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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The world’s energy resources are being consumed at a significant rate that will result in the depletion of
non-renewable resources. It is imperative that energy be conserved. Conservation of energy in railway
vehicles can result in a slowdown of non-renewable resource usage and consequently of the build-up of
greenhouse gases.

The HVAC (heating, ventilation and air-conditioning) system is one of the main energy consumers on
atrain, and its energy efficiency is a key issue to reduce the environmental impact of public transport.

can

Thd

guidleline is essential for comparative assessment of energy efficiency between different sys

Thi
Sys
ort

Ing

Thd
and
wh

Thd
whi

energy consumption of the HVAC systems is affected by multiple parameters therefore

5 document offers methodologies to deliver comparable energy consumption values o
em without unnecessary lead times and costs by suggesting appropridte-conditions for
bsting.

eneral, this document describes the conditions that should be considered:
train mode,
principles such as measurements, climatic and operational boundary conditions,

assessment methods such as simulation, calculatien, verification and post-processing.

le train (except driver’s cab).

specifications in this document are td-be considered together with the national/regional
ch take different preferences, local:\weather and operational conditions into account.

gnsumption

a common
fems.

F the HVAC
simulation

se can be used to assess the effectiveness of energy efficiency measures to evaluate diffferent cars
or HVAC concepts and to provide an indigation of the annual HVAC energy consumption for the

standards,
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3.1

Scope

hilway vehicle HVAC (heating, ventilation and air-conditioning) systems.

HVAC system energy consumption is simulated, calculated, measured'and validated in
h the requirements of thermal comfort defined in ISO 19659-2, considering the same
cenger railway vehicles as detailed in ISO 19659-2, Clause 4:

Category 1 (e.g. main line, intercity, long distance, high speed);
Category 2 (e.g. suburban, commuter, regional);
Category 3 (e.g. urban, LRV, tram, metro/subway).

5 document only covers the passenger area HVAE systems. Driver’s cab HVAC systems at
could be treated in a similar way.

Normative references

following documents are referred-to in the text in such a way that some or all of th
Stitutes requirements of this doeument. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

19659-1, Railway applications — Heating, ventilation and air conditioning systems for rollj
E 1: Terms and definitjons

19659-2, Railway.applications — Heating, ventilation and air conditioning systems for rollj
b 2: Thermal coimfort

Terms, definitions and abbreviated terms

5 document is applicable to the calculation, measurement and/or verification of erergy consumption

hccordance
Fategory of

e excluded

bir content
pplies. For
[s) applies.

ng stock —

ng stock —

Terms and definitions

For

the purposes of this document, the terms and definitions given in ISO 19659-1 apply.

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

3.2

For

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

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

Abbreviated terms

the purposes of this document, the following abbreviated terms apply.

02022 - All rights reserved
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TISM Train in-service mode

TRSM Train ready for service mode

PCM Pre-conditioning mode

PM Parking mode

4 Train mode

4.1 General

The followling train modes, 4.2 to 4.5 are the different operating states of train and reldte to

operating mode of the HVAC system.

4.2 Trai

This mode
train is mo

4.3 Trai
In this mog
This situat

train i

train i
train i

When the t

4.4 Pre-

Pre-condit
defined co
temperatu
and in cold

This mode

This mode
in the tech

h in-service mode (TISM)

covers the commercial operation of the train, including several passenger load cases.
ving or is stationary with the HVAC system running in its automatie¢‘mode.

n ready for service mode (TRSM)

e, the HVAC system is operational (same as for TISM) without passengers.
jon occurs frequently, for example when the:

b waiting between two commercial runs;

b at a terminal station with the doors closed;

b in operation between a depot and a.terminal station.

rain is being cleaned at a terminaljstation, the time should be considered for this mode.

conditioning mode (PCM)

oning is the process“which enables the interior temperature to be lowered or raised
mfort level includifg pre-cooling and pre-heating. This mode will depend on the amb
e conditions at@liich the train is operating. During hot conditions pre-cooling is requ
conditions, pr'esheating is required.

of operation is without passengers on the train.

is an‘Option. If the customer requires this mode, the detailed requirements shall be speci
hical'specification.

the

The

to a
ient
red

fied

4.5 Parking mode (PM)

Parking mode is used when the train is not in operation, and there are no staff or passengers on board.
The HVAC system runs normally with different setpoints for temperature and airflow or alternatively,
is shut down to conserve energy.

The purpose of parking mode includes frost protection and keeping the interior temperature at
a reasonable level. Trains are normally shut down during the night to reduce noise and energy
consumption.

This mode is an option. If the customer requires this mode, the detailed requirements shall be specified
in the technical specification.
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4.6 Operating timetable, hours for each mode and category

Operating timetables and the number of hours for each train mode and category shall be specified in
the technical specification. If values are not available in the technical specification, the values can be
selected from Table 1.

Table 1 — Train mode (timetable and operating hours)

Train mode Category 1 Category 2 and Category 3
Timetable Operating hours Timetable Operating hours
TIS 5:00 to 24:00 12 h/day 5:00 to 24:00 14 h/day
TR$M 5:00 to 24:00 4 h/day 5:00 to 24:00 2 h/day
excluding peak excluding peak
time time
7:00 to 9:00 7:00 to 9:00
17:00 to 19:00 17:00 to 19;00
[Option] 5:00 to 24:00 0,5 h/day 5:00 to24:00 0,5 h/day
PCM excluding peak excluding peak
time fitne shown above
7:00 to 9:00 7:00 to 9:00
17:00 to 19:00 17:00 to 19:00
[Ogtion] 1) 0:00 to 5:00 1) 5h/day 1) 0:00to 5:00 1) 5h/dgy
PM 2) 5:00 to 24:00 2) 2,5h/day 2) 5:00 to 24:00 2) 2,5h/day
rest of the time additien of all rest of the time addition ¢f all
excluding the parking mode excluding the parking njode
three modes periods 7,5 h/day three modes periods 75 h/day
shown above includes switchon |shown above includes qwitch on
and switch off and switdh off
Totpl 24 h 24 h
5 |Principles
5.1 General
The energy~consumption of a HVAC system could be measured on an in-service train fof a certain
perjod,.Cycles for the HVAC system energy consumption would have to include annual cycles, or at
leagtdaily cycles for several days during a year, covering seasonal influences. This method if very time
consumnmingamdexpensive-withpoorrepeatabitity regardingthreresults—Furthrermoresirhulation of

energy consumption for transient conditions in the HVAC system is difficult and not state of the art in
view of a precise prediction of energy consumption.

Therefore, a different method shall be applied for the energy consumption of the HVAC system.

A matrix of steady-state operational points is defined to represent the annual climatic and operational
conditions. It might be necessary to define different operational points depending on the respective
region where the train is operating.

Each operational point is defined by the exterior temperature, corresponding relative humidity,
passenger load and equivalent solar load. All operational points are defined at zero train speed.

©1S0 2022 - All rights reserved 3


https://standardsiso.com/api/?name=4d25c8a2fa0a15fa2d92d02b0173fa7b

ISO 19659-3:2022(E)

Weather data to represent the local weather is collected and classified to prepare the data subset for
each train mode and category.

Annual operating hours and weighting factors for each operational point are calculated based on the
collected weather data to estimate the total annual energy consumption of the HVAC system.

The energy consumption of the operational points shall be calculated and later be verified by either:
— measurements in a climatic facility (Method I); or

— measurements on a train placed on a track in an outdoor environment, for example in a depot or

d 4 s 3 d of il Licla (MMorl o1 110
S1 lng crCZCT O trar Sptta o e v T IC v tiro U It -

One of thede two methods shall be chosen prior to the calculation and validation.
5.2 Methods

5.2.1 General

Operationgl points shall be chosen in accordance with local climatic conditions’and shall be sele¢ted
following procedure described in 5.3.2.

The passehger load shall be applied using people or simulated by<heat and humidity source§ as
described {n ISO 19659-2, 10.4.

5.2.2 Mgthod I [with climatic facility / ISO 19659-2]

©

The energy consumption is measured in a climatic facility fnraccordance with ISO 19659-2, Clause 1

5.2.3 Mgthod II [without climatic facility]

The energy consumption is measured on a train’placed on a track in an outdoor environment) for
example in a depot or siding at zero train'speed. Since the environmental conditions cannof be
influenced|in a similar way as in a climaticfacility, the environmental conditions are to remain within
the tolerance as defined in 6.3.2.

5.3 Climatic and operationalboundary conditions

5.3.1 General

Climatic and operational-boundary conditions shall be representative of the local area to estinpate
energy consumption-appropriately.

In this subclausethe procedure for decision of operational point matrix, collection and analysis of
weather data; ealculation of annual operating hours and weighting factor are introduced with spme
examples.

The information is applicable for simulation, calculation and verification of energy consumption in 6.2
and 6.3.

5.3.2 Operational point matrix

A matrix of steady-state operational points for each train mode is defined to represent the annual
climatic and operational conditions for the local area.

Table 2 gives typical operational points for cold, mild and hot areas in case of TISM and TRSM. This table
contains values for T,.1, Tomz Tomar Temss Tem7 I Table 1, Table 2, Table 9, Table 11 of ISO 19659-2. In
order to cover the complete temperature range for calculation of annual energy consumption, exterior

temperatures 10 °C and 15 °C are added. The train is considered to be at zero train speed for all points.

4 © IS0 2022 - All rights reserved
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Operational points can be selected from Table 2.

In order to ensure an optimal balance between calculation/test effort and the demand for accuracy, 6
to 8 operational points is reasonable for the calculation of annual energy consumption for TISM and
TRSM.

Exterior temperature, 10 °C, 15 °C, 22 °C and 28 °C are reasonable conditions as specified operational
points.

The values of corresponding relative humidity could be changed based on the local weather data
analysis as necessary.

If the range of the exterior temperature between adjacent operational points is equal to-or Jarger than
20 K, the intermediate temperature should be added (see A.2.2.3 and A.2.2.4 as examples).
For|special areas such as tropical or extreme cold conditions, the number of operational|points are
deplendent on the project.
Procedure for decision of operational point matrix is described in Annex Awith some exampjles.
Opgrational point matrix for PCM and PM shall be specified in the technieal specification if required.
Table 2 — Clustering operational point matrix fer TISM and TRSM
Specified operational points T, Equiyalent Passenger load
for energy consumption analysis T, RH,,, solar % Refer to
_ oC % load ISP 19659-2
Cold area | Mild area | Hot area % TISM TRSM
-40 2 0 0 0 Toms
-30 - 0 0 0 Tos
-25 - 0 0 0 Toos
20 - 0 0 0 T, s
-10 80 0 0 0 Tys
0 80 0 0 0 Tors Tom7
bt 5 80 0 0 0 Tons Tory
Tio Ty AQ T 10 80 0 0 0 -
Tys Tis o\’ Tis 15 80 0 50 0 -
4
T @ T, 22 60 0 50 0 -
R 22 80 0 50 0 Toma
R\ 25 60 50 50 0 3
<\ 26 55 50 50 0 T,
%) 28 45 50 50 0 T,
28 45 (50) 100 100 0 T,
Tas Tas Tas 28 60 0 50 0 T,
em4
28 70 50 50 0 em3
32 50 100 100 0 omil
33 69 100 100 0 .
35 50 100 100 0 oml
35 60 50 50 0 em3
NOTE

— The train is considered to be at zero train speed for all points.

— RH,,,(%) for T,,, equal to or less than 10 °C is only necessary for HVAC systems equipped with a heat pump.

© IS0 2022 - All rights reserved 5
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Table 2 (continued)

Specified operational points T, Equivalent Passenger load
for energy consumption analysis Tomm RH,, solar % Refer to
_ °C % load ISO 19659-2
Cold area | Mild area | Hot area % TISM TRSM
35 60 100 100 0 Tom
35 65 100 100 0 eml
35 75 100 100 0 T,
40 40 (46) 100 100 0 T
40 60 100 100 0 Ton
45 10 100 100 0 Torm1
45 30 100 100 0 T
NOTE
— The train is considered to be at zero train speed for all points.
— RH,,(%] for T, equal to or less than 10 °C is only necessary for HVAC systems equippedWith a heat pump.

5.3.3 Wgather data analysis

5.3.3.1 (General

The weathler data which represents the local weather is collected and classified based on operafing
timetable pnd operating hours corresponding to each tfain mode and category. Then, the anfpual
operating hours and the weighting factor for each operational point are calculated to estimate the tptal
annual energy consumption of the HVAC system.

5.3.3.2 (ollection of Weather data

™
-

The weather data considered for the energy consumption shall be representative of the local weath
The minimum requirements for the contents of the weather data:

— weather data shall be from a validated source;

— recent|weather data source)is recommended. (ideally not older than ten years);
— the data shall cover a&pgriod of at least five complete years to average;

— itisrefommendedto consider at least one data per hour;

— the miphimum.data shall be the exterior temperature (protected from the sun and wind).

Collected Weather data is classified based on operating timetable and operating hours corresponding
to each train mode and category as defined in Table 1, for the preparation of annual operating hours
and weighting factor calculation.

The procedure for the collection of weather data, as an example, is described in Annex B. One location
is selected to introduce the procedure for weather data analysis. For the usage of the train in a large
region common for Category 1, the weather data of several representative locations could be used and
averaged. In that case, the annual operating hours in 5.3.3.4 can be obtained by averaging those at each
location. The average weighting factor in 5.3.3.5 can be calculated from the average annual operating
hours.

Operating timetable and operating hours for PCM and PM shall be specified in the technical specification
if annual energy consumption for each train mode is required.

6 © IS0 2022 - All rights reserved
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5.3.3.3 Operational point range

T, in Table 2 is considered as RT,,, of all values in the operational point range. The range of operational
pointi (OP)) is defined to be greater than L; and equal to or less than U; shown in Figure 1.

OPi-l 1 OPl 1 0Pi+1
>ie P
Li<! I <U;
| 'W’ I
| | Tem
RTem i-1 RTem i RTem i+1

Key
OP; operational point i
Tem mean exterior temperature, in °C

RT,.},; representative mean exterior temperature at operational pointi (OP;), in °C
i mean exterior temperature at lower end of operational point i (OP;), in °C
Li=(RTep i1+ RT o) /2

U; mean exterior temperature at upper end of operational point i (OPg, in °C
Ui=(RT oy i+ RT enis1) / 2

Figure 1 — Range of operational point i (OP;)

5.3{3.4 Calculation of annual operating hours

The annual operating hours for a specific operdtional point are the addition of all occurgence of all
ext¢rior temperatures in the range of operational point. Therefore, the total annual operdting hours
for each train mode is calculated as the, sum of operating hours for a specific operational point. See

Formula (1).

n
hX :Zl-zl(hx_OPi ) (1)
wheére
X is the train'mode (TISM, TRSM, PCM and PM);
hy is the'number of total annual operating hours for train mode x, in h;
n 1sthe number of operational points;

he op;i  is the number of total annual operating hours for a specific operational point ((P;) of train
~ mode x,in h

The procedure for the calculation of annual operating hours, as an example, is described in Annex B.

If total annual operating hours for PCM and PM are required, they shall be specified in the technical
specification.

©1S0 2022 - All rights reserved 7
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5.3.3.5 Calculation of weighting factor

The weighting factor is the ratio of the annual operating hours for a specific operational point (OP;) to
the total annual operating hours for each train mode. See Formula (2).

Wx_Opi

=hy opi / Iy

where w, p; is the weighting factor for a specific operational point (OP;) of train mode x.

If the welghtmg factor represents less than 1 % of the global weighting factor the correspondlng

operationa
operationa

The procec

If weightinjg factor for PCM and PM are required, they shall be specified in the technical@pecificatign.

6 Asses

6.1 Gen

The averag
and the an
hours, wei

the measur
por environment, for example in a depot or siding-at zero train speed of the vehicle (Met]

in an outd
I1) for the 3

Some post;

6.2 Simj

ure for the calculation of weighting factor, as an example, is described in Annex B

sment methods

bral

e power of the HVAC system for a specific operational peit is simulated by the comp
hual energy consumption is calculated by the sum of theé products of total annual opera
rhting factor and average power for a specific operational point. Finally, it shall be verifie
ements in a climatic facility (Method I) or by the measurements on a train placed on a ti

ssessment.

processing of the measured and/or calculated data might be necessary.

1lation and calculation

6.2.1 Simulation

Computer §
point in 5.3

The simul

equipment
modes.

6.2.2 Ca

l' PX_OPi.

htion shall considef’a thermally stable train that is with constant temperature in

culation of the total annual energy consumption

during the entiréenergy calculation period and is at zero train speed of the vehicle for

(2)

=]

Iter
[ing
l by
ack
hod

imulation is performed t6 obtain the average power of the HVAC system for each operati¢nal

the
all

6.2.2.1 (

aleulation of the total annual energy consumption for the HVAC system

The total annual energy consumption for the HVAC system Eyy, is calculated as the sum of total annual
energy consumptions of all four train modes in 6.2.2.2. See Formula (3).

Eyvac
where

Envac

E

X

=2EX

is the total annual energy consumption for the HVAC system, in kWh;

is the total annual energy consumption for train mode x, in kWh.

© IS0 2022 - All rights rese

(3)

rved


https://standardsiso.com/api/?name=4d25c8a2fa0a15fa2d92d02b0173fa7b

ISO 19659-3:2022(E)

NOTE If a certain train mode is not relevant in a specific project, the respective total energy consumption
value can be set to 0 kWh.

6.2.2.2 Calculation of the total annual energy consumption for train mode

The total annual energy consumption for train mode is the sum of the products of total annual operating
hours in 5.3.3.4, weighting factor in 5.3.3.5 and average power for each operational point in 5.3.2. See

Formula (4).

Ey =2:=1(hXXWX_OPiXPX_OPi) (4)
whgre

E, is the total annual energy consumption for train mode x, in kWh;

hy is the number of total annual operating hours for train mode x, in;

n is the number of operational points;

Wy op; Iisthe weighting factor for a specific operational point (@P;J of train mode x;
P, op; isthe average power for a specific operational point(OP,) of train mode x, in kW.
This value is obtained in 6.2.1.

6.2)3 Calculation of the total annual energy efficiency

6.2{3.1 Calculation of the total annual energy efficiency for the HVAC system

The total annual energy efficiency for the HVAC system AEE}y, is calculated as the ratio jof the sum
of tptal annual heating and cooling load (of-all four train modes in 6.2.3.2 devided by the t¢tal annual
enefgy consumption for the HVAC systént Eyyy,c in 6.2.2.1. See Formula (5).

AEEyypc = XTHCLy / Eyyac ()

whére

AEEyyac is the totalannual energy efficiency for the HVAC system;
THCL, is thétotal annual heating and cooling load for train mode x, in kWh;
Eyxvac -&Js'the total annual energy consumption for the HVAC system, in kWh.

NOTE If a certain train mode is not relevant in a specific project, the respective total heatingland cooling
load value can be set to 0 kWh.

6.2.3.2 Calculation of the total annual heating and cooling load for train mode

The total annual heating and cooling load for train mode is the sum of the products of total annual
operating hours in 5.3.3.4, weighting factor in 5.3.3.5 and heating and cooling load for each operational
pointin 5.3.2. See Formula (6).

n
THCL, zzizl(hxXWX_OPiXHCLx_OPi) (6)
where
THCLx is the total annual heating and cooling load for train mode x, in kWh;
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6.2.4 D(qumentation

The result
contents of
a) inform
loads ¢
exteri
b) HVAC
coeffig
c) averag
PM);
NOTE
value c
d) totala
points
e) inform
energy
docunj
6.3 Veri
6.3.1 Ge
To verify t
used.
Recording
in ISO 196
measurem

h

X

n

Wy _opi

HCL, o

is the number of total annual operating hours for train mode X, in h;
is the number of operational points;

is the weighting factor for a specific operational point (OP;) of train mode x;

pi  isthe heating and cooling load for a specific operational point (OP;) of train mode x,

in kW.
Refer to JIS E 6603 and ASHRAE Guideline 23 Clause 6 as examples.

5 of the calculations shall be documented in a report. The minimum requirements for
the report are:

ation about operational and environmental input data, such as passenger 1oad, other inte

r temperature, corresponding relative humidity, equivalent solar load

relevant key data of the train, such as air volume flow rates, vehicle surfaces, heat tran
ients;

e power demand [kW] for all operational points of each graih modes (TISM, TRSM, PCM

If a certain train mode is not relevant in a specific project, the respective average power den
hn be set to 0 kW;

hnual energy consumption [kWh] for all traimihodes according to the tables with operati
and number of operating hours and

ation about the use of on-board energy storage systems, energy management or of

ented at the beginning and afterthe simulation.
fication

neral

and meéasuring instruments, position of measuring points shall be performed as set
59-2,\€lause 11 and Clause 12. Additionally, the air volume flow rate shall be verified
ents'in [ISO 19659-2, Clause 8 (for example during the ventilation test of the vehicle).

the

‘nal

.g. lights, other influencing conditions e.g. condition of driving cab, tempeérature set points,

Sfer

and

and

nal

her

efficient technologies: The state‘of-eénergy of any on-board energy storage system shalll be

he results of the)calculation performed in 6.2, one of the Methods (I) or (II) in 5.2 shalll be

out
by

6.3.2 Testrules

In addition to all requirements specified in Clause 5, the test shall be performed using the following
rules:

10

A test plan shall be defined prior to the tests;

The train shall be in a fully operational condition and equipped with serial software where all

param

eters which are relevant to energy consumption are specified;

Itis recommended to measure the energy consumption of all installed HVAC units and if present the
energy consumption of auxiliary heaters/fans etc. additionally;
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— Measurements of average power shall start 30 min after the vehicle has reached steady state
conditions and be carried out for at least 60 min or three similar consecutive control cycles in case
of oscillating power (for example switch on and off controller used for heating and cooling devices);

— For Method |, the environmental tolerances shall be in accordance with ISO 19659-2, Clause 10.
For Method II, the following environmental tolerances are allowed:
— exterior temperature *2 K;

— relative humidity #15 % RH during cooling test;

— equivalent solar load +200 W/m?.

For|HVAC systems equipped with a heat pump, the tolerance of relative humidity for hieating test is not
spefified because it is difficult to control relative humidity artificially under low exterior temperature.

In this case, the post-processing method shall be mutually agreed by the contracting parties
NOTE For efficiency, the verification test could be reduced if vehicles of the same platform fare already

veriffied by Method I or Method II and are in use in multiple countries and /o by multiple operatoys. Validated
simulation agreed by the contracting parties could be used to reduce the effort of testing.

6.3)]3 Documentation

The results of the verification measurements shall be documented in a report. The| minimum
reqpirements for the contents of the report are:

a) |key information about the train (at least paramefers in 6.2.4);

NOTE The value of heat transfer coefficientis indicated in the test report if it is measured, jotherwise a
theoretical value could be indicated.

b) |description of the measurement equipment used;
c) |measured energy for TISM, TRSM;'PCM and PM;

d) |any observations during the:tests which might affect the interpretation of the test [results for
example; train identification number, relative humidity, temperature, time and date, rate of clouds
/ clearness, rain, location, parking position of the train, sun or shadow.

6.4/ Post-processing

Ideally, no post*processing of measured or calculated data are necessary. In this case, a final report,
confaining the comparison between calculation and measurement is issued, and the procesgis closed.

Howeverjitmight be difficult to fully control all conditions during tests in the real railway syqtem, under
thelinfluence of environmental conditions. Therefore, some post processing of the measurerhents, with

or \ ot ranatition of calecnltiance chall bataolaratad
W

TO T T C P et T oT T O CoO T C O o T ooy oo T oo toreToteor

Post-processing of results with respect to the external temperature, relative humidity, equivalent solar
load and internal temperature not matching the values of 5.3.2, Table 2, 6.3.2, SO 19659-2, Clause 6 and
[SO 19659-2, 7.2 shall be done by means of repetition of the calculation. In this case, the same conditions
as during the tests are applied, with all deviated test conditions changed using the conditions defined in
5.3.2, Table 2 and ISO 19659-2, Clause 6. Extrapolation could be accepted as one of the methods within
areasonable range (for example, no change of state of aggregation such as icing on the heat exchanger).
The documentation shall give evidence that the model for the train is completely unchanged for the
repeated calculations.

EXAMPLE

We consider in this example two cases of post-processing.

©1S0 2022 - All rights reserved 11
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Case 1

The simulat

ion and the test shall be performed with the following conditions.

Exterior condition: T,,, 28 °C, RH,,,, 60 % and equivalent solar load 0 %

Interior con

Category of

dition: T;,, 25 °C and 50 % of passengers

passenger railway vehicle: Category 1

The result of average power of this simulation is called Simulation 1 and the result of average power of this test is
called Test 1 in this case. For example, we consider Simulation 1 = 30 KW.

If during th
of average p
test (Test 2)
tolerance of

In this casg
simulation
solar load 0
Simulation

A comparis
50 % relatiy

 test the external relative humidity was not reaching RH,,,, 60 % but only RH,, 50 % (The test g
ower at RH,,,, 50 % is called Test 2.), this means Test 1 could not be obtained. The results betweer
and the simulation (Simulation 1) are not consistent, as ISO 19659-2, 10.3 recommends the [prefer
relative humidity during cooling test is within 5 %. For example, we consider Test 2 = 28 kW.

post-treatment of the measurement shall be done to demonstrate that thesmodel used in
bhase is correct. The simulation is re-run but with the conditions T, 28 °C, RH;;; 50 %, equiv3
%, 50 % of passengers and T;,,, 25 °C. The simulation result of average power at RH,, 50 % is c4
P in this case.

e humidity. The percentage of deviation is calculated with the following Formulae (7) and (8).

(Test 2— Simulation 2)

sult
the
hble

the
lent
lled

bn of average power is done between the test (Test 2) and the simulation (Simulation 2) with both

deviatign = (7)
Simulation 2
If Simulation 2 = 27 KW in this case the deviation is
28-27
deviaticn=g=0,037 (8)
27
The post-tr¢atment is applied for the correction of the deviation to the initial simulation result (Simulation 1}.
The value tq consider for the post-treatment sinylation is according to the following Formulae (9) and (10).
Simulafion 1p,gitreated = Simulation1 x(1+ deviation) 9
Simulafion 1pygitreated =30%(¥+#0,037)=31,1[kW] (10)

This calculdted value will be-equivalent to the estimated value of Test 1.

Case 2

The simulat

ion and:the test shall be performed with the following conditions.

Exterior Conition: Tom 35 °C, RH,,, 60 % and equivalent solar load 100 %

Interior con

Category of

dition: T}, 26 °C and 100 % of passengers

passenger railway vehicle: Category 1

The result of average power of this simulation is called Simulation 3 and the result of average power of this testis
called Test 3. For example, we consider Simulation 3 = 40 kW.

If during the test the mean interior temperature was T;,, 25 °C instead of T;,, 26 °C. (The test result of average
power at T;, 25 °C is called Test 4.), this means Test 3 could not be obtained. For example, we consider Test 4 =
41 kW.

In this case, as the temperature difference is 1 K and it complies the standard, ISO 19659-2, 7.2.1, basically the
post-processing is not required. However, if the contracting parties judge the necessity of post-processing, the
post-treatment of the measurement can be done to demonstrate that the model used in the simulation phase is
correct.
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The simulation is done with the condition Tj,, 25 °C. The simulation result of average power at T;,, 25 °C is called
Simulation 4 in this case.

A comparison of average power is done between the test (Test 4) and the simulation (Simulation 4) with both
25 °C interior temperature. The percentage of deviation is calculated with the following Formulae (11) and (12).

(Test 4 — Simulation 4)

deviation = (11
Simulation 4
If Simulation 4 = 41,5 kW in this case the deviation is
44 —41.53
deviation =~ £=-0,012 (12)
41,5

The|post-treatment is applied for the correction of the deviation to the initial simulation result{Simufation 3).
The|value to consider for the post-treatment simulation is according to the following Fermulae (13) and (14).

Simulation 3p,gitreated = Simulation 3x(1+ deviation) (13)
Simulation 3p,gtreated =40%(1-0,012)=39,5[kW] (14)

Thig calculated value will be equivalent to the estimated value of Test3.

©1S0 2022 - All rights reserved 13
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Annex A
(informative)

Procedure for decision of operational point matrix

ral

A.1 Gen,

Procedure
China.

In Annex A

for PM are
by-case ba

A.2 Dec

A2.1 Ca

According
climatic de

Refer to Ta
for “TW6”,

As a result
33 °Care

operationall points are selected in total.

Table A.1s

for decision of operational point matrix is introduced with some examples of Japan

, operational points for TISM and for TRSM are introduced. Operational points for PCM
hot introduced here, as they are options so that the required specification depends ona c
BiS.

jsion of operational point matrix

se of Japan

Lo ISO 19659-2, climatic design condition for summer in Table 1, Japan belongs to “TS3”
sign condition for winter in Table 2, Japan belongs tox“TW6”.

ble 2 in 5.3.2 and pick up operational points corresponding to T, s in Table 2, T, in Tabl
and T,,,; in Table 1, T, 3 and T, , in Table 9 for*“TS3”, that are listed in ISO 19659-2.

, five operational points for T, s = 0 °C, T, = 5 °C, T,y = 22 °C, T3 = 28 °C and T,
icked up. By adding two specified operational points for T;; = 10 °C and T;5 = 15 °C, s¢

hows the operational point matrix'in Japan.

Table A-1.— Operational point matrix in Japan

and

and
hse-

and

1%

11

h1 =
ven

Equivalent Passenger load
Operational Tem RH solar load o Refer to Remark
point °C Uy ° I1SO 19659-2
% TISM TRSM
OP1 0 80 0 0 0 Toms
0OP2 5 80 0 0 0 Tom7
OP3 10 80 0 0 0 - Tio
0OP4 15 80 0 50 0 - Tic
OP5 22 80 0 50 0 Toma
OP6 28 70 50 50 0 Tom3
OP7 33 69 100 100 0 Tom1
NOTE RH,,, for T, equal to or less than 10 °C is only necessary for HVAC systems equipped with a heat
pump.
14
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A.2.2 Case of China

A.2.2.1 General

According to ISO 19659-2, climatic design condition for summer in Table 1, China belongs to “TS8” for
Zone I, “TS5” for Zone Il and “TS1” for Zone IlI, and climatic design condition for winter in Table 2, China
belongs to “TW5” for Zone I, “TW3” for Zone Il and “TW1” for Zone III. Therefore, nine combinations can
be selected as matrix of operational points in China.

NOTE As to “Zone I”, “Zone I1” and “Zone III”, refer to ISO 19659-2, A.3.

In this subclause, three cases of them are introduced.

A.2]2.2 Case 1: Zone I for both summer and winter

Refer to Table 2 in 5.3.2 and pick up operational points corresponding to T, s infTable 2, T, -lin Table 11
for ['TW5”, and T, ; in Table 1, T, ;3 and T, in Table 9 for “TS8”, that are listédin ISO 19659-2.

As g result, five operational points for T, s = -10 °C, T, ,,7 = 0 °C, T, .4, %22 °C, T, ;3 = 28 °Cland T,,; =

40 {C are picked up. By adding two specified operational points for Fy5= 10 °C and T;5 = 1p °C, seven
opefrational points are selected in total.

Table A.2 shows the operational point matrix for Zone I for both.Summer and winter in Ching

Table A.2 — Operational point matrix for Zone I for both summer and wintery

Equivalent Passenger load
Operational Tem RHer, solar load o Refer to Remark
point °C % 0 1SO 19659-2
% TISM | TRSM
OP1 10 80 0 0 0 T
OP2 0 80 0 0 0 T,
0P3 10 80 0 0 0 R Tyo
OP4 15 80 0 50 0 - Tys
OP5 22 80 0 50 0 Toa
OP6 28 70 50 50 0 Ton3
OP7 40 46 100 100 0 Tt

NOTE RH,, for-T equal to or less than 10 °C is only necessary for HVAC systems equipped [with a heat
punyp.

A.2|12.3 Case 2: Zone II for both summer and winter

RefertoTable 2 in 5.3.2 and pick up operational points corresponding to T, 5 in Table 2, T, ,|in Table 11
for I'TW?3” and 7"‘:m1 in Table 1 Tww and 7"‘:m:r in Table 9 for “TS58” that are listed in ISO 19659-2.

As a result, five operational points for T, = -25 °C, T,,,; = 0 °C, T, ,,4 = 22 °C, T, ;3 = 28 °Cand T,,,; =
35 °C are picked up. By adding two specified operational points for T}, = 10 °C and T,5 = 15 °C, and
furthermore operational point for -10 °C to supplement the temperature range between T, s = -25 °C

and T,,; = 0 °C, eight operational points are selected in total. (Refer to 5.3.2)

Table A.3 shows the operational point matrix for Zone II for both summer and winter in China.
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Table A.3 — Operational point matrix for Zone II for both summer and winter

Equivalent Passenger load
Operational Tem RH,, solar load o Refer to Remark
point °oC % 0 IS0 19659-2
% TISM TRSM

OP1 -25 - 0 0 0 Toms

OP2 -10 80 0 0 0 - supplement
OP3 0 80 0 0 0 Tom7

OP4 10 80 0 0 0 - Ty
OP5 15 80 0 50 0 - Tis
OP6 22 80 0 50 0 Toma

OP7 28 70 50 50 0 Tom3

OP8 35 60 100 100 0 Tomi

NOTE RH,, for T, equal to or less than 10 °C is only necessary for HVAC systems equipped with a heat
pump.

A.2.2.4 (ase 3: Zone III for both summer and winter

1%

Refer to Taple 2 in 5.3.2 and pick up operational points corresponding tocT, s in Table 2, T, in Tablg 11
for “TW1”,and T,,,; in Table 1, T, 3 and T, , in Table 9 for “TS1”, that'are listed in ISO 19659-2.

As a resul, five operational points for T, s = -40 °C, T,,7 = 0:.2G;' T, ;4 = 22 °C, T3 = 25 °C and T,,1
= 28 °C arg picked up. By adding two specified operational ppjnts for T;, = 10 °C and T;5 = 15 °C, pnd
furthermofe operational point for -20 °C to supplement thé.temperature range between T, 5 = -4 °C
and T,,; =0 °C, eight operational points are selected in total. (Refer to 5.3.2)

Table A.4 shows the operational point matrix for Zone'lll for both summer and winter in China.

Tlable A.4 — Operational point matrix for Zone III for both summer and winter

Equivalent Passenger load
Operational Tem RH, solarload o Refer to Remark
point °C % 0 IS0 19659-2
% TISM TRSM

OP1 -40 - 0 0 0 Toms

0P2 -20 . 0 0 0 - supplemerjt
OP3 0 80 0 0 0 Tom7

OP4 10 80 0 0 0 - Tio
OP5 15 80 0 50 0 - Tis
OP6 22 80 0 50 0 Toma

OP7 25 60 50 50 0 T3

OP8 28 50 100 100 0 Tom1

NOTE RH,,, for T, equal to or less than 10 °C is only necessary for HVAC systems equipped with a heat
pump.
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Procedure for weather data analysis

B.1—General

In this annex, the procedure for weather data analysis is introduced with the example ¢
Catggory 1 train line. Firstly, the method of weather data collection and its clusterin
opefrational point matrix which is given in Annex A are presented. Secondly, the annual oper
is calculated on each operational point for each train mode. Finally, the weightingfactor is ol

B.Z Collection of weather data

The collected data should be compliant with the requirements specified in 5.3.3.2.

Thg example shown in this annex considers a train travelling.ii{a large region like Categor
case, it is recommended to select a location that represents typical weather conditions whei

stops.

Thip example shows the data collected at Tokyo in Japan.

Thd fulfilment of the requirements in 5.3.3.2 is as.follows;

— | Source:

— | Collection period: 2010-01-01.through 2019-12-31 (ten years)

— | Interval: one hour

— | Item: extenior temperature

— | Location:

Tokyo, Japan

Japan Meteorological Agency (https://www.data.jma.go.j

md/ri

Thd collected weatlier~data is classified into each train mode as shown in Table B.1 accor
operating timetable)of Category 1. In this case, only two train modes, TISM and TRSM, are ca

Table B.1 — Weather data collection (Tokyo)

onsidering
g into the
hting hours
ptained.

y 1. In that
e the train

sk/obsdl/)

ling to the
nsidered.

Exterior tempera-
Date Time ture TISM TRSM
°C
2010/1/1 1:00 2,5 N/A N/A
2010/1/1 2:00 2,4 N/A N/A
2010/1/1 3:00 1,3 N/A N/A
2010/1/1 4:00 0,8 N/A N/A
2010/1/1 5:00 0,7 v v
2010/1/1 6:00 0,7 v v
2010/1/1 7:00 1,8 v N/A
v applicable,
N/A: not applicable

© IS0 2022 - All rights reserved
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Table B.1 (continued)

Exterior tempera-
Date Time ture TISM TRSM
°C
2010/1/1 8:00 2,7 v N/A
2010/1/1 9:00 41 v 4
2010/1/1 10:00 5,3 v v
2010/1/1 11:00 6,3 v v
20107171 12700 85 v v
2010/1/1 13:00 8,2 v 4
2010/1/1 14:00 91 v v
2010/1/1 15:00 8,5 v v
2010/1/1 16:00 79 v v
2010/1/1 17:00 7,5 v N/A
2010/1/1 18:00 6,7 v N/A
2010/1/1 19:00 6,4 v v
2010/1/1 20:00 6,0 v v
2010/1/1 21:00 4,5 v v
2010/1/1 22:00 51 Y v
2010/1/1 23:00 55 v v
2010/1/2 0:00 2,9 N/A N/A
2010/1/2 1:00 4,7 N/A N/A
2010/1/2 2:00 4,4 N/A N/A
2010/1/2 3:00 3,4 N/A N/A
2019/12/31 17:00 8,1 v N/A
2019/12/31 18:00 71 v N/A
2019/12/31 19:00 6,0 v v
2019/12/31 20:00 51 v v
2019/12/31 21100 4,8 v v
2019/12/31 22:00 4,3 v v
2019/12/31 23:00 4,3 v v
202071/1 0:00 3,7 N/A N/A
v applieable,
N/A:hot applicable

B.3 Calculation of operational point range

In order to classify the weather data into each operational point, operational point range is calculated
in accordance with the formula specified in 5.3.3.3. For the Japanese case, the following table is defined
based on Annex A and 5.3.3.3.

Table B.2 — Operational point matrix in Japan

Operational point Representative mean exterior Range of operational point
(oP)) temperature (RT,,,) oc
°C
OP1 0 T,=2,5

18
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Table B.2 (continued)

Operational point Representative mean exterior Range of operational point
(oP;) temperature (RT,,,) oC
°C
0oP2 5 25<T;=75
0OP3 10 75<T;=12,5
OP4 15 12,5<T;=18,5
OP5 22 18,5<T;=25,0
OP6 28 25,0 T =305
0oP7 33 30,5<T;

Based on the range of operational point, the weather data is classified into each-operatipnal point.

for leach operational point over the foreseen period (in this case 10 years).0n Table B.3
Tabje B.4(a) for TISM and Table B.4(b) for TRSM.

Calculation of annual operating hours

The total hours in Table B.4(a) and Table B.4(b) are accumulated values for 10 years s

e B.3 is obtained from Table B.1 and Table B.2. After that, counting the totalhours of pccurrence

results in

that they

shall be divided by ten to obtain the annual data. In additiof, the values of total hours consist of the

entire period of timetable for the relevant train mode. Theréfore, they shall be converted tg

the actual

opefrating hours. For example, the timetable of TISM far €ategory 1 is from 5:00 to 24:00 ko that the

multiplied by 12/19. In the case of TRSM, the timetable doesn’t include peak time, then the
houlrs are 15 hours. The operating hours are 4 haurs so that the values shall be multiplied by

Theg above calculation results in the annual operating hours of each operational point for
modle.

B.§ Calculation of weighting-factor

total hours are 19 hours. Since the daily operating hours are 12 hours, the total hoyrs shall be

daily total
4/15.

each train

Div|ding the annual operating hoeurs of each operational point by the total annual operating hours of all
opefrational points provides thie weighting factor for each operational point. Consequently, Table B.5(a)

and| Table B.5(b) can be ¢btained.

Table B:3:~ Weather data collection classified by operational point (Tokyo)

Exterior tempera- | Relevant Operational Point
Date Time ture (0F;)
°C TISM TRSM
2010/1/1 1:00 2,5 N/A N/A
2010/1/1 2:00 2,4 N/A N/A
2010/1/1 3:00 1,3 N/A N/A
2010/1/1 4:00 0,8 N/A N/A
2010/1/1 5:00 0,7 OP1 OP1
2010/1/1 6:00 0,7 OP1 OP1
2010/1/1 7:00 1,8 OP1 N/A
2010/1/1 8:00 2,7 OP2 N/A
2010/1/1 9:00 4,1 OoP2 OP2
v: applicable,
N/A: not applicable
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