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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
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Introduction

The interaction of convective, radiative and conductive heat exchange in a vehicle compartment is very
complex. External thermal loads in combination with the internal heating and ventilation system of the vehicle
create a local climate that can vary considerably in space and time. Asymmetric thermal conditions arise and
these are often the main cause of complaints of thermal discomfort. In vehicles without or having a poor
heating, ventilating and air-conditioning system (HVAC-system), thermal stress is determined largely by the
imp y grative, as
the [individual combines into one reaction the combined effect of several thermal stimuli. Howeyer, it is not
sufflciently detailed or accurate for repeated use. Technical measurements provide detailed”and accurate
infofmation, but require integration in order to predict the thermal effects on humans. Since sevéral climatic
factprs play a role for the final heat exchange of a person, an integrated measuré of thgse factors,
repriesenting their relative importance, is required.

© I1SO 2006 — All rights reserved \4
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Scope

part of 1ISO 14505 provides guidelines for the assessment of the thermal cénditions insid
partment. It can also be applied to other confined spaces with asymmetric’climatic cong
arily intended for assessment of thermal conditions, when deviations from thermal neutrality &

ll. Appropriate methodology as given in this part of ISO 14505 can bé_chosen for inclusiorn
pormance standards for testing of HVAC-systems for vehicles and similaf-¢onfined spaces.

Normative references
following referenced documents are indispensable for:the application of this document,
rences, only the edition cited applies. For undated <references, the latest edition of the
iment (including any amendments) applies

13731, Ergonomics of the thermal environment = Vocabulary and symbols

Terms and definitions

the purposes of this document, the tefms and definitions given in ISO 13731 and the following

Hitions under assessiment

leq,

temperature of an imaginary enclosure with the same temperature in air and on surrounding surfad

3.3

seg
t

hole

perature of a homogenqus’ space, with mean radiant temperature equal to air temperature 4§
city, in which a person exchanges the same heat loss by convection and radiation as in

e a vehicle
itions. It is
re relatively
in specific

For dated
referenced

apply.

nd zero air
the actual

es and with
me dry heat

mental equivalent temperature

eq,segment

uniform temperature of an imaginary enclosure with the same temperature in air and on surrounding surfaces
and with air velocity equal to zero in which one or more selected zones of a thermal manikin will exchange the
same dry heat by radiation and convection as in the actual non-uniform environment
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3.4

directional equivalent temperature

teq_,direct ) ) . ) . )

uniform temperature of an imaginary enclosure with the same temperature in air and on surrounding surfaces
and with air velocity equal to zero in which a small flat heated surface will exchange the same dry heat by
radiation and convection as in the actual non-uniform environment

3.5

omnidirectional equivalent temperature
teq_,omni ] ) . ) . ]

uniform temperature of an imaginary enclosure with the same temperature in air and on surrounding surfaces
and with air{ velocity equal to zero in which a heated ellipsoid will exchange the same dry heat by radiatien{and

convection ps in the actual non-uniform environment

3.6

segment
part of a human-shaped sensor, normally corresponding to a real body-part, consisting ‘ofione or seVeral
whole zonep, for which a segmental equivalent temperature, 754 sggment: IS Presented

3.7

zone
physical paftition of a manikin, which is independently regulated and within whickrthe surface temperature [and
heat exchapge is measured

3.8

HVAC-system
heating, ventilating and air-conditioning system of the vehicle and/er cabin

4 Assessment principles

The assesgment principle is based on the measurement of the equivalent temperature. The equivalent
temperaturg provides a unified, physical measure of the climatic effects on the human dry heat exchange| On
the basis dof the actual value for, and the variation in, equivalent temperature, it is possible to predict| the
conditions fpr heat balance under conditions in gr close to the thermoneutral zone. People’s thermal sensgtion
is primarily|influenced by general and local levels and variations in skin surface heat flux. Values for| the
equivalent femperature of a defined environment have been found to be closely related to how pepple
perceive th¢rmal conditions when exposed to the same environment. This can be used for the interpretatign of
the leq valug and assessment of the quality of the environment.

The climatg is assessed in térms of a fotal equivalent temperature, which describes the level of thefmal
neutrality.

The climatg¢ is also_ assessed for local effects on defined parts of the human body surface. The fpcal
equivalent femperatures determine to what extent the actual body parts fall within the range of acceptable
levels of hept losss(local discomfort).

4.1 Generaldescription of equivalent temperature

The equivalent temperature is a pure physical quantity, that in a physically sound way integrates the
independent effects of convection and radiation on human body heat exchange. This relationship is best
described for the overall (whole body) heat exchange. There is limited experience with relations between local
dry heat exchange and local equivalent temperature. The standardized definition of #,, applies only for the
whole body. Therefore, the definition has to be modified for the purposes of this part of ISO 14505. foq does
not take into account human perception and sensation or other the subjective aspects. However, empirical
studies show that faq values are well related to the subjective perception of the thermal effect.

2 © I1SO 2006 — All rights reserved
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4.2 General determination principle of equivalent temperature

Determination of 7., is based on equations for convective and radiative heat transfer for clothed persons. Heat
exchange by conduction is assumed to be small and accounted for by radiation and convection.

R=h (tg ~1r) (1)
C=he(tsg —t3) (2)
where

R is heat exchange by radiation, in watts per square metre (W/m?2);

C is heat exchange by convection, in watts per square metre (W/m?2);

is the radiation heat transfer coefficient, in watts per square metre (W/m?2);
is the convection heat transfer coefficient, in watts per square metre/(W/m?2);
tsk I8 the skin temperature, in degrees Celsius (°C);

t, is the mean radiant temperature, in degrees Celsius (°C);

is the ambient air temperature, in degrees Celsius (€€).

In pfactice the equivalent temperature is determined and defined by

=t _ 92 (3)

leq =15

where

is the surface temperature;

is the temperature-of the standard environment;

0O is the measured convective and radiative heat loss during the actual conditions,
Q&R+ C (4)

h.o is the combined heat transfer coefficient, determined during calibration in a standard envifonment.

cal

The|stahdard environment comprises homogenous, uniform thermal conditions with 7, = 7. and aif velocity, v,,
< 0,1 m/s. A suitable calibration procedure is described in Annex C.

© I1SO 2006 — All rights reserved 3
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5 Speci

5.1

fic equivalent temperatures

General

As there is no method available for measurement of the true total or local 7., four specific equivalent
temperatures are calculated according to different principles, according to 5.2 to 5.5. Depending on different
measuring principles, they are defined as

a) whole body equivalent temperature,
b) segmepial-equivaleni-temperatare;
c) directignal equivalent temperature,
d) omnidifectional equivalent temperature.
5.2 Who]e body equivalent temperature
5.2.1 Defermination principle
The principle of determination is to measure the total heat flow from a human-sized test manikin consisting of
several zomes, each with a specific measured surface temperature similar’ to that of a human bging.
Theoretically whole body equivalent temperature can be measured with thérmal manikins or a large numbér of
flat heated [sensors attached to an unheated manikin. The accuracy of the result is depending on surface
temperaturg, size of body, number and division of zones, posture etc. An appropriate method to use fis a
thermal mgnikin divided into separate, individually heated zones.covering the whole body, with surface
temperaturgs close to that of a real human being. A humap-sized manikin with only one zone will| not
determine g realistic whole body 7., because the thermal conditions vary too much over the surface. The more
zones the manikin has, the more correct value it will measure.
5.2.2 Calculation
Owhol
Leq,whole = Lsk,whole _hwi (5)
cal,whole
Z(tsk,n x An)
fskwhole == ~ , (6)
2 An
(0, x 4,)
Owhole| = Z - - (7)

where

ST

h

is determined by calibration in a standard environment (see Annex C):

cal, whée:

is the number of zones of the body (0 < n < N).

In order to be able to compare results from other manikins, the measured #,, should be presented together
with specifications of the manikin used, such as regulation principle, skin temperature, number of zones etc.

(see Annex

es A and B).

© I1SO 2006 — All rights reserved
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5.3 Segmental equivalent temperature
5.3.1 Determination principle

The principle of determination is to measure the total heat flow from a segment consisting of one or more
zones, each with a specific measured surface temperature similar to that of a human being.

The segmental ¢, is based on the heat flow from a certain part of the body, i.e. a segment, such as hand,
head or chest. The segmental fgq CaN only be measured with a full-sized, human-shaped heated sensor, e.g.
a thermal manikin. The number of zones and the partition between them must at least be such that it
corresponds to the actual segment that the segmental ., should be measured for. Some segments, e.g. thigh,
neef to be divided into at least two zones within the segment, because the thermal conditions are|different on
the front and the rear (seat contact) side in the case of the thigh.

5.3.2 Calculation

Qse ment
teq, segment ~ tsk, segment — e (8)
hcal, segment
Z(tsk,n x An)
Isk,segment == ~ 9)
2. A
(Qn x 4,)

0 _ Z n n (10)

segment ZA

n

whgre

hcal, segment IS determined by calibration in a'standard environment (see Annex C);
n is the number of zones:of the body (0 < n < N).

Thel segment can be freely chosen, but it must consist of one or more whole zones. Normally bodly parts like
heaf, hands, arms, feet, legs, ehest, back and seat are chosen. To be able to compare resulty from other
megsurements, the measured 75, should be presented with specifications about the segment usgd, such as
regllation principle, surface.temperature, which body part, number, size and partition of zones of the segment
(seg¢ Annexes A and B).

5.4| Directionakequivalent temperature
541 Determination principle

The| principle of determination is to measure the total heat flow from a small flat surface with @ measured
surfpee temperature. The directional t,, can be described as a normal vector to the measuring plgne in every
point—definred-by-maghritude-and-direction—Hrefersto-the-heat-exchange-withinthe-hal-sphere-in! front of the
infinitesimal plane. The directional ¢,, can only be measured with a flat sensor, which might or might not be
attached to an unheated manikin or other positioning device. Several sensors can be used simultaneously to
determine directional 7., at other locations or in other directions, provided that they are positioned so that they

do not influence each other.

5.4.2 Calculation

Qdirect
leq, direct = Isk, direct — —h (11)
cal, direct

© I1SO 2006 — All rights reserved 5
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where

lskdirect IS the surface temperature of the sensor;

Odirect is the heat flow from the sensor;

hcaldirect 1S determined by calibration of the sensor in a standard environment (see Annex C).
A local equivalent temperature, t,, |cq, CaN be calculated as an average value from several measurements at
the same location but in different girections. It can be calculated as an arithmetic mean value without weighing
factors or wWithrweighing to simufate @ certain body posture.

zteq, direct,n
teq,locel - 12)
n

where 7 is the number of directions.

leq,locdl = Z(teq,direct,n x4,)

13)

where 7 is the number of locations, with £(4,) = 1.
A total equijalent temperature can be calculated as a weighted mean value“of local equivalent temperaturgs.

leq,locqdl = Z(teq,local,n x Ay,) 14)
where 7 is the number of measurements, with %(4,)) = 1, and« represents body postures.
In order to pe able to compare results from other measurements, the measured 7, should be presented with
specifications about the sensor used, such as regulation principle, surface temperature, size and also locgtion
and directign of the sensor (see Annexes A and B). Whole body ., and total 7., is not the same. I an
asymmetrid climate and with seat contact the difference between them will be considerable.
5.5 Omnidirectional equivalent temperature
5.5.1 Defermination principle
The princigle of determinationis to measure the total heat flow from the surface of an ellipsoid with a
measured gurface temperature. The omnidirectional t,, can be described as the weighted mean value of the
directional {,, in all directions. The weighing factors for the different directions are dependent of the form
of the ellipspid. It refers;to the heat exchange in all directions. The omnidirectional fgq CaN only be measutred
with an elljpsoid sénsor with uniform heat flow over the surface. One or more sensors can be ysed
simultaneoysly. If.more than one sensor is used, it must be pointed out that the sensors will influence gach
other as hof suffaces in the sphere that is measured.
5.5.2 Calculation

Q .
leq, omni = Lsk, omni ~ ho& (15)
cal, omni

where

tskomni IS the surface temperature of the sensor;

Oomni I8 the heat flow from the sensor;

hcal,omni 1S determined by calibration of the sensor in a standard environment (see Annex C).

© I1SO 2006 — All rights reserved
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Omnidirectional #,, determined with one ellipsoid sensor in an asymmetric climate is a local ... A total 7., can
be calculated as an arithmetic mean value from sensors at different locations with weighing factors for
different body parts according to SAE J 2234.

leq, total = Z(teq, local,n % 4n) (16)

where n is the number of locations, with £(4,) = 1.

In order to be able to compare results from other measurements, the measured feq should be presented with
specifications about the sensor used, such as regulation principle, surface temperature, size and also location

d N H ' £ Ll L A A A AN
an UIMTTULUVUNT UT UTC OTTTOUT \OUU M\TTITTCACTO M dliu LJ}.

6 [Measuring instruments

Several measurement methods and instruments, representing different measuring ¢rinciples, gdre given in
Annexes A and B. Depending on needs, a method as given in Annex A should be selected.

Megsurement values obtained with principally different methods are not comparable with each pther. They
repriesent different levels in terms of

— |reliability,

— |relevance,
— |validity,

— |repeatability,
— |accuracy,
— |integration,
— | complexity
— |cost, and

— |availability

Performance and requirements of the specific methods are given in Annex B. Requirements fof calibration
pro¢edures are given)in Annex C.

7 |Assessment

The| eduivalent temperature represents a quantitative assessment of the conditions for physical heat
exchange. The numeric value of ¢., is a temperature level that can come close to “normal” exgected room
temperatures. Higher ¢, values indicate lower heat losses (“warmer”), while lower leq values indicate higher
heat losses (“colder”).

The interpretation of equivalent temperature in terms of anticipated perceived thermal sensation is based on
series of experiments with subjects in which the different types of equivalent temperature have been
measured. Examples of interpretation are given in Annex C. For some types of equivalent temperature, data
are not available for comparison with human responses. Nevertheless, these kinds of measurement can be
used for differential measurements of thermal conditions.

© I1SO 2006 — All rights reserved 7
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7.1 Dete

rmination of whole body equivalent temperature

Determination of whole body equivalent temperature should preferably be done with measurements using a
thermal manikin or by integration of discrete measurements using omnidirectional sensors placed at defined

positions in

711

the vehicle cabin.

Determination with omnidirectional sensors

Omnidirectional sensors are described in Annexes A and B. Sensors are placed on a stand simulating a
person and placed in a seat of the vehicle. At least six sensors are placed in relevant positions and
measurements are made when steady state is achieved. Whole body equivalent temperature is determined as
the area-wgighted average of the individual sensors. Interpretation of values should be made accordin

Annex D.

7.1.2 Determination with a thermal manikin

Requirements for the manikin and procedures are described in Annexes A and B. The manikin is placed

seat in the
body heat
values shol

7.2 Dete

Determinati
thermal ma

7.21

Omnidirecti
placed in a
Measuremse
value of thg
the thermal

vehicle and whole body heat loss is measured when steady state conditions aré achieved. W
oss is the area-weighted average of the independent segments of the manikin. Interpretatio
Id be made according Annex D.

rmination of local equivalent temperature

hikin or by the integration of discrete measurements using-omhnidirectional sensors.

Detérmination with omnidirectional sensors or flat, heated sensors

bnal sensors are described in Annex A. Sensorsrare placed on a stand simulating a person
seat of the vehicle or at defined spots on the-surface of the clothing of a person or a man
nts are made when steady state is achieyved. Local equivalent temperature is determined as
individual sensor. The more sensors located in the space, the better resolution of the variatig
field around the human body.

7.2.2 Determination with a thermal manikin

Requirements for the manikin and precedures are described in Annexes A and B. The manikin is placed

seat in the

vehicle and heat loss_is”measured from a local segment of the manikin when steady 9

conditions are achieved. Local gquivalent temperature is determined by the measured value of the indivi

segment an
Annex D.

d represent that particular segment only. Interpretation of values should be made accordin

g to

ina
hole
n of

pn of whole body equivalent temperature should preferably’be‘done with measurements using a

and
ikin.

the
nin

ina
tate
Hual
g to
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Annex A
(informative)

Examples of measuring instruments

A.1 Thermal manikins

A tH

indi

overed with numerous,
idually controlled, heated zones. It is suitable for measurement of whole body as well as\lotal feq- The

indgpendent zones of the manikin are heated to a controlled and measured temperature. Low-vo|tage power
is pulsed to each zone at a rate that allows the maintenance of a chosen constant,'or’varigble surface
temperature. It is also possible to maintain a constant power supply to the surface.

The| power consumption under steady-state conditions is a measure of the, econvective, radiative and

con

Huctive heat losses (dry heat loss). Measurements and regulation are made with a compyter system.

Typ|cally, the quantity measured for each zone is the power consumption (op heat loss, O (W/m?2), and the

surface temperature, ¢ (°C). The direct measurement of O and ¢, eliminates:the need for determining the other
conjponents. By normalization to a climate according the definition of-equivalent temperature, tHe heat loss
can| be converted to an equivalent temperature. The technical data of two manikens are pfesented in
Figdre A.1 and Table A.1. More details of the measurement afd) regulation system can be found in the
Bibljography.
2
1o
13
3
1 14 4
15 ®
16
P72 2221
30 24
32\ |28
Manikin 1 Manikin 2
33 zones 16 zones

Figure A.1 — Schematic pictures of two heated manikins and their division into different zones

© I1SO 2006 — All rights reserved 9
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Table A.1 — Technical data for the two examples of thermal manikins

Manikin Male Female
Clothing size C50
Length Sitting (fixed position) 166 cm
Weight 16 kg 31 kg
Number of zones 33+31, 16

Regulation principle (see Annex B)

Constant g

Constant 7g

Caoanctant O Conat + 0
oorStartt o ooStartt o

Comfort equation

Nude + 0,51 clo

Comfort equation

Clothing 0,6 clo

A.2 Discrete, heat integrating sensors

A.2.1 Flaf, heated sensors

Flat, heated sensor elements of various design and shape can be used for determination of directionall 7.
One type of sensor is made of a heated, single element. It consists of a small flat platinum surface, whigh is
electrically heated to different settings, according to the activity level of the person (in most at a constant [rate
of 85 W/m2). The artificial skin measures directional .. To avoid uninterided heat flows, eight counter hegters
and nine bgck counter heaters are installed. The value measured is the Resultant Surface Temperature (RST),
which can pe calculated from the measured electrical resistange and a calibration curve. The 7, can be
calculated from the RST by a linear function. Several sensors-can be attached to the surface o? a hody
shaped dumnmy or incorporated in standard dress worn by\the dummy or by a real person, as showh in
Figure A.2.

Example 1 Example 2
Flat, heated sensors on human-shaped dummy Flat, hot film sensors on human-shaped dummy

Figure A.2 — Examples of set-up for measurement of feq using several, discrete heated sensors
mounted on a human-shaped dummy or a real person

10 © IS0 2006 — All rights reserved
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Another type of sensor is based on two hot-film elements heated via the Joule effect at two power levels. The
sensors are small and have a flat surface, which implies that they measure directional ¢.,. A linear model is
used to calculate the equivalent temperature. Several sensors are installed on the body surface of a seated
manikin with a female body shape. The maniken is made of polyurethane on a metal core. The electronic

con

trol unit is integrated in the body of the manikin (Figure A.2, Example 2).

With both types of sensors, whole body leq @S well as local feq values can be determined.

A.2.2 Discrete, spherical, heated sensors

Spherical sensors that are heated all over the surface can be used for measurement of omni-directional 7,

Ong type of sensor forms an ellipsoid of the size 200 mm x 50 mm in size. The sensof.is

tem
the
pos
situ

of o
sidg
othd

btions. To simulate a seated person, the sensor should be directed 30 from vertical. The sen

omiji-directional .

SeV

locdl and whole body leq values can be determined (see Figure A:3)

Ellipsoid sensors mounted on a rig

Figure A.3 — Example of measuring set-up with several ellipsoid sensors
mounted on rig simulating a seated person

heated and

perature controlled by a separate unit. The size and the shape of the transducer have béen chgsen so that
Fatio between the heat loss by radiation and by convection is similar to that of a person. By changing the
tion of the transducer between vertical and horizontal, the transducer can simulate a person| in different

5or consists

nly one zone. It cannot distinguish different climate in different directions, ,e\g."radiant heat lpad on one
and draft on another can take out each other. When several sensors are used, they will influence each
r. The sensor is not designed to measure with seat contact. The measured data are used to galculate the

eral sensors can be mounted on a separate man-shaped rig to-simulate a seated person. In tHis way both
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Annex B
(informative)

Characteristics and specifications of measuring instruments

B.1 Introduction

In Tables B[T 1o B.3, Tactors that have an impact on the results when measuring the different types o ed are
listed. Typigal values or variations for the factors are proposed. A value for the factor to get reasonpble
accuracy are recommended.
B.2 Instruments for determining whole body and segmental 7
Table B.1 — Specification of factors related to whole body and segmental faq
Fagtor Typical values/variations Specification

Size and pgsture The definition of both whole body and segmental ¢, relates,to-a Size: C50

human being in two different conditions. Therefore, the/pesture Posture: driving positiof

should be the same in both cases, normal driving position. Also,

the size should be “normal”, which can vary.
Number of gones and | The number of zones can vary. With too few_.zones the result Minimum:
partition fof will lack resolution. The zones should be partitioned where the 16 zones (see Note 1)
regulation thermal condition changes (e.g. seat contact or shadow). This Goal:

will require a minimum number of zones;or the result will be less| 41 zones (see Note 1) dr

representative because of temperature variations over the more

surface. There should be more zones on the manikin than Partition:

segments for which the results are-presented. arttion:

where the heat exchange
change abruptly
(see Notes 1 and 2)

Number of segments | The number of segments for presentation of results is not Normally 16 segments
and partitif\ for necessary the same as the number of zones for regulation. (see Table 1)
presentatign Normally segments like foot, chest, etc. are used. If the manikin In some cases more

has many zZones, and a segment consists of more than one (if possible)

zone, it_iS-possible to study thermal impact on smaller parts,

e.g. part.of the chest or seat.
12 © IS0 2006 — All rights reserved
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Table B.1 (continued)
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Factor

Typical values/variations

Specifica

tion

Regulating principle

There are basically three different regulating principles:

Constant temperature mode: 7, constant and uniform or non-
uniform over the body. It is fast, but can be unstable.
Reasonably realistic surface temperature. Smallest range with
actively heated surface.

Constant heat flux mode: Q constant and uniform or non-
uniform over the body. It is stable but slower than constant .
The surface temperatures can differ considerably from realistic

Constant temperature mode
with 34 °C uniform surface

temperat

Comfort equation
response time

shortened

ure

mode if the
could be

levels.

Comfort equation mode: 7, depends on Q and is controlled by
an equation. It is stable but slower than constant 7. The
surface temperatures are more realistic than for the other
modes.

Realistic range

Mode Stability Speed Surf.temp. Q>0 W/m?2
Consant g - + + €
Consant Q + — - 3
Comfort equation  + - ++ _

Clathing

A manikin can be used nude or with clothing.

A nude manikin does not determine the sameg 7, as a clothed
one. A driver normally wears clothes that are covering the body
except hands and head. Therefore, the’ heat flow and the
temperature of the exposed surface will,be more representative
with a dressed manikin. The repeatability will be better with a
nude manikin.

Clothing can vary both regarding fit and Clo value (insulation).
The Clo value should be.réalistic for the situation. Since the
purpose of the HVAC is;comfort, normal indoor wear can be
used. To minimize errors, the clothing should be “tight fit”.

underwear, light
sleeved shirt, lo
and light shoes (0
or1,3clo

Clothes with “tig}t fit": short

ocks, long-
g trousers
,6 10 0,8 clo
otal)

Reg¢overy time

The recovery timg' depends on several factors: regulating
principle, the ‘thermal capacity of the thermal manikin, the
insulation etc,

Acceptable’ recovery time depends on the situation. Short
recovery’time can have a negative impact on the stability.

Recovery time

< 20 min

Acg¢uracy

Acguracy refers to the ability to determine the 754 in @ known
uniform environment.

Accuracy depends on several factors: e.g. surface temperature,
clothing, size, posture, number of zones.

Acceptable a
<t1°C

curacy:
teq

Repeatability

Repeatability refers to the largest difference between two
determinations carried out in exactly the same uniform or non-
uniform environment with the same instrument and the same
operator.

Acceptable rep
<+0,5

patability:
C

Reproducibility

Reproducibility refers to the largest difference between
determinations when the measurement is reproduced.

Acceptable reproducibility:
<+1,0°C

Resolution

The resolution depends on the specifications of the components
in the regulation and measurement system of the instrument.
The accuracy is not directly dependent of the resolution.

Acceptable resolution:
<0,1°C

© I1SO 2006 — All rights reserved
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Table B.1 (continued)

Factor Typical values/variations Specification
Ranges The primary purpose of thermal manikins is to assess the
thermal climate within or close to thermal comfort. However,
conditions in a vehicle cabin can be well outside the comfort
range and still be of interest to measure.
Two types of ranges can be distinguished:
measuring range within which the results have correlation| Measuring range at least
with human thermal perception; 0°C<teq<40°C
safety—ranrge—within—which—the—instrument—ean—be—used—Safety-orstoragerangeat
without disturbing the calibration or risk of damage. least 0 °C < tgq < 507G
NOTE 1 Proposed minimum number and partition of zones.
Minimum (16 [zones + total)
0 Total 6 Left hand 12 Right thigh
1 Face 7  Right hand 13 Leftleg
2  Scalp 8 Chest 14 Right leg
3 Shouldefs 9 Back 15 Left foot
4  Leftarm 10 Seat (+ rear thighs) 16 Rightfoot
5 Right arm 11  Left thigh
NOTE 2 Proposed number and partition of zones for good regulation.
Goal (> 41 zones + total)
0 Total 14 Right upper arm inside 28 Left thigh inner
1 Face left 15 Right upper arm outside 29 Left thigh outer
2 Face right 16 Right lower arm upside 30 Left thigh rear
3 Eyes 17 Right lower arm downside 31 Right thigh inner
4  Scalp 18 Right hand outside 32 Right thigh outer
5 Neck 19 Right hand inside 33 Right thigh rear
6  Shouldefs front 20 Chest front 34 Left leg front
7 Shouldels back 21 Chest left 35 Left leg back
8  Left uppér arm inside 22 Chest right 36 Right leg front
9  Left uppgr arm outside 23 Stomach 37 Right leg back
10 Left lowdgr arm upside 24 Crutch 38 Left foot upside
11 Left lowdr arm downside 25 Upper-back 39 Left foot downside
12 Left handl outside 26 ower back 40 Right foot upside
13 Left hang inside 27. Seat 41 Right foot downside
B.3 Instruments fordetermining directional 7¢
Table B.2 — Specification factors related to directional 7,
Factpr Typical values/variations Specification

Size of surface

T:IU :ICdtCU‘ Dulfabc Uf dall ;Ilbtlulllcllt UDUUI tU Ulcicllllillc
directional tgq is normally small: a few square centimetres. The
measured tq, is influenced by the size of the surface because
the heat transfer coefficient for convection is dependent on it
while the radiant heat transfer coefficient is not.

I 4l = =
LTSS UidliT J J UITI

Number of sensors

The sensor can be attached to a human shaped unheated

Size of the manikin: C50

and position manikin or other positioning device. The use of the manikin| pgstyre: driving or passenger
ensures a more realistic airflow field around the sensor surfaces. position
The number of sensors can vary. The more sensors the better| ninimum number of sensors:
the resolution in the assessment of the overall climate will be. To 16 (see Table 1)
compare results from different methods with directional sensors,
a minimum number of 16 is suggested.
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uniform environment.

Accuracy depends on several factors;\Surface temperature, size,
posture, number of zones, etc.

Factor Typical values/variations Specification
Regulating Constant temperature mode: 7 constant and uniform or non-| Constant temperature mode
principle uniform over the body. It is fast, but can be unstable.| with 34 °C uniform surface

Reasonably realistic surface temperature. Smallest range with temperature
actively heated surface. Comfort equation mode if the
Constant heat flux mode: Q constant and uniform or non- response time could be
uniform over the body. It is stable but slower than constant #g. shortened
The surface temperatures can differ considerably from realistic
levels.
Comfort equation mode: ¢, depends on Q and controlled by an
equation. It is stable but slower than constant 5. The surface
temperatures are more realistic than for the other modes.
Realistic range
Mode Stability Speed Surf.temp. 0> 0W/m?2
Consant g - + + -
Consant Q + — - +
Comfort equation  + - ++ -
Regovery time The recovery time depends on several factors: regulating Recovery time ¥ 10 min
principle, thermal capacity of the sensor, etc.
Acceptable recovery time depends on the situation. Short
recovery time can have a negative impact on the stability.
Acguracy Accuracy refers to the ability to determine the 54 in a known Acceptable acfuracy:

<+ 1°C fgq

Repeatability

Repeatability refers to the largest difference between two
determinations carried out in_exactly the same uniform or non-
uniform environment with*the same instrument and the same
operator.

Acceptable repegatability:
<x05°C

Reproducibility

Reproducibility refers to the largest difference between
determinations,when the measurement is reproduced.

Acceptable reprgducibility:
<+1,0°C

within or close to thermal comfort. However, conditions in a
vehicle cabin can be well outside the comfort range and still be
of interest to measure.

Two types of ranges can be distinguished:

measuring range within which the results have correlation
with human thermal perception.

safety range within which the instrument can be used

Regolution The resolutionrdepends on the specifications of the components Acceptable regolution:
in the regulation and measurement system of the instrument. <0,1°d
The aceuracy is not directly dependent of the resolution.

Ranges The primary purpose of sensor is to assess the thermal climate

Measuring range at least
0°C<tgq<g0°C

Safety or storage range at least

without disturbing the calibration or risk of damage.

20 °C <tq< 70 °C

© I1SO 2006 — All rights reserved
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B.4 Instruments for determining omnidirectional 7

Table B.3 — Specification of factors related to omnidirectional 7.,

Factor

Typical values/variations

Specification

Geometry of sensor

Normally a sensor for determining omnidirectional feq is an
ellipsoid, but it can also be a sphere. With a sphere, the weighing
of different directions is uniform. With different ellipsoidal form,
the weighing factors for different directions can be changed to
mimic a sitting or standing person.

The ¢+ _is influenced bv both form and anale
Si] r4 04

Ellipsoid with one zone

(Comfort meter) slightly

inclined (30°) towards th
back of the seat

e

Normally the sensor consists of only one zone.

Size of surflace

The heated surface of an instrument used to determine
omnidirectional fgq is normally an ellipsoid with the smallest
diameter about 50 mm and about 200 mm long.

Comfort meter

Number of pensors | The number of sensors can be freely chosen to suit the situation. | Minimum{of6 sensors locdted
and positi The more sensors the better the resolution in the assessment of | at head,\tfunk, lower arms pnd
the overall climate will be. It is important to note that sensors will lower legs
affect each other increasingly with higher number of sensors| ~ iffequired, the number gf
used. sensors can be increased at
To be able to compare results from different measurements with| (or moved to) new positiops
individual sensors, they must have the same position in relation
to the operator’s position.
Regulating Constant temperature mode: g constant and uniferm or non-| Constant temperature mode
principle uniform over the body. It is fast, but can be unstable:-Reasonably [ with 34 °C uniform surfage
realistic surface temperature. Smallest range witt’actively heated temperature
surface. Comfort equation mode if the

Constant heat flux mode: Q constant-and uniform or non-
uniform over the body. It is stable but sfewer than constant .
The surface temperatures can differ, considerably from realistic
levels.

Comfort equation mode: .. depends on Q and controlled by an
equation. It is stable but slower than constant 5. The surface
temperatures are more realistic than for the other modes.

Realistic range

response time could be
shortened

Mode Stability Speed Surf.temp. 0> 0W/m?2
Consant g - + + ——
Consant Q + - - +
Comfortlequation  + - ++ -
Recovery time The ZecCovery time depends on several factors: regulating Recovery time < 10 mir

prineiple, thermal capacity of the sensor, etc.

Acceptable recovery time depends on the situation. Short
recovery time can have a negative impact on the stability.

Accuracy

Accuracy refers to ability to determine the #,q in @ known uniform

Acceptable accuracy:

H "
CIrIvVITUTIITITTIL

Accuracy is depending on several factors: surface temperature,
size, posture, number of zones, etc.

— 0
L | \/Leq

Repeatability

Repeatability refers to largest difference between two
determinations carried out in exactly the same uniform or non-
uniform environment with the same instrument and the same
operator.

Acceptable repeatability:

<+0,5°C

Reproducibility

Reproducibility refers to largest difference  between

determinations when the measurement is reproduced.

Acceptable reproducibility:

<+1,0°C

16
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Factor Typical values/variations Specification
Resolution The resolution depends on the specifications of the components in Acceptable resolution:
the regulation and measurement system of the instrument. The <0,1°C
accuracy is not directly dependent of the resolution.
Ranges The primary purpose of sensor is to assess the thermal climate

within or close to thermal comfort. However, conditions in a vehicle
cabin can be well outside the comfort range and still be of interest
to measure.

I 4 £ I et HP P |

LRAAYS ly'JUO Ul IGIIBUO odllt ve UIDLIIIHUIOIIGU.
measuring range within which the results have correlation with
human thermal perception;

Safety range within which the instrument can be used without
disturbing the calibration or risk of damage.

Measuring.range at least
0°Cx7q40°C
Safety of storage range at
least~20 °C <|tgq < 70 °C

© I1SO 2006 — All rights reserved
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Annex C
(informative)

Calibration and other determinations

C.1 Surface temperature calibration

Calibration [Should be carried out In_a DOX oOr a chamber with homogenous climatic condijons
(tS: ta = tl’ =[B4 °C + 0,2 OC, At0‘171‘1 m < 0,4 OC).

Calibration should be made at least before and after measurement series. With long series, a eontfol shpuld
be made eVery week.

No specifiedl position of manikin or sensors is needed.

The sensorp need to be calibrated for the whole range of use. For manikins with comfort equation regulgtion
and for constant Q regulation, calibration in the whole measurement range is needed. The mean value from
the area-wgighted, temperature-compensated, surface temperature measurement (At ;) should differ Jess
than +0,3C between consecutive measurements, measured with a {eference instrument with begtter
accuracy in[the calibration environment.

C.2 Determination of heat transfer coefficients

Determinatipn should be made with measurements in a box>or in a chamber with homogenous climatic
conditions (ficq: 15 = 4, =24 °C £ 0,2 °C, v, = 0,05 m/s, Aty 1434 o < 0,4 °C).

The heat trpnsfer coefficient in calibration conditions A, is not a constant, it is dependent on the differgnce
between the temperature in the chamber, 7., and the surface temperature, ;. Therefore, the determingtion
should be done at three equivalent temperatures:the highest, the lowest and at 24 °C. For a dressed manikin
or when thg comfort equation is used as regulation mode, /., can be considered to be a constant within the
measuring interval, and the determination can be done at only 24 °C.

Determinatipn is recommended before'and after measurement series.

Position of $ensors must be the sanmie as in the actual situation, when vehicle climate is evaluated.

The manikip must be positioned in the same way as during measurement or the heat transfer coefficien{ will
be changed. The manikinshould be seated in a net chair or similar to avoid adding insulation. Tempergture
variations over the zong surface (At,.,) should not be larger than 3 °C.

C.3 Determination of recovery time

Recovery time-is-defined-asthe-time-neededforaninstrumenttorecover—froma-3minpowershutdown, to

the same steady-state equivalent temperature mean value + 0,5 °C as before the shut down.

Tests of recovery time are performed by switching off the power of the measuring instrument and then

switching it

C.4 Dete

on again. The temperature is kept constant during the test.

rmination of accuracy, repeatability and reproducibility

Accuracy is the difference between the 7., determined by the instrument and the known 7, of a uniform
environment.

18
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Repeatability, is the variation between measurements when one person measures the same characteristic
several times with the same method. The repeatability for a method implies that maximum variation should
equal to a mean equivalent temperature + 0,5 °C.

Reproducibility, is the variation between measurements when different individuals measure the same
characteristic with the same method. The conditions should be recreated after a period of time and the
manikin should have been moved between measurements. The reproducibility for a method implies that
maximum variation should equal to a mean equivalent temperature = 1,0 °C.

C.5 Surface properties

Thel absorptivity and emissivity, with reference to solar radiation for the measuring surfaces, should be similar
to that of the human being in the actual situation. If a body part is normally dressed or nude, the’syrface of the
measuring sensor should mimic this.
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