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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.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use 
in the built environment, Subcommittee SC 1, Test and measurement methods.

A list of all parts in the ISO 9869 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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AMENDMENT 1: Example of calculation of uncertainty analysis
	  

Annex E

Replace Annex E with the following annex:

ISO 9869-2:2018/Amd.1:2021(E)
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Annex E 
(informative) 

 
The calculation example of uncertainty analysis

NOTE	 This is a simplified uncertainty analysis example for illustrative purpose.

E.1	 Listing of uncertainty factors

Table E.1 shows the listing of uncertainty factors.

Table E.1 — Uncertainty factors in measuring the thermal transmittance

Measurement of heat 
transfer coefficient

Difference in temperature between 
the heat transfer coefficient sensor 
and environmental temperature 
(ET sensor)

Measurement 
of surface  
temperature

IR camera  
specification

Whichever is 
greater of 2 %, 
measurement 
value or ±2 °C

Thermo-couple 
specification

±0,2 °C

  Measurement of heat flow meter 
output of the heat transfer  
coefficient sensor

Measurement 
of voltage

Data logger  
specification

±6 μV

Heat flow rate Difference in temperature between 
the surface temperature of the heat 
transfer coefficient sensor and  
environmental temperature  
(ET sensor)

Measurement 
of surface  
temperature

IR camera  
specification

Whichever is 
greater of 2 %, 
measurement 
value or ±2 °C

Thermo-couple 
specification

±0,2 °C

  Measurement of heat flow meter 
output of the heat transfer  
coefficient sensor

Measurement 
of voltage

Data logger  
specification

±6 μV

  Measurement of surface  
temperature of the wall

Measurement 
of surface  
temperature

IR camera  
specification

±2 % of meas-
urement value

Thermal  
transmittance

Difference in temperature between 
the surface temperature of the heat 
transfer coefficient sensor and  
environmental temperature  
(ET sensor)

Measurement 
of surface  
temperature

IR camera  
specification

Whichever is 
greater of 2 %, 
measurement 
value or ±2 °C

Thermo-couple 
specification

±0,2 °C

  Measurement of environmental 
temperature (measurement of  
surface temperature of ET sensor)

Measurement 
of surface  
temperature

IR camera  
specification

Whichever is 
greater of 2 %, 
measurement 
value or ±2 °C

Thermo-couple 
specification

±0,2 °C

  Measurement of heat flow meter 
output of the heat transfer  
coefficient sensor

Measurement of 
voltage

Data logger  
specification

±6 μV
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  Measurement of surface  
temperature of the wall

Measurement 
of surface  
temperature

IR camera  
specification

Whichever is 
greater of 2 %, 
measurement 
value or ±2 °C

Thermo-couple 
specification

±0,2 °C

  Measurement of outdoor  
environmental temperature  
(measurement of surface  
temperature of ET sensor)

Measurement 
of surface  
temperature

Data logger  
specification

±0,2 °C

  Measurement of indoor  
environmental temperature  
(measurement of surface  
temperature of ET sensor)

Measurement 
of surface  
temperature

Data logger  
specification

±0,2 °C

E.2	 The example of uncertainty estimation

Formula (E.1) gives the combined standard uncertainty of the thermal conductance:

u U c u V c u c u c uV( ) = ⋅ ( ) + ⋅ ∆( ) + ⋅ ∆( ) + ⋅∆ ∆ ∆
2 2 2 2 2 2 2

θ θ θθ θ
hs ni,s nhs ni,s

22 ∆( )θn 	 (E.1)

where

  u(V) is uncertainty in measuring the heat flow meter output of the heat transfer coefficient 
sensor (mV);

  u(Δθhs) is uncertainty of the difference between the surface temperature of the heat transfer 
coefficient sensor and the indoor environmental temperature (K);

  u(Δθni,s) is uncertainty of difference between the surface temperature of the wall and the indoor 
environmental temperature (K);

  u(Δθn) is uncertainty of the difference between the indoor and outdoor environmental temper-
atures (K);

  ci is sensitivity coefficient.

Using the respective values of uncertainty and sensitivity coefficients, calculate the standard 
uncertainty from Formula  (E.1), and use a coverage factor of k = 2 to determine the expanded 
uncertainty.

E.3	 Preparation of uncertainty calculation sheet

Tables  E.2 and E.3 show an example of uncertainties by the measurement results of thermal 
transmittance.
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Table E.2 — Uncertainty calculation sheet mainly based on IR camera measurement

Uncertainty elements Measurement
Sensitivity 
coefficients 
of elements

Uncertainty Standard 
uncertainty

    ci u(xi) ci · u(xi)
Sensitivity coefficient of  
HFM a mV/(W/m2) 0,011 77 — — —

HFM outputs V mV 0,465 0,89 0,003 46 3,08E-03
Difference between heat 
transfer coefficient sensor 
surface temperature and  
indoor environmental  
temperature

Δθhs K 3,59 0,115 2 2,30E-01

Difference between wall  
surface temperature and  
indoor environmental  
temperature

Δθni,s K 1,06 0,39 2 7,80E-01

Environmental tempera-
ture difference Δθn K 28,2 0,014 7 0,283 4,16E-03

Thermal transmittance U W/(m2K) 0,48
Combined standard  
uncertainty u(U) 0,813

        Expanded uncertainty 1,626
        k = 2 338 %

Table E.3 — Uncertainty calculation sheet based on IR camera measurements with calibrated 
thermocouples

Uncertainty elements Measurement
Sensitivity 
coefficients 
of elements

Uncertainty Standard 
uncertainty

    ci u(xi) ci · u(xi)
Sensitivity coefficient of  
HFM a mV/(W/m2) 0,011 77 — — —

HFM outputs V mV 0,465 0,89 0,003 46 3,08E-03
Difference between heat 
transfer coefficient sensor 
surface temperature and  
indoor environmental  
temperature

Δθhs K 3,59 0,115 0,2 2,30E-02

Difference between wall  
surface temperature and  
indoor environmental  
temperature

Δθni,s K 1,06 0,39 0,2 7,80E-02

Environmental tempera-
ture difference Δθn K 28,2 0,014 7 0,283 4,16E-03

Thermal transmittance U W/(m2K) 0,48
Combined standard  
uncertainty u(U) 0,081

        Expanded uncertainty 0,162
        k = 2 34 %

E.4	 Uncertainty calculation for different conditions

The following is an example of uncertainty calculation for different conditions using the mathematical 
model given by Formula (D.6).
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