
Tmin, withofit changing the load application point.
The variati¢n due to the influence of the drive interface is calculated using Formula (6):

b, . = max(Xr'i) - min(Xr‘i) (6)
The mean vplue of the measurement series is calculated using Formula (4) with n = 10.
6.2.4 Varjiation due to the variation of the force loading point, b
Most torqu¢ wrenches have some variation in torque observed depending on the exact force loading
point on the handle. THiS does apply to both indicating and setting wrenches, but not to tofque
screwdrivers of eithentype. For torque screwdrivers, the value of bj shall be set to zero.
Where the loadingpoint is not marked on the torque tool and no manufacturer information is availpble,
the dimensjorn.from the axis of rotation to the loading point used shall be documented.

The following method is described for the determination of the force loading point variation, b;. This
value may be determined statistically for a sufficient number of specimens (at least 10) of a model of
tool and its determination does not need to be repeated each time for future calibrations of this model.

The tool shall be positioned on the calibration system according to ISO 6789-1:2017, 6.5, and subjected
to five preloadings at the lower limit value of the measurement range, Tiin.

Ten measurements are then recorded for each of two positions with changed force loading point, at the
lower limit value of the measurement range, Tin. The two force loading points shall be 10 mm on either
side of the centre of the hand hold position or the marked loading point.
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The mean value of the 10 values at the longest lever length are subtracted from the mean value of the
measurements of the shortest lever length and this value is defined as the force loading point variation,
by; see Formula (7):

bl = Xshort - Xlong (7)

6.3 Evaluation of Type A uncertainty due to the torque tool

6.3.1 General

Onlyf one Type A uncertainty is considered in this document. When calibrated in accordanc¢ with 4.2, a
variation of readings will be observed at each calibration torque. This applies both td Typ¢ I and Type
I1topls.

6.3.2 Variation due to the repeatability of the torque tool, b
This|variation is defined as by evaluated using Formula (8):

1

e =1 2 X Ko’ ®
j=1

The mean value of the measurement series is calculated using Formula (9):

n

K== X, 9)
j=1

where

=1,2,3,..,n isthe number of indixidual measurements with n depending on the type and class
of torque tool.

y

7 Determination of thé ¢alibration result

7.1 | Determinationiefthe relative standard measurement uncertainty, w

The Felative standard measurement uncertainty, w, assigned to the torque tool at each calibfation point
is given for uncaortelated input quantities by Formulae (10) and (11).

For indicatingtorque tools:

w
AL = /{ md \2 -l-?llllz -I-UIIZ _l_luz -I-UIIZ -LIAIZ -l-lAIZ (10)
\ 2 / r rep od int | re

Because readings are taken twice (at the scale’s zero point or minimum, respectively, and at the
calibration value), the measurement uncertainty of the resolution, r, appears in the result twice. These
two random fractions are added up geometrically.

For setting torque tools:

|14
_ md 2 2 2 2 2 2 2
w= \/(—2 ) +we FWiep FWoq + Wi TW W (11

The formulae for calculating elements of the uncertainty are shown in Table 3. Each resulting element of
w shall first be rounded to three decimal places before being combined in Formula (10) or Formula (11).
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Table 3 — Distribution functions for calculating the relative standard measurement
uncertainties for characteristic values calculated from the variations determined

experimentally
C Relative standard
Clause I Distribution .
Characteristic value . measurement uncertainty, w
reference function in %
Uncertainty due to the variation in the scale, Type B _rx0,5 100
6.2.1 dial or display resolution, w Rectangular Wi T 5
play T distribution \/5 X,
. . Type B b x0,5
6.2.2 Eonoclir;é;mty due to reproducibility of torque Rectangular W= TP « 1 _0()
> rep distribution rep \E X,
Uncertainty due to geometric effects of the Type B b,q X5 100
6.2.3.2 | utput drive of the torque tool, w, Rectangular Wod =A%
p q » Wod distribution \/5 X,
Uncertainty due to geometric effe_cts ofthe | Type B b.. %05 100
6.2.3.3 |interface between the output drive of the|Rectangular W= X —
torque tool and the calibration system, wip¢ | distribution \/5 X,
Uncertainty due to the variation of the force Type B b, x0,5 100
6.2.4 loadine point. w Rectangular w, = X —
g point, wi distribution \E X.
Type A b 100
6.3 Uncertainty due to the repeatability, wre |Normal W, =X =
distribution \/; X,
NOTE The vilue of )_(r for each calculation in this table is the value established by Formula (9).

7.2 Determination of the relative expanded measurement uncertainty, W

The relativg expanded measurement-uincertainty, W, of the calibration result for the torque topl is
calculated firom the standard measurement uncertainty by multiplication by the coverage factor, k] The
default valye of k = 2. A check shall'be made in order to ensure a confidence interval of approximately
95 %. The vjalue for w shall first-be rounded to three decimal places.

W=kxw (12)

NOTE Flirther information on the value of k can be determined from ISO/IEC Guide 98-3:2008, Annekes C
and G.

7.3 Determination of the relative measurement uncertainty interval W

The relative uncertainty interval, W’, of a calibration including all systematic and random components
shall be calculated using Formula (13):

W’'=la,|+W +|b (13)

€p
where

is the mean value of relative measurement error at each calibration torque [see

95 Formula (2)].
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Calibration certificate

2:2017(E)

(14)

Calibration certificates in accordance with this document shall comply with ISO/IEC 17025 and contain
at least the following additional information:

a)
b)

c)

d)
e)

f)
g)
h)

j)
k)

statement that it is a certificate of calibration in accordance with this document;

dentification (type and serial number) of the torque tool;

Fhat interchangeable element shall be recorded;
kpecified torque range or fixed torque value of the torque tool;

dentification (type and serial number) of the measurement device(where the calibrat
been performed by a laboratory meeting the requirements of ISO/HEC17025;

direction(s) of operation;

h1l values recorded during calibration (see ISO 6789-1:2017.6.5);

for all tools except setting tools Type II Class By.C, E and F, the mean value, ]
alibration point;

for setting tools Type Il Class B, C, E and F, the nominal torque and mean value, )_(r ;
relative expanded uncertainty of the torgue tool, W, for the mean value at each calibrat

relative measurement uncertainty ififerval, W', at each calibration point.

where an interchangeable element has been used with the tool, the effective length-or dimension of

ion has not

(r , at each

on point;

© IS0 2017 - All rights reserved
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Calculation example for an indicating torque tool (Type I)

A.1 Indic

Torque wr

Measuring
Last active
Expected m

Expected re

Calibrated in a clockwise direction only. Interfaced to calibration device with an adapter.

Annex A
(informative)

cating torque tool, Type I, Class C

range:

Higit: 0,01 N'm

10 N'm - 50 N'm

easurement error, ds:

1%

lative uncertainty interval, W'’ 2 %

A.2 Relative measurement error, ag

Table Al g
additionally

ench: Rigid housing and electronic measurement with a fixed ratchet square drive.

own

16

ves the values observed X; at each value af,X, according to ISO 6789-1:2017, 6.5. Sh
are as using Formula (1), a, using Formula (2) and )_(r using Formula (9).
Table A.1
Reference |Measurement Relative
Target value value error measurement error
Xa Xy Xa - Xy as
N-m N-m %
10,037 -0,037 -0,369
10,066 -0,066 -0,656
%20 N'm 10,072 -0,072 -0,715
Y20 % T 10,086 -0,086 -0,853
AT Tmax 10,068 ~0,068 ~0,675
X_=10066 PN
T u.—  U,07%
30,096 -0,096 -0,319
30,127 -0,127 -0,422
X, =30 N-'m 30,140 -0,140 -0,464
£60% T 30,097 -0,097 -0,322
AT Tmax 30,128 ~0,128 ~0,425
X =30,118 — a_=-0,390
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Table A.1 (continued)

A3

A.3.

A.3.
Last]

r=0

A.3.

Reference |Measurement Relative
Target value value error measurement error

Xa X; Xa- Xy as
N'm N-m %

50,118 -0,118 -0,235

50,150 -0,150 -0,299

X, = 50 N'm 50,179 -0,179 -0,357

~ 50,180 -0.180 -0.359

at 100 % Tmax 50,176 0,176 ~0,351

X_ =50,161 — a, =-0,320

Sources of uncertainty

1 Resolution (see 6.2.1.3)

.1 Resolution, r

active digit: 0,01 N-m with no fluctuation of the last digit.
01 N'm

.2 Relative standard measurement uncertainty, wy

Usinlg the formula for w taken from Table 3,the values are presented in Table A.2.

A.3.

A.3.

Table A.2
Xa r )_(r Wr
N-nd N-m N-m %
10 0,01 10,066 0,029
30 0,01 30,118 0,010
50 0,01 50,161 0,006

2 Reproducibility (see 6.2.2)

. 1"\Variation due to the reproducibility, brep

Table A.3 gives the values observed according to 6.2.2.

© IS0 2017 - All rights reserved
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Table A.3
Reference value
Target value Xr
Xa N-m
Sequence I Sequence II Sequence III Sequence IV
9,985 10,093 9,986 9,966
10,004 10,068 9,996 9,965
X, =10 N'm 9,981 10,062 9,987 9,989
at 20 T 10,007 10,094 10,022 9,980
9,988 10,085 10,013 9,968
X =9,993 X_ =10,080 X_ =10,001 X(=9,974

The following calculations use Formula (3):

brep1o 10,080 N-m—-9,974 N-m =0,106 N-m
Breps0 [ 0,106 N-m
Breps0 [F 0,106 N-m

A.3.2.2 Relative standard measurement uncertainty, wrgp

Using the fdrmula taken from Table 3, the values are presented in Table A.4.

Table A.4
X, brep X, Wrep
N-m N-m N-m %
10 0,106 10,066 0,304
30 0,106 30,118 0,102
50 0,106 50,161 0,061

A.3.3 Gegmetric effects of the output drive of the torque tool (see 6.2.3.2)

A.3.3.1 Vgriation due to geometric effects of the output drive of the torque tool, byq

Table A.5 gives the values ohserved when rotating the output drive m‘{‘nrding tn6 232
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Table A.5
Reference value
Target value X;
Tmin
N-m N-m
Position 1 (0°) Position 2 (90°) Position 3 (180°) Position 4 (270°)
9,881 9,992 9,839 9,974
9,920 9,972 9,844 9,990
9,930 9,980 9,846 9,965
9,880 9,989 9,847% 91975
9,862 9,992 9,850 9[940
10 9,901 9,985 9,817 9964
9,905 9,860 9,822 9[954
9,900 9,988 9,833 9]865
9,901 9,990 9,830 9966
9,874 9,991 9,830 9|945
X, =9,895 X, =9,974 X(* 9,836 X, $9,954

The following calculation uses Formula (5):

bog =9974N-m—-9,836 N-m=0,138N-m

A.3.3.2 Relative standard measurement uncertainty, wyq

Usinlg the formula taken from Table 3, the values are presented in Table A.6.

Table A.6
Xa bod )_(r Wod
N-m N-m N-m %
10 0,138 10,066 0,396
30 0,138 30,118 0,132
50 0,138 50,161 0,079

A.3.4 Variation due to the interface between the torque tool and the calibration system
(se¢ 6.2:3.3)

A.3.4-

ariation-due-toe-ges 8 g-of the
torque tool and the calibration system, bjnt

Table A.7 gives the values observed when rotating the interface adapter according to 6.2.3.3.
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Table A.7
Reference value
Target value X;
Tin
N'm N-m
Position 1 (0°) Position 2 (90°) Position 3 (180°) Position 4 (270°)
10,007 9,980 10,012 10,020
10,002 9,983 10,009 10,019
10,009 9,988 10,014 10,017
10,004 9,985 10,010 10,019
10,003 9,985 10,008 10,017
10 10,008 9,983 10,011 10,020
10,007 9,990 10,014 10,021
10,001 9,991 10,007 10,019
10,002 9,989 10,009 10,018
10,005 9,993 10,010 10,020
X_ =10,005 X_=9,987 X_ =10,010 X =10,019

The followinhg calculation uses Formula (6):

b. . =10,019N-m-9987N-m=0,032N-m

A.3.4.2 Relative standard measurement uncertainty, win;

Using the fqrmula taken from Table 3, the values arepresented in Table A.8.

Table A.8
Xa blnt )_(r Wint
N-'m N-m N-m %
10 0,032 10,066 0,092
30 0,032 30,118 0,031
50 0,032 50,161 0,018

A.3.5 Varjiation of the torque loading point (see 6.2.4)

A.3.5.1 Vjariation due to the length variation of the torque loading point, b;

Table A.9 gives the values taken according to 6.2.4.
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Table A.9
Reference value
Target value X,
Tmin
N-m N-m
Position 1 (-10 mm) Position 2 (+10 mm)
9,999 9918
9,998 9,908
10,012 9911
10,006 9917
10,019 9,915
10 9,986 9,922
10,000 9,904
10,006 9,924
10,016 9,909
10,011 9931
X_ =10,005 X =9,916

The following calculation uses Formula (7):

b, =10,005N-m-9,916 N-m =0,089 N-m

A.3.5.2 Relative standard measurement uncertainty, w;

Usinlg the formula taken from Table 3, the vatues are presented in Table A.10.

Table A.10
Xa b )_(r wi
N-m N-m N-m %
10 0,089 10,066 0,255
30 0,089 30,118 0,085
50 0,089 50,161 0,051

A.36 Repéatability of the torque tool (see 6.3)

A.3.6.2 “Variation due to the repeatability, b

Table A.11 gives the values observed and the variation calculated according to Formula (8).

© IS0 2017 - All rights reserved
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A.3.6.2 R«

Using the fd

A.3.7 Rel

Table A.11
Reference .. Variation due to the
Deviation s
value repeatability
Target value _
Xa Xr (Xr - Xr) bre
N-m N-m N-m
10,037 -0,029
10,066 0,000
v o i 10,072 0,006
Aq = ITUINTIIT
0,018
at 20 % Toax 10,086 0,020
10,068 0,002
X =10,066 —
30,096 -0,022
30,127 0,009
X,=30Nm 30,140 0,022 00
at 60 % Thay 30,097 -0,021 )
30,128 0,010
X =30118| —
50,118 -0,043
50,150 -0,01:1
X, =50 N'm 50,179 0,018 0027
at 100 % Toay 50,180 0,019 ,
50,176 0,015
X =50,161 —
elative standard measurement uncertainty, wye
rmula taken from Table.3, the values are presented in Table A.12.
Table A.12
Xa bre )_(r Wre
N'-m N-m N-m %
10 0,018 10,066 0,080
50 0,027 50,161 0,024

ative measurement uncertainty interval of the measurement device, W'y

The value of W4 has been taken from the current calibration certificate of the measurement device.

Relative me

asurement uncertainty interval, W'yq =+ 0,25 %

Relative expanded measurement uncertainty, Wiq = £ 0,15 %

Maximum r

22

elative value of the measurement error, bep = 0,10 %
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The value of W'nq is less than 1/4 of the expected value of W’ and this fulfils the requirements
according to 4.3.

A.4 Calculation

A.4.1 Determination of the relative standard measurement uncertainty, w

The data presented in Table A.13 are rounded to three decimal places and combined using Formula (10)
to produce the results for w rounded to three decimal places and presented in Table A.14.

Table A.13
fa Wmd Wr Wrep Wod Wint Wi Wre
N-m % % % % % % %
0 0,15 0,029 0,304 0,396 0,092 0,255 0,080
30 0,15 0,010 0,102 0,132 0,031 0,085 0,030
30 0,15 0,006 0,061 0,079 0,018 0,051 0,024

A.42 Determination of the relative expanded measurement uncertainty, W

The [results for W using Formula (12) with k = 2 are rounded-te,three decimal places and gresented in
Tablp A.14.

Table A.14
Xa w w
N-'m % %
10 0,580 1,160
30 0,207 0,413
50 0,138 0,277

A.4.B Determination of therelative measurement uncertainty interval, W’

The fesults for W’ using Feriiula (13) are presented in Table A.15.

Table A.15
Relative Maximum value Re]ative
. . Mean value of the expanded of the calibration measpirement
Cqlibration.wvalue . .
measurement error| measurement |device measurement uncertainty
uncertainty error intlerval
— o e : b : w’
N'm % % % %
10 0,654 1,660 0,10 1,914
30 0,390 0,413 0,10 0,903
50 0,320 0,277 0,10 0,697

A.5 Conclusion of this calculation example
In this example, the expected values of ag and W’ are achieved:

— Maximum ag: —0,853 % is smaller than the expected measurement error, ag: +1 %
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— Maximum W" 1,914 % is smaller than the expected relative uncertainty interval, W’ +2 %
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Calculation example for a setting torque tool (Type II)

B.1_Setting torque tool, Type II, Class A

Torg

Mea

Ma

——

Exp:¢

Exp:¢

suring range:

bcted measurement error, ds:

scale: Value between adjacent scale marks:

Seandary scale: Value between adjacent scale marks:

pcted relative uncertainty interval, W":

ue wrench: Adjustable, graduated with micrometer scale and fixed ratchet with square

60 N'm - 300 N'm

+3 %
5 %

10 N-m

2,0 N'-m

Calibrated in clockwise direction only. Interfaced to calibration device with an adapter.

drive.

D).

B.2| Relative measurement error, as
Tablg B.1 gives the values observed X; at eachivalue of X; according to ISO 6789-1:2017, 6.5.
Shown additionally are as using Formmfa(1), a, using Formula (2) and X using Formula (
Table B.1
Reference Measurement Relative
Target values value error measurement error
Xz Xr Xa - Xr as
N-m N-m %
59,210 0,790 1,334
59,170 0,830 1,403
X, = 60 N'm 59,070 0,930 1,574
o 59,020 0,980 1,660
T Tmax 59,200 0,800 1,351
X_ =59,134 — a, = 1,465
179,050 0,950 0,531
178,590 1,410 0,790
X, =180 N'm 178,800 1,200 0,671
60 % T 177,830 2,170 1,220
a
0 fmax 178,390 1,610 0,903
X =178,532 — a, =0,823
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Table B.1 (continued)

B.3 Sour
B.3.1 Res
B.3.1.1 Rq

Secondary §

r=10N-m

B.3.1.2 Rq¢

Using the fg

Reference Measurement Relative
Target values value error measurement error
Xa Xr Xa - Xr ds
N-m N-m %
301,640 -1,640 -0,544
301,500 -1,500 -0,498
X, =300 N-m 301,130 -1,130 -0,375
_ 200,860 -0.860 -0.286
at 100 % Tmax 300,040 -0,040 -0,013
X_ =301,034 — a_s =-0,343

psolution, r

ces of uncertainty

olution (see 6.2.1.2)

cale: Value between adjacent scale marks: 2,0 N-m

because the resolution is 1/2 of the secondary scaleincrement value.

plative standard measurement uncertainty; w;

rmula for wy taken from Table 3, the values are presented in Table B.2.

TFable B.2
Xa r )_(r Wr
N-m N-m N-m %
60 1,0 59,134 0,488
180 1,0 178,532 0,162
300 1,0 301,034 0,096

B.3.2 Reproducibility (see 6.2.2)

B.3.2.1 V¢

iriation due to the reproducibility, brep

Table B.3 gives the values observed according to 6.2.2
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Table B.3
Reference value
Target values Xr
Xa N-m
Sequence I Sequence II Sequence III Sequence IV
59,230 60,350 58,630 60,030
59,120 59,950 58,640 60,150
X, =60 N'm 58,100 60,120 58,010 60,150
at 20 % Toax 58,930 60,090 58,140 69,110
58,210 59,930 58,620 6d),160
X_ =58,718 X =60,088 X, =58,408 X_ 560,120
The following calculations use Formula (3):
brep‘()o =60,120N-m-58,408 N-m=1,712 N-m
brep,180 =1,712N-m
brep,300 =1,712N-m

B.3.2.2 Relative standard measurement uncertainty, wrep

Usinlg the formula taken from Table 3, the values-are presented in Table B.4.

Table B.4
Xa brep X, Wrep
N-m N-m N-m %
60 1,712 59,134 0,836
180 1,712 178,532 0,277
300 1,712 301,034 0,164

B.3.

B.3.

Tabl

3 Geometric effects of the output drive of the torque tool (see 6.2.3.2)

B.1 , Variation due to geometric effects of the output drive of the torque tool, byq

p RS gives the values ohserved when rotating the output drive m‘r‘nrding tn6 232
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Table B.5
Reference value
Target value X;
Tin
N'm N-m
Position 1 (0°) Position 2 (90°) Position 3 (180°) Position 4 (270°)

62,480 60,890 63,000 61,970
59,360 58,920 59,620 59,200
59,550 59,780 59,400 61,070
59,330 58,350 60,580 60,000
59,260 59,430 59,460 59,340

60 59,210 59,180 60,340 59,220
59,790 58,970 60,240 60,590
60,640 58,980 60,020 58,880
59,430 58,880 59,180 60,520
59,560 58,740 59,980 59,420

X_ =59,861 X =59,262 X_ =60,182 X, =60,021

The following calculation uses Formula (5):

bod

=60,182N-m—-59,262N-m=0,920 N-m

B.3.3.2 Relative standard measurement uncertainty, wyq

Using the fqrmula taken from Table 3, the values are-presented in Table B.6.

B.3.4 Varifiation of interface between the tool and the calibration system (see 6.2.3.3)

B.3.4.1 V4riation due to geometric effects of the interface between the output drive of the

Table B.6
Xa bgd )_(r Wod
N-m N-m N-m %
60 0,920 59,134 0,449
180 0,920 178,532 0,149
300 0,920 301,034 0,088

torque tool andthe calibration system, Dt

Table B.7 gives the values observed when rotating the interface adapter according to 6.2.3.3.
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Table B.7
Reference value
Target value X;
Tmin
N-m N-m
Position 1 (0°) Position 2 (90°) Position 3 (180°) Position 4 (270°)

61,010 61,010 58,660 58,660
58,710 58,710 59,010 59,010
58,700 58,700 58,650 58,650
58,650 58,650 59,080 59,080
59,060 59,060 59,090 59,090

60 58,840 58,840 58,530 54,530
58,990 58,990 59,080 59,080
58,600 58,600 58,960 58,960
59,300 59,300 59,750 59,750
59,120 59,120 59,090 59,090

X =59,098 X =59,098 X()= 58,990 X_ =58,990

The following calculation uses Formula (6):

b, . =59,098 N-m —58,990 N-m =0,108 N-m

B.3.4.2 Relative standard measurement uncertainty, wint

Usinlg the formula taken from Table 3, the values are presented in Table B.8.

Table B.8
Xa bint )_(r VVint
N-m N-m N-m %
60 0,108 59,134 0,053
180 0,108 178,532 0,017
300 0,108 301,034 0,010

B.3.p Variation of the torque loading point (see 6.2.4)

B.3.5.4 “Variation due to the length variation of the torque loading point, b

Table B.9 gives the values taken according to 6.2.4.

© IS0 2017 - All rights reserved 29


https://standardsiso.com/api/?name=fb6b5a99ab5b214d563f50f325e7a775

ISO 6789-2:2017(E)

Table B.9
Reference value
Target value X,
Tin
N'm N-m
Position 1 (-10 mm) Position 2 (+10 mm)

61,010 58,660
58,710 59,010
58,700 58,650
58,650 59,080
59,060 59,090

60 58,840 58,530
58,990 59,080
58,600 58,960
59,300 59,750
59,120 59,090

X =59,098 X = 58990

The following calculation uses Formula (7):

b, =591098 N-m -58,990 N-m = 0,108 N - m

B.3.5.2 Relative standard measurement uncertainty; w)

Using the fqrmula taken from Table 3, the values are-presented in Table B.10.

Table B.10
X3 b )_(r wi
N-m N-m N-m %
60 0,108 59,134 0,053
180 0,108 178,532 0,017
300 0,108 301,034 0,010

B.3.6 Repeatability of the torque tool (see 6.3)

B.3.6.1 Viriation due to the repeatability, be

Table B.11 gives the values observed and the variation calculated according to Formula (8).
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Table B.11
Reference . Variation due to the
Deviation 1
value repeatability
Target values _
Xa X, (x,-x.) bre
N'm N'm N'm
59,210 0,076
59,170 0,036
v o o 59,070 -0,064
Agq — UUINTIIT
- 0,084
at 20 % Toyay 59,020 0,114
59,200 0,066
X_ =59,134 —
179,050 0,518
178,590 0,058
X, =180 N'm 178,800 0,268 ! aes
at 60 % Thay 177,830 -0,702 )
178,390 -0,142
X =178,532 | —
301,640 0,606
301,500 0,466
X, =300 N'm 301,130 0,096 .
at 100 % Ty 300,860 -0,174 )
300,040 -0,994
X.7=301,034 —
B.3.6.2 Relative standard measurement uncertainty, wy,
Usinlg the formula taken frent Table 3, the values are presented in Table B.12.
Table B.12
Xa bre )_(I‘ Wre
N-m N-m N-m %
60 0,084 59,134 0,064
300 0,635 301,034 0,094

B.3.7 Relative measurement uncertainty interval of the calibration device, W’'pq

The value of W',q has been taken from the current calibration certificate of the calibration device.

Formula C.11 can be used to assist if required.
Relative measurement uncertainty interval, W'nq = £1,00 %
Relative expanded measurement uncertainty, Wnq = £0,30 %

Maximum relative value of the measurement error, bep = 0,70 %
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The value of W'ngq is less than 1/4 of the expected value of W' and this fulfils the requirements
according to 4.3.

B.4 Calculation

B.4.1 Determination of the relative standard measurement uncertainty, w

The data presented in Table B.13 are rounded to three decimal places and combined using Formula (11)
to produce the results for w rounded to three decimal places and presented in Table B.14.

Table B.13
Xa Wmd Wr Wrep Wint Wod wi Wre
N-m % % % % % %
60 0,3 0,488 0,836 0,053 0,449 0,058 0,064
180 0,3 0,162 0,277 0,017 0,149 05617 0,116
300 0,3 0,096 0,164 0,010 0,088 0,010 0,094

B.4.2 Detfermination of the relative expanded measurement uncertainty, W

The results|for W using Formula (12) with k = 2 are rounded to thre¢.decimal places and present¢d in
Table B.14.

Table B.14
Xa 7% W
N'm % %
60 1,082 2,164
180 0,402 0,804
300 0,275 0,549

B.4.3 Deflermination of the relative measurement uncertainty interval, W'

The resultsjusing Formula (13) are presented in Table B.15.

Table B.15
Relative Maximum value Relative
. . Mean value of the expanded of the calibration measuremernt
Calibrati¢n value . .
measurement error| measurement |device measurement uncertainty
uncertainty error interval
X} o w - e
N'm % % % %
60 1,465 2,164 0,70 4,329
180 0,823 0,804 0,70 2,327
300 0,343 0,549 0,70 1,592

B.5 Conclusion of this calculation example

In this example, the expected values of ag and W' are achieved:

— Maximum ag: 1,660 % is smaller than the expected measurement error, as: +3 %
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