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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,

governmen

tal 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
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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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 reliability of RFID tags in sporting goods, as errors or malfunctions can have
serious consequences. For instance, inaccurate inventory counts due to improperly registered RFID tags
can lead to under stocking or overstocking. Similarly, malfunctioning tags can result in inaccurate data,

potentially
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Information technology — Radio frequency identification

device

Part 5:

performance test methods —

Test methods for the environmental characteristics of RFID

tags used in sporting goods

1 Scopeg

This document specifies the methods for testing the environmental charactetristics of RH

sporting gg

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

environme
additional 4

The enviro
distributio
sports item

after envirgnmental characteristic testing.

2 Norm

The followi
requireme
the latest e

ISO 105-E0

ISO/IEC 18
Parameters

ISO/IEC 18
Parameters

ISO/IEC 18
Parameters

ods.

htal characteristics of sporting goods for indoor and outdoox‘sports with RFID ang
idvanced electronic devices like sensors.

hmental characteristics addressed in this document are applicable to manufacturer
1 and inventory management, as well as the aspects,of.consumer use of the actual RE
s. This document establishes methods to measure-and evaluate the performance cha

ative references

g documents are referred to in the text in such a way that some or all of their content
ts of this document. For dated referénces, only the edition cited applies. For undated
lition of the referenced document (including any amendments) applies.

4, Textiles — Tests for colour fastness — Part E04: Colour fastness to perspiration

000-2, Information technology — Radio frequency identification for item managemen
for air interface communications below 135 kHz

000-3, Information technology — Radio frequency identification for item managemen
for air interface communications at 13,56 MHz

D00-61, (nformation technology — Radio frequency identification for item management
for girinterface communications at 860 MHz to 960 MHz Type A

ISO/IEC 18

ID-enabled

testing of
optionally

5, including
ID-enabled
nge of tags

constitutes

references,

t — Part 2:

t — Part 3:

— Part 61:

D00<62, Information technology — Radio frequency identification for item management

— Part 62:

Parameters

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

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 60068-2-6, Environmental Testing— Part 2-6: Tests - Test Fc: Vibration (sinusoidal)

IEC 61000 _Al' 2, El’CLtl uluuyuctib LUllllJMtl.lIl.Il.t] (EIHV{C) Pul t 4 2. TCD:l.lly uud an{CMDMI ClllClll‘: T”Chniques =
Electrostatic Discharge Immunity Test

3 Terms$ and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762yand the following apply.
ISO and IE( maintain terminology databases for use in standardization at the following addressegs:

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

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

31

sporting gpod

category oflequipment, apparel, accessories, footwear and gear used in sports and recreational activities
Note 1 to ¢ntry: Further details regarding this classifieation are given by the Sports and Fitndss Industry
Association|(SFIA).

3.2

sports equipment

collection g
sporting ac

EXAMPLE

3.3
athletic fo

type of foogtwear that is spécifically designed and manufactured for sports and other physic:

primarily t
EXAMPLE
3.4

f gear, tools and accessories used by athletes and individuals participating in a diver
tivities

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

ptwear

b enhance performance and improve safety

Athletidshoes, hiking and outdoor footwear, water and snow sports footwear.

se range of

] activities

sports app

arel

clothing items specifically designed and engineered to offer comfort, support and performance enhancement
during sports and physical activities

EXAMPLE
3.5

Tops, bottoms, compression wear, outwear, swimwear.

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

EXAMPLE

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
l confidence level

conf

HryR identifikation 1dentification magnetic field threshold

n number of samples

p maximum allowable defect rate

Ppp performance degradation percentageé

Pppaverage average performance degradation percentage

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

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

Rpc performance change rate

Rpcaverage percentage cthange in performance change rate from the initial value, i

Ry receiver tag sensitivity

Ty fransmitter tag sensitivity

Xo performance measurement result before the environmental test

Xq performance measurement result after the environmental test

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

5 Requirements

5.1 Mechanical and electrical characteristics

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 Sam

For RFID talgs to be used in the test, 10 tags shall be sampled in principle from the passed/qualifyil

manufactu
inspection

Furthermo
by an accid

pling method

‘ed under the same conditions during the most recent days using a process.of conduc
before a final shipment.

e, three additional testing items are sampled to replace a defective'tag in case of def
ent that is not the fault of the manufacturer.

For sampli
without sp

6.2 Stan

Unless test
conducted

6.3 Envi

The envirgnmental characteristic test is composed of performance and environmental test

g, the manufacturer shall provide five RFID tags attached toysporting goods and fiv
rting goods.

dard atmospheric conditions

ng environments are specified for individual.testing items, testing and measureme
inder 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

ronmental characteristic test

lifying products ffom the performance test are used in the environmental test.
in the testprocedure for interference rejection performance measurement are as foll

t: measure Ry sensitivity of the tag before performing environmental testing;

meéntal test: perform the exposure test to environmental stresses that can affect the p
of DUTsIl‘rh_h_rflrl‘T_]_f_F—d_HhﬁFF_‘_rﬂ_F_roug out the tife cycte of Sporting goods from storage, transportation, Instatiatior

g products
ting a total

bcts caused

e RFID tags

hts shall be

5. Only the

PWS:

brformance

and disposal;

passed/qua
The stages
a) pre-teg
b) enviro
c) post-te
d)

st: measure the Ry, sensitivity power of the tag after environmental test;

due to the effects of environmental testing.

© ISO/IEC 2025 - All rights reserved
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6.3.1 Performance test

6.3.1.1 Overview

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

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

Table 2 — Performance test items and decision criteria

. Test Decision Allowable number
Category Testing method procedure Tag type criteria of fgilures

ISO/IEC 18000-2

ISO/IEC 18046-3:2020, 7.1 6.3.1.2 1S0/1EC 18000-3
Performange ISO/IEC 18000-61 | Mantfacturer's 0
test ISO/IEC 18000-62 | Skecifications

ISO/IEC 18046-3:2020, 8.1 6.3.1.3 1SO/I1EC 18000-63

ISO/IEC 18000-6%4

6.3.1.2 Identification magnetic field threshold

The identif
in ISO/IEC

63.1.3 M

The minimum power threshold (P,;,) ~6f tag

ISO/IEC 18

The equipn
shall be as
generation
driving sof

cation magnetic field threshold (Hryg identification) Of @ tag is measured at the condition
18046-3:2020, 7.1.

[inimum power threshold

is measured at the conditions sy

D46-3:2020, 8.1.

hent and antenna layout for;the identification minimum power threshold measure
Hescribed in ISO/IEC 18046-3:2020, Clause 6. The test equipment consists of an emul
and analysis) unit that plays the role of the reader, antenna, distance control unit (op
ware as shown in Eigure 1.

1s specified

ecified in

ments used
ator (signal
tional) and

© ISO/IEC 2025 - All rights reserved
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3 )
Key
1  persongl computer and control software
2 signal generation and analysis
3  antenng
4  DUT with antenna
5 distanceg control unit
6 radiofr¢quency cables (Tx/Ry)
7  control
8  USB/sefial/ethernet

Figure 1 — Layout of equipment.for the measurement of P,

6.3.2 Enyvironmental test

6.3.2.1 OQverview

The testing items (the quantity is givéwin Table 3) should be tested in sequence from the low-t¢mperature
storage tesf to the washing test forlwhich 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 = Test duration: 240 h
Test temperature: (45 + 2) °C
High temperature Test duration: 96 h
operation De2:£:0 Testing status: communicating with the
interrogator
Temperature Test temperature: (-25 to 70) °C
chan 2(sudden) 6.3.2.6 |Test duration: 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 sports goodls
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¢- | ‘test should be 0
tion (i.e. in both directions of the X(¥ satisfied.
and Z axes) for a total of 18 shogks
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.hr
Salt mist 6.3.2.10 [Mistamount:@,012 5 ml/cm?2-h to
0,025 ml/em2h
Drying duration: 1 h to 2 h after
cleansing
Power spectral density: 2 gZ2/Hz
Frequency range: 10 Hz to 12 Hz
Vibration 6.3.2:01 Power spectral density: 0,16 g2/Hz
(random) =7 |Frequency range: 12 Hz to 150 Hz
Total mass:8g
0,5 h per axis (for X, Y and Z axes)
Sports equipmlent and 5 (attached
sports accessdries Dust a_nd Watel 6.3.2.12 |IP67 on sporting
. resistant
(optional) goods)
Sports appare . Angle +60°
(optional) {Keion 6.3.2.13 Repeat 8 000 times
5 (tag only)
Sports_ apparel] and _ Angle +60°
athletic footwegar Bending 6.3.2.14 .
: Repeat 8 000 times
(optional)
Drop height: 750 mm
Sports equipmentand Number of drops: 12
sports accessories 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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6.3.2.2 Low temperature storage test

This test sh

all 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, perfo

6.3.23 1

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

The test sh

The test ar
removed fr

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

Then, perfq

6.3.2.4 H
The test sh

Leave a tes

Then, DUT
item to rea

Then, perfq

6.3.2.5 H
The test sh

DUT shall
from the te|
the time re

Then, perfq

6.3.2.6 T

The test sh

W fpmpprafnrp nppratinn test

h1l be performed in accordance with [EC 60068-2-2.

icle shall be left for 96 hours at (-5 * 2) °C in communication with a RFID interrogat
pm the test chamber and left in standard atmospheric conditions for post:processing

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

igh temperature storage test
h1l be conducted in accordance with IEC 60068-2-2.
Fing item for 240 hours without applying power at (70 + 2) °C.

s removed from the test chamber. Leave it for.atdeast one hour, which is required for
th temperature stability under standard atmospheric conditions for post-processing.

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

igh temperature operation test
i1l be performed in accordancewith IEC 60068-2-1.

e left for 96 hours at (45%:2) °C in communication with a RFID interrogator, and thg
5t chamber and left in standard atmospheric conditions for post-processing for at lea
quired for the DUT to.reach temperature stability.

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

emperature change (sudden)

h11 be-performed in accordance with IEC 60068-2-14.

Without ap

b1, and then
for at least

the testing

bn removed
5t one hour,

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

pmperature

(=25 % 3) °C environment and 30 minutes in a high temperature (70 * 2) °C environment under the conditions
shown in Figure 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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Y Sy
A B
1
ok |
Tpf===————-
. 3 4
'\ Id A
Key
1  chambdqr temperature B cycle end
2 time T, minimum temperature
3 1stcycl Ty maximum temperature
4 2nrdcycle t, idle time
A cycle start t, temperatiire change time
Figure 2 — Temperature change test cycle configuration
6.3.2.7 High-temperature and high-humidity test

This test sh
Leave a DU
Then, DUT

Leave it for1
standard aft

6.3.2.8 S
This test sh

Without pr
is a half-sin

s removed from the test tank:

mospheric conditiofts for post-processing.

hock test

all be conducted in accordance withIEC 60068-2-78.
[ for 240 hours without applying power at (40 + 2) °C and (95 * 5) %RH.

all be condurcted in accordance with IEC 60068-2-27.

bduct packaging and applying the power, the acceleration is applied at 300 m/sZ, the ty
usoidal wave, the shock duration is 18 ms and the number of shocks is three times i

at least one hour, whicl'is required for the testing item to reach temperature stability under

pe of shock
n each axis

direction.

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

6.3.29 E

lectrostatic 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.

6.3.2.10 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 the testing item with water after the test and dry for one to two hours under standard atmospheric

conditions.

Then, the p|

6.3.2.11 Vjibration (random)

The test sh

Without p3
frequency 1
in each axig

Then, the p|

6.3.2.12 D
This test itq

The IP67 t4
vacuum ing

For IPX7, th
surface of t

After the te

6.3.2.13 T

This test it
subjectto t

Fix the tag

erformance test is conducted and the decision criteria should be satisfied.

h11 be performed in accordance with IEC 60068-2-6.

cking the product and without applying power, the product shall be subjected to
ange of 2 g2/Hz at 10 Hz to approximately 12 Hz and 0,16 g2/HZ'dt12 Hz to approximg
1 direction of x, y, and z for one hour.

erformance test is conducted and the decision criteria should be satisfied.

ust and water resistant
m is selectively performed on sports accessories, sporting goods such as watches, elec

st shall be conducted in accordance with’IEC 60529. IP6X is an 8-hour test with a
ide a test chamber equipped to meet therequirements of the standard.

le test piece is immersed in waterdp to one metre from the lowest part of the test |
he water and held for 30 minutes.

st, there should be no signs-0f dust or water ingress inside the test.

prsion test

bm is optional fer.some sporting goods, such as socks, gloves, and tops and bottoms,
wisting.

to the guide rail as shown in Figure 3 and perform a torsion test at an angle of (60 *

the rotatio

The perfor

1:‘axis atatate of 30 times per minute for a total of 8 000.

a vibration
tely 150 Hz

tronics, etc.

ir flow in a

biece to the

that can be

1)° around

batisfied.

dnce test shall be conducted after the test, for which the decision criteria should be
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Key

1  guide rgi
2 card

3 rotatiory
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1

Y |

(60 £1)°

2,95
3,00 mm

2,95
3,00 mm

axis

Figure 3 — Torsion test configuration

6.3.2.14 Bending test

This test c4
sports acce

To bend th
should be r

n optionally be performed on some sporting-goods where bending is expected to oc
ssories, sports apparel and athletic shoes.

epeated 8 000 times along the A axis.as shown in Figure 4.

The performance test is conducted after the test, for which the decision criteria should be satisfi

Key

o1

A

1 chip

cur, such as

e chip of the tag, a bending angle should*be (60 + 1)° as shown in Figure 5, and the bend test

D

Figure 4 — Bending location of the tag

(60 £1)°

Figure 5 — Bending angle
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6.3.2.15 D

ISO/IEC 18046-5:2025(en)

rop 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 direct

ion 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.

6.3.2.16

ppnfpd impn(‘t test

This test c4
are expectg

Attach an R
sponsor frd

The numbs
account the
After the td

6.3.2.17 W
The test sh
Make artifi

After artif
atmospher

The deterg

The washe
Perspiratio

Here, the p
for washing

h immersion, dry, wash and\dry is defined as one cycle and is performed at least 200 {

n be performed selectively on some sporting goods, such as wrist guards and anklé
d to be subjected to repeated impacts in specific areas.

FID tag to the sporting good and impact it by dropping a weight of a weight-dgreed up,
m a height of 1 m at the tagged location.

r of test repetitions should be determined in consultation with the test sponsor,
environment in which the sporting goods will be used. See Clause-A.6 for how to detg
st, the performance test shall be conducted to satisfy the judgment criteria.

Jashing test
11l be conducted in accordance with Figure 6.
cial perspiration in accordance with ISO 105-EQ4-and immersion for 30 min.

cial perspiration immersion, the DUT js dried for more than four hours unde
c conditions. Then, it is washed in the test-device for machine washing.

ent is poured in to form a foam heightof (3 + 0,5) cm during washing.

d testing item is then dried, for more than four hours at standard atmospheric

brspiration immersion solution should be the one specified in ISO 105-E04 and the tes
r should be the one specified in ISO 6330.

braces, that

on with the

taking into
rmine this.

r standard

conditions,
imes.

ting device

br standard

Leave a tedting item for at-least four hours, which is required for recovery after the test, undg
atmospheric conditions.
Then, the performance test is conducted and whether the decision criteria are satisfied is verifie
5
| !
1 2 3 4
Key
perspiration immersion dry
dry 5 1lcycle
washing

Figure 6 — Washing test method
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6.3.3 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

X

(g — X1

X100%

Rpc =

If all n sanj
percentage

— Ifall sa
— Ifoned

Annex B pr

The second

test, but the improvement in this performance measure does not.affect the application's tag se

tag usage (¢

In this case

If the perf¢rmance measurement value x; after enyironmental testing is smaller than the p

measurems
PDP = 0
If the perf;

measuremg
criteria, thg

X0

ples meet the manufacturer-defined performance criteria, and Rpc;, where 1 31, 2
change in performance from the initial value, Rpc,yerage 1S applied as follows!

Ion
mples pass: RPCaverage =;zi:1RPCi
r more samples fail: Rpcayerage =—100%
pvides examples of calculations and how they can be used.

is when the value after the environmental test improves over the value before the env

.g. in situations where sensitivity can be improved-to infinity due to shielding techno

the PDP, which can be calculated as follows, is\taken into consideration.

nt value x, before environmental testing, then PDP (Ppp):

%

prmance measurement value X; after environmental testing is larger than the p
nt value x, before envirofinental testing, but still meets the manufacturer-defined p
n:

—x1|

If the perf(:Lmance measurement value x; after environmental testing decreases to a level that g

the manuf;

Ppp =+

o
|

x100 %
X0 |

turer-defined performance criteria, then:

100%

..., h is the

ironmental
lection and

logy).

brformance

brformance
brformance

annot meet

If all n samples meet the manufacturer-defined performance criteria and Ppp;, where i = 1, 2, ..., n 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%
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A.1 Purpose

ISO/IEC 18046-5:2025(en)

Annex A
(informative)

Test design manual

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

perform enyvironmental characteristic of RFID tag used in sporting goods.

A.2 Identification of life cycle

The life cyfle of RFID tags used in sporting goods was identified to derive the-test items fof

installed in|sporting goods. The detailed items are shown in Figure A.1.

RFID Manufacturer RFID Production

v

RFID delivery to a sporting goods manufdacturer

v

Attaching RFID to sportifig)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

RFID 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
antamer Indoor transport without ventilation High temperature, vibration, shock
environment
. Road impact, road vibration (random), High temperature, low ténjperature,
Vehicle : A . .
mishandling impact rain, hail, sand, dupt
Transport
. Rail impact, rail vibration and High temperature,low temperature,
Train . . . )
mishandling rain, hail_sand, dupt
. Flight vibration, landing shock and Decompréssion, thermall shock
Airplane . )
mishandling shock (temperature change)
Shi Wave vibration, wave impact, storm High temperature, low tenjperature,
p impact, mishandling impact rain, flooding, salt fog
Impulse up to 150 ] Impact
Specific portion repea.ted bending whilg Bending
attaching
Damage due to repeated washes Immersion
Indoor ; e
Occurred during attacl_nng, Static electricity, perspjration
Use occurred under the use envifonment
Mishandling vibratioifrom shock,
acoustic noise, electramagnetic waves, High temperatures, low tenjperatures,
and humanimovement thermal shock (temperaturg changes),
Various temperatiire and humidity con- | sand, dust, mould, sweat, dyops, 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 Genperal
The envirohmental severiti€s exposed by environmental factors according to a life cycle are spmmarized

in Table A.

data, Kore
this instan
IEC 60068-

3-8:2005.

P by referring to the severity that is generally applied and proposed in actual sur
h Meteorolegical Administration-provided data, MIL-STD-810, IEC 60721 and IEC
Ce, onlyarandom vibration was considered as the vibration environment based on

veyed field
60068. In
the data in

To determ

Nie the severity for environmental parameters, the ciimatic conditions, chemicat conditions,
mechanically 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 — — — — — —
Warehouse storage — — 1K3 1M1 — — — —
Dock storage — — 1K3 1M1 — — — —
Use (match) — — — — 7K2 7C2 7S3 7M2
Use (laundry) — — — — 7K2 7C1 751 7M1
A.4.2 Enyironmental parameter severity classes categorized accordingto the IEC 60721-
3 series
Table A.3 dpscribes the severity classes categorized according to the IEC 60721-3 series.
Table A.3 — Severity classes in the IEC 60721-3 series
Standajrd Severity Description
class
] Temperature and humidity are not'controlled. Heated (if there is a large difference be-
IEC 60721-3-1 1K3 cedi
(st ) tween the required indoor temperature and the outdoor temperature). Frosty, can freeze.
storage
& 1M1 Vibration and shock are virtually eliminated.
Transportation is weathef<protected. Heated and ventilated. Can be expdsed to inso-
2K1 lation from windows, etc: Not near heat sources. No water splashes or w¢t walls. Not
moved between coldbutdoors and warm indoors
2K2 Ventilated and transported indoors. Moving between cold outdoors and wdrm indoors.
Airplanes are heated and pressurized.
IEC 60721-3-2 Unventilated-indoor transportation. Traveling between cold outdoors afd warm in-
(transportaftion) 2K3 doors,Subject to sunlight and rainfall and subject to splashing water. On yet floors or
near heat sources.
2M1 Mechanical loading, transportation by airplane, tanker or air-buffered trjyick/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)

Standard

(portable a

use)

IEC 60721-3-7

non-station|

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
7C2 places where industrial activity is dispersed throughout an area, or where pollution
from high-traffic urban areas is the norm. Most sporting events take place in a controlled
nd environment and some sporting goods can be affected by seawater.
pry 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 moyement inf geographic
7S3 : . : : X .
locations with a high percentage of wind-borne sand and dust in-the air.
Applies to traveling to and between places that are less affegted by vibraion or more
7M1
affected by shock.
M2 Use or transportation in areas subject to high levels-of shock. Lack of carelin handling
and moving the product.

A.5 Selection of environment profile

A.5.1 General

Identify the most stringent environmental profile for €ach environmental parameter. Organize the

environme
environme

ntal factors identified in Table A.4.

A.5.2 Climatic condition

Table A.4— Climatic condition profile

htal profiles by selecting the harshest severity)for the same environmental parameter

for the key

Climatic condition severity
Environm fntal Environmental parameter Unit Transport Storage Use Eny 1ronmenta.l
factorp parameter profile
2K1 2K2 2K3 1K3 7K2
Low tempeifature Temperature °C +5 -25 -25 -5 -5 Storage: _%5 ¢
Use: =5 °C
. o — Stagrage: +70 °C
High tempefature Temperature C +60 +70 +45 +45 Use: +45 °C
Rate of temperature change °C/min — — — 0,5 — d,5 °C/min
Temperature|change
Temperature range (min/max) °C — -25/ +25|-25/ +30 — -5/+25 (-P5to0 30) °C
3
Humidity High temperature and humidity ogr‘/;‘l(;l DOII; +30/75 | +30/75 | +40/95 95 95 40°C/95 %
Condensation/icing | Presence of condensation/icing — — — — Yes Yes Yes
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 . Environmental parameter
Unit Transport Storage Use .
factors parameter profile
783
Sand mg/m3 — — 10 000 10 000 ng/m3
Sand/dust Suspended dust mg/m3 — — 20 20 mg/m3
Settled dust mg/(m?h) — — 80 80 mg/[m2h)
A.5.5 Mechanical condition
Table A.7 gives the mechanical condition profile.
Table A.7 — Mechanical cendition profile
Mechanieal condition severity .
. . Environmen-
Environmentpl | Environmental ]
£ Transport Storage Use t3l parameter
actors parameter profile
2M1 2M2 2M3 1M1 7M2
(2Hz to 9 Hz, (2Hzto (2Hz to 9 Hz,
3,5 mm), (Rt 9Hz, )y 8H,75mm),| 9Hz | 3,5mm), (9Hzto | , PHZte8Hz
Frequency, 3,5 mm), (9 Hz to 7,4mm), (8 Hz to
. . . (9 Hz to 200 Hz, 2 (8 Hz to 200 Hz, 0,3 mm), 20 Hz, 2
Vibration amplitude or 2 200 Hz, 10 m/s?), 2 2 200 Hz, 20 m/s?),
: 10 m/s?), (200 Hz 20 m/s?), (200 Hzto| (9 Hzto 10 m/s?),
acceleration (200 Hz to 2 (200 Hz to 500 Hz,
to 500 Hz, 15 m}. 500 Hz, 15 m/s2) 500 Hz, 40 m/s?) 200 Hz, (20 Hz to 500 Hz, 40 m/s2)
s2) ’ 1m/s?) 15m/s?)
2/43 2/43
(1 m?/s%, 10z to | (1 m?/s% 10 Hz to (3 m2/s3,10 Hz to (1 m2/s3,10 Hz to | (3 m?/s3,10 Hz to
. . Frequency, 200 Hz), 200 Hz),
Vibration (rar}- acceleration (0383 m2/ (0,3 m?/ 200 Hz), . 200 Hz), 200 Hz),
dom) - NS 35 (1 m2/s3,200 Hz to (0,3 m?2/s3,200 | (1 nh2%/s3,200 Hz to
spectral density $52200 Hz to s3,200 Hz to 2000 Hz) Hz to 2 000 Hz) 2000 Hz)
2000 Hz) 2000 Hz) z z z z
Impact Acceleratjon. 11ms, 100 m/s2 | 11 ms, 100 m/s? 11 ms, 300 m/s? 4202nrln/ss,2 11ms, 100 m/s? | 11ms, 300 m/s?
Drop Freefall — — — — 250 mm 250 mm

A.5.6 Us¢rdefined condition

Table A.8 gives the user defined condition profile.
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