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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication "as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the\subject of pa
shall not be held responsible for identifying any or all such patent rights.

| was prepared by Technical Committee ISO/TC 173, Assistive products for persons with disab
ee SC 1, Wheelchairs.

d edition of ISO 10542-1 cancels and replaces ISO 10542-1:2001, ISO 10542-2:2
3:2005, ISO 10542-4:2004 and ISO 10542-5:2004, which have-been consolidated into one pa

consists of the following parts, under the general title Techrical systems and aids for disable
d persons — Wheelchair tiedown and occupant-restraint.systems:
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Introduction

Many wheelchair users remain in their wheelchairs during motor-vehicle transport and hence their wheelchair
serves as a vehicle seat. This usually means that the occupant restraint system installed by the vehicle
manufacturer cannot be used to provide protection in a crash. In addition, the wheelchair needs to be secured to
the vehicle so that it does not impose forces on its occupant and/or become a hazard to other vehicle occupants
in collisions or sudden vehicle manoeuvres. Providing safe transportation for wheelchair-seated occupants
therefore requires that equipment be used to provide effective wheelchair securement and occupant restraint.

This part of ISO 10542 apphes to the design, testmg, installation and use of wheelchalr tledown and occupant

restfa gtion-related
req |rements for Wheelcha|rs that are suitable for forward- facmg occupant seatlng dur|ng motor vehicle
tran

Th hair-seated
occypants involved in frontal collisions and it is anticipated that additional parts of ISQ,10542 will b¢ developed
to bper use of

of crashes,

provisions of this part of ISO 10542 are based on the premise that WTORS manufacturers are g
to control the end use of their products. This part of ISO 10542'therefore requires that WTOH

enerally not
RS intended

in ajnominally worst-case 48 km/h, 20 g frontal sled impact test.using an 85 kg surrogate wheelchai
a m|dsize adult male anthropomorphic test device (ATD) to dynhamically load the WTORS.

Althiough the forces on WTORS components in a small per¢éntage of real-world crash events may e
prodluced in the nominally worst-case frontal-impact test'in this part of ISO 10542 due to a numbe
inclliding higher crash severities, angled frontal .impacts, a higher wheelchair mass, and a high
mags, there is currently no evidence of any WTAORS system or component failing in a real-world g
while the performance of WTORS in real-world.¢rash events needs to be carefully and continuously
at this time there is no basis for increasing'the mass of the surrogate wheelchair, the crash-test du
cragh severity used in the frontal-impact\test of WTORS intended for general use in this part of
However, in addition to testing to the conditions set forth in this part of ISO 10542, WTORS manuf3
alsq test their equipment to higher'test conditions than those required by this part of ISO 10542.

Thig
too
perq

part of ISO 10542 requiresthat every WTORS include a belt-type occupant restraint since th
Ccupant protection has’been shown to be the most effective in frontal crashes, vehicle rollovers,
entage of side impacts, and can be implemented relatively straightforwardly in forward-fag

erformance
(SWC) and

ceed those
r of factors,
br occupant
rash. Thus,
monitored,
mmy, or the
ISO 10542.
cturers can

s approach
and a large
ing seating

pos
crag
of I
belt

tions of passengéryvehicles. Since the use of only a pelvic belt restraint will not provide the s
h protection and safety as the use of both a pelvic belt restraint and an upper-torso belt restr
BO 10542 requires, and only specifies test methods for, WTORS that include both pelvic and
restraintsystems.

In this regard, while ISO 7176-19 does not require wheelchairs to be crash-tested with a wheelchg

pel\ic-belt restraint, it does allow for this restraint condition, which can offer benefits to wheelchair

me level of

aTnt, this part

upper-torso

ir-anchored
passengers

in termsof Tmproved bett-restraint fitto their tower pefvic Tegion and Teduced mterference with th

eir personal

space by drivers or attendants. In this situation, the tiedown portion of a WTORS will be subjected to higher
loading conditions than with vehicle-anchored pelvic belts since a portion of the occupant restraint loads
will be transferred through the wheelchair to the wheelchair tiedown/securement system. Thus, WTORS
manufacturers may also wish to crash-test their tiedown/securement systems with a pelvic-belt restraint
anchored to the surrogate wheelchair.

For accessible transport vehicles intended for use by both sitting and standing passengers (ATV-SS) for which
crash events of any significance are rare events, it is generally sufficient to provide equipment and/or systems
that provide for effective wheelchair containment and retention of the wheelchair-seated passenger in their
wheelchair seating system. Such systems can be evaluated using simulated non-crash vehicle accelerations
and decelerations that are less than 1g that are generated in emergency vehicle manoeuvres. For this reason,
the use of rearward-facing wheelchair passenger spaces (RF-WPS) can provide a reasonably safe approach
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to transporting wheelchair-seated passengers in a manner that is more acceptable to the operational needs of
the transportation system. Performance of RF-WPSs is therefore addressed by ISO 10865-1.

At the time this part of ISO 10542 was developed, the four-point strap-type tiedown system was considered to
be the most effective and universal method for securing a wide range of wheelchairs occupied by passengers
travelling in public, school, and private vehicles. For this reason, ISO 7176-19 requires that wheelchairs
intended for use as seats in motor vehicles provide for securement using a four-point strap-type tiedown
system by providing at least four designated securement points, with two at the front and two at the back.
However, wheelchairs can also be secured in motor vehicles using docking-type tiedown devices, such that the
wheelchair is automatically secured when the wheelchair user moves his/her wheelchair into the designated
wheelchair space. Currently, use of these types of securement systems is primarily limited to private vehicles
where docKing securement components added to the wheelchair are matched to the securement devide in
the vehicle | Annex F provides specifications for a universal docking interface geometry (UDIG), which, When
implementdd into the securement components of wheelchairs, either by wheelchair manufacturers’or-by after-
market wheglchair adaptors, will allow wheelchair users increased independence and reduce the'time required
for loading gnd unloading wheelchair passengers in public vehicle environments.

This part of ISO 10542 establishes additional requirements for WTORS that are intended to be used with
specific makes and models of wheelchairs. The belt-type occupant restraints may,attach to the wheeldhair
such that o¢cupant-restraint loads will be transferred through the wheelchair. As such;the performance of both
the WTOR$ and wheelchair are evaluated as a total system.

vi © IS0 2012 — All rights reserved
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Technical systems and aids for disabled or handicapped
persons — Wheelchair tiedown and occupant-restraint systems —

Part 1:

Requirements and test methods for all systems
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Scope

part of ISO 10542 specifies design and performance requirements and associated test 1
elchair tiedown and occupant-restraint systems (WTORS), as well as requirements for prod
labelling and manufacturers’ instructions and warnings to installers and consumjers. It is app
DRS that use belt-type occupant restraints that are intended for occupied wheelchairs used
g seats by passengers and drivers of motor vehicles.

elchairs, including three- and four-wheeled scooters, used by children and adults with a body
r greater than 22 kg. It is applicable also to WTORS designedor limited use with a particu
el of wheelchair.

part of ISO 10542 is applicable primarily to complete )WTORS, but portions can also bq
ponents and subassemblies sold separately and for replacement parts.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. Forundated references, the latest edition of the reference
uding any amendments) applies.

3795, Road vehicles, and tractors and machinery for agriculture and forestry — Determinatio
aviour of interior materials

6487, Road vehicles = Measurement techniques in impact tests — Instrumentation
7176-19:2008, Wheelchairs — Part 19: Wheeled mobility devices for use as seat in motor veh

E R 16:2009, Uniform provisions concerning the approval of safety belts, restraint systems, ch
lems and jsofix child restraint systems for occupants of power-driven vehicles, Revision 6, 19 N

SS 209; Seat belt assemblies, Federal Motor Vehicle Safety Standards, 49 CFR part 571.209, 1 O

hethods for
ict marking
icable to all
as forward-

part of ISO 10542 is applicable to WTORS intended for use with\all types of manual apd powered

mass equal
ar make or

applied to

For dated
d document

n of burning

icles

ild restraint
lay 2009

ctober 2004
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For

31
adu

Terms and definitions

the purposes of this document, the following terms and definitions apply.

It

person having a mass equal to or greater than 43 kg

3.2

airbag

device installed to supplement occupant restraint systems in power-driven vehicles, i.e. system which, in the
event of a severe impact affecting the vehicle, automatically deploys a flexible structure intended to limit, by
compression of the gas contained within it, the gravity of the contacts of one or more parts of the body of an
occupant of the vehicle with the interior of the passenger compartment

© 1SO 2012 — All rights reserved
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3.3

anchor point

location on a vehicle interior component, floor, wall, wheelchair or wheelchair tiedown, to which an
anchorage is attached

3.4

anchorage

assembly of components and fittings by which loads are transferred directly from the wheelchair tiedown to the vehicle,
or from the occupant restraint to the vehicle, or wheelchair, or wheelchair tiedown or vehicle interior component

3.5

anthroponjorphic test device
ATD
articulated physical analogue used to represent a wheelchair occupant in a test

3.6
automatic{locking retractor
device to agcommodate a belt or strap, allowing extraction of the belt or strap to the desired4ength and which,
when the ogcupant restraint or wheelchair tiedown is fastened, automatically adjusts the-belt to the weargr or
strap to the|wheelchair

NOTE Further extraction of the belt or strap is prevented without voluntary intervention.

3.7
back restraint
device or system intended to limit rearward movement of an occupant during an impact by providing supjport
to the back |of the torso

3.8
belt
length of we¢bbing material used as part of an occupant restraint or postural support

3.9
child
person having a mass equal to or greater than 22 kg and less than 43 kg

3.10
clamp-typ¢ tiedown
method of wheelchair tiedown or securement that uses only mechanical linkages and/or grips requiring mapual
positioning pnd tensioning of the-end fittings to the wheelchair

3N
docking tigdown devicé

docking sgcurement device
assembly of fixturessand components designed for installation in motor vehicles for the purpose of securipg a
wheelchair py engaging with, and locking onto, securement points on the wheelchair frame or on wheeldhair
securement adaptors attached to the wheelchair frame

NOTE Securement of the wheelchair generally occurs automatically during wheelchair engagement with the device
in the vehicle, but release of the wheelchair usually requires operation of a mechanical lever or electrical switch.

312

emergency-locking retractor

retractor with length-adjusting components, which automatically adjust the strap to the wearer, and a locking
mechanism actuated in an emergency by deceleration of the vehicle (single sensitivity) or a combination of
deceleration of the vehicle, movement of the webbing or any other automatic means (multiple sensitivity)

NOTE During normal driving conditions, the retractor does not restrict the freedom of movement of the wearer of the
occupant restraint.

2 © 1S0 2012 — All rights reserved
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313

end fitting

hardware at the securement end of a wheelchair tiedown strap designed to attach to wheelchair securement points
on a wheelchair or wheelchair adaptor for the purpose of anchoring the wheelchair in a moving motor vehicle

314
excursion
horizontal movement of an ATD or wheelchair relative to its initial position in an impact

315
fastener
device used 1o physically secure hardware components and parts in place

NOTE These include, but are not limited to, bolts, nuts, screws, pins and rivets.

31

forward-facing
orientation in which the wheelchair-seated occupant faces the front of the vehicle, with the wheelchdir reference
plane within ten degrees of the longitudinal axis of the vehicle

3.17
four-point strap-type tiedown
whgelchair tiedown system that uses four strap assemblies to securethe‘wheelchair in the vehicle, pttaching to
the Wwheelchair at four separate securement points and to the vehicle at four separate anchor points

3.8
harpess
occppant-restraint assembly consisting of at least one bélt designed to provide pelvic restraint and two belts
that|restrain the upper torso by applying forces to both shoulders

3.19
head restraint
device whose purpose is to limit the rearward displacement of an occupant’s head in relation to his[her torso in
ordIr to reduce the danger of injury to thelcervical vertebrae in the event of an accident

3.2
H ppint
poirtlocated on the left and right.sides of the pelvic region of an anthropomorphic test device (ATD) thpt represent
the ppproximate locations of the human hip joint centres in the side views, as specified by the ATD mjanufacturer

3.21
implact simulator
dev|ce capable of fuffilling the dynamic test requirements specified within Annex A

3.21
imTct sled

parf of‘an impact simulator to which components can be mounted for impact testing

3.23
manual adjustment device

mechanism that enables the length and/or tension of a tiedown strap to be adjusted without the use of tools
when securing a wheelchair in a vehicle

3.24

occupant restraint

system or device designed to diminish the risk of injury to its wearer, in the event of collision or abrupt
deceleration of a motor vehicle, by limiting the mobility of the wearer’s body

© 1S0O 2012 — All rights reserved 3
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3.25

pelvic belt restraint
lap belt restraint
lower-torso restraint

pelvic belt
lap belt
portion of an occupant restraint which passes across the front of the wearer’s pelvic region
See Figure 2.
3.26
point P
reference ppint that lies at the cross-sectional centre of a cylinder of diameter 100 mm and length 200/mm,
positioned with the longitudinal axis perpendicular to the wheelchair reference plane such that/he cufved
surface of the cylinder contacts the back support and the upper surface of the seat
See Figure|1.
Dimensions in millimétres
— 200 |
|~ 1 [ \/
Key
1 cylinder,|diameter 100 mm
P pointP
a8  Wheelchair reference plane.
b WheelcHair ground plane.
Figure 1<-~=Wheelchair reference point P and wheelchair reference plane
3.27

postural slipport
postural belt
component or length of webbing material used to support a person in a desired seated position, but not intended
to provide occupant restraint in a vehicle impact

3.28

powered docking tiedown device

powered docking securement device

docking tiedown device that uses external power to secure and/or release the wheelchair

3.29
securement points
points on the wheelchair to which wheelchair tiedowns are connected

NOTE Securement points may be located on hardware components that are permanently or temporarily fastened to
the wheelchair.

4 © 1S0 2012 — All rights reserved
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3.30

specific wheelchair model

SWM

make or model of wheelchair for which the WTORS is specifically designed

3.31
strap
length of webbing material used in a wheelchair tiedown

3.32

surrogate wheelchair
sSw
rigid, reusable device that conforms with Annex E and that is used to simulate a wheelchair fornthg purpose of
testlng wheelchair-tiedown and occupant-restraint systems

3.3

tes{ wheelchair

TW

SW{C or SWM wheelchair that is used to test wheelchair-tiedown and occupant-restraint systems

3.3

thrge-point belt restraint
threee-point belt

assembly of hardware and belt webbing comprised of both a pelvic belt restraint and a shoulder helt restraint
witH three anchor points that connect together near the hip of th& user

Sed Figure 2.

Key
1 Hiagonal b€l restraint
2 pelvic beltrestraint

Figure 2 — Three-point belt restraint

3.35

universal docking interface geometry

UDIG

specifications for the size, shape and location of wheelchair securement points, including surrounding clear
zones, intended for engagement with different docking tiedown devices in a wide range of vehicles

3.36
UDIG adaptor
wheelchair tiedown adaptor that conforms to the UDIG specification in Annex G

© 1S0O 2012 — Al rights reserved 5
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3.37

upper-torso restraint

shoulder belt restraint

diagonal belt restraint

shoulder belt

diagonal belt

portion of an occupant restraint intended to limit movement of the chest and head, which passes diagonally
across the front of the chest from the hip to the opposite shoulder

3.38
webbing
woven matgrial, used in belt and strap assemblies of occupant restraints and wheelchair tiedowns

3.39
webbing ghide
hardware Igop or ring anchored to a structural member in the vehicle or wheelchair back support, thrqugh
which an ogcupant restraint belt passes, and changes direction, along the path to the vehigle”anchor poin

3.40
wheelchair footprint
space outliped on the horizontal wheelchair ground plane by projecting vertically-down from the outermost
edges of the structural members that comprise the mobile base and seat of the“wheelchair

3.41
wheelchailf ground plane
plane reprepenting the surface on which the wheelchair rests

See Figure|1.

3.42
wheelchail reference plane
vertical plage in the longitudinal centre line of the whe€lchair

See Figure|1.

3.43
wheelchail tiedown adaptor

wheelchailf securement adaptor
hardware that is attached temporarily’or permanently to the wheelchair frame to accommodate wheeldhair
securement by a wheelchair tiedown device

3.44
wheelchair-tiedown and’o¢cupant-restraint system
WTORS
complete r¢straint_system for wheelchair-seated occupants comprised of equipment for wheelchair tiedpwn
and a belt-type oceupant restraint

3.45
wheelchair tiedown

wheelchair securement

device or system designed to secure a forward-facing wheelchair in place in a motor vehicle

4 Design requirements
41 WTORS

411 The WTORS shall:

a) consist of equipment to secure the wheelchair independently of the occupant;

6 © 1S0 2012 — All rights reserved
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b)

c)

d)

f)
g)
h)

4.1
a)

b)
4.2
4.2.

Ina

4.2.

4.2.

ISO 10542-1:2012(E)

be designed for use with only one wheelchair and one occupant at a time;

include a belt-type occupant restraint, either by specifying use of the occupant restraint and anchorages
provided with the vehicle, or by providing a belt-type occupant restraint with the wheelchair tiedown that is

designed to anchor to the vehicle or to parts of the wheelchair tiedown;

NOTE Specification of a vehicle-equipped belt-restraint system is primarily for situations in which
is intended for use by drivers but, even in this situation, it is recommended that the WTORS manufactu

the WTORS
rer provide a

complete system, including both wheelchair tiedown and occupant restraint, for after-market installation in the vehicle.

not require components of wheelchair tiedowns and occupant restraints to pass through the wheels of

awheelchair:
T

not require removal of wheelchair frame material, drilling into the wheelchair frame, deform
wheelchair, welding, or use of an adhesive process during installation;

once installed, be operable without tools;
incorporate features to prevent unintentional loosening of all fasteners;

have all small manually detachable hardware and fittings tethered to WTORS subassemblies;

.2 WTORS for specific wheelchair models shall include a belt<type occupant restraint either:

as stipulated in 4.1.1 c¢), or

by providing a belt-type occupant restraint that anchors to the specific wheelchair model.
Wheelchair tiedowns
I General

Hdition to the requirements of 4.1, wheelchair tiedowns and tiedown components shall:

not release if any wheelchair,component deforms, or if one or more tyres deflate during a veh
include a means to minimize vehicle-induced movement of the wheelchair that does not require the
not depend on the wheelchair brakes;

not utilize the oeCupant restraint to secure any portion of the wheelchair.

R Four:point strap-type tiedowns

include a manual override in case of power failure for any power-operated tiedown or restrain.

ation of the

and

cle impact;

use of tools;

R (1 Four-point strap-type tiedowns shall be designed for effective attachment and tensionin

J on a wide

rangeé of wheelchair types and sizes while meeting the angles in Figures 3 and 4, by providing adjustment in

stra

NOTE

p assembly length, adjustment in the fore/aft location of vehicle anchor points, or both.

tiedown system should be effective.

Figure 1.1 shows recommended securement-point zones on wheelchairs for which a four-point strap-type

4.2.2.2 All securement-point end fittings of four-point tiedown assemblies shall effectively engage with
the securement points specified in Figure E.4, and function accordingly when tested to the performance
requirements in Clause 5.

© 1SO 2012 — All rights reserved
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Dimensions in millimetres

T~
]
/

300
10° 0
Key
1 rear secyirement points
NOTE The angles shown are obtained by projecting the angle of each tiedown strap©nto a vertical plane parallel to (side view) or

perpendicularito (rear view) the wheelchair reference plane.

a  WheelcH

Figure 3 —

air reference plane.

Preferred angles of rear wheelchair tiedown straps and locations of tiedown anchor po

nts

Dimensions in millimétres

_ W\ P

g >
/'f | A ? S
% | ]
T 7
24 300 'ﬁA
g
Key
1 front securement points
NOTE The angles shown are obtained by projecting the angle of each tiedown strap onto a vertical plane parallel to (side view) or

perpendicular to (front view) the wheelchair reference plane.
2@  Wheelchair reference plane.

Figure 4 — Preferred angles of front tiedown straps and locations of tiedown anchor points
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4.2.3 Docking tiedown devices

4.2.3.1 The docking tiedown device shall:
a) provide a head restraint if the docking tiedown device includes a back restraint;

b) provide auditory and visual means for indicating to the wheelchair user and vehicle driver when the
wheelchair has been successfully secured and released;

c) include a manual override to release the wheelchair in the event of loss of power to any power-operated
mechanisms that is accessible by an attendant;

d) |remain in the locked position until manually released, in the event of loss of powenta/ny power-
operated mechanisms;

e) |allow for accessible operation by the occupant of any electrical or mechanical deyices that ar¢ necessary
to engage or disengage the docking components;

f) |prevent inadvertent release during normal or emergency vehicle operation.

4.2.B.2 For effective operation, the engagement mechanism of the docking tiedown device shouyld allow for
misalignment between a wheelchair and docking securement device when:

a) |the wheelchairis laterally displaced from the midline of the docking station as much as 25 mm in either direction;

NOTE 1 For docking tiedown systems designed for engagement with a UDIG adaptor, it is recommended to allow
for lateral misalignment of as much as 75 mm in either direction.

b) |the wheelchair reference plane is rotated from the fongitudinal centre line of the vehicle by as much as 10°
in either direction;

c) |the structural components on the wheelchair that comprise the wheelchair securement pointd are angled
relative to the vertical by as much as 10°n any direction;

d) [the height of any structural companents comprising the wheelchair securement points vary vertically by as
much as 20 mm due to low tyre inflation of the wheelchair.

NOTE 2  For docking tiedown systems designed for engagement with a UDIG adaptor it is recommended to
accommodate for vertical varjation as much as 50 mm

4.2.8.3 If the docking.tiedown device is intended to secure a wide range of wheelchairs in a wide range of
public vehicles, it should be designed to effectively engage with the UDIG specifications in Annex F, and function
accordingly when'tested to the performance requirements in Clause 5.

4.2.4 Clamp-type tiedowns

p-type wheelchair tiedowns shall be designed such that securing and releasing the tiedowh according

he-rhanufacturers-nstruction-shall-notreguire-operating-forces-in-excess—of-80-N-for-hand-eperated and
100 N for foot-operated devices or 2,25 N-m torque for screw-operated clamp-type tiedowns, and function
accordingly when tested to the performance requirements of Clause 5.

4.3 Wheelchair securement adaptors

4.3.1 Ifa WTORS is designed to be used with a wheelchair securement adaptor, the adaptor shall:

a) not require removal of wheelchair frame material, drilling into the wheelchair frame, deformation of the
wheelchair, welding, or use of an adhesive process during installation;

b) be designed to prevent inadvertent loosening from the wheelchair frame during normal use.

© 1S0O 2012 — All rights reserved 9
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4.3.2 Ifthe docking tiedown device is intended to secure a wide range of wheelchairs in a wide range of public
vehicles, the wheelchair securement adaptor should conform to the UDIG specifications in Annex F.

4.4 Occupant restraints

4.41 In addition to the requirements in 4.1, occupant restraints shall:
a) have both pelvic and upper-torso belts designed to apply forces to the occupant’s skeletal regions;

b) have belt restraints that can be adjusted in length without the use of tools.

4.4.2 When set up and measured in accordance with Annex B, occupant restraints shall:
a) produck rear-view projected angles of the pelvic belt within the zones shown in Figure 5;

b) producg side-view projected angles of the pelvic belt between 30° and 75° to the horizontalvand preferpbly
betwedn 45° and 75°, as shown in Figure 5;

c) providg for a range of adjustment of the pelvic belt restraint that allows for increasing and decreasind the
total bglt length by 200 mm from the nominal setup conditions, with at least 25"mm of webbing extenging
through any fitting where adjustment takes place;

d) providg for a range of adjustment in the upper-torso restraint that allowsforincreasing the length by 200 nm,
and shprtening the length by 300 mm, from the nominal setup conditions, with at least 25 mm of webping
extend|ng through any fitting where adjustment takes place, when\tested in accordance with Annex B;

e) have the junction of the shoulder and pelvic belts of three-pointbelt restraints located not less than 150|mm
from thie ATD centre line.

4.4.3 If ogcupant restraints include structural components for the attachment of upper anchorages or gujdes
for upper-tgrso belts, locations for the upper anchor pgdints shall be provided that are

a) adjustgble in height so they can be positioned’at or above the shoulder level of the intended user(s), ¢

=

b) located at least 1 100 mm above the wheelchair ground plane.

4.4.4 Ocgupant restraints shall

a) only uge an airbag for supplementary restraint in conjunction with a wheelchair tiedown and belt-fype
occupgnt restraint that conform with the requirements of this part of ISO 10542, and

b) notdepend on an aifbag in order to conform with the performance requirements of this part of ISO 10942.

10 © 1S0 2012 — All rights reserved
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Key

Z]  preferred zone
NN optional zone

NOT]

or pqrpendicular (rear view) the wheelchair reference plane.

a

5

5.1

5.1.
tied

a)

b)

5.1.

ISO 10542-1:2012(E)

Dimensions in millimetres

/l

[

V]
A
300
152 15°

= The angles indicated are obtained by projecting the angle gfthe pelvic belt onto a vertical plane that is parallg

\Wheelchair reference plane.

Figure 5 — Ranges of angles for pelvic belts

Performance requirements

WTORS components

| to (side view)

I All webbing, metal-parts, buckles, release mechanisms and adjustment mechanisms of| wheelchair

bwn and occupantzrestraint systems shall conform to the applicable subclauses indicated in th¢ applicable
colymn of Table 1_or Table 2 of either

ECE regulation No. 16, or

FMVYSS 209 seatbelt assemblies.

2 Att vvcbbilly arct paddilly gsecHTWTORSshatthave—= bunlilly raterot UAbUUdilly +86-mmm/min when
tested as specified in ISO 3795.
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Table 1 — Applicable subclauses of ECE regulation No.16

Subclause Component Subject Ecrsf;;g:::ts Application?
6.2.11 rigid parts sharp edges — OR+WTD
6.2.1.2 rigid parts corrosion 7.2 OR+WTD
6.2.1.4 rigid parts cold impact test 754 OR+WTD
6.2.21 buckles correct use and size — OR
6.2.2.2 buckles closing/releasing 7.8.2 OR
6.7-2-3 brekies eold-matifg 53 oR
6.p.2.4 buckles repeated testing 7.7 OR
6.p.3.2 adjustment devices micro-slip 7.3 OR
6..3.4 belt-adjusting device force 75.6 OR + WTD

61.2.5 various belt retractors | performance 72,7611076.4 OR
6.2.6 preloading devices performance 7.2,79.2 OR
g.3.1 belts general specs 743 OR
6.3.2 belts strength 74447.4.2 OR + WTPD
6.3.3 belts strength 41,742 OR + WTD
6.4.2 belts strength 74.1.6,74.2,75 OR +WTD
a8  OR = ocfupant restraint, WTD = wheelchair tiedown.
Table 2 — Applicable subclauses-of FMVSS 209
Subclauge Component Subject FM:’:::;?‘?:;ZSB Application@

S41 (d hardware burrs and sharp edges — OR+WTD

S441 (e :stlaia;lsaenism design — OR

S4.1 (h webbing unravelling — OR+WTD

S4.2 (a webbing beltwidth S5.1(a) OR

S4.2 (b webbing breaking strength S5.1(b) OR +WTD

S4.2 (c webbing elongation S5.1(c) OR +WTD

S4.2(d webbing abrasion resistance S5.1(d), S5.3(c) OR

S4.2(d webbing abrasion resistance S5.1(d) WTD

S4.2 (e webbing light resistance S5.1(e) OR+WTD

S4.3 (a hardware corrosion resistance S5.2(a) OR +WTD

S4.3 (b Rardware temperature resistance S5.2(b) OR +WTD

S4.3 (d buckle release release force S5.2(d) OR

S4.3 (e) adjustment device | adjustment force S5.2(e) OR

S4.3 (f) tilt-lock devices locking angles S5.2(f) OR

S4.3 (g9) buckle latch separation force S5.2(g) OR

S4.3 (i) belt retractor performance S5.2(i) OR

S4.3 (j) belt retractor performance S5.2(j) OR

S4.3 (k) belt retractor performance S5.2(k), S4.4 OR

S4.4 (a) pelvic restraints performance S5.3(a) OR

S4.4 (b) 3-point restraints performance S5.3(b) OR

2  OR = occupant restraint, WTD = wheelchair tiedown.

12
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5.2 Frontal impact requirements

5.2.

a)

b)

5.2

a)

b)

Wh[n the WTORS is tested in accordance with Annex A using an SWC, the following requireme)

met|{during the test:

1 General

-1:2012(E)

When the WTORS is tested in accordance with Annex A using an SWC, the requirements of 5.2.2 and

5.2.3 shall be met during and after the test.

Ifa WTORS is tested in accordance with Annex A using an SWM, the requirements of 5.2.4 and 5.2.5 shall

be met during and after the test.

given in Table 3;

the wheelchair tiedown shall prevent the TWC from imposing forward loads*on the ATD, as i
the ATD knee excursion exceeding the TWC point-P excursion by 10 %.-or more (xknee/xwc > 1

Table 3 — Horizontal excursion limits

hts shall be

the horizontal excursions of the ATD and SWC with respect to the impact sled shall not exceed the values

hdicated by
).

Excursion limit
Measurement point Excursion variable
mm
Point P of TWC Xwe 200
ATD knee centre Xknea 375
ATD front of head Xhead 650

xwelis the forward horizontal distance relative to the sled ptatform between the point-P target on the TWC at time #g an
tardet at the time of peak wheelchair excursion.

xknde is the horizontal distance relative to the sled-platform between the ATD knee joint target at time 79 and the knee-
thetime of peak knee excursion.

d the point P

oint target at

xheddF is the horizontal distance relative to the sled platform between the most forward point on the ATD’s head above thg nose at time
to ahd the most forward point on the ATD’sshead at the time of peak head excursion.
5.2.3 Requirements after'the test when tested with SWC
Whéen the WTORS ds\tested in accordance with Annex A with an SWC, the following requirements $hall be met
at the conclusion(gf-the test.
a) |The ATD.shall be retained in the seat of the TWC.
b) | Thé TWC shall remain on all four wheels on the impact sled platform.
c) NOWTORS anchorage components of Securement end Tittings shalt be detached or separated.
d) Release of the TWC from the wheelchair tiedown shall not require the use of tools.
e) Release of the ATD from the occupant restraint shall not require the use of tools.
f)  No part of the WTORS shall exhibit visible signs of tearing, fragmentation, fracture, or complete failure of any
load-bearing part, unless such parts are intended to fail in a manner that limits the forces on the occupant.
g) The WTORS shall exhibit no dangerous roughness, sharp edges or protrusions likely to increase the risk

of injury to the occupant.

© 1SO 2012 — All rights reserved
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5.2.4 Requirements during the test when tested with SWM

When the WTORS is tested in accordance with Annex A using an SWM, the following requirements shall be
met during the test:

a) the horizontal excursions of the ATD and SWM with respect to the impact sled shall not exceed the limits
specified in ISO 7176-19:2008, 5.2.1 a);

b) except for cases where the pelvic-belt restraint anchors to the SWM, the wheelchair tiedown shall prevent
the SWM from imposing forward loads on the ATD as specified in 5.2.2 b);

c) hall

5.2.5 Requirements after the test when tested with SWM

When the WTORS is tested in accordance with Annex A using an SWM, at the conclusion,ofithe test:
a) the requirements of 5.2.3 c) to 5.2.3 g), and

b) the requirementin ISO 7176-19:2008, 5.2.2

shall be met.

5.3 Webbing slippage at tiedown adjustment devices

When testedl in accordance with the procedure givenin ECE R 16:2009; 7.3, or Annex C of this part of ISO 10542,
strap-type qdjustment mechanisms of wheelchair tiedowns shallkrét show slippage greater than 25 mm.

5.4 Partipl engagement of anchorage and securement components

When WTQRS anchorage and securement componehis are tested in accordance with Annex D, all improper
and partial engagements shall separate with a force-of less than 22 N.

5.5 Linear and rotational wheelchairmovement

Docking deyvices should minimize wheelchair movement during normal vehicle operation. Manufacturers shpuld
evaluate th¢ potential for linear and retational wheelchair movement using the test method given in Annex G.

6 Identification, labelling, instruction and warning requirements
6.1 Identification-and labelling

6.1.1  WTPRS and replacement parts shall be permanently and legibly marked with

a) the manufacturer's name or trademark,

b) the month and year of manufacture, and any other identification necessary to clearly identify a WTORS in
the event of a product recall, and

¢) anindication that the WTORS conforms to ISO 10542-1:2012.

6.1.2 Primary WTORS components and subassemblies shall be accompanied by information that includes
a) the manufacturer’'s model and part number or an equivalent identification code, and

b) the name and intended use of each detachable WTORS component (e.g. right-rear tiedown, shoulder belt,
pelvic belt).

14 © 1S0 2012 — All rights reserved
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6.1.3 A permanent notice shall be provided with the WTORS for posting in the vehicle at the wheelchair
space, indicating the proper use and operation of the tiedown device and, if applicable, the manual override.
The notice design (size of lettering, colour and luminance contrast of the background) should take account of
people with visual impairment.

6.1.4 For WTORS that are intended for specific wheelchairs, the WTORS components and subassemblies
shall be accompanied by information that includes the make and model of the wheelchairs and the maximum
wheelchair and occupant mass which for which the WTORS can be used.

6.2 Instructions for installers

6.2.1 General

6.2.1.1 Manufacturers of WTORS shall provide written instructions for the installer in the-principal [anguage(s)
of the country in which it is marketed.

6.2.1.2 The instructions shall include statements that:

a) |the WTORS shall be installed for forward-facing wheelchairs;

b) |identify the number of separate packages containing WTORS components;
c) |the WTORS conforms to ISO 10542-1:2012;

d) [indicate the minimum specifications for all wheelchair tiedown and occupant-restraint anchoragge fasteners;
e) |identify any components to be permanently fastened to the wheelchair;

f) |indicate that the pelvic-restraint anchor points:shiould be positioned to achieve belt angles betwgen 30° and
75°, and preferably between 45° and 75° te, the horizontal, as shown in Figure 5, in order to fi{ low across
the pelvis and/or over the upper thighs and thereby reduce the possibility of the belt loading the abdomen;

g) |indicate that rigid vehicle components inside the clear zones (as shown in Figure 6) should be qovered with
padding that conforms to the impact performance requirements of FMVSS 201 or ECE R 21;

h) |indicate any limitations of dse;

i) |the permanent notice provided with the WTORS indicating the proper use and operation of the tieglown device
and, if applicable, tHe'-manual override, should be posted in a visible location close to the installed device.

6.2.1.3 The instrydetions shall include descriptions of:
a) |any wheelghair features that are required to allow correct fitting of tiedown adaptors;

b) |protedures for attaching tiedown adaptors to the wheelchair;

C) how-the WFORSstobeusedsothatthe-instatteris fu“y informed |cga|u'i||g thepurposeand function of
all components and how they should be installed;

d) the ranges of anchor-point or webbing guide locations of shoulder and harness restraints, and an
explanation that these points should be selected so that the belt webbing fits near the midpoint of occupants’
shoulder(s) and so that the height is at or above the shoulder heights of intended users, so as to minimize
downward loads on the spine in a frontal crash;

€e) minimum vehicle-strength recommendations at all WTORS anchor point locations.

6.2.1.4 The instructions shall include diagrams and drawings that illustrate:

a) acceptable methods for fastening WTORS anchorages to the vehicle, along with minimum strength
requirements for all WTORS anchor points;
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b)

0)

d)

an exploded-view drawing and a parts list for all components required in the installation;

the locations for anchor points of vehicle-anchored belt restraints relative to wheelchair tiedown anchor
points, along with the rear-view and side-view preferred angles for pelvic belt restraints as shown in Figure 5;

distances between WTORS anchor points and vehicle interior components, along with the rear clear zone

(RC2),

the front clear zone (FCZ) and the seated head height (HHT) as shown in Figure 6.

6.2.1.5 The instructions shall include statements that:

a)
b) both pe
c) vehiclg
d) additio
tested
e) a vehig
minimij
f) the WT]
g) an air
tiedow
h) itisim
ensure
NOTE T
points and m
i) the WT
vehicle
j) alterati
manuf3
k) compo
complg
I)  webbin
16

the WTORS shall be installed by a suitably qualified technician;

Ivic and upper-torso restraints shall be installed;
anchor points will require reinforcement, the suitability of which should be verified;

nal vehicle interior padding should have a burning rate that does not exceed 100,mm/min w
n accordance with ISO 3795;

le-anchored back restraint shall be provided, if a head restraint is anchored to the vehicle
re rearward deflection of the wheelchair back support and the potential’for'neck injury;

ORS shall not be installed in a manner that may interfere with the efféctive deployment of an air!

ag shall be used only as a supplementary occupant restraint/in conjunction with a wheeld
 and belt-type occupant restraint;

portant to locate the anchor points in accordance with,the WTORS manufacturer’s instructior
'he extent of head and chest excursions dependscon the location of the upper-torso belt restraint an|
ay increase as anchor-point distance above and behind the occupant’s shoulder increases.

ORS manufacturer shall be consulted. in case of questions as to the method of installation in
and/or of tiedown adaptors on the wheglchair;

bns or substitutions to the WTORS components shall not be made without consulting the WT(
cturer;

te system;

g shall be protected from contacting sharp corners and edges, and potential corrosive liquids.

hen

, to

hag;

hair

s to

that the anchor points of the upper-torso and pelvic:elts can achieve appropriate belt fit geometry;

chor

the

DRS

hents and subassemblies.from different manufacturers shall not be mixed in order to make ¢ip a
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Dimensions in millimetres
RCZ FCZ

~ ]

%/
L
HHT

HZW

HZW

Key

RCZ rear clear zone

FCZ front clear zone

HHT seated head height
HZV| half clear.zbhe width

NOTE 1 The\RCZ is measured from the rearmost point on an occupant’s head. The RCZ is 450 mm.
NOTE 2 Thé HZW is 220 mm.

NOTE 3 The FCZ is measured from the frontmost point on an occupant’s head. The FCZ is 650 mm with upper-torso
restraint. The FCZ may not be achievable with wheelchair-seated drivers.

NOTEZ— Afthough WTORS shafficiude an upper-torso restraimt, itshould be noted that the FCZ 15 950 Thm when the
WTORS is used with only a pelvic belt restraint.

NOTE 5 Seated head height ranges from about 1 200 mm for a small adult female to about 1 550 mm for a tall adult
male.

NOTE 6 Different values for the RCZ, FCZ, HTT and HZW might apply for WTORS designed for limited use with a
particular make or model of wheelchair.

Figure 6 — Clear zones for wheelchair-seated occupants
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6.2.2 Additional instructions for installers of four-point strap-type tiedowns

In addition to the instructions given in 6.2.1.1 to 6.2.1.5, manufacturers’ instructions for installers of WTORS
with four-point strap-type tiedowns shall include the recommendations for distances between anchor points of
wheelchair tiedowns and the information illustrated in Figures 3 and 4, indicating that:

a) the preferred side-view projected angle for the rear tiedown straps is between 30° and 45° from the horizontal,
b) the preferred side-view projected angle for the front tiedown straps is between 40° and 60°,

c) the preferred rear-view projected angle of the rear tiedown straps is within 10° of the wheelchair
reference-ptane—and

d) the preferred front-view projected angle of the front tiedown straps is within 25° of the wheelchairrefergnce
plane, put angled so as to provide some lateral stability to the wheelchair.

6.2.3 Additional instructions for installers of docking tiedown devices

In addition fo the instructions given in 6.2.1.1 to 6.2.1.5, manufacturers’ instructions for theinstallers of docking
tiedown deyices shall include statements indicating:

a) how th¢ wheelchair should be manoeuvred relative to the wheelchair statiorkfor effective engagementjand
disenghgement with the docking tiedown device;

b) recominended locations for electrical switches or other devices/inténded for use by the wheelghair
occupgnt or vehicle driver;

c) where [o position the docking tiedown device in the vehicle relative to occupant restraint anchor point$ for
the mogpt effective use of vehicle-anchored occupant restraint systems;

d) the requirements for electrical wiring and instructions for connecting to the power supply of the vehiclg;
e) where fhe fuses or circuit-breakers should be meunted in order to provide easy access;
f) any required modifications to the vehicle;

g) awarn|ng to consult the vehicle manufacturer before relocating original vehicle equipment;

h) awarning against damaging structural parts of the vehicle during installation of the docking tiedown deyice;

i) adesciription of the geometry.and location of the wheelchair tiedown adaptor(s) or wheelchair securement
point(s) required in order to_achieve effective engagement with the docking tiedown device;

j) if appli¢able, the procedure for installation and removal of the wheelchair tiedown adaptor.

6.2.4 Additional_instructions for installers of clamp-type tiedowns

In addition {o the, instructions given in 6.2.1.1 to 6.2.1.5, manufacturers’ instructions for the installer of WTQRS
that use clamp-type tiedowns shall include statements that:

a) identify the circumstances in which a wheelchair tiedown adaptor is needed;

b) if applicable, specify the wheelchair tiedown adaptor to be used with the WTORS and the procedure for
installation and removal.

6.2.5 Additional instructions for installers of tiedowns for specific wheelchair models

In addition to the instructions given in 6.21.1 to 6.2.1.5, manufacturers of WTORS components and
subassemblies that are intended to be used with specific wheelchair models shall provide written information
that includes

a) the make and model of wheelchairs and the maximum wheelchair and occupant mass that can be used
with the components and/or subassemblies or WTORS, and
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diagrams and/or drawings that describe the method of installation if the occupant restraint is to be anchored
to the wheelchair.

6.3 User and maintenance instructions

6.3.

1

General

6.3.1.1 Manufacturers shall provide written instructions for the use and maintenance of the WTORS in the
principal language(s) of the country in which it is marketed.

6.3.

a)

b)

g)

|1.2 The instructions shall include statements:

1)

2)

3)

4)

5)

that the WTORS conforms to ISO 10542-1:2012;

that care should be taken to prevent contamination of the webbing with polishes,'ails and chg
particularly battery acid, along with procedures and materials to be used for clgariing parts of t

that webbing should be protected from contacting sharp corners and edges;
of any limitations of use;

that occupant restraints should be adjusted to fit the user, and that:

that frayed, contaminated or damaged webbing, and broken or worn parts, should be replaced;

both pelvic and upper-torso restraints should be ‘ised to reduce the possibility of heaq
impacts with vehicle components,

the extent of head and chest excursions also*'depends on the location of the upper-torso
points and may increase as anchor-point distance above and behind the occupants shoulde

the pelvic belt should be worn low acress the front of the pelvis so as to bear upon the bony
the body, with any junctions between the pelvic and shoulder restraints located near the w

micals, and
ne WTORS;

and chest

belt anchor
rincreases,

structure of
earer’s hip,

the angle of the pelvic belt shotld be within a zone of 30° to 75° to the horizontal and prefgrably in the

zone of 45° to 75° to the:horizontal, as shown in Figure 5,

belts should not be held away from the body by wheelchair components or parts such as the
arm supports or wheels, along with illustrations similar to that of Figures 7 and 8,

wheelchair

occupant restraint belts should be adjusted as firmly as possible, consistent with user comfort,

upper-{orso restraints should fit over the shoulders,

upper<torso anchor or webbing guide points that are adjustable in height should be set at g
wheelchair occupant’s shoulders so as not to impose downward loads on the spine in th
frontal collision, and

r above the
b event of a

9)

restraint webbing should not be twisted,;

that a notice should be posted in the vehicle at the wheelchair space, indicating the proper use and operation
of the tiedown device and, if applicable the manual override procedures, and including information on how
to obtain this notice if not available in the vehicle.

6.3.1.3 The instructions shall include descriptions of

a)
b)

<)

how the WTORS is to be used,

the specifications of wheelchair tiedown adaptors, if applicable,

the specific features required of a wheelchair for effective attachment of tiedown end fittings, and
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d)

how to

inspect, clean and maintain all WTORS webbing and components.

6.3.1.4 The instructions shall include warnings that:

a)

6.3.1.5 Thq instructions for use should be supplied in a format suitable for display in a vehicle, and
accompanigd by a recommendation that they should be displayed in the wheelchair space.

20

the use of occupant restraints other than those specified by, or included in, the WTORS system may
compromise the performance;

the WTORS shall be used only with forward-facing wheelchairs;

WTORS components, including anchorages, shall be replaced if they are suspected to have been in use
during a severe impact, such as where the airbag is deployed or from which the vehicle must be towed;

the WTORS shall only be used with one wheelchair and one occupant at a time;
postural supports and belts shall not be relied upon for occupant restraint in motor vehicles;

auxilialy wheelchair equipment shall be effectively secured to the wheelchair or removed from
wheeldhair and secured in the vehicle during transport, so as not to break free and causg injury to vel
occupgnts in an impact;

items gttached to the wheelchair in front of the wheelchair occupant, other than foot supports, sha
removagd whenever possible and secured separately during transportation, in order to reduce the pote

for inju

'y to the wheelchair occupant and others in the vehicle.

RESTRAINTS SHOULD
NOT BE-HELD AWAY FROM
BODY BY WHEELCHAIR

COMPONENTS SUCH
AS ARMRESTS
OR WHEELS

the
icle

| be
htial

be

Figure 7 — Example of warning label illustrating improper positioning of occupant restraint belt
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PELVIC BELT RESTRAINTS
SHOULD MAKE FULL CONTACT
ACROSS THE FRONT OF
THE BODY NEAR
THE JUNCTION OF

=F THE THIGH
= AND PELVIS
C sl Y
@
Figure 8 — lllustration of proper belt positioning

6.3.2 Additional user and maintenance instructions for four-point strap-type tiedowns
In gddition to the instructions given in 6.3.1.1 to 6.3.1.5, manufaeciurers’ instructions for users shall include
recommendations for preferred angles of tiedown strap assemblies (see Figures 3 and 4), including| statements
that} whenever possible,
a) |the preferred side-view projected angle for the rear tigdown straps is between 30° and 45° from the horizontal,

b) |the preferred side-view projected angle for theifront tiedown straps is between 40° and 60°,

c) |the preferred rear-view projected angle_of the rear tiedown straps is within 10° of the|wheelchair
reference plane, and

d) |the preferred front-view-projectediangle of the front tiedown straps is within 25° of the wheelchgir reference
plane, and angled laterally so«@as to provide some lateral stability to the wheelchair.

6.3.3 Additional user and maintenance instructions for docking tiedown devices
In agldition to the instructions'given in 6.3.1.1 10 6.3.1.5, user instructions for docking tiedown devices shall include:

a) |the schedule fér'any maintenance requirements, including routine lubrication and adjustmentg;

b) |how to release the wheelchair from the docking device in the event of a power failure;

c) |the proeedure for manoeuvring a wheelchair in order to achieve effective engagement with the docking
seCurement device;

d) adescription of the geometry and location of the wheelchair tiedown adaptor(s) or wheelchair securement
point(s) required in order to achieve effective engagement with the docking tiedown device;

e) general information on any wheelchair securement adaptors that shall be provided for the wheelchair in
order to achieve effective engagement with the docking tiedown device.

6.3.4 Additional user and maintenance instructions for clamp-type tiedowns

In addition to the instructions given in 6.3.1.1 to 6.3.1.5, user and maintenance instructions for WTORS that use
clamp-type tiedowns shall include statements that:

a) specify the schedule for routine maintenance;

b) identify when wheelchair securement adaptors should be used;
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specify the procedure for installation and removal of wheelchair securement adaptors, if used;

not followed.

itional instructions for WTORS designed for specific wheelchair models

specify the procedures to attach and tension the clamp recommended by the manufacturer of the clamp(s);

the wheelchair can be adversely affected if the instructions of the wheelchair tiedown manufacturer are

In addition to the instructions given in 6.3.1.1 to 6.3.1.5, user instructions for WTORS for specific wheelchair

Il include

tions of the features required of the wheelchair for effective attachment of occupant rest
ages, if applicable, and

gs that the WTORS is only for use with a specific wheelchair.

Lctions for replacement parts and accessory WTORS components and
blies (when sold separately)

ht parts for WTORS, and accessory components of WTORS sold ‘separately, that conforr
requirements of this part of ISO 10542 shall

Cribed in accompanying pre-sale marketing literature as being.part of a system or systems wh
hance meets the requirements of this part of ISO 10542, and

blied with installation, user and maintenance instructions that include details of the WTORS dey
mponents with which they are compatible.

pports

bllowing information shall be included in;€ach test report resulting from one or more tests condu
ce with this part of ISO 10542:

nd address of test institution;

test;

test report number shown on each numbered page;

cturer, product{ and serial number, if applicable;

f type and-designation;

nd address of manufacturer;

raph of the WTORS test setup.

aint

h to

ose

ces

cted

c)
d)
e)
6.3.5 Add
models sha
a) descrig
anchor
b) warnin
6.4 Instr
subassen
Replaceme
appropriate]
a) bedes
perforn
b) besup
and co
7 Testr
71 Thef
in accordan
a) name @
b) date of
C) unique
d) manufe
e) produc
f)  name 3
g) photog
7.2

the requirements of the applicable subclauses of Clause 4 are met.

7.3
a)

b)

7.4

For the test of the performance of the WTORS components, the test report shall also include
the test results as specified in 5.1.1 and 5.1.2;

a statement as to whether or not the WTORS met the requirements of 5.1.1 and 5.1.2.

For the test of the design requirements, the test report shall also include a statement as to whether or not

For the test of the identification, labelling, instruction and warning requirements, the test report shall also

include a statement as to whether or not the requirements of the applicable subclauses of Clause 6 are met.
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7.5
a)
b)
c)
d)
e)
f)
9)

h)

7.6
des

If th

7.8
test

a)
b)
c)
d)

e)

7.9
a)

b)

ISO 10542

For the frontal impact test of Annex A, the test report shall also include:
a description and total mass of the ATD used in the test;
the measured or calculated value of the test velocity change;
descriptions and photographs of the WTORS and TWC as set up prior to the test;
a graph of the impact sled deceleration plotted against time and superimposed on Figure A.1;

the test results as specified in the applicable subclauses of 5.2;

-1:2012(E)

a statement as to whether or not the WTORS met the requirements of 5.2;

for clamp-type tiedown systems, a statement of whether the device is hand- or foot-operat
operation force used to secure and release the clamp-type wheelchair tiedown as spécified in

any other relevant observations.

If the frontal impact test of Annex A is conducted with an SWC, the.test report shall alg
cription of the modifications to the SWC used in the test, if applicable.

b frontal impact test of Annex A is conducted with an SWM, the test'report shall also include:
the model, designation and serial number of the SWM used in‘the test;

the manufacturer of the SWM used in the test;

the mass of the SWM and a detailed description of'its configuration;

descriptions and photographs of the SWM as set up prior to the test;

a statement that the SWM meets or does. ot meet each of the applicable requirements of 5.2.

For the tests of restraint belt geometry-and length adjustment specified in Annex B, the report shall
a photograph of the WTORS and wheelchair setup for the test;
the test results as specified-in B.7;
a statement as to whether or not the occupant restraint tested met the requirements of 4.4.2;

any other relevant-Observations.

For thetest for webbing slippage at adjustment devices of wheelchair tiedowns specified in A
report shall also include:

aphotograph of the test setup;

ed, and the
Annex A;

o include a

1 and 5.2.5.

Blso include:

nnex C, the

a photograph and description of each adjustment device tested;
the test results as specified in 5.3;
a statement as to whether or not the occupant restraint met the requirements of 5.3;

any other relevant observations.

For the test for partial engagement of Annex D, the test report shall also include:
a photograph and description of the components involved in each test;

the test results as specified in 5.4;
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c) a statementindicating whether the equipment met the requirements of 5.4;

d) any other relevant observations.
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Annex A
(normative)

Test method for frontal impact

A1 Principle

A tefst wheelchair (TWC) is mounted in a forward-facing configuration on the impact sled of an.impdct simulator
and|is loaded with an anthropomorphic test device (ATD).

The|l WTORS is installed to secure the TWC and restrain the ATD. The sled platform is suljjected to a
defined acceleration/deceleration-time pulse in order to achieve a defined horizental velocity change (Av).
Obgervations and measurements are made to determine whether the strength and performance of {the WTORS
are gatisfactory under the test conditions.

A.4 Test sample

An [unused WTORS, including upper-torso and pelvic restraints) ‘all fittings, anchorages, fagteners and
instructions for installation and use, shall be provided for testing. If a WTORS is designed to use| the vehicle
origjnal equipment manufacturer (OEM) belt-type restraint system, the WTORS manufacturer shall provide a
repriesentative OEM restraint system, appropriately modified for use in testing. Documentation shalllbe included
to indicate any components of the WTORS that are designed to provide controlled failure or deformation under
dynamic loading.

A.3 Test wheelchair selection

Se

¢ct a test wheelchair (TWC) for the frontal impact test as follows.

a) |If the WTORS is intended forwse with all types of manual and powered wheelchairs, then the TWC will
consist of the surrogate wheelehair (SWC) constructed in accordance with Annex E.

b) |If the WTORS is intended-to be used only with specific makes and models of wheelchairs, thén the TWC
will consist of the spegific wheelchair model (SWM) it is designed for.

A.4 Test equipment

A.411  An<mpact simulator shall be used that includes the following:

a) |an.impact sled with a flat, horizontal, structurally rigid platform on which the TWC can be moupted, and to

wibiaoh tha \NNTAODCO Ao n b actanad:
WINCTT OIS vy TOTYO oAl oCTaStoTToU;

b) a rigid structure attached to the impact sled to which the upper-torso restraint can be anchored in the
manner, and to the geometry, specified by the WTORS manufacturer;

c) ameans to drive the impact sled through a change in velocity of 48 km/h +§ km/h;

d) a means to accelerate and/or decelerate the impact sled and test setup such that the processed sled
acceleration and/or deceleration time pulse

1) falls within the shaded area of Figure A1,
2) exceeds 20 g for a cumulative time period of at least 15 ms,

3) exceeds 15 g for a cumulative time period of at least 40 ms, and
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4) has a duration of at least 75 ms from 5 to #, where ¢, is the time at the beginning of the deceleration
and ff indicates the time at the end of deceleration pulse.

A.4.2 If the WTORS is intended for use with all types of manual and powered wheelchairs, the following
shall be used:

a) an SWC that conforms with the specifications of Annex E;

b) a Hybrid Ill 50th percentile ATD with an approximate total mass of 77,7 kg.

A.4.3 |If the WTQORS is intended-tobe used nnly with cpnr\ifir\ makes-and-models of wheelchairs -the folloy ling
shall be usgd:

a) an SWM itis designed for;

b) an ATO that is
1) representative of the upper size range of users for which the SWM is designed,
2) selected from ISO 7176-19:2008, Table A.1, and

3) frdm the Hybrid Il family of crash test dummies.

A.4.4 Ameans shall be provided to measure the ATD and TWC horizontal excursions specified in 5.2.2 a)|and
5.2.4 a) with a precision of £5 mm.

Aside-view high-speed cameraor video system with aminimum frame rate of 500 frames per second is recommenfled.

A.4.5 Ameans shall be provided to measure the horizontal.acceleration and/or deceleration of the impact gled
in the direcfion of travel at a sampling rate in accordance with ISO 6487, and with a precision of £0,5 g.

The accelefation/deceleration of the impact sled shall"stay within the shaded area and exceed the indicated
levels for the specified continuous (unbroken arrows) and cumulative (broken arrows) time periods.
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A.4
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a)

b)

A3

A5

ISO 10542-1:2012(E)

ime (ms)

Heceleration (g)

Test-preparation and procedure

1 ATHe procedures for setting up the test may be undertaken in any order.

YA
28 -
24 -
B a(t)>20 g for 15 ms
20 - —— S ———
16 a(t) > 15 g for 40 ms
12 -
8 .
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B (- t)>75ms
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Figure A.1 — Acceleration/deceleration requirements for the impact test 48 km/h *g km/h

6 A means shall be provided to measure the horizontal velocity change (delta-V) of the impac{ sled during
mpact with a precision of +0,5 km/h

7 Provision shall be made to filter-analogue transducer signals using a low-pass filter in accgrdance with
6487, including

prefiltering of all transddcer signals to Channel Class 1 000 (-4 dB at 1 650 Hz) prior to digitizing at
10 000 Hz, and

filtering of the digitized accelerometer and load-cell signals to Channel Class 60 (- 4 dB at 100 Hz).

EX

AMSL
WVIFLCE

1 1 . — e &l AT 4l AL - P LTI ol Il el .
iTiay DT TTTUTT CUTIVETTICTIU U PUSTUUITUTES AT UTTUTE TVVL PITUT TUTITUTTY UTE dS33TTTTUTY UTTIUTTNTE ImpaCt Sled

A.5.2 Adjust the ATD to achieve a static resistance of 1 g at each joint, as indicated by a just-noticeable
movement from the mass of the distal body segment, as specified by the ATD manufacturer.

A.5.3 Place close-fitting cotton clothing on the pelvis, thighs and torso of the ATD.

A.5.4 Set up the test equipment (see A.4).

A.5.

5 Ifthe SWC is used as TWC, prepare it as follows.
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a) Modify the frame structure as needed to accommodate the tiedown system to be tested while maintaining
the SWC specifications within the tolerances specified in Annex E.

b) Inflate the SWC tyres as specified in Annex E, with the wheelchair unoccupied and resting on a
horizontal surface.

c) Inspect the tyres for cracks or damage and replace if applicable.

d) Inspect the seat plate and plate-support structures and replace if deformed.

e) Inspect all frame joints and components and repair if there are signs of fatigue or deformation.

f)  Install, |if needed, wheelchair tiedown adaptors on the SWC.

A.5.6 If the SWM is used as TWC, prepare it as follows.

a) Setupfthe SWM as specified in ISO 7176-19:2008, A.4.1 c)to A.4.1 g).

b) If appligable, adjust the seat and back support as specified in ISO 7176-19:2008, A.4.5.

c) Equip the SWM with any required tiedown adaptors.

A.5.7 Poqg
direction of

A.5.8 Sed

A59 Ing

a) Secure

1) ar¢ symmetrical about the wheelchair referenee plane,

ition the TWC facing forward on the sled platform, with the wheelchairreference plane parallel tg
sled travel within £3°.

ure the TWC with the wheelchair tiedown according to thesmanufacturer’s instructions.

ase of a four-point strap-type tiedown, prepare as fallows.

the TWC with the four-point tiedown, selectingZanchor points that

2) ar

3) haje a lateral distance betweef rear anchor points equal to the lateral distance between
sepurement points of the TWC =25 mm, and

4) hale a lateral distance between front anchor points of 300 mm to 810 mm.

NOTE

the prinjary fastener that’Secures the anchorage to the test platform or, in the case of multiple fasteners, the cq
of theseg fasteners. Thedateral location of an anchor point is considered to be the centre of the location wherg
tiedown end fitting.contacts the anchorage hardware attached to the test platform.

b) Securdthe TWC'in accordance with the WTORS manufacturer’s instructions to achieve lengths of the
tiedown stfap assemblies of 495 mm to 533 mm, measured from the interface of the tiedown end fi
and thg securement point on the wheelchair to the anchor point.

+20

located 1 300 mm "4y mm fromthe-front anchor point to the rear anchor point,

For purposes of-locating the anchor points, the front-to-back location of an anchor point is the locati

the

Fear

n of
ntre
the

rear
ting

NOTE 2

a straight line along the length of the strap assembly intersects with the wheelchair ground plane.

For purposes of measuring the rear tiedown length, the anchor point is considered to be the point at which

c) Tension the adjustable-length tiedown straps to the manufacturer’s specifications, making sure that the
TWC reference plane is parallel to the centre line of the impact simulator within 3°.

d) Ifthe WTORS is tested with an SWM where the location of the securement points makes it impossible to
comply with the anchor point locations and strap lengths as stipulated in a) and b), then the SWM should
be secured within, or as close as possible to, the angles given in Figures 3 and 4.

A.5.10 Fortiedown systems other than four-point strap-type tiedown, install the wheelchair tiedown anchorages
in accordance with the manufacturer’s instructions. If a range is given for any installation dimensions, use the

28
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midpoint of the range. If fasteners supplied with the WTORS are not compatible with the impact sled, use

repl

A.5.

a)

b)

acement fasteners with the same thread and material specification.

11 In case of a clamp-type tiedown system,

measure the force for securing and releasing the wheelchair tiedown as specified in A.6, and

ensure that the forces to secure and release the clamp-type tiedown do not exceed the requirementin 4.2.4.

A.5.12 Position the ATD in the TWC, S|tt|ng uprlght and symmetrlcal about the wheelchair reference plane, with

the pe he armrests
or the hands restlng on the ATD’s thlghs

A.513 If the SWM is used as TWC,

a) |apply the parking brakes, if fitted, and

b) |install postural belts as specified in ISO 7176-19:2008, A.4.7, if provided.

A.5]14 Install the pelvic restraint anchorages in accordance with the manufacturer’s instructions, selecting
anchor points at the midpoints of the recommended zones, if applicable:

A.5115 For WTORS that do not include upper anchor or upper webbing-guide supports for shouldef or harness
restfaints, install the upper-torso restraint anchorages at the point.or points marked by a bold cross (X) or crosses
in Flgure A.2 or A.3, as applicable, to achieve a fit across the ATD shoulders and chest as indicated in Figure H.1.
Use the upper-torso restraint anchorage and fastener*hardware, if supplied as part of the complgte WTORS
by the manufacturer.

When an upper-torso restraint webbing guide.is provided, the guide shall be located to achieve

sho

NOT
a

Llder belt geometry as indicated in Figure"A.2 or Figure A.3, as appropriate.
Dimensions
425 10 150
N
~
2 N
"’? N X -\a
> |
~
~
< |
Wi
o |
<
o~ - | -

the desired

n millimetres

N \ [ ] i

oot 1

E The anchor points are located relative to the top centre of the ATD’s shoulders.
Wheelchair reference plane.

Figure A.2 — Locations for upper anchor point(s) of centre-anchored
and two-point-anchored harnesses in frontal impact test
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Dimensions in millimetres
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Adjust the gnchor-point location to give a good fit to the ATD chest and shoulder.
The lateral position of the anchor point;should be adjusted to achieve a good fit over the ATD’s shoulder.
NOTE The anchor point may belecated on either side of the wheelchair and ATD, and is located relative to thg top

centre of the]ATD’s shoulder.

Figure A.3 —Location for upper anchor point of shoulder belt in frontal impact test

A.5.16 For]WTORS that include support components for upper anchor points or upper guide points for upper-
torso belts, [nstall the anchorages or guides as specified by the manufacturer to achieve a good fit to the A]D’s

shoulders and chest.

A.5.17 Place the pelvic belt on the ATD and adjust the tension in the pelvic belt to achieve a snug fit.

A.5.18 Place the shoulder belt or harness on the ATD and adjust the belts as follows.
a) If an emergency-locking or automatic-locking retractor is provided, adjust the belts to achieve a snug fit.

b) If no emergency-locking or automatic-locking retractor is provided, adjust the belts to achieve a snug fit
with a 75 mm x 75 mm x 25 mm thick plate inserted between the ATD’s chest and the belt webbing with
the plate lying flat against the ATD’s chest, and then remove the plate.

A.5.19 If the SWM is used as TWC, and
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if the SWM provides anchor points for wheelchair-anchored pelvic- and shoulder-belt restraints, install and

position the occupant restraint as specified in ISO 7176-19:2008, A.4.9;

if the SWM is equipped with a wheelchair-anchored pelvic-belt restraint, install and position the pelvic-belt

restraint as specified in ISO 7176-19:2008, A.4.10 a).

A.5.20 If a high-speed camera or high-speed video is used for the measurements in A.4.4, apply contrast
markers appropriate to the measurement system at:

a)

the lateral aspect and centre of the ATD’s knee joint, and

b)
c)

NOT
A.5

A5
a)
b)

NOT
and

duripg testing. The leg strap changes ATD kinematics slightly-during rebound, making the rebound more c(

repe
A.5
a)
b)

A.5
the

A.6

NOT
prog

A.6

point P of the TWC, and
H points of the ATD.

E Use appropriate targeting to give accurate displacement of P point.
21 Ensure that the TWC reference plane is parallel to the centre line of the impact simulator w

22 If the SWM is used as TWC,
install the foot/leg strap as specified in ISO 7176-19:2008, A.4.13, and
carry out the recordings and measurements as specified in /SO 7176-19:2008 A.4.14 and A.4

E To minimize damage to the ATD during testing, ISO 7176*19 specifies a foot/leg strap that restrig
shoulder movements due to limb inertia in a manner that does not affect the WTORS loading and AT

atable. It does not affect forward excursions and WTORSloading.

23 Make provisions to subject the impact sled and the test specimens to

a horizontal velocity change of 48 km/h *g km/h,

using a deceleration-time pulse that conforms to A.4.1.d.1) to A.4.1.d.4).

24 Conduct the test by executing the appropriate sequence of steps to activate the impact sl
fecording equipment.

Measurement procedures for operation force

E The fmeasurement procedures for the operation force included in this annex are based on the 1
edures defined in EN 12184.

1 A Measurement procedure for lever-operated clamps

ithin 3°.

15.

ts knee-joint
D excursions
nsistent and

bd and start

heasurement

a)

Select the part of the lever through which the force is to be applied.

1) If the lever is fitted with a generally spherical knob, apply the force through the centre of the knob.

2) Ifthe lever is tapered, apply the force through the point where the largest cross-section intersects the

centre line of the lever.

3) |If the lever is parallel or any shape other than those above, apply the force through a point on the

centre line of the lever 15 mm below the top.

4) If the shape of the lever is such that the lever is gripped by the whole hand- or is foot-operated, apply

the force through the centre line of the lever 15 mm from the end.
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5) If the lever is hand-operated by pushing or pulling a bar or pad, apply the force to the centroid of
the bar or pad.

b) Operate the wheelchair tiedown by applying the means to measure the force until the wheelchair is secured
in accordance with the manufacturer’s instructions.

c) Record the maximum force applied for securing.

d) Operate the wheelchair tiedown by applying the means to measure the force until the wheelchair is
released in accordance with the manufacturer’s instructions.

e) Record-the-maximum-force npplmd for rnlnnemg

f) Repeafb) to e) three times in total and calculate the average values for securing and releasing.

g) Record the average values for securing and releasing.

A.6.2 Measurement procedures for screw-operated clamps

a) Apply force by using a torque meter positioned concentrically on the operating nut of the clamp-fype
tiedown system, increasing to the maximum operating force as slowly as possible:.

NOTE The torque meter may require the addition of an appropriate device to fit theyshape of the operating nut.
b) Record maximum operating torque for securing and releasing the wheelchair.

c) Perform a) and b) three times in total.

d) Calculjte the average values for securing and releasing.

e) Record the average values for securing and releasing.

A.7 Evaluation of test results

After the tept, examine the TWC, ATD and WTQRS, and analyse the excursion measurements relative tq the
requirements of 5.2.3 or 5.2.5, to determine if the WTORS, and if applicable the SWM, meet the requirements of|5.2.

32 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=f6e4cb7e48c056e8e41037d0e34e3904

ISO 10542-1:2012(E)

Annex B
(normative)

Measurement of WTORS belt lengths and geometry

B.1 Principle

If a|belt-type occupant restraint system is provided with the WTORS, it is set up with an ATD’[seated in a
whgelchair, with the upper anchor points or upper webbing guide points of the upper-torso restraint positioned
at worst-case, real-world conditions. The fit of the belts to the ATD and adjustment lengths.of'the bglts are then
chefked to ensure that the restraint system will accommodate a wide range of user and ‘wheelcha|r sizes.

B.4 Test sample

The| test sample comprises an unused WTORS, including upper-torse_-and pelvic restraints,| all fittings,
anchorages, fasteners and instructions for installation and use.

B.3 Test wheelchair selection
Selgct a test wheelchair (TWC) as follows.

a) |If the WTORS is intended for use with all types ofsmanual and powered wheelchairs, then the TWC will
consist of the surrogate wheelchair (SWC) constructed in accordance with Annex E.

b) |If the WTORS is intended to be used only-with specific makes and models of wheelchairs, thén the TWC
will consist of the specific wheelchair model (SWM) it is designed for.

B.4 Apparatus

B.4]1 Flat, horizontal, rigid pfatform, on which the TWC chair can be mounted and to which the WTORS
can|be attached.

B.4)2 Rigid structure, fastened to the platform, that allows the anchorages for upper anchor points or upper
wellbing guides ofithe upper-torso restraint to be fastened at the locations specified in Figures B.1 jand B.2.

B.§ Procedure

B.51 =Secure the TWC to a flat-horizontal, rigid plni‘fnrm with-the wheelchair tiedown-in-accordanhce with the
WTORS manufacturer’s instructions.

B.5.2 Position the ATD symmetrically in the TWC seat with the buttocks and pelvis against the back support
and the arms positioned on the armrests or ATD thighs.

B.5.3 Install the pelvic belt in accordance with the manufacturer’s instructions, selecting anchor points at the
midpoint of the recommended zones, if applicable.

B.5.4 Install the upper-torso restraint as follows.

a) For WTORS that include support structures for upper anchorages of upper-torso restraint anchor points or
webbing guides, locate the anchorages in accordance with manufacturer’s instructions.
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locate the anchorages

b)
1)
2)
3) f
n
NOTE

the length re

for three-point restraints at the point marked by the bold cross (X) in Figure B.1;

for centre-anchored harnesses at the point marked by the middle bold cross (X) in Figure B.2;

Figure B.2.

uirements of upper-torso belts (see Figures H.2 to H.4 for preferred and optional zones). Subclause 4.4

For WTORS that do not include support structures for upper anchor points or upper webbing guides,

for two-point anchored harnesses at the points marked by the left and right outside bold crosses (X)

The setups in Figures B.1 and B.2 represent expected worst-case situations in actual vehicles with regard to

2d)

requires addi

B.5.5 Adjyst the tension in the pelvic and shoulder belts to achieve a snug fit.
B.6 Mepsurements
B.6.1 Measure and record the rear-view angle relative to the horizontal of the pélvic belt projected on

plane that i

B.6.2 Measure and record the side-view angle of the pelvic belt projected on to the wheelchair referg

plane, as sk

B.6.3 Measure and record the distance from the centre line of the’ATD along the arc of the pelvic belt td

centre of th

B.6.4 Ma
restraint at
checking to

B.6.5 Ma

described ip B.5.3. Unbuckle the pelvic belt and measure the total length of belt lengthening and shorte

provided (in

at least 25 fnm of webbing extends thfough the restraint end fittings at all times.

B.7 Results and compliance

Determine

tional length adjustment of the belt from anchor- or guide-point scenarios in order to accommodate largeru

perpendicular to the wheelchair reference plane, as shown in Figure ‘.

own in Figure 5.

b junction of the upper-torso belt and the pelvic belt:

k the location of the webbing in the upper-terso restraint adjusters. Disconnect the upper-t

pne anchor point and measure the total length of belt lengthening and shortening available,

k the location of the webbing at the pelvic restraint adjusters with the pelvic belt on the ATL

cluding adjustment on both-sides of the pelvic belt if applicable), while checking to make sure

vhether the tést-Sample meets the requirements of 4.4.2.

34

make sure that at least 25 mm of webbing-extends through the restraint end fittings at all timeq.

bers.

to a

nce

the

Drso
hile

D as
hing
that
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Dimensions in millimetres
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o
S
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/>
i
NOTE 1 Bold crosses (X) indicate the locations of the upper anchor points¢

NOTE 2 Fore/aft location is relative to the top centre of the ATD’s shoulder:

NOTE 3 The shoulder belt may be anchored to either side of wheelehair.

Figure B.1 — Anchor-point location for test setup with three-point restraint for WTORS that do not
include support structures for upper anchor points or upper webbing guides
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Dimensions in millimetres
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NOTE 1 Bpld crosses (X) indicate the locations of the upper anchor points.

NOTE 2 Fpre/aft location is relative to the top centre of the ATD’s shoulder.

Figure B.2 — Anchor-point locations for test'setup with centre-anchored
dr two-point-anchored harness for WTORS that do not include support structures
for upper anchor points or. upper webbing guides
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Annex C
(normative)

Test for webbing slippage at manual adjustment devices
of wheelchair tiedown straps

CA

The
load

C.2

Webbing and adjustment devices of wheelchair tiedown assemblies are used-as test samples.

C.3
C3

C.3
with

C.4

c.4
% (1

C4
com

a)

Principle
webbing and manual adjustment devices of a wheelchair tiedown assembly are subjected to cyclical

ing for 1 000 cycles and the webbing slippage at the adjustment device is measured.

Test sample

Apparatus
1 Weight, of mass 5 kg.

2 Means of applying a reciprocating vertical metion to the webbing and adjustment devicg under test,
a peak-to-peak amplitude of 300 mm +28 mm, and a frequency between 0,5 Hz and 0,75 Hz.

Procedure

1 Store the adjustment device to'be tested at a temperature of 20 °C +g °C and a relative hymidity of 65
10 %) for 24 h prior to testing:

2 Conduct the test at, an ambient temperature between 15 °C and 30 °C within 2h of rgmoving the
ponents to be tested-ffom storage in accordance with C.4.1 using the following procedures.

Arrange the webbing and adjustment device to be tested in the test apparatus, with the adjustinent device
not less than200 mm from the end fitting as shown in Figure C1.

Attach_the‘weight (C.3.1) to the end fitting.

20

Adjust the webbing so that the bottom of the weight is 100 mm o mm off the resting surfage when the

f)
g)

movement mechanism Is at maximum upward travel.

Guide the weight to prevent the load from swaying and rotating during the test.

Apply a vertical oscillating motion with a peak-to-peak amplitude of 300 mm *28 mm to the adjustment

device by raising and lowering the webbing in the test fixture, and continue for 20 or more cycles to ensure
that the test equipment is operating correctly. On the downward stroke, ensure that the webbing descends
to form a downward loop when the mass is contacting the resting surface.

Mark the webbing position at the adjustment device.

Repeat the up/down oscillating motion in accordance with C.4.2 e) and continue for 1 000 cycles at a
frequency between 0,5 Hz and 0,75 Hz.
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h) Measu
amoun

Key

1 adjusting
2 stitching
3 weight (§
4 downwa
The initial dig
a2  Total tra

C.5 Repsults and'compliance

Determine

re any movement of the webbing mark at the adjustment device after the test and record as the
t of webbing slippage.

Dimensions in millimetres

300 +20°
O\ Py
> =y
@/f
1
¢ 2
—[U.H/
— -
e 3
‘E
=] g
(=)
N 7
- A
(=]
S
S
[,
Jl k
/
a) Taut position b) Slack position
device
kg)
d loop

tance between the adjusting device and the end fitting shall be 200 mm or greater.

el.

Figure C.1.=~Setup for webbing slippage test at adjustment devices

whether the test sample meets the requirements of 5.3.

38
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Annex D
(normative)

Test method for partial engagement

D.1 Principle

A s¢parating force is applied between separable WTORS components that have been engaged.inany manner
othgr than complete and proper engagement. If the components do not disengage, a potentidl for partial
engpgement is demonstrated and the WTORS fails the test.

D.4 Test sample
AnylWTORS components that are intended to be engaged during use and that’have the potential for improper
and|incomplete engagement are used as test samples.
D.3 Test wheelchair selection

Selgct a test wheelchair as follows.

a) |If the WTORS is intended for use with all types of m¥anual and powered wheelchairs, use the surrogate
wheelchair (SWC) with securement points as givensin Figure E 4.

b) |Ifthe WTORS is intended to be used only with.specific makes and models of wheelchairs, use(the specific
wheelchair model (SWM) it is designed for:

D.4 Apparatus

D.4]1 Means to apply a separating force of 22 N between the separate WTORS components, such as the
sepgrable parts of an anchorage’mechanism, or a tiedown end fitting and the securement-point Hardware on
the wheelchair.

D.4)2 Means for measuring the applied force to an accuracy of 5 %.

D.4)3 Means for measuring the duration of the applied forces to an accuracy of 0,5 s.

D.§5 ~ Procedure

Identify all reasonably foreseeable ways in which the separate components of a securement or anchorage
mechanism can be engaged, other than by complete engagement. For each of these ways,

a) engage the separate components of a securement or anchorage mechanism in any manner other than
complete engagement;

b) apply a separating force of 22 N +§ N between the components of the securement or anchorage

+05

mechanism, and maintain the force for a maximum of 3 s 0 S
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D.6 Test results

For each test conducted,

a) record the manner of engagement, including photographs that are necessary to describe fully the condition, and

b) record the results of each test, i.e. whether the components separated or remained engaged at the
applied force.

D.7 Results and compliance

Determine

40

vhether the test sample meets the requirements of 5.4.
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Annex E
(normative)
Surrogate wheelchair specifications

E.1__ General

Design, dimensional, material and performance specifications are provided for a surrogate wheel¢hair (SWC)

that|produces representative loading and seating conditions of a powered wheelchair for testing WTORS to the

requirements of this part of ISO 10542.

E.2 Specifications

The| surrogate wheelchair shall:

a) |be of rigid durable construction, such that there is no permanent deformation of the frame, seag surface, or
seatback in a 48 km/h, 20 g frontal impact test with a 77,7 kg ATD positioned and restrained in the SWC;

b) |have a total mass of 85 kg + 1 kg;

c) |conform to the dimensions shown in Figures E.1 to E.4;

d) [allow for adjustment to accommodate components.and end fittings of different types of tiedown systems;

e) |provide two front securement points and two.rfear securement points for four-point strap-typejtiedowns at
the locations indicated in Figure E.1 and with*the geometry specified in Figure E.4;

f) |provide pelvic restraint anchor points op'beth sides of the surrogate wheelchair located as shown ip Figure E.1;

g) |have a centre of gravity located 142’ mm + 25 mm forward of the rear axle and 287 mm + 25 min above the
ground plane for the range of frame-to-floor clearance adjustments allowed;

h) [have arigid, flat seat surface; with dimensions as shown in Figures E.1 and E.3, that is oriented at an angle
of 4° + 1,5° to the horizontal (front end up), as shown in Figure E.1, when the SWC tyres are festing on a
flat horizontal surfaCe;and inflated in accordance with 1) and m) below;

i) |have a rigid back-support with height and width dimensions as indicated in Figures E.2 and E.3 that is
oriented at 8%+1,5° to the vertical when the SWC tyres are resting on a flat horizontal surface jand inflated
in accordance with 1) and m) below;

i) |haveta-20 mm to 30 mm thick, firm (i.e. Shore-A hardness of 60 to 80) rubber pad, with heiglt and width
dimensions as indicated in Figures E.1 and E.2, fixed to the front surface of the rigid back sugport;

k) have appropriate targeting to give accurate displacement of the point P on either side of the SWC,;

I) have pneumatic front tyres that, when inflated to 320 kPa +38 kPa) with the unoccupied surrogate
wheelchair resting on a flat horizontal surface, have a diameter of 230 mm + 10 mm, a width of
75 mm + 10 mm, and a sidewall height of 54 mm + 5 mm;

m) have pneumatic rear tyres that, when inflated to 320 kPa +38 kPa with the unoccupied surrogate wheelchair

© 1SO 2012 — All rights reserved
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resting on a flat horizontal surface, have a diameter of 325 mm 10 mm, a width of

100 mm + 10 mm, and a sidewall height of 70 mm + 5 mm.
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Dimensions in millimetres
Tolerances + 5 mm unless otherwise specified

N
M~
<
up
[¥a} +1
o
+l up
(9]
g a0l
Q
N
142 +25 200
523
Key
1 hard rubber back support
2 rigid seat surface
3 pelvic belt anchor point
4 rear securement point
5 rear securement point geometry
6 front securement point

NOTE Securement point locations do not imply recommended locations on production wheelchairs.

Figure E.1 — Side view of surrogate wheelchair
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Dimensions in millimetres
Tolerances + 5 mm unless otherwise specified
452

405

550

614

698

Figure E.2 — Front view of surrogate wheelchair
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Dimensions in millimetres

Tolerances + 5 mm unless otherwise specified

452
405

® 325 £10 @ 230 £10

100 +10

Key
1 pneumafic tyres

Figure E.3-="Top view of surrogate wheelchair

75 £10

44

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=f6e4cb7e48c056e8e41037d0e34e3904

ISO 10542-1:2012(E)

Dimensions in millimetres

>25

Key
1 |towards anchor point
2 |towards wheelchair

Figure E.4 — Dimensions of wheelchair securement points intended to be engaggd
by the‘end fittings of four-point strap-type tiedown systems

NOTE 1 Securentent point locations on SWC do not imply recommended locations on production wheelchairs.

NOTE 2 These& dimensions are extracted from ISO 7176-19:2008, Annex B.
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Annex F
(informative)

Specifications for the universal docking interface geometry (UDIG)

F.1 Ge

neral

This annex
structural g
vehicle-inst
specificatio
compatible
users to ing
engagemer
and dockin

WTORS manufacturers will facilitate the safe and independent travel of wheelchairusers and the efficiend

transporting

F.2

F21 G

The criterig

Principle

eneral

provides the specifications for the universal docking interface geometry (UDIG) for wheeglq
omponents and/or wheelchair securement adaptors intended to permit engagement\betw
plled docking tiedown devices and wheelchairs that comply with these specifications. Th
s also include the three-dimensional clear zones surrounding the UDIG within“which a UL
docking tiedown device may effectively function. The purpose of the UDIG is¢oallow wheeld
ependently secure and release their wheelchairs in public and private motaor\wehicles by ensy
t compatibility between wheelchair securement points, including wheelchair securement adap
j tiedown devices installed in the vehicle. Adoption of this UDIG specification by wheelchair

wheelchair users by transit providers.

used to formulate the specifications for the ufiiversal docking interface geometry (UDIG)
d:

ede the proper use and positioning of occupant restraints;
clude the use of other types of tiedown devices, such as four-point strap systems or clamping syste
fhe retrofitting of UDIG adaptofs, to existing wheelchairs;

minimal structural design maodifications to most common wheelchairs;

effective wheelchairsecurement in a wide range of private and public motor vehicles;

e the design of UDIG adaptors, wheelchair securement points and docking tiedown devices tha
nd the wheelChair securement loads consistent with the frontal-impact test specified in Annex

re any increase to the mass of the wheelchair;

re any'loss of aesthetics or function of the wheelchair;

hair
een
ese
|G-
hair
ring
tors
and
y of

are

ms;

will
A;

that it shou
a) notimg
b) notpre
c) permit
d) requirg
e) enable
f) facilitat

withstal
g) minimi
h)  minimi:
i) notint
F.2.2

riere witn other wneeicnalr reatures ana runctions.

A wheelchair securement adaptor that conforms to this UDIG specification should:

a) havea
b)

c)

geometry as specified in Figure F.1;

be spatially located relative to the wheelchair and ground plane as specified in Figure F.2;

without obstruction, as specified by key 6 in Figures F.3 and F.4;

46

Specifications for the universal docking interface geometry (UDIG) and clear zones

have operational clear zones, in which UDIG-compatible docking engagement mechanisms may function
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NOTE 1 The intent of the specifications is to provide at least 25 mm clearance between any part of the UDIG and any
part of the wheelchair, except in those locations specified by key 5 in Figures F.3 and F.4, for attachment of the UDIG
securement points to the wheelchair.

d) have a horizontal segment when mounted on wheelchairs with a mass greater than 30 kg, as illustrated by
key 1 in Figure F.1;

NOTE 2  The horizontal component is not required on wheelchairs with a mass of less than 30 kg to permit lighter weight
manual wheelchairs with sideways folding frames to be folded without having to remove the UDIG adaptor.

e) attach to the wheelchair structure using the attachment zones specified by key 5 in Figures F.3 and F.4.

NOTE 3  Zones specified for use for attachment of UDIG securement points in accordance with key 5 in/Kigures F.3 and
F.4 ghould not be designed for engagement with the docking tiedown device, as obstruction may occur.

Dimensions |n millimetres
Tolerance + 3 mmenless otherwise indicated

A A-A

e

SUES
Q

w — |

'P/pa

K

121

[¥al [¥al
M~ M~
22 +1
A

Key
1 maximum UDIG width
2 minimum UDIG width
3 horizontal segment
4  Vertical segment

Figure F.ly= Specification of the Universal Docking Interfacing Geometry (UDIG
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Dimensions in millimetres
Tolerance £ 3 mm unless otherwise indicated

/’ - - \ ~—

357

319

-

203

150

%
wheelchair reference plane (centre line)

2 wheelchgir ground plane
3 rearmos{ reference plane

@ The UDIG is located symmetrically about the wheelchair reference plane.

b The rearfmost reference plane is defined by a vertical lin€'in the side view that passes through the most rearward point
on the most fearward structural component of the whegelchair in a zone from 150 mm to 357 mm above the ground plane.

Figure F.2 — Specification for the vertical and horizontal location of a UDIG adaptor
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Dimensions in millimetres
Tolerance £ 3 mm unless otherwise indicated

4
B | 405 +3 7
25 +3 5 B B A +3
- B 355 6 25 +3
9 o _
Y |_—
77 S
) : 5 7
T o~
% 1 o
D 0/% [, -
L0
Y 5
- .
ny E
A
62 62
- g
4 1

150

Y

Y

, 280 23 \/ B 180 3

A 3 A-A
Key
1 UDIG
2 Wwheelchair referencé-plane
3 Wwheelchair ground plane
4 docking-station.clear zone (typically falls between the anti-tip devices of wheelchairs)
5 pttachment.zones (in which hardware for attaching the UDIG adaptor to the wheelchair may be located)
6 [lear space around the UDIG (in which the docking engagement mechanism may function without obstrugtion)
7 |ocation of rearmost wheelchair structure (150 mm to 357 mm above ground plane)

Figure F.3 — Specification of the UDIG clear zones (shown in maximum width configuration)
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Dimensions in millimetres
Tolerance £ 3 mm unless otherwise indicated
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Key
UDIG

wheelchgir reference plane

wheelchgir ground plane

docking-ptation clear zone (that typically falls between the anti-tip devices of wheelchairs)

attachment zones (in“which hardware for attaching the UDIG adaptor to the wheelchair may be located)

clear space around the UDIG (in which the docking engagement mechanism may function without obstruction)
location pflrearmost wheelchair structure (150 mm to 357 mm above ground plane)

N O ok~ WODN -

Figure F.4 — Specification of the UDIG clear zones (shown in minimum width configuration)
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G.

To qafeguard other passengers and provide the wheelchair-seated occupant with a comfortable rid
tiedpwn device should limit the movement of the wheelchair relative to the vehicle interior durin
emgrgency driving manoeuvres. This informative annex specifies equipment, test conditions and

easuring the potential for lateral, forward and rotational movement of wheelchairs allowed bj
bwn device. This is done by simulating the magnitudes of forces that may a@et-on an occupied

for
tied

duri

dev

of g

spe

G.2

The
whsg

G.3 Test equipment
G.3|1 Flat platform that:
a) |does not visibly deflect duringttesting (i.e. tilting) under the load of the secured TWC occupied

b)

<)

ISO 10542-1:2012(E)

Annex G
(informative)

Tests for movement of wheelchairs secured by docking
tiedown devices

Principle

hg emergency driving manoeuvres using a tilt table. To assess the perfortance of the docking

Cific wheelchair model (SWM), as appropriate.

Equipment to be tested

equipment to be tested is a complete unused commercial or prototype docking tiedown
elchair securement adaptor suitable for use with theeTWC.

as specified in Annex A;

has a surface area that,islarge enough to accommodate the docking tiedown device and the
configured for the frontal impact test of Annex A, and as shown in Figures G.1 and G.3;

+1°

can be tilted tg.an angle of 25° .

to the horizontal at a rate of at least 20° to 30° per minute

has a surface with a coefficient of friction equivalent to that used in most transport vehicles, bu
than 0,3 :as determined by ISO 7176-13.

G.3

2.~ Test wheelchair (TWC), selected as follows.

ce independent of variations in wheelchair structures and locations of‘wheelchair and occupg
ravity, the tests are conducted using the rigid surrogate wheelchair{SWC) specified in Annex

b, a docking
j normal or
procedures
y a docking
wheelchair
securement
ant centres
E or with a

device with

by an ATD,

TWC when

not greater

a)

b)

G.3.

If the WTORS is intended for use with all types of manual and powered wheelchairs, then the TWC will

consist of the surrogate wheelchair (SWC) as specified in Annex E, adapted as follows:
1)
2)

replace fixed front wheels with two 100 mm to 125 mm diameter castor wheels;

the floor contact point.

locate castor stems within 25 mm of the vertical line passing through the fixed front wheel axle and

If the WTORS is intended to be used only with specific makes and models of wheelchairs, then the TWC

will consist of the specific wheelchair model (SWM) it is designed for.

3 ATD used in the frontal impact test of Annex A.
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G.3.4 Means for restraining the ATD to the TWC back and seat, such as rope, webbing, or belt material.

G.3.5 Means for restraining the linear and rotational movements of the TWC, to an accuracy of +3 mm
and £3°, respectively.

G.4 Test procedures

Perform the following steps in the order indicated.

a)

)
k)

52

Designate fore and aft reference points on the SWC for measuring the linear and rotational movement as

follows

1) the rear reference point (RRP), located on the most rearward structure of the TWC that intefsects
the TWC reference plane, at the height of the P point, as illustrated in Figures G.1, G.3jahd G.4;

2) the¢ forward reference point (FRP), located on a forward structure of the TWC that intefsects with
TWOC reference plane, most likely between the foot supports, as illustrated in Figures G.1 and G.

Check jall tyres on the TWC to ensure correct inflation.
Mount the docking tiedown device on the tilt platform in accordance with the manufacturer’s instructid

Locate|the TWC on the tilt table and secure to the docking tiedown-device so that the TWC refersg
plane i$ parallel to the tilt axis and the tilt platform centre line, as illdstrated in Figure G.1.

Wwith

the
B.

ns.

nce

Positiop the ATD in the TWC, sitting upright and symmetrical abéutthe SWC reference plane, with the p¢lvis

as closk to the back support of the wheelchair as possible, andithe forearms and hands resting on the thi
Restrajn the ATD pelvis and torso snugly to the TWC seat using rope, webbing or belt material.
Tilt the|test platform at a uniform rate to an angle of25° + 3°, as illustrated in Figures G.2 and G.4.

While the platform remains tilted to 25° + 3°, mieasure the perpendicular displacement of RRP relativ
the tilt platform to an accuracy of £3 mm, as.illustrated in Figure G.2. Measure the angular displacen
of a line joining the FRP and the RRP ‘relative to the centre line of the tilt platform, as illustrate
Figure [G.2. Measure the distance thatany wheels have raised off the surface of the tilt platform.

NOTE The use of laser screefi pointers mounted at RRP and FRP and projecting down to the tilt plat
surface| parallel to the TWC reference plane, is one simple method of obtaining points on the tilt platform that ca
used fof measurement of bothrlinear and angular displacements.

Perform the tilt test and~measurement procedure a total of three times, repositioning the TWC and AT
their inftial position Between trials, as necessary.

Calculate and recard the average for the three trials.

to the fjlt-axis and centre line of the tilt platform, and the front of the TWC is facing downward during

phs.

e to
hent
d in

form
n be

D to

ular
the

Reinst;ll thie docking securement device on the tilt platform so that the TWC reference plane is perpendid

test. Repeat steps h) and i) while measuring and recording only the forward displacement of the RRP

relative to the tilt platform.
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Key

a b~ W N -

RRF
FRF

a f

orward.

tilt test platform
wheelchair securement adaptor

docking tiedown device

wheelchair reference plane and midline of test platform
test platform tilt axis

rear reference point

forward reference point

Figure G.1 — Top view illustration of TWC (oaded with an ATD and secured by a docking securement

device on the tilt platform prior to a lateral tilt test
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Key

N o o~ WN-

RRP

a  Forward

54

RRP

tilt test platform
wheelchair securement adaptor

docking tiedown device

pre-test wheelchair reference plane
test platform tilt axis

wheelchair rotation angle
wheelchair reference plane

rear reference point

Figure G.2 — Top view illustrationief TWC loaded with an ATD and secured
by a docking tiedown device on the tilt platform during a lateral tilt test
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