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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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Introduction

The global market for sporting goods is expanding rapidly each year, and as a result, RFID tags are becoming

increasingly popular in the industry. These small electronic devices transmit information using radio

waves

and are particularly advantageous in efficiently tracking and managing individual products. While RFID
technology has primarily been used by manufacturers and distributors for inventory management, it is
gradually developing and being utilized by consumers for various purposes, such as monitoring an athlete's

performance or facilitating the payment and maintenance of sports equipment.

It is crucial to ensure the rellablllty of RFID tags in sportlng goods as errors or malfunctlons can have
seriou 2 C ID tags
can le e data,

Variou$ approaches can be taken to ensure the reliability of RFID tags. Performance and environmental
factors| play a significant role, as the environment to which the tags are exposed canyconsist of physical,
chemida i ' iti i ' i il. Thi fument
proposes a method to identify the main use environment and related environfental characteristics
of spoifting goods, along with a way to measure and evaluate tag performancé changes after testing the

environmental conditions. It recommends environmental tests that can demboiistrate the product's
to opefate or survive under the climatic and dynamic conditions typically encountered during the
sportirg goods utilizing RFID tags.

this do
alike. It is important to note that issues such as safety margins’and acceleration factors are left
judgment of the designer, the manufacturer, the test consultant.or the end user.

While iEis not always possible to make recommendations for all types éPproducts, locations and applic

© ISO/IEC 2025 - All rights reserved
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Info

rmation technology — Radio frequency identification

device performance test methods —

Part
Tes
tag

5:

used in sporting goods

1 Scppe

This dpcument specifies the methods for testing the environmental characteriStics of RFID-¢
sportirg goods.

This document suggest methods for identifying the main use environments and related tes

environmental characteristics of sporting goods for indoor and outdoor:sports with RFID and opt

additi

al advanced electronic devices like sensors.

The enyvironmental characteristics addressed in this document are‘applicable to manufacturers, in

distrib
sports

ition and inventory management, as well as the aspects,of.consumer use of the actual RFID-¢
items. This document establishes methods to measure.and evaluate the performance change

after environmental characteristic testing.

2 Ngrmative references

The fol

owing documents are referred to in the textin such a way that some or all of their content conj

requir¢ments of this document. For dated reférences, only the edition cited applies. For undated refe
the latgst edition of the referenced document(including any amendments) applies.

[SO 10%-E04, Textiles — Tests for colour fastness — Part E04: Colour fastness to perspiration

ISO/IE

[ 18000-2, Information technology — Radio frequency identification for item management —

Parameters for air interface comnitinications below 135 kHz

ISO/IE

[ 18000-3, Information technology — Radio frequency identification for item management —

Paramgters for air interface communications at 13,56 MHz

ISO/IE

[ 18000-61, Information technology — Radio frequency identification for item management — |

Paramaters for gixinterface communications at 860 MHz to 960 MHz Type A

ISO/IE

[ 18000-62, Information technology — Radio frequency identification for item management — |

Paramgtersor air interface communications at 860 MHz to 960 MHz Type B

nabled

ting of
ionally

cluding
nabled
of tags

titutes

rences,

Part 2:

Part 3:

Part 61:

Part 62:

ISO/IEC 18000-63, Information technology — Radio frequency identification for item management — Part 63:
Parameters for air interface communications at 860 MHz to 960 MHz Type C

[SO/IEC 18000-64, Information technology — Radio frequency identification for item management — Part 64:
Parameters for air interface communications at 860 MHz to 960 MHz Type D

[SO/IEC 18046-3:2020, Information technology — Radio frequency identification device performance test
methods — Part 3: Test methods for tag performance

ISO/IEC 19762, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary

© ISO/IEC 2025 - All rights reserved
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IEC 60068-1, Environmental Testing— Part 1: General and Guidance

IEC 60068-2-1, Environmental Testing— Part 2-1: Tests - Test A: Cold

IEC 60068-2-2, Environmental Testing— Part 2-2: Tests - Test B: Dry Heat

IEC 60068-2-11, Environmental Testing— Part 2-11: Tests - Test Ka: Salt Mist

IEC 60068-2-78, Environmental Testing Method (Electric/ Electronic) Damp Heat, Steady State Testing Method

IEC 60068-2-27, Environmental Testing— Part 2: Tests - Test Ea and Guidance: Shock

IEC 60

IEC 6]
Electro

3 Terms and definitions

For the

[SO andl [EC maintain terminology databases for use in standardization at the folowing addresses:

— IS(
— IE

31
sporti
categol

Note 1

Associdtion (SFIA).

3.2

sports
collect
sportiy

EXAMP

3.3

athletic footwear

type o
primarj

EXAMP

3.4
sports

Q.2 6 Envuivraonmontal Toctino Dapt 2. 6: Tocte . Toct Ie: Vibhyation (cipnyicnidal)
OO~ O, Y HORRCRTETEStHY T-tH-t == €5t C5t AP HFEHORSHRHSO16 6T

000-4-2, Electromagnetic compatibility (EMC) - Part 4-2: Testing and Measurement Jechn
static Discharge Immunity Test

purposes of this document, the terms and definitions given in ISO/IEC 19762 and the followin

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

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

g good
y of equipment, apparel, accessories, footwear and gear used in sports and recreational activ

to entry: Further details regarding this classification are given by the Sports and Fitness I

equipment
on of gear, tools and accessories used by athletes and individuals participating in a diverse r
g activities

LE Ball, rackets, sticks, protective gear, goal and field equipment, training tools.

F footwear that is specifically designed and manufactured for sports and other physical ad
ily to enhance pérformance and improve safety

LE Athleticshoes, hiking and outdoor footwear, water and snow sports footwear.

apparel

ClothinF items specifically designed and engineered to offer comfort, support and performance enhan

iques -

g apply.

ties

hdustry

ange of

tivities

cement

and hoinal ool

durlng SPOT TS ot pIty SIcar attrv H1IES

EXAMPLE Tops, bottoms, compression wear, outwear, swimwear.
3.5
SpOI‘tS accessory

supplementary item used in conjunction with sports equipment and apparel to enhance performance,
comfort and safety during sports and physical activities

EXAMP

LE Bags, caps, water bottles, heart rate monitors.

© ISO/IEC 2025 - All rights reserved
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4 Abbreviated terms and symbols

4.1 Abbreviated terms

DUT device under test

PCR performance change rate

LTPD lot tolerance percent defective

PDP performance degradation percentage
RFID radio frequency identification

RH relative humidity

4.2 Symbols

c number of allowable defects

D distance between the tag and the antenna

I confidence level

conf

Hryr idbntification 1dentification magnetic field threshold

n number of samples

p maximum allowable defect rate

Ppp performance degradation percentage

Pppaverhge average performance degradation percentage

Ppp; percentage change in performance degradation percentage from the initial value, i

Poin minimum power operation threshold (i.e. the minimum power received by the isotr¢
tenna from the E-field required to turn on the tag)

Rpc performance ¢hange rate

Rpcaverhge percentage,change in performance change rate from the initial value, i

Ry recejver tag sensitivity

Ty transmitter tag sensitivity

Xp performance measurement result before the environmental test

Xq pernrmnnr‘p measurement result after the environmental test

5 Requirements

5.1 Mechanical and electrical characteristics

value of the degrees of freedom of the inverse chi-square function

pic an-

A manufacturer shall provide mechanical and electrical characteristics necessary to evaluate RFID tags in

sporting goods (hereinafter referred to as “RFID tags”), including the allowable limit of error.

© ISO/IEC 2025 - All rights reserved
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5.2 Testing item form

The manufacturer shall prepare the DUT in two forms: with the tag attached to the sporting good and with
the tag alone.

In principle, tests should be performed with the inlay tag. However, at the request of the manufacturer, the
tests may also be performed with the tag attached to the sporting goods.

Some environmental tests, such as shock and drop, shall be performed with the tag attached to the
sporting good.

6 Test method

6.1 Sampling method

For RFID tags to be used in the test, 10 tags shall be sampled in principle from the passed fqualifying pftoducts
manufgctured under the same conditions during the most recent days using a process$.of conducting a total
inspection before a final shipment.

Furthefmore, three additional testing items are sampled to replace a defective€tag in case of defects|caused
by an accident that is not the fault of the manufacturer.

For sarppling, the manufacturer shall provide five RFID tags attached to'sporting goods and five RFID tags
without sporting goods.

6.2 Standard atmospheric conditions

Unless|testing environments are specified for individual tésting items, testing and measurements ghall be
condudted under the standard atmospheric conditions stipulated in IEC 60068-1 and Table 1.

Table 1 — Standard’atmospheric conditions

Temperature Humidity Pressure
°C %RH kPa
15to 35 25t0 75 86 to 106

6.3 Hnvironmental characteristic test

The erlvironmental characteristic test is composed of performance and environmental tests. Only the
passedl/qualifying products,from the performance test are used in the environmental test.

The stdges in the testprocedure for interference rejection performance measurement are as follows:
a) pr¢-test: measare Ry sensitivity of the tag before performing environmental testing;

b) enVironmental test: perform the exposure test to environmental stresses that can affect the performance
of DUTs throughout the life cycle of sporting goods from storage, transportation, installation, operation
anfl disposal;

c) post-test: measure the Ry sensitivity power of the tag after environmental test;

d) calculation: calculate the PCR, the amount of change in performance values from pre-test to post-test
due to the effects of environmental testing.

© ISO/IEC 2025 - All rights reserved
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6.3.1.1

The test items and conditions in the performance test conform with the Hrygr igentification and P

ISO/IEC 18046-5:2025(en)

Performance test

Overview

min

measurement method required by ISO/IEC 18046-3, which is the international test standards of RFID tags.
The test setup described in ISO/IEC 1804 6-3 may be used.

The performance test shall use a form of RFID tags only without sporting goods.

Performance testing is done twice: before and after the environment test.

The pe

Fformance test shall satisfy all the test items in Table 2.

Table 2 — Performance test items and decision criteria

. Test Decision Allowable nymber
Catepory Testing method procedure Tag type criteria of failurpes

ISO/IEC 18000-2

ISO/IEC 18046-3:2020, 7.1 6.3.1.2 1S0/1EC 18000-3
Performance ISO/IEC 18000-61 | Manufacturer's 0
tept ISO/IEC 18000-62 | specifications

ISO/IEC 18046-3:2020, 8.1 6.3.1.3 1SO/IEC 18000-63

ISO/IEC 18000-64

6.3.1.2) Identification magnetic field threshold

The ide
in 1S0/

6.3.1.3

The n
ISO/IE

ntification magnetic field threshold (Hryg identification) Of @ tag is measured at the conditions sp
[EC 18046-3:2020, 7.1.

Minimum power threshold

hinimum power threshold (P,;,) *of tag is measured at the conditions specif
[ 18046-3:2020, 8.1.

The equipment and antenna layout for-the identification minimum power threshold measuremen

shall b
genera
driving

e as described in ISO/IEC 18046-3:2020, Clause 6. The test equipment consists of an emulator
fion and analysis) unit that'plays the role of the reader, antenna, distance control unit (option|
software as shown in Eigure 1.

ecified

led in

's used
(signal
al) and

© ISO/IEC 2025 - All rights reserved
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I ) D ‘
/IL’\
N—a
5 ]
8
Key
1  personal computer and control software
2 signal generation and analysis
3 anfenna
4  DUT with antenna
5 digtance control unit
6 radiofrequency cables (Tx/Ry)
7  comtrol
8  USB/serial/ethernet

Figure 1 — Layout of equipmentfor the measurement of P ;,

6.3.2 | Environmental test

6.3.2.1 Overview

The tegting items (the quantity is givenin Table 3) should be tested in sequence from the low-tempegrature
storagg test to the washing test forwhich the decision criteria shall be satisfied.

© ISO/IEC 2025 - All rights reserved
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Table 3 — Environmental test criteria of RFID tags used in sporting goods

Applicable Testing Decision Number Allowable
. Testing item Test conditions o of testing number of
categories method criteria . .
items failures
Low temperature 6.3.2.2 Test temperature: (-25 +2) °C
storage = Test duration: 240 h
Test temperature: (-5 + 2) °C
Low temperature 6.3.2.3 Test duration: 96 h
operation B Testing status: communicating with the
interrogator
High temperature 6.3.2.4 Test temperature: (70 + 2) °C
storage o Test duration: 240 h
Test temperature: (45 + 2) °C
High temperature 6.3.2.5 Test duration: 96 h
operation B Testing status: communicating with the
interrogator
Temperature Test temperature: (-25 to 70) °C
chan 2(sudden) 6.3.2.6 |Testduration: 120 h
g Number of cycles: 5
. Test temperature: (40 + 2) °C 5 (tag only)
High temperature | ¢ 5 7 | plative humidity: (95 + 5) % RH
and high humidity A
Test duration: 240 h
All sportys goods
Waveform: Half-sinusoidal wave
Acceleration: 300 m/s2 The criteria of
Duration: 18 ms performance
Impact 6:3.2.8 Number of shocks: 3 per angular dire¢- [Mtest should be 0
tion (i.e. in both directions of the X, ¥ satisfied.

and Z axes) for a total of 18 shocks

Air discharge: +8 kV
Static electricity 6.3.2.9 |Contactdischarge: +6 kV.
Non-load state

Test temperature: (35 * 2) °C

Salt solution concentration: (5 = 1) %
Test duration: 96 h

Salt mist 6.3.2.10 [Mistamountx0,012 5 ml/cm?2-h to
0,025 ml/emZ*h

Drying.duration: 1 h to 2 h after
cleansing

Poweér spectral density: 2 g2/Hz
Frequency range: 10 Hz to 12 Hz
Vibration 6.3.2001 Power spectral density: 0,16 g2/Hz
(random) —==%Z |Frequency range: 12 Hz to 150 Hz
Total mass:8g

0,5 h per axis (for X, Y and Z axes)

Sports equipment and 5 (attached

Dust and watér

sports adcessories . 6.3.2.12 |IP67 on sporting
. resistanpt
(optional) goods)
Sports apparel ; Angle +60°
(optional) Bipion 6.3.2.13 Repeat 8 000 times
5 (tag only)
Sports_ apparel and _ Angle +60°
athletic footwear Bending 6.3.2.14 .
: Repeat 8 000 times
(optional)
Drop height: 750 mm
Sports equipmentand Number of drops: 12
sports adcessories Drop 6.3.2.15 |Perform 2 times in the directions #X,
(optional) +Y, +Z on a three-dimensional coordi-
nate axis
Load weight: manufacturer proposed 5 (attach_ed
. - on sporting
Sports equipment Repeated 6.3.2.16 criteria oods)
(optional) impacts —=== |Weightdrop height: 1 m &
Repeat manufacturer proposed criteria
Sports apparel (op- Define perspiration immersion -> dry
b pp p Washing 6.3.2.17 |->washing->dryas 1 cycle and repeat
tional) ) :
200 times (see Figure 6)
NOTE The environmental tests presented in this table can be utilized for sporting goods used in a typical environment. Annex A describes the process for

determining the applicable environmental test profile. If configuring environmental tests for more specialized and harsh conditions is desired, refer to Annex A.

© ISO/IEC 2025 - All rights reserved
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Low temperature storage test

This test shall be conducted in accordance with IEC 60068-2-1.

Leave a testing item for 240 hours without applying power at (=25 * 2) °C.

Then, DUT is removed from the test tank.

Leave it for at least one hour, which is required for the testing item to reach temperature stability under
standard atmospheric conditions for post-processing.

Then, p

erformance tests are performed to verify whether the decision criteria are met.

6.3.2.3
The teg

The tes
remove

one hotir, the time required for the DUT to reach temperature stability.

Then,

6.3.2.4
The tes

Leave {

Then, I
item to|

Then,

6.3.2.5
The tes
DUT sh

from the test chamber and left in-standard atmospheric conditions for post-processing for at least or

the tim

Then,

6.3.2.6
The tes

Withot
(-25+

Low temperature operation test
t shall be performed in accordance with IEC 60068-2-2.

t article shall be left for 96 hours at (-5 + 2) °C in communication with a RFID interrogator, aj
d from the test chamber and left in standard atmospheric conditions for postzprocessing for

erformance tests are performed to verify whether the decision criteriadre met.

High temperature storage test
t shall be conducted in accordance with [EC 60068-2-2.
testing item for 240 hours without applying power at (70 £ 2) °C.

UT is removed from the test chamber. Leave it for atleast one hour, which is required for the
reach temperature stability under standard atmespheric conditions for post-processing.

erformance tests are performed to verify whether the decision criteria are met.

High temperature operation test
t shall be performed in accordancewith IEC 60068-2-1.
all be left for 96 hours at (45 # 2) °C in communication with a RFID interrogator, and then r¢g

e required for the DUT to reach temperature stability.

erformance tests are-performed to verify whether the decision criteria are met.

Temperature change (sudden)
t shall be-pérformed in accordance with IEC 60068-2-14.

t applying power to the DUT, perform a total of 200 cycles of 30 minutes in a low temp

nd then
ht least

testing

moved
e hour,

brature

shown

B)°Cenvironment and 30 minutes in a high temperature (70 £ 2) °C environment under the cor1diti0ns

inFigure 2.

Then, performance tests are performed to verify whether the decision criteria are met.

In Figure 2, the temperature change time ¢, shall be within five minutes.

© ISO/IEC 2025 - All rights reserved
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chs
tinj
1st
2]1(
cy(

> s W N e

6.3.2.7
This te
Leave ¢
Then, [

Leave
standa

6.3.2.8
This te

Withou
is a hal
directi

Y Sy
A B
1
2
t t 4 t
k R S
Tpf===————-
¢ 3 4
'\ Id A
imber temperature B cycle end
e T, minimum temperature
cycle Ty maximum temperature
cycle t; idle time
le start t, temperature change time

Figure 2 — Temperature change test cycle configuration

High-temperature and high-humidity test

5t shall be conducted in accordance with JEC 60068-2-78.

DUT for 240 hours without applying:power at (40 + 2) °C and (95 = 5) %RH.
UT is removed from the test tank:

t for at least one hour, which is required for the testing item to reach temperature stability
rd atmospheric conditigns-for post-processing.

Shock test
5t shall be conducted in accordance with IEC 60068-2-27.

t productpackaging and applying the power, the acceleration is applied at 300 m/s2, the type o
f-sinuseidal wave, the shock duration is 18 ms and the number of shocks is three times in ea
b,

r under

fshock
ch axis

AP aneca ta

The pe

6.3.2.9

4]
qt+

ctad aftarthatact for which t+ha dacics
T ahee—+e e ta ettt S5 1o Wit~ re-aeetSt

Electrostatic discharge immunity

This test shall be conducted in accordance with IEC 61000-4-2. The electrostatic discharge test is conducted
with the contact discharge voltage set to +6 kV and the air discharge set to #8 kV.

The time between the discharges is set to at least one second, with the discharge being conducted at each point.

The part where the contact and air discharges are applied should be metal and non-metal plates where
hands can be accessible.

© ISO/IEC 2025 - All rights reserved
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The performance test is conducted after the test, for which the decision criteria should be satisfied.

6.3.2.1

0 Salt mist test

This test shall be conducted in accordance with IEC 60068-2-11.

Leave a testing item for 96 hours at a salt concentration of (5 * 1) % and temperature of (35 * 2) °C.

Here, the salt mist condition is set to maintain a state that can collect a salt solution of 1,0 ml/h to 2 ml/h in
the clean collection container which has 80 cm? of horizontal collection area by averaging motions for more
than 16 hours when the testing item is exposed in the space.

Clean :tle testing item with water after the test and dry for one to two hours under standard atme
»

condi

Then, t

6.3.2.1]
The tes

Withot
freque
in eachl

Then, t

6.3.2.1
This te

The IP
vacuur

For IPX
surface

Aftert

6.3.2.1

This te|
subject

Fix the
the rot

The pe

ns.

he performance test is conducted and the decision criteria should be satisfied.

1 Vibration (random)
t shall be performed in accordance with IEC 60068-2-6.

t packing the product and without applying power, the product shalkbe subjected to a vi
cy range of 2 gZ2/Hz at 10 Hz to approximately 12 Hz and 0,16 g2/Hz.at/12 Hz to approximately
axial direction of x, y, and z for one hour.

he performance test is conducted and the decision criteria should be satisfied.

2 Dust and water resistant

spheric

bration
150 Hz

5t item is selectively performed on sports accessori€s, sporting goods such as watches, electroniics, etc.

h7 test shall be conducted in accordance withsIEC 60529. IP6X is an 8-hour test with air fl
1 inside a test chamber equipped to meet thé&requirements of the standard.

bw in a

7, the test piece is immersed in water<up to one metre from the lowest part of the test piec¢ to the

of the water and held for 30 minutes:

ne test, there should be no signs of dust or water ingress inside the test.

3 Torsion test

st item is optional for Some sporting goods, such as socks, gloves, and tops and bottoms, thatjcan be

to twisting.

tag to the guide'rail as shown in Figure 3 and perform a torsion test at an angle of (60 * 1)°
htion axis atarate of 30 times per minute for a total of 8 000.

qround

Fformamnee test shall be conducted after the test, for which the decision criteria should be satigfied.
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1

(60 £1)°

2,95 2,95
3,00 mm 3,00 mm

Key
1  guide rail
2 cayd

3 rotlation axis

Figure 3 — Torsion test configuration

6.3.2.14 Bending test

This tefst can optionally be performed on some sporting goods where bending is expected to occur, such as
sports pccessories, sports apparel and athletic shoes.

To benf the chip of the tag, a bending angle should be (60 *+ 1)°, as shown in Figure 5, and the bend test
should|be repeated 8 000 times along the A axis as shown in Figure 4.

The pefformance test is conducted after theltest, for which the decision criteria should be satisfied.

o1

A
Key

Figure 4 — Bending location of the tag

(60 £1)°

Figure 5 — Bending angle
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5 Drop test

This test can optionally be performed on some sporting goods that pose a risk of falling from a height.

The test is performed according to IEC 60068-2-31.

The DUT is dropped from the front, back and side while still attached to the sporting goods.

The test piece shall be dropped from a height of 750 mm parallel to the ground for a total of 12 times in each
axial direction of +x, +y and *z on a concrete or steel floor surface.

After the drop, the performance test shall be conducted and the judgment criteria shall be satisfied.

6.3.2.1

This te|
are exfl

Attach
sponso

The nu

accounlt the environment in which the sporting goods will be used. See Clausé A.6 for how to determi

Aftert

6.3.2.1

The tes

Make artificial perspiration in accordance with ISO 105-EQ4 and immersion for 30 min.

6 Repeated impact test

5t can be performed selectively on some sporting goods, such as wrist guards and anklée brac
ected to be subjected to repeated impacts in specific areas.

an RFID tag to the sporting good and impact it by dropping a weight of a weightagreed upon w
r from a height of 1 m at the tagged location.

mber of test repetitions should be determined in consultation withsthe test sponsor, taki

ne test, the performance test shall be conducted to satisfy the judgment criteria.

7 Washing test

t shall be conducted in accordance with Figure 6.

es, that

rith the

ng into
ne this.

andard

Hitions,

D.

device

andard

After artificial perspiration immersion, the DUT is“dried for more than four hours under st
atmospheric conditions. Then, it is washed in the test'device for machine washing.
The defergent is poured in to form a foam height of (3 + 0,5) cm during washing.
The washed testing item is then dried:- for more than four hours at standard atmospheric con
Perspitfation immersion, dry, wash and(dry is defined as one cycle and is performed at least 200 time
Here, the perspiration immersion solution should be the one specified in ISO 105-E04 and the testing
for waghing should be the one specified in ISO 6330.
Leave & testing item for at {east four hours, which is required for recovery after the test, under st
atmospheric conditions,
Then, the performancetest is conducted and whether the decision criteria are satisfied is verified.
5
| !
1 2 3 4
Key
perspiration immersion 4 dry
dry 5 1lcycle
washing

Figure 6 — Washing test method
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Calculation

Environmental characteristics can be calculated in two distinct cases.

The first case refers to situations where the deviation between the pre-test result and the post-test result
affects the product selection (e.g. in situations where recognition is required only within a certain range,
such as scoring judgment in martial arts sports).

In this case, the PCR is checked. Even if the result value improves after the environmental test (x;) compared
to before the environmental test (x,), it is treated the same as a performance degradation.

The performance change rate (Rp) from the initial value can be defined as follows

Rp¢ =

If all n
percen

— If 4
— Ifq
Annex

The se
test, by

tag usdge (e.g. in situations where sensitivity can be improved.to infinity due to shielding technology

In this

If the
measu

Ppj
If the

measu
criterid

Ppp =

If the p
the ma

Ppj

Xp—Xq
X0

x100%

samples meet the manufacturer-defined performance criteria, and Rp¢; where i3 1, 2, ..., 1
Fage change in performance from the initial value, Rp¢,ayerage is applied as follows:

I¢on
Il samples pass: Rpcayerage =;zi:1RPCi

ne or more samples fail: Rpcayerage =—100%
B provides examples of calculations and how they can be used.

ond is when the value after the environmental test improves.over the value before the environ
It the improvement in this performance measure does net.affect the application's tag selecti

case, the PDP, which can be calculated as follows, isstaken into consideration.

performance measurement value x; after enyironmental testing is smaller than the perfol
rement value x, before environmental testing; then PDP (Ppp):

=0%
performance measurement valde,x; after environmental testing is larger than the perfoj

rement value x, before envirgnmental testing, but still meets the manufacturer-defined perfo}
, then:

Xg —X1
X0

x100%

erformance measurement value x; after environmental testing decreases to a level that cann
hufacturer:défined performance criteria, then:

=-100%

If all n

1 is the

mental
on and

).

fmance

fmance
fmance

bt meet

sdamples meet the manufacturer-defined performance criteria and Ppp, wherei =1, 2, ..., 1

) is the

percentage change in performance from the initial value, Ppp,yerage is applied as follows.

1on
If all samples pass: Pppayerage = ;ZizlPDP,-

If one or more samples fail: Ryp,yerage =—100%

© ISO/IEC 2025 - All rights reserved
13


https://standardsiso.com/api/?name=bd87bca3ee154df40c9e34839e5d09cd

A.1 Purpose

Annex

ISO/IEC 18046-5:2025(en)

Annex A
(informative)

Test design manual

A describes how to design the test items, the test conditions and the number of samples reqi

perforin environmental characteristic of RFID tag used in sporting goods.

A2 1

The lif
installg

dentification of life cycle

e cycle of RFID tags used in sporting goods was identified to derive the test items for RF
d in sporting goods. The detailed items are shown in Figure A.1.

RFID Manufacturer RFID Production

v

RFID delivery to a sporting goods manufacturer

v

Attaching RFID to sporting.goods

v

Transported to'the dock

v

Container shipping

v

Ship/vehicle/air transportation

v

Stored in a warehouse

v

Use

Figure A.1 — Flowchart of the life cycle of RFID tags used in sporting goods

A.3 Selection of environmental factors

ired to

D tags

According to the identified life cycle, the environmental factors that can affect the performance and reliability

of RFID tags used in sporting goods were selected following the storing or warehousing, transportation, and
use conditions, are presented in Table A.1.
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Table A.1 — Selection of environmental factors

Classification Derived environment Natural environment
. High temperature, low temperature,
Storing Indoor high humidity
Logistic centre Temperature and humidity control ngh'tempera}tl.lre, low temperature,
Storage warehousing in is not possible high humidity, thermal shock
and out p ' (temperature changes), sand and dust
Equatorial region — High temperature, vibration, shock
Polar region — Low temperature, vibration, shock
SOTLATIET Indoor transport without ventilation High temperature, vibration,shock
environment
. Road impact, road vibration (random), High temperature, low temperdture,
Vehicle : A . .
mishandling impact rain, hail, sand; dGst
Trangport
. Rail impact, rail vibration and High temperaturef{low temperdture,
Train . . . .
mishandling rain, hail'Sand, dust
. Flight vibration, landing shock and Decompression, thermal shock
Airplane . )
mishandling shock (temperature change)
. Wave vibration, wave impact, storm High teraperature, low temperdture,
Ship . . LR . ;
impact, mishandling impact rain, flooding, salt fog
Impulse up to 150 ] Impact
Specific portion repea.ted bending while Bending
attaching
Damage due to repeated washes Immersion
Indoor ; NN
Occurred during attacl.nng, Static electricity, perspirati¢n
Use occurred under the use environment
Mishandling vibrationfrrom shock,
acoustic noise, electrafnagnetic waves, High temperatures, low temperdtures,
and humangnovement thermal shock (temperature chgnges),
Various temperatiite and humidity con- | sand, dust, mould, sweat, drops,bend-
Outdoor ditions, including polar and equatorial ing, vibration, static electricity, etc.
regions,sand dust, rain, snow, etc.
A.4 Severity in environmental test
A.4.1 |General
The enyvironmental severities exposed by environmental factors according to a life cycle are summarized
in Table A.2 by referring to the severity that is generally applied and proposed in actual surveyed field
data, Horea Meteorolegical Administration-provided data, MIL-STD-810, IEC 60721 and IEC 60068. In
this inftance, onlyyrandom vibration was considered as the vibration environment based on the data in
[EC 60068-3-8:2005.
To determine the severity for environmental parameters, the climatic conditions, chemical conditions,
mechapically active materials and mechanical conditions were considered, and the severity for each

condition is given in Table A.2.
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Table A.2 — Severity class according to environmental parameters

Tran_sportation Storage environment Usage environment
environment
Pathway Packaging Packaging Portable and non-stationary use

Climatic | Mechanical | Climatic | Mechanical | Climatic | Chemical | Mechanically active | Mechanical
Warehouse storage — — 1K3 1M1 — — — —
Vehicle transportation 2K1 2M3 — — — — — —
Train transportation 2K3 2M2 — — — — — —
Ship transportation 2K3 2M2 — — — — — —
Air transportation 2K2. 2M1 — — — — — —
Warehoyse storage — — 1K3 1M1 — — — —
Dock stofage — — 1K3 1M1 — — — —
Use (matjch) — — — — 7K2 7C2 7S3 M2
Use (lauppdry) — — — — 7K2 7C1 751 FM1
A.4.2 |Environmental parameter severity classes categorized accordingto the IEC 60721-

3 serips

Table A.3 describes the severity classes categorized according to the IEC 60721-3 series.

Table A.3 — Severity classes in the IEC 60721-3 series

Standard Severity Déscription
class
! 1K3 Temperature and humidity are not.controlled. Heated (if there is a large differgnce be-
I(EtC 60 %1'3'1 tween the required indoor temperature and the outdoor temperature). Frosty, car] freeze.
storage
§ 1M1 Vibration and shock are virtyally eliminated.
Transportation is weather-protected. Heated and ventilated. Can be exposed fo inso-
2K1 lation from windows, etc! Not near heat sources. No water splashes or wet walls. Not
moved between cold outdoors and warm indoors
2K2 Ventilated and transported indoors. Moving between cold outdoors and warm ipdoors.
Airplanes are heated and pressurized.
IEC 60F721-3-2 Unventilated indoor transportation. Traveling between cold outdoors and warm in-
(transyfortation) 2K3 doors. Subject to sunlight and rainfall and subject to splashing water. On wet floors or
near-heat sources.
2M1 Mechanical loading, transportation by airplane, tanker or air-buffered truck/trailer.
M2 Transportation by all types of trucks, trailers, shock-cushioned trains and ships on
well-developed roads.
2M3 Areas without well-developed roads, includes all types of transportation.
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Table A.3 (continued)

and moving the product.

Standard Severity Description
class
Use or movement in an indoor space with uncontrolled temperature and humidity.
7K2 Heating is used when there is a large temperature difference from outside. Can be icy;
building entrances and stairways, garages, basements and workshops.
7c1 Use or movement in areas with low industrial activity and uncomplicated transporta-
tion. Salt fog present.
In addition to the conditions set forth in 7C1, it applies to transportation to and between
7C9 places where industrial activity is dispersed throughout an area, or where pollution
[EC 6072137 Trom high-tralfic urban areas 1s the norm. Mostsporting events take place in a controlled
(portable and environment and some sporting goods can be affected by seawater.
322)-5& tionary 751 Applies to travel to and between locations where precautions are being taken to[reduce
sand and dust as much as possible.
Places with processes that generate sand and dust. Use or movement in geographic
7S3 1 : . : : X .
ocations with a high percentage of wind-borne sand and dust{n'the air.
Applies to traveling to and between places that are less affécted by vibration gr more
7M1
affected by shock.
M2 Use or transportation in areas subject to high levels 0f'shock. Lack of care in handling

A.5 $election of environment profile

A.5.1 | General

Identify the most stringent environmental profile for each environmental parameter. Organjze the
enviroxmental profiles by selecting the harshest severity-for the same environmental parameter for the key
enviropmental factors identified in Table A.4.
A.5.2 | Climatic condition
Table A.4 ~— Climatic condition profile
Climatic condition severity
Envifonmental Environmental parameter Unit Transport Storage Use Env1ronmenta.l
factors parameter profile
2K1 2K2 2K3 1K3 7K2
Low t¢mperature Témperature °C +5 -25 -25 -5 -5 Stol}"ag.e: :%5 ¢
se:—p °C
. X o — Storage: [+70 °C
High tpmperature Temperature C +60 +70 +45 +45 Use: +45 °C
Rate of temperature change °C/min — — — 0,5 — 0,5 °C/min
Temperjture change
Temperature range (min/max) °C — -25/ +25|-25/ +30 — -5/+25 (-25to 30) °C
3
Hymidity High temperature and humidity "gC//m%lgll:I +30/75 | +30/75 | +40/95 95 95 40°C/95 %
Conderfsation/icing | Presence of condensation/icing — — — — Yes Yes Ye
Rainfall Rainfall mm/min No No 6 No No 6 mm
Sunlight Solar radiation W/m?2 700 700 1120 700 700 1120 W/m?

A.5.3 Chemical condition

The composition of sweat is 99 % water and the rest is salt (NaCl), ammonia, potassium, magnesium, etc.
The salt concentration of sweat is about 0,4 % to approximately 1 %. This is a negligible level of influence
other than the water directly sprayed on the product. Therefore, in the case of salt spray, the salinity of
seawater that can be directly sprayed on the product was considered at a level of 5 %. Table A.5 gives the
chemical condition profile.
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Table A.5 — Chemical condition profile

Chemical condition severity
Environmental | Environmental . Environmental parameter
Unit | Transport | Storage Use X
factors parameter profile
7C1 7C2

Salt solution concentration: Salt solution concentration:
N :

Salt fog Seawaterand | _ — — | Negligible )% (5+1) %
salinity Test temperature: Test temperature: (35 # 2) °C

(35 £ 2) °C p Hleo

A.5.4 Mechanically active condition

Table A.6 gives the mechanically active profile.
Table A.6 — Mechanically active condition profile
Mechanically active condition severity
Environmental | Environmental . Enyifonmental parpmeter
Unit Transport Storage Use .
factprs parameter profile
783
Sand mg/m3 — — 10 000 10 000 mg/m
Sand/fdust Suspended dust mg/m3 — — 20 20 mg/m3
Settled dust mg/(m?h) — — 80 80 mg/(m%h
A.5.5 [Mechanical condition
Table A.7 gives the mechanical condition profile.
Table A.7 — Mechanical condition profile
Mechanical condition severity .
. . Enviropmen-
Environmental | Environmental
£ Transport Storage Use tal pargmeter
actprs parameter profile
2M1 2M2 2M3 1M1 7M2
(2Hz to 9 Hz, (2Hzto (2Hz to 9 Hz,
3,5 mm), (2 Reto9Hz, )y o 8Hy,75mm),| 9Hz | 3,5mm) (9Hzto | . (2HZP8HZ
Frequency, 3,5/mm), (9 Hz to 7,5 mm),|(8 Hz to
. . b (9 Hz to 200 Hz, 2 (8 Hz to 200 Hz, 0,3 mm), 20 Hz, u 2
Vibrgtion amplitude or 2 200 Hz, 10 m/s?), 2 2 200 Hz, 40 m/s?),
: 10 m/s?), (200 Hz 20 m/s?), (200 Hzto| (9 Hzto 10 m/s?),
acceleration (200 Hz to 2 (200 Hz tp 500 Hz,
to 500 Hz, 15 my/ 500 Hz, 15 m/s2) 500 Hz, 40 m/s?) 200 Hz, (20 Hz to 500 Hz, 40 nl/s2)
s2) ’ 1m/s?) 15m/s?)
2/43 2/43
(1 m?/s3.10%z to | (1 m?/s% 10 Hz to (3 m2/s3,10 Hz to (1 m2/s3,10 Hz to | (3 m2/s3{10 Hz to
. . Frequency, 200 Hz), 200 Hz),
Vibratidn (ran- . 5 5 200 Hz), 200 Hz), 200 Hz),
acceleration (0)3 m?/ (0,3m?/ 273 — 2703 273
dofn) . 3 3 (1 m?4/s3,200 Hz to (0,3m?/s3,200 |(1m?/s3,p00 Hzto
spectral density s3, 200 Hz to s3,200 Hz to 2000 H7) Hz to 2 000 Hz) 2004 Hz)
2000 Hz) 2000 Hz) z z z z
Imphct Acceleratiorn 11ms, 100 m/s2 | 11 ms, 100 m/s? 11 ms, 300 m/s? 4202nrln/ss,2 11ms, 100 m/s? | 11 ms, 3P0 m/s?
Drpp Freefall — — — — 250 mm 250 mm
A.5.6 |Userdefined condition
Table A.8-gives the user defined condition profile.
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