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reword

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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all such ‘patent rightg
patent rights identified during the development of the document will.be in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical Committee 1SO/TC 173, Assistive products, Sub
, Wheelchairs.

5 third edition cancels and replacés. the second edition (ISO 7176-19:2008), which

technically revised. It also incorporatesthe Amendment ISO 7176-19:2008/Amd.1:2015.

Thd

main changes are as follows

scope has been expanded-to include wheelchairs for occupants with a mass less than 22
clause has been added'to address risk management in modification of wheelchairs;

the conformancelabel has been revised;

design and,performance requirements have been expanded, for example related to
tiedowt, clear-paths, wheelchair-mounted occupant restraints, and wheelchair securg
strap-type tiedowns;
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e with the

 subject of
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[TBT), see

committee

has been

kg;
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specifications for the surrogate WTORS have been enhanced;

a checklist of the requirements has been added in Annex L.

Alist of all parts in the ISO 7176 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Transportation safety research has shown that the vehicle seat is an important part of the occupant
restraint system and therefore plays a key role in reducing the risk of serious injuries to vehicle
occupants in many types of vehicle crashes. In particular, the seat needs to allow and facilitate the
proper positioning of belt restraints on the skeletal regions of the occupant, not add to forces on the
occupant during impact loading, and provide effective support for the occupant so that the belt restraint
will remain in place over skeletal regions throughout a crash. People with physical disabilities often
remain in their wheelchalrs whilst travellmg in motor Vehlcles as drivers or passengers Slnce many
k of

injury in cifashes than are people seated in seats prov1ded by the Vehlcle manufacturer

ISO 10542
and speci
(WTORS).
by establis
associated

Whilst wh
available {

securement in the real world cannot be achieved without compatibilit{)of the wheelchair tiedgwn
ilable in the vehicle and the method of securement provided on the wheelchair. At the &me

system avg
that this d
effective, d
and sizes.

point strag

designed f¢r securement in motor vehicles by other methods, such as docking-type devices, which

commonly
other meth

To evaluat
dynamical
crash puls
documente
injuries to
crashes re
for forwar
that some
motor veh
rear-impad

This docun
does not pt
does the u
for childre

-1 provides design, performance, labelling and manufacturer literature requiréms
ies associated test methods, for Wheelchair Tiedown and Occupant Restraint Syst
This document addresses the seating part of wheelchair-user occupant-protection syst

test methods, for wheelchairs that can be used as seats in motor vehicles.

belchairs can be secured by various types of tiedown and securement systems that w
hroughout the world at the time this document was developed, effective wheelc

nts,
bms
bms

hing design, performance, labelling and manufacturer literature requiréments, as well as

rere
hair

bcument was developed, the four-point strap-type tiedewn' was considered to be the
ommon, and universally adaptable system for securiing a wide range of wheelchair ty
Therefore the provisions and test methods of this document are based on the use of fi

used by wheelchair-seated drivers. Manufaeturers who wish to evaluate wheelchairs y
ods of securement can make use of provisions and test methods of this document.

e the crashworthiness performance of wheelchairs, Annex A specifies procedures

e with the wheelchair secured facing forward on the impact sled. This test is based on W
d motor vehicle crash and injury statistics, which show that more than 50 % of all ser
occupants of motor vehigles*occur in frontal crashes, and that more than 95 % of fro
bult in a longitudinal clranhge in vehicle speed of less than 48 km/h. Dynamic performa
1-facing wheelchairs/in rear impacts is addressed in Annex G. Recent research has sh
tommercial wheelchaits offer significantly less protection in rear-impact than conventi
cle seats. Manufacturers who wish to test wheelchairs to determine their performanc
t conditions can/use the test methods and performance measures in Annex G.

hent has.also been developed with the recognition that the use of a pelvic-belt restraint al
ovide the'wheelchair occupant with the same level of crash protection in a frontal impad
be of both pelvic-belt and shoulder-belt restraints for adults or five-point harness restra

ost
pes
pur-

-type tiedowns to secure the wheelchair in the vehicle. However, wheelchairs can als¢ be

are
vith

for

y testing a wheelchair loaded with‘an appropriate-size crash-test dummy using a 48 kin/h
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ous
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e in
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oth

hCFherefore, the provisions and test methods of this document are based on the use of I

pelvic- an

Shoulder-betttype TeStraimts or five-poit TaT eSS TESraiTts.

The first edition of this document only addressed wheelchairs designed for use by people who weigh
22 kg or more because it is best practice to have those under 22 kg transfer to a child safety seat that
meets applicable standards (e.g. FMVSS 213, UN Regulation No. 44). Whilst transfer to a child safety
seat should continue to be the first choice, there is a portion of people who use wheelchairs and weigh
less than 22 kg that cannot safely or practically transfer and these individuals would be safer in a
crashworthy wheelchair. To fill this need, the scope of this document has been expanded (see scope)
to include products designed for people who weigh between 12 kg and 22 kg and includes additional
design features and performance criteria (including buckle release characteristics, restraint belt width,
back-support height, restraint fit and adjustment) for these products that have been shown to provide a
higher level of protection for smaller occupants.
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The four-point strap-type tiedown system relies on the involvement of a second person and cannot be
implemented by the wheelchair occupant. Accordingly, it is desirable to progress toward a securement
method that can be implemented independently by the wheelchair-seated passenger who might travel
in different public transportation and private vehicles. As a step toward this goal, Annex F establishes
universal docking interface geometry (UDIG) for securement points on wheelchairs when it is intended
for the wheelchair to be secured by docking-type securement devices in public transportation and/or
multiple private vehicles.

It is recognized that single sample testing does not mean that every variation of a given wheelchair
model will exhibit exactly the same performance behaviour. However, it is also recognized that it is
not feasible for manufacturers to independently test every variation of a given wheelchair model. As
such, the expectation is that wheelchair manufacturers will test a suitably representative [sample (or
sanjples) that adequately represents the range of model variation for which conformanee fis claimed,
basgd on an engineering assessment. In addition, where requested, manufacturers should mjake details
of the wheelchair configuration used for testing available to suppliers and/or purechasers, dnd specify
which options are available on the wheelchair when used as a seat in a motor vehicle.

Finally, this document should be viewed in the totality of daily wheel¢hair use and thle range of
stamdards to which all wheelchairs are expected to conform. Wheelchairs primarily serve fis mobility
deviices. Transportation is only one of many daily activities that introduce unique circumsftances and
reqpirements that wheelchairs and people who use wheelchairs cdn experience. Wheelchalr products
that conform with this document will have additional features that'provide increased levels ¢f occupant
secyrity and safety whilst their occupants are riding in motorvehicles. However, a wheelchgir’s failure
to donform with this document cannot be used to limit accesSs to, and availability of, mator vehicle
trapsportation for people who use wheelchairs.

© 1S0 2022 - All rights reserved vii
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Scope

5 document specifies test methods, requirements and recommendations for wheelchaiy
use as seats in motor vehicles related to design, performance, labelling, presal€ liter
ructions and user warnings.

5 document is applicable to all manual and powered wheelchairs, including scooters
ition to their primary function as wheeled mobility devices, are also likely to be used 4
g seats in motor vehicles by children and adults with a body mass-equal to or greater th

em. It is also applicable to wheelchairs equipped with additienal components designed {
formity with one or more of the requirements of this dociment.

Normative references

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

6487, Road vehicles — Measurementtechniques in impact tests — Instrumentation
7176-5, Wheelchairs — Part 5: Determination of dimensions, mass and manoeuvring space
7176-15, Wheelchairs — Part-15: Requirements for information disclosure, documentation a
7176-26, Wheelchairs —Part 26: Vocabulary

10542-1, Technical-systems and aids for disabled or handicapped persons — Wheelchair t
ipant-restraint.syStems — Part 1: Requirements and test methods for all systems

14971, Medical devices — Application of risk management to medical devices

Terms and definitions

s intended
hture, user

which, in
s forward-
an 12 kg.

5 document is applicable to complete wheelchairs, including avframe or powerbase and seating

o facilitate

Pir content
pplies. For
[s) applies.

hd labelling

edown and

Jd 11l

For

L £.11
U dllu LIIT 1UIIUVWI1

N

1] Ll 1 RPN | i Ph PR P - o
LIIc lJbll lJUDCD Ul UII1S UUCUIIITIIL, TIHIT LT IS dITU UTITIITIUIUILS T11

g apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

31

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

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

accessible transport vehicles for sitting and standing passengers
ATV-SS

large motor vehicle used in relatively slow-speed travel that allows for seated and standing passengers,
and that provides for transporting people with disabilities who remain seated in their wheelchairs
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anchor point
location on a vehicle interior component, floor or sidewall, on a wheelchair, or on a wheelchair tiedown
assembly or securement system, that represents the centre of where tiedown and/or securement loads
or belt-restraint loads are transferred to the vehicle, wheelchair, tiedown assembly or securement
system when the wheelchair and occupant is in the traveling position

Note 1 to entry: This is a location based on a particular anchorage, and not necessarily any physical components
or hardware that comprise the anchorage.

3.3

anchorage
component
assembly t

EXAMPLE 1
track or oth|

EXAMPLE 2
mounted od]

3.4

, or an assembly of components and fittings, which transfer loads directly from a WT
b the vehicle or wheelchair

The hardware at the end of a wheelchair tiedown strap that attaches to a vehicle floor (e.g. or
er component on the vehicle floor).

cupant restraint belt that attaches to the anchor point on the wheelchair.

anthropomorphic test device

ATD
crash-test
articulated

3.5
attachme
mechanica

3.6
automatid
ALR
device to a
and then Id

3.7

back restn
device or s
support fol

3.8

back supp‘lf)

postural s
surface of
posture

dummy
physical analogue of the human body used to represent.a wheelchair occupant in a test

t hardware
means of attaching a seating system to the wheelchair frame

-locking retractor

ccommodate a belt or strap that allows extraction of the belt or strap to the desired ler
ck so that further extraction,of the belt or strap is prevented without voluntary interven

aint
ystem intended to Jimit rearward movement of an occupant during an impact by provig
ce to the back of-thetorso

rt
pport device that is part of a wheelchair seating system intended to support the poste|

DRS

toa

An item of hardware such as a D-ring, and its associated fastener at thie end of a wheelchair-

gth
[ion

ling

rior

the saeral, lumbar and/or thoracic segments of the trunk in an upright or partially reclined

3.9
belt

length of webbing material used as part of an occupant restraint or postural support device

3.10

clamp-type securement
clamp-type tiedown

method of wheelchair securement that uses only mechanical linkages and/or grips requiring manual
positioning and tightening of the securement point end fittings to the wheelchair

© IS0 2022 - All rights reserved
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3.11

docking-type securement

DEPRECATED: docking-type tiedown

method of securing a wheelchair to a vehicle interior in which one or more securement points attached
to the wheelchair align and automatically engage with a docking securement device attached to the
vehicle once the wheelchair is manoeuvred into position in the vehicle

Note 1 to entry: Engagement, securement and disengagement of the wheelchair can be automatic or manual.

3.12

docking securement device
DERRECATED: docking tiedown device
ass¢mbly of fixtures and components designed for installation in a motor vehicle for the'purpose of
secliring a wheelchair by engaging with a wheelchair securement adaptor mounted tothe wheelchair

3.18
emergency-locking retractor
ELR
retrfactor mechanism used in belt restraints that locks the belt from furtherspool out when [the vehicle
accgleration or deceleration exceeds a threshold value and/or when the rate of belt spool ouft exceeds a
thre¢shold speed

Notg 1 to entry: The vehicle acceleration or deceleration threshold value is usually 0,5 g or less.

Notg¢ 2 to entry: During normal driving conditions, the retractor‘does not restrict the freedom of movement of
the wearer of the occupant restraint.

3.14
excursion
movyement of an anthropomorphic test device.opwheelchair during a test relative to its initjal position
on gn impact sled

3.15
fastener
devijice used to physically secure hardiare components and parts in place

Note¢ 1 to entry: These include, butare not limited to, bolts, nuts, screws, pins and rivets

3.16
fivg-point harness restraint
occpipant restraint feruse primarily by child occupants comprised of two shoulder belts, a pelvic-belt,
and| a crotch strapthat uses five anchor points and/or belt guides, with two located above ind behind
the|shoulders, two-located below and behind the pelvis, and one located below and slightly|forward of
the(crotch

Note¢ 1 totentry: Care should be taken not to confuse a torso postural support device with a five-pgint harness
restiraint.

3.17

foot/leg strap

length of webbing mounted forward and below the anthropomorphic test device knee to limit upward
movement of the leg after peak forward motion of the anthropomorphic test device knee has occurred

Note 1 to entry: The foot/leg strap minimizes damage to the anthropomorphic test device and provides for more
realistic movement of the lower extremities during frontal-impact loading by limiting extension of the knee joints
and upward movement of the anthropomorphic test device’s lower extremities. It does this in a manner that does
not affect forward excursions of the anthropomorphic test device, but slightly reduces the severity of rearward
rebound of the anthropomorphic test device while making this rebound more controlled and consistent between
tests.

©1S0 2022 - All rights reserved 3
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forward-facing
orientation in which the wheelchair-seated occupant faces the front of the vehicle with the wheelchair
reference plane within 10° of the longitudinal axis of the vehicle

3.19

four-point tiedown

strap-type
3.20

tiedown attaching to the wheelchair at four separate securement points

four-point strap-type tiedown

wheelchair
attaching 1
anchor poi

3.21

H-point
point locat
represent
anthropon

3.22
head resty
device inte

3.23

head supplort

postural st

Note 1 to enftry: A head support is not designed or intended to provide head restraint in a vehicle impact

3.24
impact sin
device for
sled, includ

3.25
impactsle

part of an impact simulator on which components can be mounted for impact testing

3.26
multiple-
strap-type

3.27
occupant
system or

tiedown system that uses four strap assemblies to secure the wheelchair in the veh
o the wheelchair at four separate securement points and to the vehicle at four sepd
nts

ed on the left and right sides of the pelvic region of an anthropomorphic test device
he approximate locations of the human hip joint centre in the side views, as specified by
orphic test device manufacturer

aint
nded to limit rearward movement of an occupant’s head in\a’vehicle impact

[pport device intended to support the head

hulator
physically simulating a vehicle crash event by decelerating and/or accelerating an imj
ing instrumentation for measuring pertinent data

d

oint tiedown
tiedown attaChing to the wheelchair at more than four separate securement points

estraint

device de51gned to limit movement of a motor-vehicle occupant durmg crash events
PET V=R Y bao o g d oot o ol oo o

cle,
Fate

that
the

pbact

and

thereby p

Kt £3 £ o at Fions icla Bt
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with the vehicle interior components and other occupants

3.28

pelvic-belt restraint
lap-belt restraint

portion of a belt-type occupant restraint designed to limit movement of an occupant's lower torso in a
vehicle impact by application of restraint forces to the pelvic area

Note 1 to entry: See Figure 1.

act

© IS0 2022 - All rights reserved
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Key
1 |shoulder-belt restraint
2 |pelvic-belt restraint

Figure 1 — Three-point-belt restraint comprised of a pelvic-belt restraint and a shoulder-belt
restraint that connect together near the-hip of the occupant

3.2p
poipt P
refgrence point of a wheelchair seating system that'lies at the cross-sectional centre of|a 100 mm
diameter, 200 mm long, cylinder of mass not greater than 0,5 kg positioned with the longitpdinal axis
perpendicular to the wheelchair reference plané; such that the curved surface of the cylindgr contacts

the[seat and back support surfaces

Note 1 to entry: See Figure 2.

Dimensions inf millimetres

i T~

Key
1 cylinder, diameter 100 mm

P pointP

)

Wheelchair reference plane.

o

Wheelchair ground plane.

Figure 2 — Wheelchair reference point P and wheelchair reference and ground planes

© IS0 2022 - All rights reserved 5
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postural support device
postural support
postural belt

structure or belt, attached to a wheelchair, which has a surface that contacts the occupant’s body and is
used to either modify or accommodate the occupant’s sitting posture

Note 1 to entry: Postural support devices are not designed or intended to provide occupant restraint in a vehicle

impact.

3.31

retractor
device to
automaticd

3.32
seat
postural st

3.33
seating sy
seat and b3

Note 1 to en
for example

3.34

secureme
structural
a tiedown

hccommodate a belt or strap, designed to retract the belt or strap, either mantally
1y

[pport device intended to support the inferior surface of the buttocks andthighs

stem
ck support and their attachment hardware, plus those accessories deemed necessary

try: A seating system can also include postural support devices©ther than the seat and back supy
lateral torso supports

ht point

securement point end fitting can be connected, or that can be effectively engaged wi

securemenjt device mounted to the vehicle

3.35

secureme
hardware
points on a
the wheelc

3.36
seat framg
structural

3.37
sharp edg|

t point end fitting

wheelchair frame, powerbasg, seat frame or securement adaptor for the purpose of secu
hair to a motor vehicle using.a strap-type tiedown

components thatstipport the seat and back support

e

exposed, r

3.38

gid edge.with a radius of less than 2 mm

[ Or

ort,

point on the wheelchair frame, powerbase, seat frame or securement adaptor to which

th a

it end of a wheelchair tiedown-strap assembly designed to attach to wheelchair securenpent

ing

shoulder-belf restraint

DEPRECATED: upper torso restraint
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

Note 1 to entry: See Figure 1.

3.39
strap

length of webbing or other material used in a wheelchair tiedown assembly

3.40

strap-type tiedown
wheelchair tiedown that uses strap assemblies to secure the wheelchair in the vehicle

© IS0 2022 - All rights reserved
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3.41

surrogate tiedown

surrogate tiedown system

surrogate securement system

system for attaching a wheelchair to a test platform in a manner that simulates commercial tiedown or
securement systems, and that includes reusable and/or replaceable components

Note 1 to entry: Specifications for design of a surrogate four-point strap-type tiedown system are provided in
Annex E.

3.42
surjogate wheelchair

rigifd, reusable device according to ISO 10542-1:2012, Annex E that is used to simulateja’whe¢elchair for

system for attaching a wheelchair with an anthropomorphic test deviee-to a test platform ifi a manner
thaf simulates commercial WTORS and that includes reusable and/er'xeplaceable componengs

three-point

aint and a

vard about

din awide

3.47

UDIG adaptor
wheelchair securement adaptor that conforms to the universal docking interface geometry

3.48
webbing
woven material used in belt and strap assemblies of occupant restraints and wheelchair tiedowns

©1S0 2022 - All rights reserved 7
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uide

hardware loop or ring mounted to a structural member in the vehicle, wheelchair or wheelchair back
support, through which an occupant restraint belt passes, and changes direction, along the path to the
wheelchair occupant

3.50
wheelchai

r

device to provide wheeled mobility with a seating support system for a person with impaired mobility

Note 1 to entry: A walking aid with wheels is not a mobility device

Note 2 to elltry: The term encompasses for example standard manual wheelchairs, push wheelchairs, pow

wheelchairy

3.51

wheelchair frame

frame
assembly ¢
attached.

3.52
wheelcha

h
space outli

of the stru

Note 1 to enftry: The footrests are included in the wheelchair footprint.

3.53

wheelchair ground plane

horizontal

Note 1 to entry: See Figure 2.

3.54

wheelchair powerbase

powerbas
component
wheels, an

3.55

wheelchair reference plane

vertical ple

Note 1 to enftry: See Figlure 2.

3.56

and three- and four-wheeled scooters, with different type of seating systems.

f structural members of a wheelchair to which wheels and postural 'support devices

footprint
ed on the wheelchair ground plane by projecting vertically \down from the outermost eqg

bred

are

ges

rtural members that comprise the frame or powerbase.and seating system of the wheelchair

plane representing the surface on which the wheelchair rests

a)

of an electrically powered wheelchair which contains the drive system, batteries
] can be separated from the seating system.

ne in the longitudinal centreline of the wheelchair

wheelchair securement

and

wheelchair tiedown
device or system designed to attach a forward-facing wheelchair to a motor vehicle

3.57

wheelchair securement adaptor
wheelchair tiedown adaptor

hardware that is attached temporarily or permanently to the wheelchair frame, powerbase and/or seat
frame to provide a securement point or points

3.58

wheelchair tiedown and occupant restraint system

WTORS

complete set of safety equipment for an occupant seated in a wheelchair when traveling in a motor
vehicle comprised of equipment for wheelchair securement and occupant restraint

8
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4.1

ISO 7176-19:2022(E)

Design requirements and recommendations

General

Annex L provides a checklist of the requirements in Clause 4.

4.2

4.2,

Wheelchair securement

1 Securement with strap-type tiedowns

a)

b)

NO']
inw
and

4.2
of W

4.2
dev|
sec
the

4.3

4.3
Thd

moyinted belt restraints, and it shall allow the pelvic-belt restraint to make contact with

reg
wit
the

NO']
whe

The wheelchair shall be designed to provide for forward-facing securement in a moftor vehicle

using a four-point strap-type tiedown that conforms with ISO 10542-1, using two s
points at the front and two securement points at the rear, placed symmetrical aboutthe
reference plane, that conform to the specifications given in Annex B and the applicable pg
requirements in Clause 5, or

Where the wheelchair cannot meet the requirements in a) due to high mass features
that accommodate the special needs of the intended occupant and requires additional {
points, the wheelchair shall meet the requirements of Annex K.

E The four-point strap-type tiedown system is the most commofly available strap-type tied
heelchair transport worldwide. The use of a four-point strap-type tiedown system will improve
reduce misuse during the wheelchair securement process in thewehicle.

2 Inaddition, the wheelchair may be designed for forward-facing securement using oth
rheelchair securement, including docking-type seedrement.

3 If a wheelchair is intended by the mantifacturer to also be secured by a docking s
ice in public transportation and/or different private vehicles (i.e. in a multiple-user s¢
irement points on the wheelchair and /or'of the wheelchair securement adaptors should

specifications given in Annex F andthe applicable performance requirements in Clause §.

Occupant restraints

1 Accommodation of vehicle-mounted three-point belt restraints

wheelchair shall be-constructed so that it does not interfere with the proper use and fif

on of the oceupant’s pelvis and not prevent the shoulder-belt restraint from making ga
h the occupant’s shoulder and chest. The wheelchair shall be constructed so that it achie
performarce requirements specified in 5.5.

E
elchair with regard to accommodating the proper use and placement of vehicle-mounted o(

ecurement
wheelchair
rformance

r facilities
ecurement

pbwn system
ease of use

br methods

ecurement
tting), the
conform to

of vehicle-
the lower
od contact
ves at least

Annex D contains test methods and 5.5 contains performance criteria for scoring angl rating the

cupant belt

res

4.3.

e
aliits.

2 Wheelchair-mounted occupant restraints

a) Wheelchairs designed for use by people with a body mass under 23 kg shall provide a wheelchair-
mounted five-point harness restraint in accordance with Annex H. The wheelchair shall be

equipped with the belt restraint when purchased by, and delivered to, the consumer.

b) Ifawheelchair designed for use by people with a body mass equal to or greater than 23 kg provides
for the attachment of, or is equipped with, a wheelchair-mounted pelvic- and/or shoulder-belt
restraint, the restraint and the anchorages shall be in accordance with Annex J.

NOTE The value of 23 kg is drawn from a child restraint classification using 50 1b (22,7 kg) as mass limit for

needing it to be equipped with a five-point harness restraint.

©IS
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4.4 Wheelchair head and back supports for small children

For a wheelchair designed to accommodate children with a body mass under 23 kg, the height of the
back support at the centreline from the junction of the back support with the seat (i.e. the seat bight) to
the top of the head support/restraint shall not be less than 555 mm.

NOTE Annex G provides additional design guidelines for wheelchair back and head supports for equipment

that is also intended to serve as back and head restraints that provide occupant protection in a vehicle rear-
impact crash event.

4.5 Ris

If it is nec¢ssary to physically modify a wheelchair conforming with this document to accomimddate
medical needs of the occupant, the modifier shall conduct a risk management process in conformgnce
with [SO 14971 to identify risks related to crashworthiness.

Changes tq wheelchairs that are likely to affect conformance relative to this documentinclude but|are
not limited to: moving the securement-point brackets, lowering the back-support height, shortening|the
seat length, adding rigid postural supports with mass greater than 150 g that.are'not firmly attaghed
to the wh¢elchair, installing after-market postural seating, installing augmentative and alternative
communication aids or other devices to suit the specific needs of the occupant, adding components that
have sharp edges, or any change that compromises the structural integrityof the wheelchair frame

5 Performance requirements and recommendations

5.1 General

Annex L prjovides a checklist of the requirements in Clagse 5.
5.2 Frontal impact

5.2.1 Fr¢ntal impact with strap-type tiedowns

a) When [tested in accordance withi‘Annex A using a four-point tiedown that conforms with
ISO 10p42-1, the wheelchair shallL.meet the requirements of 5.2.3 and 5.2.4, or

b) Wherd the wheelchair canhot meet the requirements in a) due to high mass features or faciilties
that agcommodate the speeial needs of the intended occupant and requires additional securenpent
points| the wheelchairshall meet the requirements of Annex K.

5.2.2 In addition to,5.2.1, the wheelchair may also be tested using other methods of securement fhat
conform wijith ISO10542-1, such as a docking-type securement. To state conformance of the wheelchair
with the ffontal’impact requirements for the additional securement method, the wheelchair shall
meet the requirements of 5.2.3 and 5.2.4 when tested in accordance with Annex A using this other
securementmetiod:

5.2.3 During the test

a) The horizontal excursions of the ATD and the wheelchair with respect to the impact sled shall not
exceed the limits in Table 1 until motion of the ATD and the wheelchair has ceased.

b) Ifthe wheelchair is tested with a vehicle-mounted pelvic-belt, the peak forward ATD knee excursion
shall exceed the peak forward wheelchair point P excursion by 10 % or more, as indicated by:

anee / ch 2 1'1
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NOTE

Conformance with this requirement reduces the potential for the mass of the wheelchair to

apply additional restraint forces to the wheelchair occupant in a crash, thereby reducing the risk of seatbelt-

induced injury.

c) Batteries of powered wheelchairs or their surrogate replacement parts shall
1) not move completely outside the wheelchair footprint, and
2) notmove into the wheelchair occupant's space (e.g. shall not contact the back of the ATD's legs).
d) No components of the securement system (i.e. securement hooks of the strap-type tiedown
or docking device latch mechanism) shall completely detach or disengage from a wheelchair
securement point or adaptor at any time during the test. A stabilizer bracket or other Component of
a docking securement device whose purpose is not primarily to secure the wheelehair, [but to aide
in alignment or preventing rotation, may detach or disengage during the test.
Table 1 — Horizontal excursion limits
Dimensions inf millimetres
Excursion 3-yearold | 6-yearold 10-year old._|) Small adult MJ:ilsize and
Mehasurement point . child ATD child ATD child ATD female ATD | large adult
variable
ATD
wheelchair point P Xoe 150 150 175 200 200
ATD knee centre Xinee 300 300 325 375 375
ATD front of head XheadF 500 500 500 550 650
AT back of head Xioadr -350 -350 -400 -400 -450
X,,.]{Horizontal distance relative to the sled platform betweeh the point P target on the wheelchair at time ¢, to the point P
target at the time of peak wheelchair excursion.
Xynde: Horizontal distance relative to the sled platform between the ATD knee joint target at time ¢, to the kne¢-joint target
at the time of peak knee excursion.
Xnedar: Horizontal distance relative to the sled platform between the most forward point on the ATD's head abjove the nose
at tfme ¢, to the most forward point on the ATD's'head at the time of peak head excursion.
Xnedar: Horizontal distance relative to the'sled platform between the most rearward point on the ATD's head gt time ¢, to
the most rearward point on the ATD's head at the time of peak head excursion.
NOTE Seethelast paragraph of A.4.12 for a description of how to estimate the point P excursion when it is n¢t possible to
plade a contrast marker at point(P.
5.2{4 After the test
a) |The wheelchair shall remain in an upright position on the test platform, and the ATD shall be
retained_ifivthe wheelchair in a seated posture, as determined by the ATD torso being priented at
not mote than 45° to the vertical when viewed from any direction.
b) [The structural components of the wheelchair securement points shall not completely fail.
c) Rigidcomponents, fragMents oI acCesS0Ties of the wheetchalr with a mass imexcess of 150 g shall
not be completely separated from the wheelchair.
d) Wheelchair components that can contact the occupant shall not fragment or separate in a manner
that produces sharp edges.
e) Locking mechanisms of tilt seating adjusters shall not completely fail.
f) Removal of the ATD from the wheelchair shall not require the use of tools, other than a hoist to lift
the ATD.
g) Release of the wheelchair from the securement system shall not require the use of tools.
©1S0 2022 - All rights reserved 11
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plane shall not have decreased by more than 20 % from the pre-test height.

WTOR
j)

S assemblies during the test.

The post-test height of the average of left and right ATD H-points relative to the wheelchair ground

The wheelchair and its components shall not cause complete failure of the webbing of any of the

No components of the wheelchair securement (i.e. securement point end-fittings of the strap-

type tiedown or the latch mechanism of a docking securement device) shall completely detach or
disengage from a wheelchair securement point or wheelchair securement adaptor. A stabilizer
bracket or other component of a docking securement system whose purpose is not primarily
to secure the wheelchair, but to aid in alignment or preventing rotation, may be detached or

disengpged.

NOTE
and head s
performand

5.3 Accg

5.3.1 WH

he impact response of wheelchairs and particularly the performance of wheelchair baek.supp
pports/restraints in moderate-level rear impacts can be determined using the test-nhethods
e measures given in Annex G.

ssibility of securement points intended for use with strap-type tiedowns

en tested in accordance with Annex C, each wheelchair securemernt point intended for

with a strap-type tiedown shall

allow
10 s, a

a)

b) allow

5.3.2 Sed
webbing a
inserted a

bne-handed attachment and engagement of the hook gauge specified in Figure C.2 wi
nd

dne-handed disengagement and removal of the same*tieok gauge within 10 s.

d associated non-hook type securement pointend fittings of tiedown assemblies to be eq
d attached or detached.

5.4 Clealr paths for strap-type tiedowns

bd in accordance with Annex C,

th between each wheelchai securement point and the corresponding tiedown anchor p

shall npt deviate from a straight/line by more than 40 mm,

When test¢
a) thepa
b) itisre
c) allcon

path 1
d) ashar

rommended that the’deviation of the path measured in 5.4 a) is as close as possible to zer

easured in:54 a) shall have a radius of 2 mm or greater.

b edge<that is within 50 mm of the centre of the tiedown path, but that would be unlikel

be co

the straight-line path or behind another structural component), is not considered to consti

failure

orts
and

use

hin

urement points on wheelchairs should also be\provided with sufficient clear space to allow

sily

bint

o,

factable edges‘of wheelchair components within a 50 mm radius of the centre of the tiedgwn

[y to

ove
ute

n[acted by a tiedown strap during normal travel or a frontal collision (e.g. because it is ah

PR
CJ,

5.5 Accommodation of vehicle-mounted belt restraints

When tested in accordance with the procedures of Annex D using a vehicle-mounted three-point belt
restraint that conforms with ISO 10542-1,

a)

the rating for the wheelchair shall be at least “acceptable” with regard to the ease of proper

placement of vehicle-mounted three-point belt restraints in accordance with the criteria of
Table D.1 and as specified in D.6.1, and

b)

the rating for the wheelchair shall be at least “acceptable” with regard to the extent to which

proper positioning and geometry of the three-point belt restraint is achieved in accordance with
the criteria in Tables D.2 to D.8 and as specified in D.6.2.

12
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Wheelchair-mounted belt restraints

a) Wheelchair-mounted five-point harness restraint designed for use by people with a body mass

b)

6

under 23 kg shall meet the performance requirements in Annex H.

[f a wheelchair designed for use by people with a body mass equal to or greater than 23 kg provides
for attachment of, or is equipped with, a wheelchair-mounted pelvic- and/or shoulder-belt restraint

it shall meet the performance requirements in Annex J.

Identification, labelling, user instructions, warning, and disclosure

red

6.1
a)

ach

b)

b)

juirements and recommendations

General

ISO 7176-15 shall apply with the addition of the information given in 6.2¢0’6.4. Annex
ecklist of the requirements in Clause 6.

Labels should be durable so as to remain legible and not work loose oy curl.
NOTE IEC 60601-1 has reference procedures for label durability.

If the wheelchair is designed with more than four securement points, K.5.1 to K.5.3 apply
to the requirements in Clause 6.

Identification and labelling

The wheelchair and/or its components shall bé\provided with permanent labels or ma
indicate the location of securement points for four-point strap-type tiedowns, using thg
Figure 3, where

1) each symbol has an overall height of at least 12 mm,

2) the symbol is of sufficient(ontrast to the background to be visible in normal roc
from a distance of 1 m.

the symbol in Figure 3 shall not be used to mark securement points intended for pury
than securement of the.otcupied wheelchair in a vehicle.

Dimensions in

>12

L provides

in addition

Fkings that

symbol in

m lighting

oses other

millimetres

\J)

ISO 7000 - 3743

Figure 3 — Symbol required at each wheelchair securement point for strap-type tiedowns

c) The wheelchair frame, powerbase and/or primary seating-system components, and if applicable
wheelchair-mounted belt restraints, shall include permanent labels as required in [SO 7176-15 with

1) the manufacturer’s name,

2) date of manufacture,

© IS0 2022 - All rights reserved
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3) the product model number,

4) aunique product serial number, and

5) Figure 4 to indicate that the wheelchair conforms with the requirements of this document. The
figure shall be

at least 12 mm in diameter, however larger symbols are strongly preferred whenever this

is possible given the structure or surface on which the symbol is located,

rendered in any two contrasting colours such that the colour at the circumference contrasts

NOTE1 4
expected liff

NOTE2 §

NOTE 4

Figure

wheelchair-mounted belt restraints to indicate conformance with this document

il + 1 1 £+l i+ 4 Lol +1 Lals 4 Laod
VIt crrcCOTOUT OT CITCCOTITPOTICTIC CO™ VW ITTCIT CHIC S y T UT TS attatirct

an occupied wheelchair enters a vehicle.

\ permanent label is one that will remain on the product with a high level of legibility during
e of the product, including after normal use and cleaning.

ome information listed above under 6.2 c) can already be required by ISO 7176-15.

—>

\pplication in which ISO 7000-0100 and ISO 7000-3710 are used in conjunction.

4 — Figure on labels on the wheelchair, primary seating-system components, and

d) For w

positioned so that the symbols can be easily seen by a vehicle operator or attendantwhen

the

heelchairs that provide securement points in addition to those required for strap-type

tiedowns, (i.e. for docking type securement devices) affix appropriate markings or labels to indicate

the loc

ations of any additional securement points and the method of securement to be used.

6.3 Presale literature

In addition to the requirements in ISO 7176-15, the wheelchair manufacturer's presale literature shall
include the following:

a) a statement that the wheelchair is designed to be secured facing forward when used as a seat in a

motor

14

vehicle and that it conforms with the requirements of this document;
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b) a description of the types of wheelchair securement systems that are suitable for use with the
wheelchair (i.e. four-point strap-type tiedown, clamp-type securement, specific type of docking
securement devices, etc.);

c) a statement that ease of access to, and manoeuvrability in, motor vehicles can be significantly
affected by wheelchair size and turning radius, and that smaller wheelchairs and/or wheelchairs
with a shorter turning radius will generally provide greater ease of vehicle access and
manoeuvrability to a forward-facing position;

d) a statement of whether the wheelchair is capable of use with a form of wheelchair-mounted belt
restraints;

e) |[the ratings for wheelchair accommodation of vehicle-mounted three-point belt restraint§, including
1) the rating for ease of properly positioning a three-point belt restraint as required by 5.5 a), and

2) the rating for the degree to which proper three-point belt-restraint positioning can je achieved
as required by 5.5 b).

6.4 User and maintenance instructions

6.4{1 General

Insfructions shall be provided with each wheelchair in at’}least one of the official langugges of the
couptry in which the wheelchair is marketed. These instructions shall include the following Jtatements,
destriptions, illustrations and warnings.

6.4{2 The user instructions shall include statements that

a) |people using wheelchairs should transfefto the vehicle seat and use the vehicle-mapufacturer-
installed restraint systems whenever itis feasible, and the unoccupied wheelchair shoulf be stored
in a cargo area or secured in the vehicle during travel,

b) [the wheelchair is designed to be forward-facing when used as a seat in a motor vehicle,

NOTE Conformance with:this document does not preclude using the wheelchair facing fearward in
ATV-SS equipped with rear-facing wheelchair passenger stations.

c) |the wheelchair conforims to the requirements of this document,
d) |only the designated securement points should be used to secure the wheelchair to the vehicle, and

e) |a statementiof whether the wheelchair can be provided with and has been tested with any
manufacturer-designated wheelchair-mounted belt restraints.

6.4)3_~The user instructions shall include descriptions of

a) the types of tiedown systems that are suitable for use with the wheelchair (i.e. four-point strap-
type tiedown, clamp-type securement, specific type of docking securement devices, etc.),

b) the locations of wheelchair securement points used in the frontal-impact tests of Annex A for each
type of wheelchair securement for which the wheelchair was successfully tested, and the markings
used to identify them,

c) Dbeltrestraint anchor-point locations, if any, and the specifications for anchorage hardware and
fasteners that are compatible with the wheelchair’s anchor points,

d) the different ways that the wheelchair can be effectively secured in a vehicle, including if applicable
the necessity for additional, or heavy duty tiedowns necessary to secure the wheelchair,
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e) the types and sizes of securement point end fittings that are compatible with the wheelchair

secure

ment points,

f) the correct positioning of occupant belt restraints on the occupant, including statements that

1) the pelvic-belt restraint should be in contact with and worn low across the front of the pelvis,
so that the angle of the pelvic-belt restraint is within the zone of 30° to 75° to the horizontal,
similar to that shown in Figure .1,

2) asteeper (greater) pelvic belt angle between 45° to 75° to the horizontal is preferred,

3) b\, t lbotl Clillt\) ohuu}d llUt bb hbld GVVG)’ fl JUIll thb bud_y b_y VVhbb}bha;l \,UlllPUllblltO Ul lJ
surch as the wheelchair arm supports or wheels, together with an illustration similar to-tha
Figure 5,

4) shpulder-belt restraints should fit over the middle of the shoulders, as illustrated.inFigure

5) be
6) be

g) the re

suppol
h) the wh
i) the m3
6.44 Th
a) the ing

as shoy
b) the co1
c) the log

been d

6.4.5 Th

a) the wh
and te

NOTE 1
ATV-SS

b) thew
byat

[t restraints should be adjusted as snugly as possible, consistent with occupant comfort,
[t webbing should not be twisted when in use.

rommended settings for any adjustable parts, including, where applicable, seat and &
t positions and orientations, when the wheelchair is used in mgtor vehicles,

eelchair mass, as measured in ISO 7176-5,

ximum recommended occupant mass.

b user instructions shall include illustrations of

orrect placement of belt restraints with the&belts placed over the wheelchair arm suppad
vn in Figure 5 as an example,

rect placement of belt restraints, using an illustration similar to Figure 6,

ations of securement points for‘each type of tiedown method for which the wheelchair
esigned and successfully tested:

b user instructions shallinclude warnings, in 12-point or larger bold fond, that

eelchair conforms‘with the requirements of this document and, as such, has been desig
sted for use onlyas a forward-facing seat in a motor vehicle,

Conformance with this document does not preclude using the wheelchair facing rearwar
equippedwith rear-facing wheelchair passenger stations.

rts,
t of

<)

hnd

ack

rts,

has

ned

d in

eelchair has been dynamically tested in a forward-facing orientation with the ATD restrained

ree-point belt restraint,

c) both pelvic- and shoulder-belt restraints should be used to reduce the possibility of head and chest
impacts with vehicle components,

d) pelvic- and shoulder-belt restraints should be used together as designed for (i.e. do not connect a

latch p

late to a pin-bushing anchorage unless the system is designed to interface this way),

e) in order to reduce the potential of injury to vehicle occupants, wheelchair-mounted trays not

specifi

1) be

16

cally designed for crash safety should

removed and secured separately in the vehicle, or
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f)

g)

h)

j)

k)

Bel
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2) Dbe secured to the wheelchair but positioned away from the occupant with energy-absorbing

padding placed between the tray and the occupant,

when possible, other auxiliary wheelchair equipment should be either secured to the wheelchair or
removed from the wheelchair and secured in the vehicle during travel, so that it does not break free

and cause injury to vehicle occupants in the event of a collision,

postural supports should not be relied on for occupant restraint in a moving vehicle, unless they

conform with the requirements specified in this document,

NOTE 2  Postural-support belts and harnesses that do not meet the requirements of a crashworthy

OCCUpAIt TESIIalint calr be Melpiul 1T Tetailing oCCupants (T thelr WheelcalTs quring MoI-C
manoeuvres, such as sudden braking, and can help occupants maintain an upright seated|g
allows for good fit of the occupant restraints.

ash vehicle
osture that

the wheelchair should be evaluated by a manufacturer’s representative for detepminatipn whether

the wheelchair is suitable for reuse after involvement in any type of vehiclecollision,

alterations or substitutions should not be made to the wheelchair securement points or ta
and frame parts or components since this can affect the crashworthiness of the wheelg
can also change the performance of the wheelchair in normal usé-If it is considered n¢
make these kinds of alterations, the wheelchair manufacturer shall be consulted,

spill-proof sealed batteries, such as gelled electrolyte, should be installed on powered W
when used in a motor vehicle, and

care should be taken when applying the occupant testraint to position the seatbelt buc
the release button will not be contacted by wheelchair components during a crash.

structural
hair, and it
pcessary to

rheelchairs

kle so that

weil&ctrainte choll oo o bald ocazor Fropma +ha bhody ey b anlcolbos
T T

) aaaR-aln tocuch oc oo
TIColldIlity o1idiIll 11v “uavy u)’ ITUIIT LIIC UUU)’ Uy vviiLC CICIIAaIll bUlll}JUlLbllLJ SULIT do dI'1l

or wheels.

Figure 5 — Illustration of improper belt-restraint fit
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Belt restrajints should make full contact with the shoulder, chest, and pelvis and pelvic-belts should be
positioned[low on the pelvis near the thigh-abdominal junction.

Figure 6 — Illustration of proper belt-restraint fit

7 Documentation of conformance
7.1 General

7.1.1 The¢ wheelchair manufacturer shall maintaifify documentation, including test reports, that
provide evjdence of conformance to the design and performance requirements of this document. This
documentdtion shall include the information listed:in 7.1.2, 7.2 and 7.3, and if applicable K.6.

7.1.2 The following shall be included in(the report of each test conducted in accordance with this
document:

a) arefereence to this document, i«e:1S0 7176-19:2022;

b) the name and address of the testing institution;

c) the dafe that the test,ocCurred, as well as the date of issue of the test report;
d) auniqye test repestnumber shown on each numbered page;

e) the name of the manufacturer, the product type and designation, and the serial number of the fest
wheelghait, the mass of the ATD, and the WTORS used and conformance of WTORS with ISO 10542-
L

f) aphotograph of the complete test set-up.

7.2 Frontal impact test

The test report for the frontal impact shall also include

a) the measured or calculated value of the test velocity change,

b) descriptions and photographs of the WTORS and wheelchair as set up prior to the test,

c) if appropriate, indicate that the wheelchair was tested with a wheelchair-mounted pelvic-belt
restraint and/or a wheelchair-mounted shoulder-belt restraint,
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settings used for adjustable components, including seat and back support angles and locations,

a graph of the impact sled deceleration/acceleration plotted against time superimposed on the

shaded area of Figure A.1,

the test results as specified in 5.2, including photographs of the wheelchair post-test and any

separated and/or broken components, and

a statement as to whether or not the wheelchair met the criteria of 5.2 and any other relevant

observations.

7.3
The

f)

Design, labelling, and literature requirements
wheelchair manufacturer shall maintain statements and evidence on file as to

whether securement points intended for use with four-point strap-type~ tiedow
conformance with the design requirements in 4.2.1 a) and Annex B,

whether securement points intended for attachment of four-point “strap-type tiedoy
conformance with the accessibility and clear path requirements ‘of 5.3 and 5.4 whe
accordance with Annex C,

if applicable, whether the wheelchair-mounted five-point’harness restraint conform
requirements in 4.3.2 a), 5.6 a) and Annex H,

ns are in

vns are in
 tested in

s with the

if applicable, whether the wheelchair-mounted belt restraints conform with the requifements in

4.3.2 b), 5.6 b) and Annex ],

whether the ratings for accommodation of vehicle-mounted occupant belts are in conformance

with the requirements in 5.5 when tested in;accordance with Annex D, and

whether the identification and labeHing of the wheelchair and its componentg
manufacturer’s literature conform with all the requirements in Clause 6.

, and the
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Annex A
(normative)

Method for frontal impact test

A.1 Generalprinciple

The wheelchair is placed facing forward on an impact sled and loaded with an appropriate-

ATD. The

the crashworthiness performance requirements of ISO 10542-1. The impact sled is subjected {
deceleratign/acceleration pulse that falls within a specified g-level-versus-time envelope to achie

heelchair is secured in place and the ATD is restrained by a WTORS that conform

Kize
5 to
0 a
e a

longitudingl velocity change of 48 km/h. Observations and measurements are made\during and affter

the test to pssess the performance of the wheelchair and any wheelchair-mounted’belt restraints ur
these dynamic loading conditions.

q

NOTE
imperial un

A.2 Test

An unused
mounted b

Jee Annex M to get an indication of the values of some key dimensiéns'in this annex expresse

ts.

sample
complete wheelchair is required for each test¢econducted, along with any wheelch

elt restraints, when applicable.

methods
5t equipment
uipment and facility shall include

act sled equipped with a flat, horizontal, structurally rigid platform on which the wheelc
mounted, and to which'the WTORS can be fastened,

ontal track or guide€path to provide unidirectional movement of the sled during the imj

s to drivesthie impact sled through a change in velocity of 48 km/h (+2 -0) km/h using

der

d in

air-

hair

pact

P an

p

exceeds 15 g for a cumulative continuous time period of at least 40 ms, and

seen in Figure A.1.

the manner, and to the geometry, specified by the WTORS manufacturer,

has a duration of at least 75 ms from ¢, to t; where t, is the start time and ¢; is the stop time, as

arigid structure attached to the impact sled to which the shoulder-belt restraint can be mounted in

an ATD selected from Table A.1 that is representative of the size range of occupants for which the

wheelchair is designed. For testing a wheelchair with a five-point harness restraint, select an ATD
with mass below 23 kg (i.e.3-year-old or 6-year-old ATD),

A.3 Test
A.3.1 Te
The test eg
a) animp
can be
b) a horiz
event,
c) amea
3)
4)
d)
e)
20
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f) a means to position and tension a length of 25 mm wide webbing laterally in front of the ATD at
specified distances forward and above the selected ATD’s knee-joint centres as shown in Figure A.3
and Table A.2, to restrict upward movement of the ATD’s legs and feet during frontal impact loading
and rebound,

g) a length of 25 mm wide webbing with an anchoring mechanism at one end and a tensioning/
anchoring mechanism at the other end for use in A.4.14,

h) a four- or multiple-point tiedown that conforms to ISO 10542-1. ISO 10542-1 uses an 85 kg
surrogate wheelchair for testing. For testing a wheelchair above 85 kg, it is recommended to check
the specifications of the WTORS to ensure it can be used as test equipment,

NOTE1 Use of a strap type surrogate tiedown for testing wheelchairs will increase themepg¢atability as
well as reproducibility of the results.

i) |if an additional test is to be performed using a different type of wheelchair securpment, the
securement device (as appropriate for use with the test wheelchair masg);that conforms to the
dynamic performance criteria specified in ISO 10542-1,

NOTE2 InISO 10542-1:2012 the dynamic performance criteria are givéniin 5.2.1 b).

j) |a vehicle-mounted three-point-belt restraint, or a two-point shioulder-belt restraint as fequired to
supplement the pelvic belt restraint provided with the wheelchair, that conforms to 1$0 10542-1
and is appropriate for the mass of the ATD selected inaceordance with Table A.1. ISO 10542-1
requires occupant restraints be tested with a midsize;adult male ATD. For testing with a large
adult male ATD, it is recommended to check the specifications of the occupant restraint fo ensure it
can be used as test equipment.

NOTE 3  The surrogate occupant restraint as specified in Annex E can be used for testing yith a large

adult male ATD.
Table A.1 — Available ATDs for wheelchair testing
Occupant mass range Approximate mass pf ATD
ATD size 2

kg kg
12 to <18 3-year-old child 15
>18 to <27 6-year-old child 22
>27 to <43 10-year-old child 35
>43 to <57 small adult female 47
>57 ta275 small adult female, weighted P 59
>75£6.<136 midsize adult male 77
>136 large adult male 102

3 |The niidsize male ATD shall be a Hybrid II or Hybrid III type. The other sizes of ATDs may be Hybrid II, Hybrid III, VIP,

P sqries,'er'Q series types.

b He ATD.

NOTE The ATD masses representing wheelchair occupants are based on precedents established in existing global

automotive safety provisions.
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24 t
201
161
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4_ 4
0 L - 3 —
0 20 40 60 80 100 120 140X
Key
X  time (n}s) to time 0, onset of ifapact acceleration/deceleration
Y decelerption (g) t; time final, endof impact acceleration/deceleratipn
1 a(t)>20gfor 15ms
2 a(t)>1p g for 40 ms
3 (t-ty)> 75 ms
Figure A.] — Acceleration/deceleration requirenients for the 48+2/-0 km/h delta V impact test
A.3.2 Dynamic measurements
The test fagility shall have a means to measure the following during the test:
a) the AT and wheelchair horizental excursions specified in 5.2.3 with a precision of +5 mm;
NOTE A side-view high-speed camera or video system with a minimum frame rate of 500 frameg per
second|can be used for these.measurements.
b) the ho‘rizontal accelerdation and/or deceleration of the impact sled in the direction of travel, pt a
sampling rate in agcordance with ISO 6487, with a precision of £0,5 g;
c) the hofizontal-velocity change (delta V) of the impact sled during the impact with a precisiop of
+0,5 km/H,

A.3.3 Data processing

The test facility shall have a means to filter transducer signals using a low-pass filter in accordance
with [SO 6487, including

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

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

22
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A.4 Test preparation and procedure

A4
a)

b)
c)

.1 Perform the following prior to initiating the test.

Adjust the ATD to achieve a nominal static resistance of 1 g at each joint indicated by just noticeable
movement from the weight of the distal body segment as specified by the ATD manufacturer.

Place snug-fitting cotton clothing on the pelvis, thighs and torso of the ATD.

Prepare the wheelchair for use in a motor vehicle, as specified by the manufacturer’s user

d)

f)

g)

A4
the
spe
mid
in a

A4

plame parallel to the direction of sled-travel +3°.

A4
inst
tied
pro

NOTI

A4
a)

instructionsin 6.4.3 g). If a range is specified for any adjustments, the midpoint of the range should
be used.

Equip the wheelchair with any required wheelchair securement adaptor.

If a pelvic-belt or five-point harness restraint intended for use as an occupant réstraint |s provided
as a component of the wheelchair, install it on the wheelchair accordingto the manpfacturer's
instructions.

If the wheelchair is equipped with liquid-electrolyte-type batteries;replace them with the nearest
equivalent gel, sealed or a surrogate battery. Supplementary\weights, if used, shall provide
equivalent mass distribution to the original batteries.

Inflate any pneumatic tyres to the pressure recommended by the wheelchair manufactyrer.

2 Install the anchorages for the wheelchair securement on the sled platform in accorflance with
WTORS manufacturer’s vehicle installation instraetions, or as specified in ISO 105421 for other
Cific types of wheelchair securement. When a range of installation dimensions is specified, use the
point of the range. When using the surrogate-tiedowns of a SWTORS of Annex E, install anchorages
ccordance with specifications in Annex E.

3 Position the wheelchair facing forward on the sled platform, with the wheelchaif reference

4 Secure the wheelchair with the wheelchair securement according to the WTORS manufacturer’s
ructions, and where applicable as specified in ISO 10542-1. For testing with a four-point|strap-type
own, the applicable preeedures in ISO 10542-1 shall be applied. Apply brakes or wheel locks if
vided, and turn off wheelchair power if applicable.

E In ISO 10542*1:2012 the procedures for four-point strap-type tiedowns are given in A.5.9.

5 Ifapplicable, adjust the seat and backrest as follows.

For, wheelchairs with independently adjustable back supports, adjust the back-support angle
according to the manufacturer’s instructions. If no back support angles are specified,| adjust the

b)

©IS

ahgln tobetween 5° and 10° relative to the vertical Measure this angln onthe structurd]l members
of the back-support with an inclinometer without the ATD in the wheelchair.

For wheelchairs with independently adjustable seat angles, adjust the seat frame according to
the manufacturer’s instructions. If no seat angles are specified, adjust the seat frame so that it is
inclined up at the front between 5° and 10° relative to the horizontal. Measure this angle on the
structural members of the seat with an inclinometer without the ATD in the wheelchair, making
sure that the seat is tilted up at least 3° to 5° from the horizontal.

For wheelchairs with tilt seating, adjust the longitudinal seat frame members to a maximum angle
of 30° to the horizontal or to an angle recommended by the wheelchair manufacturer, without the
ATD in the wheelchair. It is recommended that the unloaded back-support angle be between 0° and
10° to the vertical and that the unloaded seat angle is between 0° and 10° to the horizontal.
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d) If the seat position adjusts front to back, select the position recommended by the manufacturer. If
no position is recommended, select the midpoint of the adjustment range.

e) If other seat components are adjustable, adjust them to fit the ATD intended for use by the
manufacturer.

f) Lock any adjustment mechanisms that provide for tilt or recline of the seating system.

g) If a head restraint or head support is provided on the wheelchair, adjust the position according to
the manufacturer’s instructions. If no instructions are provided, adjust to be within 50 mm of the
back of the ATD’s head.

A.4.6 Pogition the ATD in the wheelchair sitting upright and symmetrically located aboout|the
wheelchaif midline, with the pelvis and buttocks as far back on the wheelchair seat as possible-and|the
elbows resting on the arm supports or on the ATD’s thighs.

A.4.7 Ifthe wheelchair is provided with postural belts, install and fasten the belts around the ATD as
recommenfed by the manufacturer.

A.4.8 If the wheelchair is not equipped with a pelvic-belt restraint or five-point harness restrgint,
install the| vehicle-mounted three-point belt of the specified commercial restraint system, or|the
surrogate restraint system of a SWTORS as specified in Annex E, as follgws.

a) Locatd and attach the floor anchorages of the pelvic-belt restraint as specified by the WTPRS
manufhcturer to achieve side-view pelvic-belt-restraint,angles between 30° and 75° to |the
horizoptal, when the pelvic-belt restraint is positioned aslow as possible on the ATD’s pelvis.

accordance with the WTORS manufacturer instructions. If no instruction is provided or a surrogate
shoulder-belt restraint is being used, choose a location that provides a good fit of the shoulder-pelt
restrajnt to the ATD’s chest and shoulder as illstrated in Figures ].2 and A.2 by

b) Bolt talz upper anchorage for the shoulder-belt restraint to the rigid support structure of A.3.1 d) in
a

1) achieving a side-view angle of 30°.%" 5° with the anchor point or webbing guide locqted
300 mm * 15 mm behind and 173 mm * 15 mm above the top of the ATD’s shoulder, and

belt
ize-

c) 1 as
t of

d)

e) tic-

f) If using a surrogate occupant restraint position and adjust the belts to achieve a snug fit with a
75 mm x 50 mm x 13 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.

NOTE1 Tape can be used to hold the shoulder belt in position on the ATD prior to conducting the test.
NOTE 2  When in place, the plate sits between the ATD's chest and the belt so that the 75 mm side extends

outward from the chest, with the 50 mm x 13 mm surfaces touching the chest and the underside of the belt and
the 75 mm x 50 mm surface is parallel to the wheelchair reference plane.

A.4.9 If the wheelchair provides anchor points for either the pelvic, shoulder, or five-point harness
restraints on the wheelchair, install and position the belt restraints on the ATD as specified by the
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wheelchair manufacturer. If ranges of belt-restraint anchor points are provided, select anchor points
appropriate to achieve a good fit of the belt restraints to the ATD as indicated in H.2.1, ].3.2, ].3.6 and

Figure J.2.

A.4.10 If the wheelchair is equipped with a wheelchair-mounted pelvic-belt restraint intended for use
with a vehicle-mounted shoulder-belt restraint, proceed as follows.

a)

Buckle the pelvic-belt restraint around the ATD’s pelvis and adjust to achieve a snug fit. |

farange of

pelvic-belt restraint anchor points is provided, select anchor points appropriate to achieve a good

fit of the belt to the ATD’s pelvis as indicated in Figure H.1.

b)

d)

NOT

NOT
outy
the

Bolt the upper anchorage of a shoulder-belt restraint to the rigid support structufe
as described in A.4.8 b) and attach the connector at the lower end of the shoulder
appropriate mating part (i.e. latch plate or pin/bushing) on the pelvic-belt restraint.

If using a commercial shoulder-belt restraint with or without an emergeney-locking or
locking retractor, adjust the shoulder-belt restraint to achieve a snug fit.

If using the surrogate shoulder-belt of a SWTORS as specified in-Annex E, position
the shoulder-belt restraint over the ATD's chest and shouldef~to achieve a snug
75 mm x 50 mm x 13 mm thick plate inserted between the ATD's'chest and the belt we
the plate lying flat against the ATD’s chest, and then removethe'plate.

E2  When in place, the plate sits between the ATD'shest and the belt so that the 75 mm 5
vard from the chest, with the 50 mm x 13 mm surfaces;touching the chest and the underside of
/5 mm x 50 mm surface is parallel to the wheelchair¥eference plane.

of A.3.1 d)
belt to the

automatic-

and adjust
fit with a
bbing with

E1 Tape can be used to hold the shoulder belt in position on the ATD prior to conducting the fest.

ide extends
the belt and

©IS
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Dimensions in millimetres

300 =15

Y 300 +15 b
o Q2
™ - —
3 —
| 30°£5°0 "~
[ | —
H .

) e

NOTE The anchor point can be located.on either side of the wheelchair and ATD.

Key
H H-poin{

Figure A.2 — Test location for upper anchor point of shoulder-belt restraint and
side-view angle of the shoulder-belt restraint

A.4.11 Foif wheelchairs designed with a five-point harness restraint as required by 4.3.2 a)|for
wheelchairfs designéd for use by children who weigh less than 23 kg, adjust the pelvic and harness belts
to achieve h snugfit'to the ATD and mark the belt webbing near any tension adjusters with a marker or
paint pen tp indicate the initial position.

A.4.12 If a high-speed camera or high-speed video is used for the measurements specified in A.3.2,
apply contrast markers appropriate to the measurement system at

a) thelateral aspect and centre of the ATD's knee joint, and

b) at the point P of the wheelchair (see Figure 2), or points on the side of the wheelchair that are as
close to the wheelchair point P as possible.

If it is not possible to place a target at point P, place targets on parts of the wheelchair frame that mark
the horizontal and vertical position of point P close to its actual location (i.e. on the seatback canes and
seat rails). These targets should be placed on frame members that will move in approximate unison
with point P and thus can be used to track excursion.

26 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

A.4.13 Ensure that the wheelchair reference plane is aligned parallel to the centreline of impact within
+3°,

A.4.14 Install the 25 mm wide foot/leg strap of A.3.1 g) as described in A.3.1 f) so that the strap is
125 mm to 150 mm below the ATD’s knee-joint centre and forward of the ATD’s knee-joint centre by the
length 2 listed in Table A.2. Tension the strap to 150 N to 200 N before the test.

\ 4

Key

1 |ATD’s centre of knee joint

2 |forward distance for knee strap, length 2 (see Table‘A.2)

3 |centreline of foot/leg strap

4 |distance of 125 mm to 150 mm below ATD.éntre of knee joint

Figure A.3'— Test location for foot/leg strap

Table A.2 — Length 2 for each ATD size

Length 2
ATD size?
mm

3-year-old child 212 to 229
6-year-old child 275 to 296
10-year-old child 325 to 349
small adult female 367 to 394
midsize adult male 400 to 430
large adult male 458 to 493

A.4.15 Record the locations of all WTORS anchor points relative to the wheelchair rear axles and the
projected angles of any tiedown straps and all belt restraints relative to the horizontal longitudinal axis
of the sled platform.

A.4.16 Record the average height (*5 mm) of the ATD’s left and right H-point above the wheelchair
ground plane.

A.4.17 Conduct the impact test by activating the sequence of events to record data and fire the impact
sled.
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A.5 Post-test measurements and calculations

A.5.1 Examine the wheelchair and ATD to determine and/or measure:
a) whether the ATD remained in the wheelchair,

b) whether the wheelchair remained on the test platform,

c) whether any securement points on the wheelchair completely failed,

d) whether any load-carrying parts of the wheelchair became separated, deformed or fractured in a
way that would expose sharp edges with potential for occupant contact, and

e) whethgr rigid wheelchair components greater than 150 g completely detached from the wheelchair.

A.5.2 Defermine peak excursions X,

: wer Xkneer Xneadr aNd Xpeaqr @s defined in 5.2.3, to an accuracly of
+5 mm.

A.5.3 Mepsure the heights of the left and right H-points of the ATD above the wheelchair ground plane
and compulte the percent change of the average H-point height from the pre-test position determined in
A.4.16.

A.5.4 Us¢ an inclinometer to estimate the maximum projected angle, relative to the vertical, of|the
ATD's tors¢ in the post-test orientation, when viewed from any direction.

A.5.5 Release the belt restraint, remove the ATD, and recerdcany wheelchair deformation that hindlers
removal of|the ATD from the wheelchair.

A.5.6 Release the wheelchair from the tiedown and-document any conditions that prevent removal of
the wheelchair.

A.5.7 Mepsure and record the movemert of adjustable wheelchair components from their pre-test
settings.
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Annex B
(normative)

Specifications for securement points on wheelchairs intended for

B.]I General principle

Thi
to 1
con

B.2

The
tha

a)

b)

attachment of four-point strap-type tiedowns

5 annex establishes geometry and location specifications for wheelchair securemeéntpoin

form with ISO 10542-1.

Geometric specifications

securement points shall have dimensions in accordance with-those given in Figure B.

the shape of the securement-point opening shall be rectangular with dimensions befor
of 25 mm to 30 mm on two opposite sides, and 50 mim to 60 mm on the opposing tw
sides,

the structural members forming at least two_adjacent sides of the opening specified in
which the securement point end fitting or strap will engage when the wheelchair is se
have a maximum cross-section dimension'\of 26 mm, and

the securement-point opening shalljbe oriented so that hooks and straps of tiedown
engage with curved and rounded'sections of the securement-point structural memb
that a tiedown strap threaded through the securement-point opening will lie flat on ong
securement-point structureswhen a wheelchair is properly secured facing forward in a y

's intended

e engaged by the securement point end fittings of four-point strap-type tiedewn assemmnblies that

1 and such

e rounding
0 opposite

B.2 a) with
tured shall

hssemblies
ers and so
side of the
ehicle.
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Dimensions in millimetres

50
60

R N jz <R<15
N - %,(o/(
50 : " @ 2 %

‘ — -
N

§A<_ 5 12 <R= 15

a  Qval stfuctural member cross section A-Arexample.

b Square[structural member cross section*A-A example.
¢ Towards wheelchair.

d  Towards anchor point.

NOTE1 Irawing is not to seale.
NOTE 2 ross section A=A continues through elbow.

Figure B.[l — Required securement-point geometry, including minimum radii of the structufal
members

B.3 Location specifications

Wheelchair securement points intended for engagement with four-point strap-type tiedown assemblies
shall be attached to the structural frame of the wheelchair or wheelchair seating system in accordance
with B.4 such that

a) the locations of the front and rear securement points relative to the wheelchair ground plane, and
with respect to each other, fall within the shaded zones of Figure B.2,

b) the horizontal distance between front and back securement points is not less than 100 mm,
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c) for wheelchairs with a seat width equal or greater than 400 mm, the horizontal distance between
left and right rear-securement points is not less than 200 mm,

d) for wheelchairs with a seat width that is less than 400 mm, the horizontal distance between left
and right rear-securement points may be less than 200 mm. When the distance is below 200 mm, it
shall not be more than 50 mm less than the seat width, and

e) the horizontal distance between left and right front-securement points is not less than 100 mm.

NOTE The securement-point location is defined as the centre of contact between the hook gauge or

securement-point end fitting and the securement-point structural member, when the wheelchair is secured using

the

Key)
1 [front-securement-point zone
2 |rear-securement-point zoné

1 . . A A
ProLtcuurcs SIVCII I ATITICTA A,

Dimensions/in millimetres

NOTE1 The securement-point zones are based on minimum and maximum strap lengths fequired by

ISO

10542-1 and typicaldistances of 1 220 mm to 1 372 mm between front and rear vehicle anchor] points. The

actyal distances betwieen front and rear anchor points in different vehicles can be greater or lesy than these

dimensions.

NOTE 2  Thefront- and rear-securement-point zones are specified relative to each other and the gfound plane

and

do not have a specific relationship to wheelchair components.

Figure B.2 — Side view of required zones for front- and rear-securement poinks
relative to each other and the ground plane

B.4 Attachment of securement points

B.4.1 All wheelchair securement points required by 4.2.1 shall

a)

b)

be attached to the wheelchair frame, powerbase or seat frame, either by designing the securement
points to be an integral part of the frame structure or by attaching securement-point brackets to a
frame member using permanent fasteners that cannot be removed without the use of tools,

not be attached or incorporated into moving or removable components (components that can be
moved or removed without the use of tools), such as arm supports, wheels, and foot supports, and
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c) always have the securement-point opening of Figure B.1 fully accessible and unobstructed for easy
attachment and proper engagement of tiedown hooks and straps.

B.4.2 Securement-point brackets may be permanently attached in a manner that allows rotation or
other movement to align the rounded portion of the securement point with the direction of tiedown
forces as long as such rotation or movement is limited sufficiently to prevent any part of the securement-
point opening from becoming inaccessible or blocked by wheelchair components and structures.
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b)
‘)

ISO 7176-19:2022(E)

Annex C
(normative)

Method for testing accessibility and tiedown clear paths of
wheelchair securement points intended for attachment of four-

point strap-type tiedowns

becurement points intended for attachment of strap-type tiedowns should be easily acce
aisle side of the forward-facing wheelchair and should be located so that tiedown straps

redures to

evaluate the accessibility of securement points for one-hdnded attachment of a
securement point end fitting,

determine whether clear paths are provided from these securement points to typical veh
points, and

determine the potential for contact of the tiedowmstraps by sharp edges on the wheelch

Equipment to be tested

bmplete commercial or prototype wheelchair designed for securement by a four-point
own is required. The wheelchair mahufacturer shall adjust the wheelchair to fit the ATD
nnex A or shall provide adjustmentinstructions to the testing facility.

Test equipment
test equipment and fagility shall include the following:
arigid platform-with wheelchair securement space, as shown in Figure C.1,
a hook gauge;as specified by Figure C.2,

an ATD, having the same anthropometric characteristics as the Hybrid II or III selected
impdagttesting in Annex A,

d)

5sible from
will travel
itions, and

hook-type

icle anchor

air.

strap-type
s selected

for frontal

atiming device, that is accurate to +0,5 s,

e)

Four or more-tiedown-strap assemblies, each consisting of
1) ahook-type securement point end fitting as specified by Figure C.2,

2) a25mm + 2 mm wide strap connected to the back end of the hook-type securemen
fitting, and

t point end

3) an anchorage with cam-lock adjusting/locking mechanism for the 25 mm wide strap, as
illustrated in Figure C.3, that, when fastened to the test platform, allows the cam lock to rotate

and align with the tensioned tiedown strap.
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C.4 Test method for securement-point accessibility
The test method includes the following steps.

a) Inspect the wheelchair to ensure that it conforms with the manufacturer’s instructions and adjust
the wheelchair as specified in A 4.5, as appropriate to the type of wheelchair.

b) Position the ATD in the wheelchair, sitting symmetrically about the wheelchair reference plane,
with the torso and pelvis as close to the seatback as possible.

c) Position the fore/aft mldpomt of the Wheelchalr at the approx1mate centre of the test space shown

in Figure 3 s e forward
barrief approx1mately equal to the gap between the rearward-most point on the wheelchalr and

the reprward barrier. Align the wheelchair reference plane, to within +3° to the longitudfinal

centreline of the space and, if applicable, lock the brakes.

d) Atestperson using the hook gauge of Figure C.2 (i.e. the tester) shall be initially pgsitioned standling
on the|side of the wheelchair opposite the long partition.

e) Upon ¢gommand by a person with a timing device (i.e. the timer), the testet shall connect the hook
to onelof the selected securement points whilst gripping the hook gauge'with one hand. The tefter
shall ifdicate when the hook is fully engaged and the time from the “stdrt” command shall be nqted
and reforded.

f) After dttachment of the hook gauge, the tester shall visually ass€ss whether or not the hook is flully
and effectively engaged with the securement point.

g) The timer shall then give the command to start to diseonnect the hook gauge. The tester shall
indicate when the hook gauge is completely disengaged and the time from the “start” commpand
shall be measured.

h) Steps q) to g) shall be repeated three times forrall wheelchair securement points.
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Dimensions in millimetres
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1 |removable partition(s)

Figure C.1'>=1llustration of test set-up for determining securement-point accessipility
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Dimensions in millimetres
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B  bend-ppint tangent to hook-point radius
Figure C.2 — Hook gauge for use in one-hand securement-point accessibility test
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Fig

C.5

Per

25-mm wide webbing
cam-lock mechanism
pivoting anchorage block
pivot bolt

straps during clear-path testing

Test method for tiedown clear paths
form the following:

Remove the partitions used in the securement-point accessibility test and install the foy
anchorages within the test space shown in Figure C.4, such that

1295 mm + 12 mm,

ure C.3 — Illustration of cam-lock tiedown anchorage with pivot bolt for anchoring tiedown

r cam-lock

1) the<distance between the front and rear anchor points is set to a preferred dlistance of

ecurement

2)~ the rear anchor points are located laterally within 25 mm of the rear wheelchair s

1
pUHItS, but ot lESS tlla” 150 ITIHIIT O ITIOTC LIIdIl 010 HIIIT apdIt,

3) the centres of the front anchor points are between 200 mm and 760 mm apart but between
0 mm to 100 mm outboard of the lateral positions of the front wheelchair securement points,

and

4) if the range of anchor-point geometries specified produces different results relative to sharp
edge proximity (see C.6) or tiedown clear paths, the worst-case geometry should be selected

for testing.
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1295 +12 mm

150 mm

‘ 610 mm ‘
200 mm
760 mm

Key
1 cam-logk anchorages
a  centre line

Figure C.4 — Top view of test space and anchor point locations for‘clear-path testing

b) Positidn the wheelchair between the front and rear anchor pointsiwith the wheelchair refergnce
plane located within #25 mm of the longitudinal centreline of thie'test space.

c) Attachlalength of 25 mm wide webbing to each of the test seciirement hooks specified in Figure|C.2.

d) Conneftone securement hook from each tiedown strap:assembled in C.5 c) to each of the wheelchair
securgment points required by Annex B.

e) Thread the 25 mm wide tiedown straps through-the cam-lock anchorage mechanisms illustrated in
Figure|C.3.

f) Positign the wheelchair and pull the tiedown straps taut as illustrated in Figure C.5, so that|the
straight lines connecting the rear securement points and the rear anchor points form angles of|45°
relative to the horizontal.

1) Ifanangle of 45° cannot be achieved with a tiedown length of at least 495 mm, measured as|the
straight-line distance from the securement point to the anchor point, as shown in Figure|C.6,
in¢rease the lengths 6fthe rear tiedown strap assemblies to be from 495 mm to 521 mm.

2) The angle of the sthaight-line path will depend on the location of the securement point and rhay,
wlhen using a.ti€down length of at least 495 mm, be less than 45°.

g) Inspedt the testvhooks and record any contact of the hooks or straps with the wheelchair, other
than cpntactthat is within the designated engagement area of each hook.

h) For eath-fiedown strap, determine the maximum deviation from a straight-line path projected in
the lateral plane as illustrated in Figure C.7. For situations involving multiple strap or hook contacts,
only the maximum deviation is measured.

i) For each tiedown strap, determine the maximum deviation from a straight-line path in the rear-
view plane for rear tiedowns and in the front-view plane for front tiedowns.

38 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

-
()

| 1295 +25 mm?

Key
a Side view.

Figure C.5 — Illustration of wheelchair secured for clearpath testing using 25 mm wjide strap
assemblies

Figure C.6 — Illustration of rear tiedown length measurement
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Key

D deviati

Figure C.7

C.6 Test

With the W
wheelchaip
with the sd
the straigh
normal tr3
structural
tiedown cl

Figure C.8,

is little or o deviation from a straight’line tiedown path.

n

— Illustration of the deviation, D, from a straight-line pathprojected onto the late
view plane

method for sharp edges near tiedown path

heelchair positioned as specified in C.5 f), determine if any contactable sharp edges on|
are within a 50 mm radius of a straight line*connecting the point of engagement of the h

t line defined above, but that would be unlikely to be contacted by a tiedown strap du
vel or a frontal collision (e.g. because it is above the straight-line path or behind anof
component), is not considered(to constitute failure of the test for sharp edges near
bar path. A 100 mm diameter disc with a slot to fit over the 25 mm strap, as illustrate
may be used to assist with.determining the proximity to sharp edges for cases where t}

report
to the requitéments of Clause 7, the test report shall include
Hentification of the wheelchair tested,

b1 the'test person was able to successfully engage and disengage the test hook to each off

ment points in accordance with the procedures of C.4 along with

ral-

the

ook
curement point on the wheelchair to thesanchor point. A sharp edge that is within 50 min of

ing
her
the

1 in
lere

the

1) the times required to attach and to remove the test hook to/from each securement point, and

2) thetestperson’s comments relative to problems encountered attaching the hook if accessibility
criteria are not met.

C.7 Test
In addition
a) afulli
b) wheth
secure
0)
and
d)
40

results of the sharp-edge proximity test of C.6.
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Key
1 [testplatform

100 mm diameter disc
3 |cam-lock anchorage

Figure C.8 — Illustration of test for sharp edges performed by sliding a 100 mm dianjeter disc
along each tiedown strap
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Annex D
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Methods for rating wheelchair accommodation of vehicle-

mounted occupant belt restraints

D.1 Rati

Wheelchai
accommod
systems.

onale

s intended for users with a body mass equal to or greater than 23 kg shall bexdeSigne
ate the correct placement and positioning of vehicle-mounted 3-point occupant restr

This anne

a)

establishes test methods for rating wheelchairs with regard to

the eape by which a person other than the wheelchair occupant can properly position a veh

mounted belt restraint on a passenger seated in the wheelchair, and

b) the extent to which proper positioning of a vehicle-mounted belt4estraint can be achieved.

D.2 Principle

The wheelchair is secured on a test platform using a _four-point strap-type tiedown system

conforms
to be used
procedure

on the crit
various fagq
ATD, are d
overall rat
of at least

0 ISO 10542-1 or using the tiedown system specified in C.3 for clear-path testing. The /
in the frontal impact test of Annex A is_seated in the wheelchair in accordance with

] to
hint

cle-

that
\TD
the

5 of Annex A. A vehicle-mounted three-point belt that conforms to ISO 10542-1 is instaflled
and positipned on the ATD. The ease of achieying proper belt placement is scored and rated bd

bria in Table D.1. Scores indicating.the extent to which proper belt fit is achieved, baseq
tors including belt paths, belt angles, and location of the pelvic and shoulder belts on
etermined using the criteriayin Tables D.2 to D.8. These scores are tallied to determine
ng of proper belt fit and belt'paths in accordance with D.6. A wheelchair shall achieve rat
acceptable” for ease of achieving proper belt positioning and proper belt fit to conform

this docu

h
literature i

D.3 Test

The compl
(prior to th
to that use

nt. In addition, bothyratings shall be disclosed in the wheelchair manufacturer’s pre
accordance with &:3.

sample

pte preduction or prototype wheelchair to be used in the frontal impact test of Anne
e Annex A test), or a wheelchair configured with a seating system comparable in all resp
Hdn,Annex A shall be provided by the wheelchair manufacturer.

sed
| on
the
the
ngs
vith
Kale

X A
pCts

D.4 Test apparatus

The laboratory apparatus to conduct the test shall include the following:

a)

a WTORS consisting of a four-point strap-type tiedown and vehicle-mounted three-point belt

restraint that conforms with ISO 10542-1, and/or the tiedown system specified in C.3 for clear-path
testing,

b)

shoulder-belt-restraint anchor points, and

42

an ATD used in the frontal impact test of Annex A.

a test platform with adjustable anchor points for wheelchair tiedown straps and pelvic- and
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Test method

The test method includes the following steps.

a)

d)

f)

g)

h)

NOTE 2

Secure and adjust the wheelchair on the test platform using a four-point strap-type tiedown system
and the set-up procedures of A.4.1 to A.4.5, as appropriate, or in accordance with C.5 if using the

tiedown system specified in Annex C for clear-path testing.

Position arm supports of the wheelchair in their normal use position. Do not remove, move or pivot

arm supports out of position during testing.

provided, Install a are d 2 atta 2 2
pelvic-belt restraint used in the frontal-impact test of Annex A if not previously insta
wheelchair manufacturer, but do not include the wheelchair-mounted pelvic-belt restrai

haTrdware T =TT OT aRBale. e OTTIITICT hoco

Fasten the floor anchorages of the three-point-belt restraint to the test platform, select
points for the pelvic-belt restraint that are 0 mm to 100 mm forward of, andwithin £100
to, the rear-tiedown anchor points.

NOTE1 The actual location of the pelvic-belt-restraint anchor points will depend on the sp3
between the rear-tiedown anchor points and the wheelchair base.

Place the ATD used in the frontal impact test of Annex A jin ‘the wheelchair seat with
firmly against the backrest.

Locate the upper shoulder-belt-restraint anchor point 0r webbing guide according to the |

r-mounted
lled by the
t.

ing anchor
mm lateral
ce available

the pelvis

brocedures

specified in A.4.8, as illustrated in Figure D.1. Thekanchor point may be located on either side of

wheelchair and ATD, and is located relative to the top centre of the ATD’s shoulder.
position of the anchor point or webbing guideé\should be adjusted to achieve a good f
ATD'’s chest and shoulder.

Install and position the three-point-beltrestraint on the ATD while attempting to achig
placement of the pelvic-belt restraint across the lower pelvis at the thigh-abdominal jur
the shoulder-belt restraint across-the middle of the shoulder and diagonally across the c

Score the performance of the wheelchair during and after the belt-restraint installati
based on the criteria in Tables D.1 to D.8.

1) Use an inclinometer fo estimate the projected side-view angles of the pelvic-belt res
installation on.the ATD, and

2) Determine ifithere are any sharp edges on the wheelchair that are within the ;
clearanee'zone shown in Figure D.2 and that could be contacted by the belt restr
normabtravel or during expected belt movement in a frontal collision (e.g. because it
of the belt path or behind another structural component). This can be done by pd
transparent template of the sharp-edge clearance zone shown in Figure D.2 along
the wheelchair with the belt line on the template aligned with the belt angle.

The lateral
it over the

ve optimal
ctions and
hest.

0N process

fraint after

harp edge
hint during
s outboard
sitioning a
the side of

Rate the overall performance of the wheelchair with regard to its ease of belt placement and the
wheelchair’s accommodation of the proper placement of vehicle-mounted belt restraints according

to D.6.

The scores in Table D.1 are based on attempts to achieve optimal belt-restraint placement for the

wheelchair being tested. The scores in Tables D.2 to D.8 are assessed after achieving optimal placement.
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Dimensions in millimetres

300 15

173 +18
| 173 £15

/
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/
>

Figure D.1 — Test location of shoulder-belt-restraint upper anchor point or webbing guide,
and angles-of shoulder-belt restraint

Table D.1 — Ease.of optimizing proper seatbelt placement on ATD

Rating Description

Placement of pelvic and/or shoulder belts to optimize proper belt fit and
positioning on the ATD can only be achieved by threading? the free-end of
Poor belt webbing through small openings of less than 75 mm in any direction,
or by insertingP the belt webbing into tight spaces of less than 15 mm
between wheelchair components.

Placement of pelvic and/or shoulder belts to optimize proper belt fit and
positioning on the ATD requires threading the ends of the pelvic belt
through relatively large openings that are equal to or greater than 75 mm
in all directions.

X 11
ALLCPLAdDIC

a2  Threading means that the end of a belt is placed through an opening that is completely enclosed,
such as through an opening at the bottom of a back support, without the removal of wheelchair
components or hardware.

b Inserting means that the edge of the belt somewhere along its length can be placed into an

opening between components because it is not completely enclosed, such as placing the edge of belt
webbing down into the gap between a back-support post and the back of an arm support, without the
removal of wheelchair components or hardware.
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Table D.1 (continued)

Rating Description

Placement of pelvic and/or shoulder belts to optimize proper belt fit and
positioning on the ATD can be achieved without threading the ends of
Good the pelvic belt through openings in or between wheelchair components
but requires inserting webbing into spaces that are between 15 mm and
25 mm wide.

Placement of pelvic and/or shoulder belts to optimize proper belt fit and
positioning on the ATD can be achieved without threading the ends of the

Excellent pelvic belt through openings in or between wheelchair components and

without having to insert webbing into openings less than 25 mm wide,
2 Threading means that the end of a belt is placed through an opening that is completely enclosedl,
such as through an opening at the bottom of a back support, without the removal of wheelchajr
components or hardware.
b Inserting means that the edge of the belt somewhere along its length can be placed into an
opening between components because it is not completely enclosed, such as placing-the edge of beft
webbing down into the gap between a back-support post and the back of an arm Support, without the
removal of wheelchair components or hardware.
Table D.2 — Pelvic-belt contact area
Description Scorer
Belt is held completely away from the ATD’s pelvis becausé of interference by 0
wheelchair components.
Belt makes contact over the front of the ATD’s pelvis but does not make con-
tact with either or both of the ATD’s hips duectd-interference by wheelchair 1
components.
Belt makes contact over the front of the-ATD pelvis and with both hips. 2
Table D.3 —-Shoulder-belt contact area
Description Scorer
Beltis held away from the ATD’s chest and shoulder because of interference by 0
wheelchair components:
Belt makes contactfwith the ATD’s sternum but contact area is reduced due to 1
interference by wheelchair components.
Belt makes fulf’and unrestricted contact with the ATD’s sternum and the an- 2
terior surface of the ATD’s shoulder.
Table D.4 — Pelvic-belt location on ATD
Description Scorer
Belt contacts the ATD above the pelvis (referenced by the anterior superior
iliac spine or ASIS) and on the ahdomen because of interference hy wheelchair 0
components.
Belt contacts the ATD on the upper part of the pelvis (over the ASIS) because 2
of interference by wheelchair components.
Belt contacts the ATD low on the pelvis (below the ASIS) or at the thigh/ab- 4
dominal junctions.
Table D.5 — Shoulder-belt contact area
Description Scorer
Beltis off the shoulder of the ATD due to interference by wheelchair components. 0
Belt contacts the ATD’s neck due to interference by wheelchair components. 1
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D.6 Ovepall rating of bélt-restraint accommodation

D.6.1 Eape of propegbelt positioning

The rating[for easelof)proper belt positioning is as assigned in Table D.1.

D.6.2 Extentto which proper belt fit is achieved

Table D.5 (continued)

Description Scorer
Belt travels over the middle of the ATD’s shoulder. 2

Table D.6 — Pelvic-belt angle

Description Scorer

The average of the projected side-view angles of the pelvic belt on both sides 0
is less than 30° or greater than 75° to the horizontal.

he average of the projected side-view angles of the pelvic belt on both sides 1
between 30° and 45° to the horizontal.

—

Tihe average of the projected side-view angles of the pelvic belt on both sides 2
between 45° and 75° to the horizontal.

—

Table D.7 — Pelvic-belt contact area

Description Scorer
Belt makes contact with wheelchair components on either side of the wheelchair
A : o 0
resulting in a change in belt angle greater than 15°.
Belt makes contact with wheelchair components on either side of the wheelchair 1
resulting in a change in belt angle less than 15° but greater than.5°,
Belt path from the ATD to anchor points on both sides of thewheelchair does 2
nfot deviate more than 5° from a straight line.
Table D.8 — Pelvic-belt proximity to sharp edges
Description Scorer
Sharp edges on the wheelchair that could contart the belt during a frontal crash 0
are within the sharp-edge clear zone of Eigure D.2.
Sharp edges on the wheelchair that could-contact the belt during a frontal crash 1
e not within the sharp-edge clear zene, but are within 25 mm of the zone.
it:narp edges on the wheelchair thatcould contact the belt during a frontal crash 2
e not within 25 mm of the sharp-edge clear zone.

The rating for belt fit plus belt paths is based on the sum of the scores from Tables D.2 to D.8 as follows:

a)

b)

‘)
d)

e)

46

The rating is “Poor” and an overall score of zero shall be assigned if any of the criteria in Tables D.2
to D.8 receive a score of zero.

The rating is “Poor” if the total score is less than 8.
The rating is “Acceptable” if the total score is from 8 to 11.

The rating is “Good” if total score is 12 to 16 and the sum of the scores for Tables D.2, D.4, and D.6 is
less than 8.

The rating is “Excellent” if the total score is 12 to 16 and the sum of the scores for Tables D.2, D.4,
and D.6 is 8.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

Ny

5
Key
1 |rigid D-ring anchor points
2 |D-ring
3 |3-point vehicle-mounted belt restraint
4 |sharp-edge clearance zone
5 |pelvic-belt Dfring anchorage

Figure D.2 — Side-view drawing of the sharp-edge clearance zone

© IS0 2022 - All rights reserved

47


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-

19:2022(E)

Annex E
(normative)

Specifications for Surrogate Wheelchair Tiedown and Occupant
Restraint System (SWTORS) with four-point strap-type tiedown

and three-point belt restraint

E.1 Priy

The purpo
can be use
document.

loading tinpe histories, which can be useful in determining wheelchair failureToads and solutions

strengthen
for laborat

E.2 Genleral design features

The SWTO
and wheel
with appli
surrogate
ATD restrd
the 48 km
alternative
webbing. [
adult ATD.
tiedown sy
these forcq

Iciple

e of SWTORS is to provide a laboratory device with sufficient durability and strength
d for repeated impact testing of all wheelchairs that can be tested in ac¢ordance with
The SWTORS also offers the additional advantage of providing accuraté\measures of imp

ing the wheelchair design. The following specifications are intended to serve as guidel
bries wishing to use a surrogate tiedown system in the frontal ithpact test of Annex A.

RS uses a four-point strap-type tiedown capable of'simulating the dynamic performd
hair loading produced by common production four#point strap-type tiedowns that conf
cable frontal-impact performance requirements-of ISO 10542-1. In this configuration,
fiedown system is capable of securing a 136:kg wheelchair loaded with a large adult n
ined by a three-point belt restraint with a\wheelchair-mounted pelvic-belt restraint du

that
this
act-

for
nes

nce
Drm
the
hale
[ing

h, 20 g frontal-impact test of Annex ACFor wheelchairs with a mass greater than 136
hardware for the rear tiedown straps allows for the use of double-thickness tied

signals are not used to démonstrate conformance of the wheelchair with the performa

criteria, th
secureme

y provide useful inforfmation for the wheelchair manufacturer, particularly in the ever
point or wheelchair frame failures.

The SWTQRS includes a sheulder-belt restraint, the lower connector of which can engage with
mating cornector on a pseduction wheelchair-mounted pelvic-belt restraint. The SWTORS also incly
a surrogat¢ three-pointbelt restraint with a vehicle-mounted pelvic-belt restraint. Both the wheelc
tiedowns and occupant restraints are comprised of durable, reusable components that, when interfg
with new peatbelt-webbing, comprise the SWTORS. These components include four or more hd
for attachingAiedown-straps to wheelchair securement points, anchorages to attach tiedowns

kg,
wn

1 this configuration, the SWTORS\scapable of securing a 200 kg wheelchair loaded witl an
Auxiliary rear tiedown assemblies can be used for heavy wheelchairs as well. The surrogate
stem provides for measurererit of rear-tiedown force-time histories during a test. Whilst

nce
t of

the
des
hair
ced
oks
and

restraints fo7the impact sled, mechanisms for attaching and adjusting webbing lengths and tens

ons

without the need for sewing, a rigid structure that simulates vehicle side pillars or side walls for upper
shoulder-belt anchor points, and a raised platform to position the wheelchair ground plane at the level

of the rear wheelchair anchor points. These features are illustrated in Figure E.1

E.3 Summary of features and specifications

E.3.1 The SWTORS includes

a) four or more strap-type tiedown assemblies for securing forward-facing wheelchairs up to
200 kg with a wheelchair-mounted pelvic-belt restraint during a 48 km/h, 20 g frontal impact
test, including two rear tiedown assemblies with split-drum mechanisms and two front tiedown
assemblies with pivoting ratchet mechanisms,
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b)

E.3

b)

d)

f)

E.3.

a)

ISO 7176-19:2022(E)

an adjustable-length shoulder-belt restraint with fixed upper anchor point and an appropriate
connector for attaching the lower end of the shoulder-belt restraint to the mating connector
(e.g. pin-bushing, latch plate, buckle receptacle) on a production wheelchair-mounted pelvic-belt
restraint that conform with ].3.6 (see Figures E.1a and E.1b),

a three-point belt restraint with vehicle-mounted pelvic-belt restraint (see Figures E.1 c), E.1 d)
and E.1 e),

a three-point belt with surrogate wheelchair-mounted pelvic-belt restraint (see Figure E.1f, E.1g,

and E.1 h), and

durable and reusable hardware cCOmponents 10l all non-webbing parts of the surrogate
tiedown and occupant restraint system, including

1) mechanisms that provide for manual adjustment of the lengths of wheelchair tied

and belt restraints, and

2)
standard seat-belt webbing without the need for sewing.

2 The surrogate wheelchair tiedown shall be comprised of

unused energy absorbing webbing material such that

wheelchair

bwn straps

mechanisms that provide for implementing the tiedown straps and,seat-belt assemblies using

1) the width of the webbing is not less than 45,7 mm{ or greater than 53 mm when measured
according to applicable standards (see Table E.1 for-examples),
2) the elongation of the webbing does not extetid more than 10 % when loaded at 11 145 N as

specified in applicable standards (see Table*E.1 for examples),

rear-tiedown anchorages consisting of_heavy-duty, stainless-steel rod-end bearing
to 12,5 mm diameter steel rods suppernted by steel side plates. The rod-end bearingg
instrumented with strain gages tetmeasure the total force-time history in each re
assembly during a test,

a means to secure and adjust the length of each rear-tiedown assembly by using either

1) a split-drum webbing grip mechanism for use with single-thickness webbing reg
quasi-static stiffness of each rear-tiedown assembly of between 700 N/mm and
when tested at-an/initial length of 510 mm = 10 mm, measured from hook securems
rod-end anchoerpoint, or

2) a split-drum webbing grip mechanism for use with double-thickness webbing

wheelchairs with a mass greater than 136 kg, resulting in a quasi-static stiffng

rear~tfiedown assembly of between 1 000 N/mm and 1 200 N/mm when tested i

configuration described above.

5 attached
should be
hr-tiedown

ulting in a
780 N/mm
nt point to

for testing
ss of each
1 the same

two pivoting front tiedown anchorages consisting of heavy-duty webbing reels and 1

htchets for

tensioning the tiedown straps,

a raised, flat, rigid platform for the wheelchair resting surface, so that the centres of the rod-end

anchor points are at the same height as the wheelchair ground plane, and

four to six securement hooks made of high-impact hardened steel that conform with the geometry

in Drawing #11005 of the SWTORS engineering drawing package referenced in E.4.

3 The surrogate belt-restraint system shall be comprised of

unused webbing material specified in E.3.2 a),
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b)

f)

50

a rigid structure to simulate the vehicle side wall or pillars for attaching the upper shoulder-belt
anchorage at a range of anchor points to achieve good fit of the shoulder-belt restraint to the child-
and adult-size ATDs listed in Table A.1 seated in a range of wheelchair models and sizes,

NOTE The structure is considered rigid if there is less than 25 mm of deflection at the point of load
application when 10 000 N of static force is applied 1 220 mm above the wheelchair ground plane, at an angle
of 30° forward and inward to the wheelchair reference plane.

a75 mm x 50 mm x 13 mm rigid block for establishing the degree of slack in the surrogate shoulder-
belt restraint as specified in A.4.8 f) or A.4.10 d) prior to running the frontal-impact test,

wheel¢hair-mounted pelvic-belt restramt with lower shoulder belt connector is supphed Wlthout a
shoulder-belt restraint (see Figures E.1a and E.1b), including

1) affreely pivoting heavy duty D-ring to attach the upper end of the surrogate shoulder belt to[the
rigid structure,

2) alheavy duty three-bar clip to attach the upper end of the shoulder belt t§ the D-ring and that
allows for adjusting the shoulder-belt length to fit the ATD,

3) adonnector (i.e. triangular connector, buckle receptacle) to attach thelower end of the shoulder
belt to the mating connector on a production wheelchair-mounted_pelvic-belt restraint, anc

4) a lheavy duty three-bar clip to attach the lower end of thesshoulder belt webbing to the lower
shpulder belt mating connector on the pelvic belt.

NOTE Although the lower end of the shoulder belt illustratedin Figures E.1a and E.1b show a triangjular
connecfor for attachment to a pin-bushing anchorage, this\connector can be replaced by other typqs of
suitablg hardware, such as buckle receptacles and latch plates.

a surrpgate three-point-belt restraint with a vehicle-mounted pelvic-belt restraint for testing of
wheelghairs and seating systems (see Figures E¥lc, E.1d, and E.1e), including

1) afreely pivoting heavy duty D-ring to-attach the upper end of the surrogate shoulder belt to|the
rigid structure,

—e

2) alheavy duty three-bar clip teattach the upper end of the shoulder belt to the D-ring, and that
allows adjustment of the shoulder-belt length to fit the ATD,

3) aflixed heavy duty eye bolt to attach the continuous loop of belt webbing that forms the lower
end of the shoulder-belt and the inboard end of the pelvic belt to the sled platform behind|the

4) the

5) belt

hor

a surrogate three-point belt restraint with a wheelchair-mounted pelvic-belt restraint (see
Figures E.1f, E.1g, and E.1h), including

1) a freely pivoting heavy-duty D-ring to attach the upper end of the surrogate shoulder belt to
the rigid structure,

2) aheavy duty three-bar clip to attach the upper end of the shoulder belt to the D-ring and that
provides for adjusting the shoulder-belt length to properly fit the ATD,

3) afreely pivoting heavy duty D-ring to attach to the test wheelchair below and behind the ATD’s
hip on the side opposite the upper shoulder-belt anchor point, thereby providing a wheelchair
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E.4 Engineering drawings for a surrogate wheelchair'tiedown and occup

res

Copies of engineering drawings for the surrogate four-point'strap-type wheelchair tiedown

sho

abope can be obtained from:

Coplies can also be downloadéd)from the UMTRI Wheelchair Transportation Safety website:
httl

ISO 7176-19:2022(E)

anchor point for the continuous loop of belt webbing that forms the lower end of the shoulder

belt and the inboard end of the pelvic belt,

4) aheavy duty three-bar clip to connect the pelvic and shoulder belt together near the hip of the

ATD on the side opposite to the upper shoulder-belt anchor point,

5) afreely pivoting heavy duty D-ring to attach to the test wheelchair behind and below the ATD’s
hip on the same side as the upper shoulder-belt anchor point, thereby providing a wheelchair

anchor point for the outboard portion of the pelvic belt, and

6) a heavy-duty three-bar clip to attach the outboard end of the pelvic belt to the freely pivoting

anchor point.

Table E.1 — Examples of test methods for belt width and belt elorigation

Subject UN Regulation No. 16 |FMVSS 209
belt width 6.3.1.2 S5.1 (&)
elongation S54 (ic)

traint system with four-point strap-type tiedown
ilder belt restraint system that can be used in the frontal-impact test of Annex A and

Biosciences Group

University of Michigan Transportation Research Institute (UMTRI)
2901 Baxter Road, Ann Arbor, M[-48109-2150 USA

Phone: 734-763-3582, Fax: 734-647-3330

heavy duty D-ring attached to the test wheelchair on the same side as the upper snpulder-belt

ant

hind pelvic/
described

://wc-transportation-saféety.umtri.umich.edu/wts-standards/WC4engineeringdrawing§
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a) Side-yiew drawing of SWTORSwith a surrogate shoulder belt and a wheelchair-mountegd
pelvic-belt restraint
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=

) Rear-oblique view drawing of SWTORS with a surrogate shoulder belt and a whe

mounted pelvic-belt restraint

plchair-
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17

c) Inboafd side-view drawing of SWTORS with a surrogate three-point vehicle-mounted be]lt
restraint for optional testing of wheelchairs and seating systems

54 ©1S0 2022 - All rights reserved


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

1

\

d)|Outboard side-view drawing of SWTORS with a surrogate three-point vehicle-mounted belt
restraint for testing of wheelchairs and seating systems
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20

e) Rear-oblique view drawingofSWTORS with a surrogate three-point-belt restraint withja
vehicle-mounted pelyic belt for testing of wheelchairs and seating systems
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1

/

17

—

) Inboard side-view drawing of SWTORS with a surrogate three-point belt restrai
wheelchair-mounted pelvic belt for testing of seating systems or tiedown/secureme

t

© IS0 2022 - All rights reserved

witha
systems

57


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

1

\

25

17

g) Outbdard side-view drawing of SWTORS with a surrogate three-point belt restraint with a
wheelchdir-mounted pelvic beltfor testing of seating systems or tiedown/securement systems
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23

O

19
10

H) Rear-oblique view drawing of SWTORS with a surrogate three-point belt restrain

25

24

twitha

wheelchair-mounted pelvie-belt for testing of seating systems or tiedown/securemenit systems

Key

1 rigid D-ring’anchor points 14 front tiedown strap

2 pivoting\D-ring 15 ratchet spool

3 3-bar belt fastener 16 wheelchair ground plane

4 pin-bushing standard connector 17 raised platform

5 pin-bushing mating connector 18 sled platform

6 wheelchair anchor point 19 instrumented rod-end bearing

7 rear tiedown hook 20 pelvic-belt floor anchorage eyenut
8 rear tiedown webbing loop 21 surrogate 3-point vehicle-mounted
9 split drum grip assembly belt restraint

10  rear tiedown anchorage assembly 22 pelvic-belt latch plate floor anchorage
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11 surrogate shoulder belt 23 heavy duty 3-bar belt fastener
12 production WC- mounted pelvic belt 24 pivoting pelvic-belt D-ring anchorage
13 front tiedown hook 25 surrogate 3-point vehicle-mounted

Figure E.1 — Side-view and rear-oblique view drawings of different SWTORS configurations
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Annex F
(informative)

Specifications for wheelchair Universal Docking Interface

Geometry (UDIG)

F1

Thi
whyd
sec
alsa
doc
occ

multiple private vehicles by ensuring engagement compatibility, between wheelchair s
its, including wheelchair securement adaptors, and docking §écurement devices inst3

poil
veh
the
occ

F.2
The
a)
b)

‘)
d)
e)
f)

g)

General

5 annex provides the specifications for the UDIG for wheelchair structural c¢mpone
elchair securement adaptors intended to permit engagement between vehiclé-install

include the three-dimensional clear zones surrounding the UDIG withinnwhich a UDIG
king securement device can effectively function. The purpose of the UDIG is to allow
ipants to independently secure and release their wheelchairs inpublic transportat

icle. Adoption of this UDIG specification by wheelchair and{(WTORS manufacturers wi
safe and independent travel of wheelchair occupants andthe efficiency of transporting
ipants by transportation providers.

Principle
criteria used to formulate the specificationsfor the UDIG are that it should
not impede the proper use and positioning of occupant restraints,

not preclude the use of other types-of tiedown devices, such as four-point strap system
type securement,

permit the retrofitting ofUPIG adaptors to existing wheelchairs,

require minimal structirral design modifications to most common wheelchairs,

test specified in ISO 10542-1:2012, Annex A,

mihimize any increase to the mass of the wheelchair,

irement devices and wheelchairs that conform with these specifications) These sp¢

enable effectivewheelchair securement in public transportation and/or multiple privats

facilitate thé.désign of UDIG adaptors, wheelchair securement points, and docking 3
devices that'will withstand the wheelchair securement loads consistent with the fromjtal-impact

nts and/or
bd docking
cifications
compatible
wheelchair
on and/or
ecurement
lled in the
[l facilitate
wheelchair

5 or clamp-

vehicles,

ecurement

h)
i

F3

minimize any loss of aesthetics or function of the wheelchalr, and

not interfere with other wheelchair features and functions.

Specifications for the UDIG and clear zones

A wheelchair securement adaptor that conforms to this UDIG specification shall

a)

have geometry as specified in Figure F.1,

b) be spatially located relative to the wheelchair and ground plane as specified in Figure F.2,
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c) have operational clear zones, in which UDIG-compatible docking engagement mechanisms can
function without obstruction, as specified by Key 6 in Figures F.3 and F.4,

NOTE 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. The horizontal component is not required on wheelchairs with a
mass 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¥.3fand
F.4, anf

f) Zones ppecified to be used for attachment of UDIG securement points by Key 5 in Figures F.3 and F.4
should not be designed for engagement with the docking securement device, as gbstruction cquld

oCCUr.
Dimensions in millimetres with a tolerance of #3 ntm unless otherwise npted
<333
| 2222
i i Kz, AA
| // i \\ i g:\
7 ' N N,
_/{_ . ’p Q; N _\|\— =7
/ AY \
‘\,%) 17 / RN &y | »
| o 1 | | ~
| i N
T} i 2 : [ B To)
| i |
| i |
Koy . |
L. l2241
Key

1 horizortal segment
2 vertical segment

Figure F.1 — Specification of the UDIG
(rear view and side view at section A-A)

62 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=888205c4c28cfa80874bcbb232874a34

ISO 7176-19:2022(E)

Dimensions in millimetres with a tolerance of +3 mm unless otherwise noted

! r

357

203
T
150

A\

Key]
wheelchair reference plane (centreline) (the UDIG is located'symmetrically about this plane)
wheelchair ground plane

rearmost reference plane, defined by a vertical line in the side view that passes through the md
point on the most rearward structural component of the wheelchair in a zone from 150 mm to 35|
the ground plane

Figure F.2 — Specification for the vertical and horizontal location of a UDIG adaj
(rear and side view)

ptor,
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Dimensions in millimetres with a tolerance of +3 mm unless otherwise noted

+3
405 0
+3 +3—> -—— [ 7
™ |7 250 250
355! v 3
2 A 6 A
. / 250
+3f J o B
25 0 - . R
%: I - \5 52
5 ' 1
127 | 5 ] T,
| 75
I 5 l 357
R 5 | 5 e '
+3 L — ] +
55 () | 55* 0
v I /\ &
62— <621
}<_ | _.l O
| &
150 | O‘\
4
3 | B Q<<
| R
N . \
l + A+ +
280 0 180 0
Key
1 UDIG i} its maximum width configuration
2 wheelchair reference plane
3 wheelchair ground plane
4 docking-station clear zone that typically falls between the anti-tip devices of wheelchairs
5 attachmpent zones in which hardware forattaching the UDIG adaptor to the wheelchair may be located
6  clear space around the UDIG in whi¢h the docking engagement mechanism may function without obstructjon
7  location of rear-most wheelchair structure at 150 mm to 357 mm above ground plane

Figure F.3 — Specification of the UDIG clear zones, shown in maximum width configuratiop
(rear view and side view at section A-A)
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Dimensions in millimetres with a tolerance of +3 mm unless otherwise noted

+3
294 0
.13 LI I — 7
— 25 0 25 0
2 ! — 47+8 ~—
~—25 0
25 0 : : -
I T [~ - \5 52
X ] 1
127 5 | 5
o | ~®
|
I 5 357
v -4
|_31 /5 | 5\ +3
55(0 200—— 550
[
|
I
150 | 4
|
4 e
| 3
| /
1
A<- —— +3_>
280" 180 0
Key

UDIG in its minimum width configuration

wheelchair reference plane

wheelchair ground plane

docking-station clear zone that typieally 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 ¢bstruction

N O U1 W

location of rear-most wheelchair structure at 150 mm to 357 mm above ground plane

Figure F.4 — Specification of the UDIG clear zones, shown in minimum width configuration
(rear view and side view at section A-A)
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Annex G
(informative)

Wheelchair design, performance, and labelling recommendations
for improved protection of occupants seated facing forward in

wheelchairs during rear impacts

G.1 Ge

When pe
involved ir

with vehicle seatbacks, wheelchair back supports shall limit rearward movement efithe occupant’s t¢

relative to
which will
other occu

At the cur
dummy in
static and
FMVSS 207
fuel-tank i
wheelchaip
supports o
fail catastr

Vehicle reg
to limit thg
rotation of
relative to
of serious |
wheelchaiy
upright du

restraint i rear-impact crashes. It is, however, possible to design wheelchair head supports, whet

part of the
that they ¢
head restr

(:Ee who remain seated in forward-facing wheelchairs riding in or driving metor vehicles

ral

rear-impact collisions, the wheelchair back support is the primary occupant restraint

the vehicle interior to prevent occupant ejection from the wheelchair and/or the veh
significantly increase the risk of serious injury due to contact.with vehicle compons
bants, or objects outside the vehicle.

rent time, the only test of wheelchair back supports is Joading of the ATD, or crash-
the frontal impact test of Annex A. Wheelchair back stipports are not tested to the s
dynamic load levels used in performance testing of\vehicles seatbacks. in, for insta
, UN Regulation No. 17, and other motor-vehicle safety standards, such as the rear-imj
htegrity test of FMVSS 301. Additionally, rear-impact sled tests of wheelchairs, inclug
s that conform with the performance criteriavof 5.2 have shown that wheelchair &
ften do not provide effective occupant restraint in moderate-to-severe rear impacts, and
ophically in these tests.

r-head restraints are attached to, oxfintegrated into, the vehicle seatback and are desig
e rearward movement of an occupant’s head relative to the torso, and thus limit rearw

the occupants head during nermal vehicle travel, head restraints can further reduce the
ead and neck injuries in rear~impact crashes. While all wheelchairs have back supports, s
s are also equipped with year head supports that were designed to keep the head and 1
[ing normal operation of the wheelchair, but were not designed to provide effective rear h

original wheelchair equipment or added to the wheelchair as aftermarket componentg
an serve a dual’role of offering head support during normal wheelchair use and effec
hint in vehicle'rear impacts.

This anne

and manufacttrer product labelling and literature recommendations for wheelchair manufactu

1

who wish

sets forth design guidelines, a rear-impact test method and associated performance critg

are

As
rso
cle,
nts,

test
hme
hce,
bact
ling
ack
can

ned
ard

the neck (i.e. neck extension) during rear impacts. When properly designed and positioned

risk
me
eck
ead
her
, SO
tive

ria,
ers
tive

0-design their products with back supports and head supports that will provide effec

restraint for the torso and head of their occupants when seated in wheelchairs while facing forward
in a motor vehicle during rear-impact collisions. Wheelchairs that conform with these guidelines and
performance rear-impact performance criteria will reduce the risk of serious head, neck, and torso
injuries during rear-end crashes.

The severity of the rear-impact test in this Annex has been selected to be representative of the impact
severity used to test vehicle seatbacks in the FMVSS 301 fuel-tank integrity test, and has been shown
to also represent a moderate-to-severe real-world impact (about 80th percentile) based on analysis
of representative crash-investigation databases, such as the National Automotive Sampling System
(NASS) established and maintained by the National Highway Traffic Safety Administration (NHTSA).
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G.2 Design recommendations for back supports and head support/restraints

G.2.1 Principle

A head restraint is a device intended to limit the rearward displacement of an occupant’s head during
crash events, and when properly designed and positioned, a head restraint can reduce the incidence of
head and neck injuries in rear-impact crashes. Many wheelchairs are equipped with back supports or
head supports that were not designed to provide crash protection and whose effect on injury outcomes
is unknown. In some cases, head supports and head restraints are added to a wheelchair as aftermarket
items and these would need to be tested in accordance w1th the dynamlc test protocols in Annex A and

' fejent for the
function as

G.2l2 General specifications

To provide head and back restraint, wheelchairs should

a) |have head supports/restraints that are attached to the back support and not detach from the
wheelchair when tested to the dynamic test criteria of Annex A or-Annex G,

b) |have a back support for the wheelchair occupant with sufficient height so that the top pf the back
support is at or above the height of the centre of rotationf,the shoulder joint for the ATD selected
for testing in G.3.3,

c) |provide a padded head support/restraint contact*surface that has energy absorbing|properties
similar to those required in automotive head restfaints,

d) |provide a padded head support/restraint surface of width 2170 mm,

e) |allow the head support/restraint to adjust so that the top-edge height equal to that ¢f the most
rearward point on the head of the ATD-selected for testing in G.3.3, and

f) |be able to adjust and fix the fore/aft position of the head support/restraint so that the smallest
horizontal distance between thefront surface and the most rearward point on the ATD’§ head is no
more than 55 mm when the ATD is set up for testing in accordance with G.3.4

NOTE The 170 mm minimmum width of the head support/restraint and the 55 mm backset are firawn from
the requirements for automotive head restraints.

G.3 Rear-impact test

G.3.11 General

To gimulate a typical moderate-to-severe rear-impact event to an occupied wheelchair, the wheelchair
is placed on the test platform of an impact sled facing rearward to the direction of sled afceleration
and/or deceleration. The wheelchair is loaded with an appropriate-size ATD and is secured by a four-
point strap-type tiedown system, and the ATD is restrained by a three-point vehicle or wheelchair-
mounted belt restraint. The sled is subjected to an acceleration/deceleration-time pulse that falls within
a specified corridor to achieve the required horizontal change in velocity, or delta V. Observations
and measurements are made during and after the test to determine if the wheelchair was effectively
secured throughout the test, and if the back support and head support/restraint provided effective
restraint for the ATD during rear-impact loading.
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G.3.2 Test sample

An unused, complete production or prototype wheelchair shall be used for each test. The wheelchair
may include a head support/restraint or an aftermarket head support/restraint may be added to the
wheelchair.

NOTE

G.2.2 are more likely to meet the performance criteria of this rear-impact test.

G.3.3 Test equipment

Wheelchairs that have back supports and head supports/restraints that meet the design guidelines of

mpact simulator and surrogate tiedown/restraint equipment
simulator shall be used that includes

act sled equipped with a flat, horizontal, structurally rigid platform on which the wheelc
placed and to which anchorages of a WTORS with a four-point strap-type tiedown and th
elt restraint can be fastened,

structure for attaching the upper shoulder-belt anchorage with adjustability in anchor-p
n to achieve the desired shoulder-belt angles specified in AnnexcA,

hair
"ee-

bint

a meais to accelerate and/or decelerate the impact sled such thatthe processed acceleration and/

pleration-time pulse falls within the shaded area of Figure,GA and to achieve a change in
y of 25 km/h -0+2 km/h,

a surrggate four-point strap-type tiedown and three-point belt restraint system, as defined in

-60 -40 -20 0 20 40 60 80 100 120 140 X

sled

this

ent that conforms to ISO 10542-1, and
Fid III ATD selected from Table G.1 based”on wheelchair manufacturer’s recommended
nt mass capacity.
Y
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Figure G.1 — 25 km/h acceleration corridor for rear impact test
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Table G.1 — Available ATD for wheelchair rear-impact testing

Occupant mass range Approximate mass of ATD
ATD size
kg kg
18 to <27 6-year-old child 22
>27 to <43 10-year-old child 35
>43 to <57 Small adult female 47
>57 to <75 Small adult female, weighted 2 59
>75to <136 Midsize adult male 77
>136 Large adult male 102
a2 |The ATD mass can be increased by attaching weighted material, such as lead sheeting, to the exterigrofthle ATD.

G.3|3.2 Testinstrumentation and data collection

A means shall be provided to

a) |measure the ATD and wheelchair horizontal excursions specified in)G.3.6.2 with a pre¢cision and
accuracy of #5 mm using a side-view high-speed camera or videgsystem with a minithum frame
rate of 500 frames per second,

b) |measure the horizontal acceleration and/or decelerationof the impact sled in the direction of
travel, at a sampling rate in accordance with ISO 6487, dnd‘with a precision of +0,5 g,

c) |measure the horizontal velocity change (delta-V)*of the impact sled during the impgact with a
precision of £0,5 km/h, and

d) |filter transducer signals using a low-pass filtérin accordance with ISO 6487, including

1) pre-filtering of all transducer signals to Channel Class 1 000 (-4 dB at 1 650 Hjz) prior to
digitizing at 10 000 Hz, and

2) filtering of the digitized aecelerometer and load-cell signals to Channel Class 6( (-4 dB at
100 Hz).

G.3{4 Test preparation and procedure

G.3}4.1 Perform the following prior to initiating the test.

a) |Adjust the ATD,to achieve a static resistance of 1 g at each joint indicated by just|noticeable
movement from the weight of the distal body segment as specified by the ATD manufactjurer.

b) |Place shuig-fitting cotton clothing on the pelvis, thighs, and torso of the ATD.
c) |Prepare the wheelchair for use in a motor vehicle as specified by the manufactyirer’s user
instructions. If a range is specified for any adjustments, use the adjustment closest to tt]e midpoint
of the range for testing. If more than one adjustment position can be considered closest to the

midpoint, use the adjustment position immediately rearward, down, outboard or more reclined
from midpoint.

d) Equip the wheelchair with any required wheelchair securement adaptor as specified by the
manufacturer.

e) If a pelvic belt intended for use as an occupant restraint is provided as a component of the
wheelchair, attach it to the wheelchair according to the manufacturer’s instructions.

f) If the wheelchair is equipped with non-impact worthy batteries they should be replaced by the
nearest equivalent gel, sealed or a surrogate battery. Supplemental weights, if used, shall provide
equivalent mass distribution to the original batteries.
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Inflate any pneumatic tyres to the pressure recommended by the wheelchair manufacturer or to

the maximum sidewall pressure with the chair unoccupied and on a level surface if no specification

Turn the wheelchair power off, if applicable.

g)

is given.
h)
G.3.4.2

Install the wheelchair tiedown anchorages on the sled platform in accordance with the

SWTORS instructions in the engineering package referenced in Annex E and the tiedown spacing and
installation procedures of ISO 10542-1:2012, Annex A.

G.3.4.3
accelerati
of sled trayj

G.3.44 S
in Annex E

G.3.4.5 [

G.3.4.6 i
the instrud
aligned wi
and head r

G.3.4.7 P

G.3.4.8 i
recommen

G.3.49 i
ATD as rec

Sition the wheelchair on the sled In the orientation appropriate 10T Tepresenting ve
s during rear-impact event and with the wheelchair reference plane parallel to the ditee
el £3°.

ecure the wheelchair with the surrogate wheelchair tiedown according tothe‘instruct
Follow the tiedown spacing and installation procedures in of ISO 10542-1!

applicable, apply wheelchair brakes.

applicable, adjust the seat, back support, and head support/festraint in accordance V
tions in A.4.5 and also adjust the rear head support/restraint so that its centre is vertid
h the most prominent point on the back of the ATD’s head and so that the gap between h
bstraint is minimized.

osition the ATD in the wheelchair as described in-44.6.

the wheelchair is provided with postural.belts, install and fasten the belts on the AT]I
Hed by the manufacturer.

the wheelchair provides for a wheelchair-mounted pelvic-belt restraint, fasten the belt on
ommended by the manufacturef and then complete the three-point occupant restraint y

a vehicle-nhounted shoulder-belt restraint. If the wheelchair does not provide a wheelchair-mour

pelvic-belt

restraint, then apply the vehicle-mounted three-point belt restraint of the surrogate WT

pply contrast markers at
bral aspect oftheé ATD's shoulder,

of the wheelchair (see Figure 2), or a point on the side of the back support of a wheelc
as close-to the wheelchair point P as possible,

corresponding to rigid structural parts of both sides of the top and the bottom of the b

icle
fion

ons

vith
ally
ead

D as

the
vith
ted
DRS

hair

ack

£ £ idaf. o o L 1 + 1 | H d o fL oo i 4+
L LU lJl UVIUCT 1IUIL 11ITdo Ul llls LIICU UAdCIY DUIJPUI L allSlC Uuul llls dllu a1ttt tIIT LTOL,

approximately 50 mm directly above the centre of gravity, and

to the ATD
G.3.4.10 A
a) thelat
b) point |
thatis
c) points
suppo
d)
e) onthe

side of the head support/restraint.

two points on the lateral surface of the ATD head, one at the head centre of gravity and one

G.3.4.11 Ensure that there is sufficient clear space around the wheelchair so that nothing will interfere
with movements of the ATD and wheelchair during the test.

G.3.4.12 Measure and record the locations of all WTORS anchor points relative to the wheelchair rear

axle.
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G.3.4.13 Measure and record the projected angles of tiedown straps and restraint belts relative to the
horizontal longitudinal axis of the sled platform.

G.3.4.14 Measure and record the horizontal and vertical distance between the top front edge of the
back support relative to the centres of the tops of the ATD’s shoulders.

G.3.4.15 Measure the vertical distances from the centre of the front surface of the rear head support/
restraint to the ATD’s head centre of gravity and the top-front edge of the back support.

G.3,4.16 Measure the smallestdistance between the back of the ATD’s head and the front surface of the
heaf support/restraint.

G.3|4.17 Measure the back-support angle.
G.3}{4.18 Measure the right and left H-point height of the ATD.

G.3}4.19 Conduct the impact test by activating the sequence of events(to record data and |nitiate the
impact acceleration/deceleration of the impact sled.

G.3l5 Test and post-test measurements and calculations

G.3{5.1 Examine the wheelchair and ATD to determine ahd/or measure

a) |whether the ATD remained in the wheelchair,

b) |whether the wheelchair remained on the testiplatform,

c) |whether any securement points on the wheelchair showed signs of failure,
d) |whether any load-bearing parts of the wheelchair became separated, deformed, or fractpred,
e) |whether rigid wheelchair componénts greater than 150 g became detached,

f) |the average of the angles,xelative to the vertical, of the left and right structural mempers of the
back support, and

g) |the final distance between the centre of the head support/restraint and the top edge pf the back
support.

G.3|5.2 Deterfmine peak excursions X, and Xj,.,4r as defined in G.3.6.2, to a precision and §ccuracy of
+5 mm.

G.3}5.3\ Determine the change in head-to-torso angle between the pre-impact posture and peak head-
to-back rotation to a precision and accuracy of +0,5° through analysis of the high-speed digital video
and/or analysis of transducer information.

G.3.5.4 Determine peak dynamic back support angle to a precision and accuracy of £0,5° by averaging
the maximum angles observed on the left and right sides through analysis of the high-speed digital
video.

G.3.5.5 Use an inclinometer to estimate the maximum projected angle, relative to the vertical, of the
ATD's torso in the post-test orientation, when viewed from all directions.

G.3.5.6 Release the occupant restraint and remove the ATD, while noting any wheelchair deformation
that interferes with removal of the ATD from the wheelchair.
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G.3.5.7 Release the wheelchair from the tiedown hooks/straps and document any conditions that
prevent manual removal of the tiedowns from the wheelchair securement points.

G.3.5.8 Measure and record the final location of adjustable wheelchair and seating components from
their pre-test locations.

G.3.5.9 Measure the right and left H-point height of the ATD.

G.3.6 Performance requirements

G.3.6.1 G
When the ¥
G.3.6.2 D
a) The ha
exceed
b) The ch
NOTE 1
betwed
chest.
c) Theba
d) The ps
NOTE 2

research ha

Back support angle is the angle relative to vertieal of the surface supporting the ATD torso. Automd

eneral

vheelchair is tested in accordance with G.3.2 to G.3.5 the following criteria shall be met.

uring the test

rizontal excursions of the ATD and the wheelchair with respect to the impact sled shall
the limits in Table G.2 until motion of the ATD and wheelchair has _ceased.

ange in head-to-torso angle of the ATD shall not exceed 30°.

Torso angle can be more easily measured with the addition of a rigid target bracket bg
n the torso and neck of the ATD or with the addition of appropriate transducers in the ATD head

ck support recline angle shall increase during the test by at least 10° to the vertical.

ak dynamic back support angle of the wheelchair shall not exceed 65° to the vertical.

5 shown that deflections exceeding 65 degrees are associated with an increased threat of ejectio

Table G.2 —Herizontal excursion limits

not

Ited
and

tive

Dimensions in millimdtres
Measuremient point Excursion | 6-year old child 10-year old Small adult Midsize anfd
p variable ATD child ATD female ATD | large adult ATD
Wheelchaiy point P Xoe 150 175 200 200
ATD back of head Xy LR -350 -400 -400 -450

X, is the hd
point P targg

XheadR is the
to the most |
rear of the s

rizontal distanee‘relative to the sled platform between the point P target on the wheelchair at time ¢, to
t at the time ef peak rearward wheelchair excursion.

horizontal\distance relative to the sled platform between the most rearward point on the ATD's head at tim|
earward.point on the ATD's head at the time of peak rearward head excursion (i.e. peak excursion toward
mulated vehicle).

NOTE Sed

the

e to
the

thelast paragraph of A.4.11 for a description of how to estimate the point P excursion when it is not possib

place a contrast marker at point P.

G.3.6.3 After the test

a)

The wheelchair shall remain in an upright position on the test platform and the ATD shall be

retained in the wheelchair in a seated posture, as determined by the ATD torso being oriented at
not more than 45° to the vertical when viewed from any direction.

b)

The wheelchair securement points shall not show complete failure.

150 g shall not have completely separated from the wheelchair.
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Components, fragments, or accessories of the wheelchair that are rigid and with a mass in excess of
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