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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
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mentar,

hsk of technical committees is to prepare International Standards. Draft International Stand

shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 173, Assistive products for persons with disa

consists of the following parts, under the general title Wheelchair seating:

f surfaces

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

the technical committees are circulated to the member bodies for voting-‘Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3

ee SC 1, Wheelchairs.
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Determination of static, impact andfepetitive load strengths for postural support devices
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Introduction

Transportation safety research has demonstrated that the design of the vehicle seat, the occupant restraints
and seat compartment in motor vehicles play a vital role in protecting the occupant in the event of a crash. For
some wheelchair users, it is not feasible to transfer to the seat provided by the vehicle manufacturer and they
must remain seated in their wheelchair while travelling in a vehicle. 1ISO 7176-19 provides a means of
evaluati [ worthi W TS W

forw

manufacturer and a wheelchair base from another manufacturer be used to form the compléete

Wh

reagon, there is a need to be able to evaluate the design and performance of wheelchair seat

indg

pro

by Using a surrogate wheelchair base.

Mar

n used as

ard-facing seats in motor vehicles. However, it is common practice that a seating system from one

wheelchair.

belchair seating systems may also be intended for use on multiple models of wheelchair bases. For this

ing systems

pendent of the commercial wheelchair bases on which they may be installed!\Fhis part of| ISO 16840
ides a means of assessing frontal impact crashworthiness of seating systems.without the hos{ wheelchair

ufacturers may choose to not test customized variations of a given.seating system. The nfanufacturer

may test a representative variation of the seating system and it is for the manufacturer to documgnt how the

resy

Thig
incr

pro

Its of this test would apply to the limitations in use and instructions for use supplied with the preduct.

part of ISO 16840 is intended to encourage safer motor vehicle transportation of wheelchair users by
pasing the availability of wheelchair seating systems_ that comply with basic principles ¢f occupant

ction. This part of ISO 16840 should not be used to deny or limit wheelchair user access to motor vehicle
transportation.

Curfently this part of ISO 16840 addresses only® complete wheelchair seating systems and the test

req
the

irements are representative of frontal impact'conditions. However, future versions may addre
ndividual components of the seating systeim as well as other directions of impact such as side

5s testing of
or rear.
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Seating systems that are intended only for-use with a specific wheelchair base should b

ISO

2

The)
refe]
doc

ISO
Scre

ISO

ISO

Scope

part of ISO 16840 specifies test methods and requirements for design and petformance, for

warnings and for product marking and labelling of seating systemsniintended to be
ard-facing seat in a motor vehicle when fitted to a manual or powered wheelchair. It evaluate
hworthiness performance of complete seating systems for occupancy Gy adults or children of
r greater than 22 kg.

part of ISO 16840 only applies to complete wheelchair seating<systems including attachmen
gned to be used with a wheelchair base tested as parf)of a wheelchair system that ¢
7176-19 performance requirements and that has securement points for use with four-point
DWNS.

part of ISO 16840 applies to seating systems designed to be used with occupant restraints
er to the vehicle, the tiedown system, the seatingsystem or the wheelchair base.

7176-19 using the specifically intended wheelchair base.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition*-cited applies. For undated references, the latest edition of the
iment (including any-amendments) applies.

898-7, Mechanical properties of fasteners — Part 7: Torsional test and minimum torques fq
ws with nominal‘diameters 1 mm to 10 mm

6487, Road vehicles — Measurement techniques in impact tests — Instrumentation

7176-19:2008, Wheelchairs — Part 19: Wheeled mobility devices for use as seats in motor ve

instructions
used as a
5 the frontal
mass equal

t hardware,
onforms to
, strap-type

that anchor

b tested to

For dated
referenced

r bolts and

hicles

ISO 10542-1:2001, Technical systems and aids for disabled or handicapped persons — Wheelchair tiedown

and

occupant-restraint systems — Part 1: Requirements and test methods for all systems

ISO 10542-2, Technical systems and aids for disabled or handicapped persons — Wheelchair tiedown and
occupant-restraint systems — Part 2: Four-point strap-type tiedown systems

FMVSS 201, Standard No. 201, Occupant protection in interior impact. (Federal Motor Vehicle Safety
Standards), 49 CFR 571.201

ECE Regulation 21, Uniform provisions concerning the approval of vehicles with regard to their interior fittings,
Revision 2, Amendment 2

ASTM E527-83 (2003), Standard Practice for Numbering Metals and Alloys (UNS)
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3 Terms and definitions

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

3.1
adult
person havi

3.2
anchor poi
location o

ng a mass equal to or greater than 43 kg

nt
a_vehicle interior component, floor, wall, wheelchair, or wheelchair tiedown, to whic

an

anchorage

3.3

anchorage
assembly ¢
the vehicle
component

3.4
anthropom
ATD

(3.3) is attached

f components and fittings by which loads are transferred directly from the wheelchair tiedow
or from the occupant restraint to the vehicle, wheelchair, wheelchair tiedown-or vehicle ints

orphic test device

articulated physical analogue used to represent a wheelchair occupant in a-test

3.5
attachmen
mechanical

EXAMPLE

3.6
back supp
angle of the

NOTE I‘

3.7

back supp
component
segments g

3.8
back supp
plane assoq

NOTE I‘

hardware
means of attaching a seating system to the wheelchairframe

Metal or plastic hooks, nuts or bolts.
brt angle
back support reference plane with reference to a vertical plane
leasurement method specified in ISO 7176-7.
brt surface

of seating system intended to support the posterior surface of the sacral, lumbar and/or thor
f the trunk

prt reference-plane
iated with.the back support of the wheelchair, which is referenced to make measurements

flethod ‘for determining the location of this reference plane specified in ISO 7176-7.

n to
Brior

acic

3.9
belt

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

3.10
child
person havi

3.11

ng a mass equal to or greater than 22 kg and less than 43 kg

custom contoured
uniquely shaped to match the wheelchair occupant

© 1SO 2009 - All rights reserved
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3.12
excursion
horizontal movement of an ATD (3.4) or wheelchair during a test relative to its initial position on an impact sled

3.13

forward facing

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

3.14

four-point tiedown
whdelchair tiedown that attaches to the wheelchair frame at four separate securement poinfs and also
attaches to the vehicle at four separate anchor points

3.14
four-point strap-type tiedown
four-point tiedown (3.14) that uses four strap assemblies to secure the wheelchairin'the vehicle

a'jplint

poirjt located on the left and right side of the pelvic region of an ATD (3:4) that represents the gpproximate
locgtion of the human hip joint centre in the side view, as specified by the"ATD manufacturer

3.17
head support
posjural aid to support the head of a wheelchair occupant, not'designed or intended to provide hgad restraint
in a|vehicle impact

31 ;L
head restraint
dev|ce intended to limit rearward excursion of thé*wheelchair occupant’s head in a vehicle impact

3.1¢
impact simulator
dev|ce for applying a programme of acceleration and deceleration modes to a section of a vehicle ¢r simulated
veh|cle structures, including instrumentation for measuring data required by this part of ISO 16840

3.2(
impact sled
part of an impact simulator (3.19) on which components can be mounted for impact testing

3.2

occlupant restraint
sysfem or device intended to restrain a motor vehicle occupant during impact in order to prevent gjection, and
preyent or.minimize contact with the vehicle interior components and other occupants

3.2

pelvic-belt restraint
lap-belt restraint
portion of the occupant restraint intended to limit movement of the pelvis by application of restraint forces to
the pelvis

See Figure 1.

© 1SO 2009 — All rights reserved 3
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Key
1
2

shouldet
pelvic-be

Figure 1 S

3.23

point P
side-view p
diameter, 3
perpendicu
the seat an

See Figure

Fbelt restraint
It restraint

that connect together near the hip of the occupant

rojection of a point on the seating system which lies at-the cross-sectional centre of a 100
00 mm long, cylinder with a maximum weight of 0,5Kkg positioned with the longitudinal
ar to the wheelchair reference plane, such that the curved surface of the cylinder is in contact
| back support surfaces

2.

Dimensions in millimg

A

O
A4

— Three-point-belt restaint comprised of a pelvic-belt restraint and-a:shoulder-belt restrajnt

mm
axis
with

btres

Key
1
2

cylinder,
point P

a

b

Figu

LY

diameter 100 mm

Wheelchair reference plane.
Wheelchair ground plane.

re 2 — Seating system reference point P and wheelchair reference and ground planes
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3.24
postural support device

component and/or belt used to support a person in a desired seated position during normal wheelchair use

NOTE Postural support devices are not designed or intended to provide occupant restraint on vehicle impact.

3.25
seat plane angle
angle of seat reference plane (3.27) with reference to a horizontal plane

NOTE Measurement method specified in ISO 7176-7.

3.2‘{
seat support surface
conlponent of seating system intended to support the inferior surface of the buttocks and thighs

3.2%
seat reference plane
plarje associated with the seat of the wheelchair, which is referenced to make measurements

NOTE Methods for determining the location of this reference plane are specified’in ISO 7176-7.

3.2
seating system
seaf and back support surfaces and their attachment hardware

3.24
securement points
poirnts on the wheelchair to which wheelchair tiedowns, are connected

3.3(
shaulder-belt restraint

uppger torso restraint
por
forces to either or both clavicles

Seg Figure 1.

3.31

strap
lengdth of webbing material used in a wheelchair tiedown

3.32
support surface
part of the Seating system that is intended to contact the wheelchair occupant

3.3

on of the occupant restraint intended-to limit movement of the upper body by application of

surrogate wheelchair base
sSwcCB

restraining

re-usable device that conforms to the requirements of Annex B, used to simulate a wheelchair base for the

purpose of testing seating systems

© 1SO 2009 — All rights reserved
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3.34

three-point-belt restraint
three-point restraint

occupant restraint assembly with three anchorages comprised of both a pelvic-belt restraint and a diagonal
shoulder-belt restraint that connect together near the hip of the occupant.

See Figure

3.35
wheelchair

1.

base

portion of the wheelchair consisting of the wheels and wheelchair frame (3.36)

3.36

wheelchair frame

portion of th

3.37

e wheelchair consisting of the members that make up the supporting structure

wheelchain ground plane
plane repregenting the surface on which the wheelchair rests

See Figure 2.

3.38

wheelchain reference plane

vertical plan

See Figure 2.

3.39

e in longitudinal centreline of the wheelchair

wheelchail"l tiedown

wheelchai
device or sy

3.40

securement system
stem designed to secure a forward-facing\wheelchair in place in a motor vehicle

wheelchairn tiedown and occupant restraint system

WTORS
complete rg

straint system for wheelchair-seated occupants comprised of equipment for wheelchair tied

and a belt-type occupant restraint

4 Desig

NOTE |

n requirements

can be beneficial for some users to have a head restraint as a part of their seating system.

4.1 Reduction of sharp edges

pwn

Webbing st

gt beprotectedfromcontacting sharp cormers—and edges. i theedge of a Tigid—component

f a

seating system has a radius less than 2,0 mm, it shall be covered with padding capable of absorbing energy
to reduce the likelihood of injuries to wheelchair users and other vehicle occupants during a vehicle impact.
Energy-absorbing padding should conform to the requirements of FMVSS 201 and/or ECE Regulation No. 21.

4.2 Accommodation of vehicle-anchored occupant restraints

The seating system shall be constructed in such a way that any part of the system (e.g. frame, hip or thigh
supports, etc) will not hold a lap-belt or shoulder-belt restraint away from a seated user’s pelvis or upper torso.

© 1SO 2009 - All rights reserved
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Performance requirements

NOTE Informative Annex C provides manufacturers with a preliminary means to evaluate the perform
seating system using low cost static tests. It is important to note that static testing results may not be equivalent to
dynamic test performance.

5.1

Frontal impact test

5.1.1 General

ance of their

Th
bas
ISO

5.1.

Wh

Ref

NOT
occy

c)
5.1.
Wh

a)

NOT

connecting-the centre of the ATD's shoulder and the ATD's hip.

VVhUU:bhd;l DUat;lly DyDtCIII th“ bc tCDtUd ;II beulddl 1UC vvith AIIIIU)\ A uOilly thU ounugat
b, as specified in Annex B, secured by a four-point strap-type tiedown that complies with ISO’A
10542-2. The requirements of 5.1.2 and 5.1.3 shall be met during and after the conducted\test

R During the frontal impact test

bn tested in accordance with Annex A, the following requirements shall be mefduring the test.
The horizontal excursions of the ATD and the seating system shall not.exceed the values give
E Excursion limits are based upon prevention of occupant secondary impact with vehicle interior.
Except when the test has been conducted using a wheelchair base or seat-anchored pelvic-1i

or a completely wheelchair base or seat-anchored occupant.restraint system, the knee excuf

shall exceed the point P excursion, X, as follows.

anee/Xss > 1,1

pr to Table 1 for definitions of X, o and Xgg.

E Conformity with this requirement reduces the potential for the seating system to apply loads to tH
pant.

B After the frontal impact fest
bn tested in accordapce.with Annex A, the following requirements shall be met at the end of the

The ATD shall'be-retained in the seating system in a seated posture, as determined by thg
being oriented-at not more than 45° to the vertical when viewed from any direction.

E Theangle of the ATD torso can be estimated by aligning the edge of an inclinometer with

wheelchair
0542-1 and

nin Table 1.

elt restraint
sion, Xynee

e wheelchair

The seating system shall not separate from the surrogate wheelchair base at any attachment point.

test.

ATD torso

A line drawn

b)

The load-carrying components of seating system and attachment hardware shall not s

how visible

c)

fractures or deformation that prevent it from supporting the mass of the ATD.

Components, fragments or accessories of the seating system with a mass greater than 0,1 kg shall not

have completely separated from the seating system.

Rigid seating system components that may contact the occupant shall not fragment or separate in a

manner that produces sharp edges with a radius of less than 2,0 mm.

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

shall not change by more than 20 % from the pre-test height.

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=e40b0528c771c492f09f96931330ee93

ISO 16840-4:2009(E)

Table 1 — Horizontal excursion limits

Dimensions in millimetres

Measurement point Excqrsion 6-year old child 10-year old Small adult Midsize and

variable ATD child ATD female ATD large adult ATD

Point P of seating system Xss 150 175 200 200

ATD knee centre Xknee 300 325 375 375

ATD front of head XheadF 450 500 550 650

ATD back of head XheadR -350 -400 -400 -450

Xss is[the forward horizontal distance relative to the sled platform between the point P target on the seating system

at|time 7y, to the point P target at the time of peak seating system excursion.
Xknee is|the horizontal distance relative to the sled platform between the ATD knee joint target at time~s, to|the

krlee-joint target at the time of peak knee excursion.

Xnheadr  is|the horizontal distance relative to the sled platform between the most forward point on the \ATD's head ab
the nose at time ¢, to the most forward point on the ATD's head at the time of peak head;excursion.

Xheadr  is|the horizontal distance relative to the sled platform between the most rearward point on the ATD's hea
time 7y, to the most rearward point on the ATD's head at the time of peak head excursion.

ove

d at

NOTE 1
NOTE 2

Refer to Table A.1 for appropriate ATD selection.

Positive limit values indicate forward excursions, while negative values indicate rearward excursions.

5.2 Accgmmodation of vehicle-anchored occupant belt restraints

The wheelg

systems in pccordance with Annex D and the resulting rating'shall be reported in the product presale literg

6 Identification, labelling, user instructions, warning and disclosure requirements

6.1

hair seating system shall be tested for accommodation of vehicle-anchored occupant rest

Identification and labelling

The wheelchair seating system shall be permanently marked with:

a) the mahufacturer's name;

b) the mopth and year of manufacture;

Cc) auniqu

d) astate

e) a state

e serial number;

ment that the seating system meets the requirements of ISO 16840-4:2008;

aint
ture.

ment that any postural support device not intended for use as occupant restraint in motor vehicle

transport may not provide occupant protection in a vehicle impact;

f)  the maximum occupant mass;

g) an indication that each component of the system that functions as a postural support conforms to

require

ments of ISO 16840-4:2008.
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6.2 Pre-sale literature

The seating system manufacturer's presale literature shall include:

a) a statement that the seating system is intended only for use with wheelchair bases tested as part of a
complete wheelchair system that conforms to the performance requirements of ISO 7176-19;

b) a statement that the seating system must be used on a wheelchair base that provides securement points
that conform to the design requirements of ISO 7176-19;

c) a description of the seating system including the components that are intended for use during motor
venicle transport;

d) |a statement that the seating system is designed to be forward facing when used with a wheeldhair base in
a motor vehicle;

e) |a description of the WTORS to be used;

f) |the overall score and rating of the seating system (i.e. A, B or C)") with regard-to accommodating vehicle-
anchored occupant restraints, and an explanation of the different ratings)based on the test|methods of
Annex D.

6.3| User instructions

User instructions shall be provided with each seating system in the official languages of the countrjes in which

the product is marketed, and shall include:

a) |a statement that the seating system meets the requirements of ISO 16840-4:2008 and that it is suitable
for use as a motor vehicle seat when used with an appropriate wheelchair base;

b) |a statement describing assembly, use, maintenance and any limitations in using the seating system with
a wheelchair base in a motor vehicle;

c) |in cases of custom-contoured seating-systems, a statement that custom contoured seating systems may
require a qualified professional to'configure and install the seating system;

d) |a statement that both a pelvic=belt restraint and shoulder-belt restraint should be used.

6.4| User warnings

Thel seating manufacturer shall provide the following warnings in the user instructions using 12-paint or larger

bold font:

a) |the seating'system shall only be used with wheelchair bases that were tested as part of a| wheelchair
system-that conforms to ISO 7176-19 performance requirements and that has securement pgints for use
with four-point, strap-type tiedowns;

b) thc OUGt;I Iy Oyotclll th:: Ull:y bc uocd fUI fUI VVGI\‘:‘Jl fa\;;llu ocat;lly ;II IIIUtUI VUh;b:CD,

c) the seating system shall only be used as indicated in the manufacturer's instructions;

d) wheelchair-mounted trays not specifically intended to be used in transport shall:

1) be removed and secured separately in the vehicle or

2) be secured to the wheelchair but positioned away from the wheelchair-seated occupant with energy-

absorbing padding placed between the tray and the occupant;

1)

A = good; B = acceptable; C = poor.

© 1SO 2009 — All rights reserved
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e) postural support devices that are not labelled as conforming to ISO 16840-4 may be used when in a
vehicle, but should not be relied on for occupant restraint;

f) alterations or substitutions shall not be made to the seating system structure, parts or components,
without consulting the manufacturer;

g) both pelvic-belt and shoulder-belt restraints as a part of a complete WTORS which meets ISO 10542-1
shall be used to achieve effective occupant restraint and optimum protection in a vehicle impact; the belt
restraints should be fitted to the user in accordance with WTORS manufacturers’ instructions;

h) children whose mass is less than 22 kg should be transferred from their seating system into appropriate
child rgstraint systems intended for use in motor vehicles.

NOTE $ee also E.2 ¢).

7 Documentation of compliance

7.1 Geng¢ral
The wheelghair manufacturer shall maintain documentation, including test reports, that provide evidence of

compliance|to the design and performance requirements of this part of ISQ,16840. This documentation ghall
include the jnformation listed in 7.2 to 7.4.

7.2 Test|report
The following shall be included in the report of each test conducted in accordance with this part of ISO 16840:
a) reference to this part of ISO 16840, i.e. ISO 16840-4:2008;

b) the name and address of the test institution;

c) the date of test;

d) auniqye test report number shown en\each numbered page;

e) the narmme and address of the manufacturer;

f)  produc} type, designation-and serial number of the seating system;

g) a list pf individual{éemponents and their designation, including postural supports and attachment
hardw3gre, tested.as’a part of the seating system;

h) photographsiefithe seating system, once test set-up procedures have been completed, before testingland
after testing;

i) photographs of the seating system attachment hardware, once test set-up procedures have been
completed, before testing and after testing;

i) photographs of the side and frontal view of the test setup before and after testing;

k) a description of any postural support devices used in the test.

10 © ISO 2009 — All rights reserved
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a)

b)

c)
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Frontal impact test
test report for the frontal impact shall also include:

the measured or calculated value of the sled velocity change, AV, during the impact event;

a graph of the impact sled deceleration plotted against time and the specified acceleration/deceleration

requirements described in A.4.1 g) and Figure A.1;

a description and the total mass of the ATD used in the test;

a statement as to whether or not the seating system met the requirements of 5.1 and any(ot
observations.

Design, labelling and literature requirements
seating system manufacturer shall maintain statements and evidence on file astto:
whether the seating system meets the requirements specified in 4.1, 4.2{ 511 and 5.2;

whether the seating system, its components and related litefature are in accordanc
requirements of 6.1, 6.2, 6.3 and 6.4.

her relevant

e with the

© 1SO 2009 — All rights reserved
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Annex A
(normative)

Test method for frontal impact test

A.1 General

This annex
dynamic lo
impact. A ¢
impact.

A.2 Pring

The princip|
attachment
frontal impg
to represer
whether the

A.3 Test

This compr
and any p
installation

SWCB sup
attachment

NOTE 1
the seating s

specifies apparatus, conditions and procedures for conducting a sled impact test to simulate
hding on complete wheelchair seating systems, including attachment hardware, during frg
bmplete wheelchair seating system shall be evaluated forward facing, using a 48 km/h, 20 g frg

Ciple

e of this test method is to evaluate the performance of a wheelchair seating system, inclu
hardware, occupied by an ATD, independent of a specific wheelchair frame, when subjecte
ct. Test procedures specify the use of a surrogate wheelchair,base (SWCB) described in Ann¢
t a commercial wheelchair frame. Observations and measurements are made to deterr
seating system strength and performance are satisfactory.under these test conditions.

sample

ses a complete seating system, consisting-of*an unused seating system, attachment hardw
bstural support devices typically supplied) with the seating system and instructions for
and use. Obtain instructions from thel-manufacturer for mounting attachment hardware to
pbort structure. This will ensure thatthe'’ SWCB seat support structure will be compatible with
hardware.

[he SWCB seat support structureis replaceable so that the cross section of the members are compatible
ystem attachment hardware¢

apparatus

impact simulator, including the following:

act sléd™equipped with a flat, horizontal, structurally rigid platform on which the surro
hairlbase can be mounted, and to which the wheelchair tiedown can be anchored;

the
ntal
ntal

ding
d to
ex B
nine

are,
heir
the
the

with

jate

a horizonfal track or guide path to provide unidirectional movement of the sled during the impact event;

a means of driving the impact sled through a change in velocity of 48 km/h + 2 km/h — 0 km/h;

anchored as specified in A.5.9;

a rigid structure attached to the impact sled to which the upper anchorage of the shoulder-belt restraint

a wheelchair tiedown that conforms with the dynamic performance requirements specified in 6.2 of

ISO 10542-2:2001 and that secures the surrogate wheelchair base by the method specified by the
manufacturer;

A.4 Test
A41 An
a) an imj
wheelc
b)
c)
d)
can be
e)
12
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f) a vehicle-anchored three-point-belt restraint or a wheelchair base anchored lap-belt restraint with a

vehicle anchored shoulder-belt restraint that conforms to the requirements of ISO 10542-1;

g) a means of accelerating and/or decelerating the impact sled and test set-up such that the processed sled

acceleration- and/or deceleration-time pulse:
1) falls within the shaded area of Figure A.1,
2) exceeds 20 g for a cumulative time period of at least 15 ms,

3) exceeds 15 ¢ for a cumulative time period of at least 40 ms and

and ¢ indicates the time at the end of the deceleration pulse;

h) [an ATD selected from Table A.1 which is representative of the upper size rangeof users fg

seating system is designed;

i) |a surrogate wheelchair base that complies with the specifications of Annex B.

Table A.1 — ATDs? for seating system testing

4) has a duration of at least 75 ms from ¢, to # where ¢, is the time at the beginning of the (Leceleration

r which the

Occupant weight range ATD Size Approximate mass of ATD
kg (Ib) kg (Ib)
> 18 to 27 (> 40 to 60) 6-year-old child 22,5 (50)
> 27 to 43 (> 60 to 95) 10-year-old child 35 (76)
> 43 to 57 (> 95 to 125) Smalladult female 47,0 (104)
> 57 to 75 (> 125 to 165) Smalladult female, weighted P 59,0 (130)
> 75 to 136 (> 165 to 300) Midsize adult male 76,3 (170)
> 136 (> 300) Large adult male 102,0 (225)
@  The midsize male ATD shall.be\a Hybrid Il or Hybrid Il type.
The other sizes of ATDs-may be Hybrid I, Hybrid IlI, VIP, P series or Q series types.
b The ATD mass maybe increased by attaching weighted material, such as lead sheeting, to the exterior of the ATD.

© 1SO 2009 — All rights reserved
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Key
X timeinn
Y decelerq

NOTE 1

levels for the

Figure A1

A42 Ah
to measure

A43 An

YA
28 -
24 -
B a(t)>20 g for 15 ms
20 - ——————— ——————
16 a(t)>15 g for 40 ms
Fr—— - — — —
12 -
8 -
4 .
B (t;- tp)>75ms
oOr ———— —
| | | | | | | | >
0 20 40 60 80 100 120 140 X
illiseconds

tion in g force

'he acceleration/deceleration of the impact sled shall stay*within the shaded area and exceed the indig
specified continuous (unbroken arrows) and cumulative (broken arrows) time period.

— Acceleration/deceleration requirements for the 48 km/h (+2 km/h — 0 km/h) AV impact

gh speed film or video system, capable of recording at a minimum frame rate of 500 frames
the ATD and SWCB horizontal excursions specified in 5.1 and Table 1 to an accuracy of + 5 m

heans of measuring the horizontal acceleration and/or deceleration of the impact sled in

direction of travel, at a sampling rate-in accordance with ISO 6487, and with a precision of + 0,5 g.

Impact sled

Ad44 A
+ 0,5 km/h.

A.4.5 Pro
including

accelerometers shall-be calibrated once per year in conformance with ISO 6487.

neans of measuring the horizontal velocity change, AV, during the impact with a precisig

visionto filter analog transducer signals, using a low-pass filter in accordance with ISO 6

ated

est

ISec,
m.

the

n of

187,

a)
10 000

b)

14

Hz,

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

pre-filtering of all transducer signals to Channel Class 1 000 (—4 dB at 1 650 Hz) prior to digitizing at
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A.5 Test preparation and procedure
A.5.1 Set up the surrogate wheelchair base and seating system in accordance with the following.

a) Select and install the appropriate surrogate wheelchair base cross brace frame which matches the seat
system width.

b) Select and install seat rails and, where applicable, seatback posts having a cross section or cross
sections that are compatible with the attachment hardware.

NOTE For seating systems having an integral seat frame. seatback posts might not be necessary.

c) |Install deformable castor elements and, where applicable, the deformable seatback post.elements.

d) |Fasten the seat and back support surfaces as applicable with the provided attachment hardware to the
surrogate wheelchair base seat and back structure in accordance with the manufacturer’s instfuctions.

e) |Fasten any additional postural support devices or components to the seating.system in accordance with
the manufacturer’s instructions.

f) |If specific instructions are not provided by the manufacturer, tighten-bolts and screws to the minimum
torque specified in ISO 898-7.

g) |For seating systems having an integrated tilting frame, remove the surrogate wheelchair bage seatback
post elements and mount seating system frame to surrogate wheelchair base.

h) |For seating systems with independently reclining backssupport surfaces, adjust the back support angle to
10° relative to the vertical without the ATD seated in'the wheelchair.

NOTE Back support angle measurement method specified in ISO 7176-7.
i) |For seating systems with independently~adjustable seat support surface angles, adjust the| seat plane
angle to a maximum incline angle (of 10° relative to the horizontal without the ATD septed in the
wheelchair.

NOTE Seat plane angle measurement method specified in ISO 7176-7.

j) |For seating systems having an integrated tilting frame, adjust the seat plane angle to a maximum of 30°,
relative to the horizontal, without the ATD in the wheelchair or a position selected by the manufacturer.

NOTE Seat plane-angle measurement method specified in ISO 7176-7.

k) |Adjust the Rorizontal and vertical footrest extension bars to accommodate the selected ATD.
I) |Recard\the pre-test settings, including seatback support surface angle relative to vertical and geat support
sufface angle relative to horizontal, of the seating system components. Any adjustaple seating

components shall be set to manufacturer’'s recommended position or the mid-position of re¢commended
range.

A.5.2 Set up the high-speed film or video system (A.4.2) to record a lateral view of the test sled platform,
surrogate wheelchair base with seating system and ATD during the impact event and during ATD rebound.

A.5.3 Position the SWCB with seating system facing forward on the sled platform with wheelchair reference
plane parallel to the direction of sled travel.

© 1SO 2009 — All rights reserved 15
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at:

are symmetric about the intended wheelchair reference plane;

are located 1 300 mm = 20 mm from the front anchor point to the rear anchor point;

points of the test wheelchair base, + 25 mm;

Install the wheelchair tiedown anchorages on the sled platform, selecting anchor points for four-point

have a lateral distance between rear anchor points equal to the lateral distance between rear securement

have a lateral distance between front anchor points of 508 mm to 660 mm, as is appropriate to the test

A.5.4

tiedowns th

a)

b)

c)

d)
wheeld]

A.5.5 Usi

achieve len

the tiedown

NOTE T

performance|

A.5.6 Ter

reference p

A.5.7 Pos

positioned about the wheelchair reference plane, with the pelvis and-elbows as close to the seatback of

surrogate w

A.5.8 Ins

hair base.
hg the lower rear securement point of the SWCB, secure the SWCB with four-point tiedown
gths of the rear tiedown strap assemblies of 495 mm to 533 mm, measured from the. interfag
end fitting and the securement point on the SWCB to the anchor point.

[he upper rear securement point of the SWCB may be used to evaluate wheelchair seating sy
under differing rear securement conditions but is not required by this part of ISO 16840.

sion any tiedown straps to the manufacturer's specifications, making sure that the SV
ane remains aligned within + 3° of the direction of sled travel.

ition the ATD selected from Table A.1 in the seating system/sitting upright and symmetri

heelchair base or seating system as possible.

anchor poi

system-ancdhored pelvic-belt restraints, utilize anchor point§_provided on the seating system.

A59 Ins
bold X in Fi
shown. For
to the ATD

A.5.10 Adj

a)
slack o

b) Ifnoer

tension

A5.11 Adj

If an emergency locking or autoe-locking retractor is provided, adjust the pelvic-belt restraint for minin

all the pelvic-belt restraint. For vehicle-anchored or\SWCB-anchored pelvic-belt restraints, se
ts within the recommended zones as specifiedyin Figure 5 of ISO 10542-1:2001. For seg

all the shoulder-belt restraint anchorage and/or guide on a rigid structure at the point marked
gure A.2 for a mid-sized male; to achieve belt restraint, fit across the ATD's shoulder and cheg
tests involving other sizes of ATDs, adjust the anchor point location accordingly to give a gog
Chest whilst maintaining the angles shown for a mid-sized male ATD in Figure A.2.

List the tension in the pelvictbelt restraint as follows.

ver the ATD’s pelvis.

hergency-locking’or auto-locking retractor is provided, remove all belt restraint slack and adjus
of the pelvic-belt restraint to a snug fit over the pelvis.

List the.tension in the shoulder-belt restraint as follows.

a)

If an ¢mergency locking or auto-locking retractor is provided, adjust the shoulder-belt restrainf

s to
e of

stemn

/CB

cally
the

blect
ting

Dy a
t as
d fit

num

the

for

minimum slack over the ATD’s chest.

b)

If no emergency-locking or auto-locking retractor is provided, remove all shoulder-belt restraint slack and

adjust the tension of the shoulder-belt restraint to a snug fit with a 75 mm x 75 mm x 75 mm block placed
between the shoulder-belt restraint and ATD sternum. Remove the block before conducting the test.

16
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Dimensions in millimetres

300 15 300 £15

0
]

/

173] £15
|
]
1731 +15
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n
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N~/

00 +15

3
ﬁ
C

300 £15

NOTE  Anchor point X can be located on either side of wheelchair and ATD.

Figure A.2 — Test location for upper anchor point of shoulder-belt restraint when usjing
the midsize-male ATD in the surrogate wheelchair base

A.5]12 Position high-contrast markers on the sides of the dummy and test wheelchair in yiew of the
high-speed recording-€quipment (A.4.2) at:

a) |the lateral aspect and centre of the ATD's knee joint;

b) |the lateral aspect and centre of the ATD’s hip joint (H-point);

c) |th©lateral aspect and centre of the ATD’s shoulder joint (acromium process);

d) the point P (see Figure 2), or a point on the seating system that is as close to the point P as possible;
e) the most forward point and most rearward point of the ATD’s head.

NOTE Visual contrast between the ATD and background may improve clarity in determining position of the ATD
markers during testing.
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A.5.13 Verify that the surrogate wheelchair base reference plane is aligned to within £ 3° of the direction of

sled travel.

A.5.14 Measure and record the horizontal and vertical distance from the mid-point of the rear edge of the
seat support surface to the rear wheel hub and from the mid-point of the bottom edge of the back support
surface to the rear wheel hub.

A.5.15 Measure and record the seat plane angle and back support angle.

NOTE

Measurement methods for seat plane angle and back support angle specified in ISO 7176-7.

A.5.16 Me
platform.

bsure and record the height (+ 5 mm) of the ATD’s left and right H-points vertically from the

A.5.17 Conduct the impact test.

A.6 Post

A.6.1
ATD and W

A.6.2 Determine peak excursions

+5 mm.

A.6.3 Me
accuracy of

test position.

Ltest measurements

After the test, inspect the surrogate wheelchair base, seating system, postural supports when preg

TORS to determine whether the seating system meets the requirements of Clause 5.

X

ss» Xkneer XheadF @nd Xpeaqr as defined in 5.1.2 to an accurac]

bsure the height of the left and right H-points of the ATD.above the wheelchair ground plane t
+ 5 mm (i.e., the raised platform) and calculate the.avérage H-point change in height from the

A.6.4 Us
viewed fro

A.6.5 Rel
deformation

A6.6 Me

an inclinometer to estimate the maximum angle of the ATD’s torso relative to the vertical w
any direction.

pase the occupant restraint, remove-the ATD, and record whether wheelchair seating sys
hinders removal of the ATD from thé wheelchair.

psure and record the movement of seating system components from their pre-test settings.

sled

ent,

y of

D an
pre-

hen

tem
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Annex B
(normative)

Specifications for the surrogate wheelchair base used for impact testing

of a seating system

B.1 General

Thig annex provides design, dimensional, mass and performance specifications for the surrogate wheelchair

basg (SWCB). These specifications are intended to provide a repeatable and re-usable device thaf represents

a typical, adult-sized wheelchair base for evaluating the frontal impact performance of.wheelchair [seats, back

supports and their attachment hardware.

B.2 Specifications

The| surrogate wheelchair base shall be fabricated with the features{ dimensions, and specifications shown in

Figyres B.1 to B.4. The SWCB shall:

a) |be of rigid durable construction with deformable, replaceable elements, such that it can withstand
repeated use, in a 48 km/h, 20 g frontal impact test with-an ATD weighing up to 125 kg that i$ positioned
and restrained in the surrogate wheelchair base;

b) |have a total mass of 48 kg + 3 kg;

c) |comply with the dimensions of Figures B«1.to B.4;

d) [have a centre of gravity located 245.mm + 10 mm forward of the rear axle and 264 mm + 10 mm above
the ground plane;

e) |have interchangeable cross:brace frames to vary the overall width of the SWCB as indicated in
Figures B.1 and B.2;

f) |provide two front.Securement points and two rear securement points for four-point tiedgwns at the
locations indicatedyin Figure B.1;

g) |provide pelvié-belt restraint anchor points on both sides of the surrogate wheelchair base;

h) |have_areplaceable seat support structure consisting of two rails that are oriented at an angle|of 4° + 1,5°
to the/horizontal (front end up) when the SWCB tyres are inflated as specified in j) and k) and are resting
ona flat horizontal surface;

NOTE Seat and back support structures should be of a geometrical cross section that is compatible with seating

system hardware. Multiple seat and back support structures with varying geometrical cross sections might be required to
interface with various types of attachment hardware.

i)

have a removable back support structure consisting of two elements that are oriented at 8° + 1,5° to the
vertical relative to the transverse plane (90° from wheelchair reference plane) when the tyres of the

SWCB are inflated as specified in j) and k) and are resting on a flat horizontal surface;
structure accommodates the back support surface and associated attachment hardware to be

© 1SO 2009 — All rights reserved
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i) have pneumatic front tyres that, when inflated to 320 kPa + 30 kPa with the unoccupied surrogate
wheelchair base resting on a flat horizontal surface, have a diameter of 230 mm + 20 mm, a width of
75 mm £ 10 mm, and a sidewall height of 54 mm + 5 mm;

k) have pneumatic rear tyres that, when inflated to 415 kPa + 15 kPa with the unoccupied surrogate
wheelchair base resting on a flat horizontal surface, have a diameter of 325 mm + 20 mm, a width of
100 mm £ 10 mm, and a sidewall height of 70 mm + 5 mm;

I) have a deformable back support structure consisting of two ASTM E527-83 Aluminium 6061T6 rods of
diameter shown in Figure B.3;

NOTE The deformable structure allows for forward and rearward seatback deflection.

+x

m) have dgformable ASTM E527-83 Aluminium 6061T6 castor mounting elements as shown in Figure B.
NOTE The deformable elements allow for wheelchair frame and castor downward deflection.

n) have hprizontally and vertically adjustable position foot supports that may be detachégif required.

B.3 Maintenance and inspection

The surrogpte wheelchair base shall be inspected before and after each test to verify that uninterjded
permanent |deformation or component failure has not occurred during)testing. When failure or permanent
deformatior] is present, the affected components must be repaired\or replaced to restore the surrogate
wheelchair [o its original unused condition.
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1 ]
1 ’/
H 12 ]
14 13
1 13

[ 1 |
Key
1 pptional back support/structure 9 optional rear securement point
2 replaceable seat-stpport structure 10 deformable seatback rods
3 pptional seat support structure extensions 11 adjustable width
4 horizontally'adjustable footrest length 12 clear space under seat
5 |pdjustable footrest length 13 interchangeable cross-brace frame to adjust width
6 front securement point 14 pneumatic tyres
7 deformable castor mounting bars 15 pelvic-belt restraint anchor points
8 primary rear securement point

NOTE 1 Seat and back tubing: outside diameter 25,4 mm + 0,2 mm with 3,175 mm + 0,2 mm wall thickness.

NOTE 2  All other frame tubing: outside diameter 22 mm + 0,2 mm with 3,048 mm + 0,2 mm wall thickness.

Figure B.1 — Overall drawing of the surrogate wheelchair base
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Dimensions in millimetres

e N N
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| | ! k
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523 75510 L=
725+

406"
350*

NOTE 1 Tolerances are + 4 mm _unless specified.

-

NOTE 2  Asterisks indicate_dimensions that may vary due to component adjustability.

Figure B.2 — Detailed drawing of the surrogate wheelchair base
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Dimensions in millimetres

125 ®19

A
Y

NOTE 1 All dimensions have tolerances of + 0,2 mm unless specified.

Figure B.3 — Deformable seat back support element
Dimensions [n millimetres
.« 47
50,8 25,4
S || I
- x
Y
A A
o, ™
8 L J
¢79
Y RS
25,4
50;8
17,8
$3/8-24 x 4
‘.
L/ \/\/
A &
9,5 9,5
41,3 W3

NOTE 1 All dimensions have tolerances of + 0,2 mm unless specified.

NOTE 2  Castor mounting structure attaches to SWCB using 3/8-24 x 4 grade 8 bolts.

Figure B.4 — Castor mounting structure including deformable castor element
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Annex C
(informative)

Wheelchair seating system — Static test method

C.1 General

C.1.1 Scqgpe

This annex|is intended to provide guidance to seating system manufacturers as a part of their design pro¢ess
before carrying out dynamic crash testing. Apparatus, preparations, and procedures for cenducting a sfatic
test are spgcified to simulate wheelchair seating system loading during a frontal impact. Gonformity withf the
criteria of this static test does not assure conformity with the dynamic test specified in Ahnex A, nor dogs it
assure craghworthiness. Criteria for the static test were based upon the following.

C.1.2 Bagk support and related attachment hardware testing

The wheel¢hair back support and attachment hardware are evaluated)based upon an estimated |oad
associated with the rebound phase of a 48 km/h, 20 g frontal impact.

C.1.3 Seat and related attachment hardware testing

The seat and attachment hardware shall be evaluated based upon an estimated load associated with a
48 km/h, 2( g frontal impact.

This test applies to all types of seating systems and associated components, including drop seats, seat inderts,
seat and bdck support attachment hardware, and sling seats and backs.

C.2 Test|sample

The test sanple shall consist of anuntsed seating system or seating system component (seat, back support,
attachment| hardware), along with-instructions for their use and installation. If a wheelchair seat or hack
support is grovided with its attachment hardware as a complete system from a manufacturer, then they shall
be tested tqgether as a unit."Otherwise, surrogate attachment hardware shall be used to test the seat or hack
support, ang surrogate support surfaces shall be used to test seat or back support attachment hardware.

C.3 Test|apparatus

C.3.1 A compression and tension loading machine, 10 apply a static load 1o the seating system. The
loading machine should be capable of applying a load ranging from 10 000 N to 17 000 N at a rate of
8 000 N/sec.

C.3.2 Arrigid test fixture simulating a wheelchair frame, for mounting a seating system or seating system
component to be tested.

An example of a rigid test structure is shown in Figure C.1.
The rigid test fixture shall be designed to interface with the attachment hardware cross-sectional geometry.

Furthermore, the rigid test fixture shall be designed to accommodate the width of the seat support and/or back
support.
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C.3.3 Rigid surrogate attachment hardware, to test a seat or back support.
An example of surrogate attachment hardware is shown in Figure C.2.

C.3.4 A rigid surrogate seat/back support, to mount seat or back support attachment hardware to be
tested.

An example of a surrogate seat support is shown in Figure C.3.

C.3.5 IS0 7176-7 reference loader gauge (RLG) seat unit and back unit, to apply a distributed load over
the test support surface.

ISO[7176-7 RLG is shown in Figure C.4.
C.3/6 A means to measure the applied load, to an accuracy of + 20N.

C.3]7 A means of measuring the displacement of the seat or back support surface during|the test, to
an gccuracy of + 1 mm.

C.4 Preparation and calibration of test apparatus

Prigr to conducting the test, prepare and calibrate the test apparat(s)as follows.

a) |Mount the rigid test fixture simulating a wheelchair frame on to the loading machine.
b) |Inspect and adjust the seating system according to:the’manufacturer’s instructions.
c) |For the back support test, determine the distance between the top edge of the back support fand the top
edge of the back unit of the RLG, indicated-as'D in Figure C.6, so that it simulates the conditipn of a 50th

percentile male with his posterior torso pesitioned against the back support.

d) |Assure that the means of measuring the applied load has been calibrated as specified by the
manufacturer.

C.§ Test methods

C.51 General
Set|up the test sample and apparatus as shown in Figure C.5.

Perform the-applicable tests in the sequence given in C.5.2 to C.5.7.

C.5.2-Back support with manufacturer provided attachment hardware

a) Mount the back support to the rigid test fixture using the attachment hardware in accordance with the
manufacturer’s instructions.

b) Place the back unit of the RLG on the back support to be tested as shown in Figure C.6. The position of
the back unit of the RLG, distance, D, should be determined as specified in C.6.

c) Apply a downward force perpendicular (+2°) to the back support surface at a magnitude of
10 188 + 20 N to the back unit of the RLG through the centre of mass of the complete RLG.

The centre of mass of the complete RLG is shown on Figure C.4.
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d) Perform the load cycle as follows:
1) apply the test load within 5 s;
2) hold the load for 2 s;

3) release the load.

C.5.3 Back support without manufacturer provided attachment hardware

a) Mount the surrogate attachment hardware to the back support. The distance between top and bottom
surrogate attachment hardware shall be 152 mm + 5 mm.

b) Mount the back support to the rigid test fixture using the surrogate attachment hardware.

c) Perform C.5.2 b)to C.5.2 d).

C.5.4 Bagk support attachment hardware

a) Mount the back support attachment hardware to the surrogate seat/back support. The distance between
the certres of the top and bottom surrogate attachment hardware shall be 152smm + 5 mm.

b) Mount the surrogate seat/back support to the rigid test fixture frame-using the back support attachment
hardwdre.

c) Perform C.5.2 b)to C.5.2 d).

C.5.5 Seat with manufacturer-provided attachment hardware

a) Mount [the seat to the rigid test fixture using the attachment hardware provided by the manufacturgr in
accordgnce with the manufacturer’s instructions,

b) Place the seat unit of the RLG on top of the seat to be tested. Place the back edge of the seat unit of the
RLG in|line with the back edge of the seat support surface as shown in Figure C.7.

c) Apply @ 16 680 N + 200 N downward-force to the seat unit of the RLG through the centre of mass of the
complgte RLG.

The centre pf mass of the complete RLG is shown in Figure C.4.

d) The logd cycle shall be-the’ same as C.5.2 d).

C.5.6 Seat without.manufacturer-provided attachment hardware

a) Mountthe surrogate attachment hardware to the seat. The distance between top and bottom surrogate
attachment hardware shall be 279 mm + 5 mm.

b) Mount the seat to the rigid test fixture using the surrogate attachment hardware.

c) Perform C.5.5b)to C.5.5d).

C.5.7 Seat attachment hardware

a) Mount the seat attachment hardware to the surrogate seat/back support. The distance between the
centres of the top and bottom surrogate attachment hardware shall be 279 mm + 5 mm.

b) Mount the surrogate seat/back support to the rigid test fixture frame using the seat attachment hardware.

c) Perform C.5.5b)to C.5.5d).
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In Figure C.1, support rails shall be of a cross-sectional geometry that interfaces with attachment hardware.
Spacing of rails shall accommodate the width of the seat and/or back support.

Dimensions in millimetres

102 mm + & mm

I
}mm*ﬁ
‘-—..5'_‘_._

S35 mmx 1 mm

25

25 +1

ga'mm s 1 mm

Figure C.1 — An example of a rigid test fixture to simulate’a wheelchair frame
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Figure C.2 — An example of surrogate attachment hardware
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Dimensions in millimetres
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Figure“€.3 — An example of a surrogate seat/back support surface
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Dimensions in millimetres

Key
1 pack unit
2 beatunit

3 fentre of mass

60

|
250

175

A
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Figure C.4 — ISO 7176-7 Reference loader gauge
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ISO refefence loader gauge (RLG) $
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surrogate attachment hardware
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Downwalrd loading applied by loading device. O

Figure C.SG%ample of Static Loading Test Set-up
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Dimensions in millimetres

60

(=

Key
1 pack unit of the RLG

2 wheelchair back support mounted to the test fixture
D Eedge of back support to edge of RLG back unit — set so as to represent seated‘shoulder height of 50th pefcentile male

NOTE Dimension D may vary depending upon the manufacturer's recommended position of the uppef edge of the

back support relative to the seated shoulder height of a 50th percentile mate!

Figure C.6 — Top view of the position’of RLG on back support

Dimensions |n millimetres

/ ~N !

2 <(;> j Y

N CG 3
//

N

Key
1 ear'edge of the seat unit of the Rl G and the seat

2 wheelchair seat mounted to the test fixture
3 seat unit of the RLG

Figure C.7 — Top view of the position of RLG on seat support
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C.6 Test results

After each test, visually examine the test specimen in order to:

a)
b)

c)

d)

f)

32

determine whether the RLG remained on the tested support surface;

determine whether the tested WCSS remained on the frame of the rigid test fixture;

determine whether the attachment hardware shows any visible signs of failure or became separated from

the frame of the test fixture at any point;

determine whether the tested seat or back support shows any visible signs of failure or beec
separafed from the test fixture or the attachment hardware at any point;

determjine whether the RLG can be released from the WCSS in accordance withxthe W
manufdcturer's instructions for removing a user from the WCSS;

record fthe peak load applied to the WCSS and/or WCSS component.

ame

CSS
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