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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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roduction

It is important to understand the dynamic stability characteristics of a wheelchair for prescription and
adjustment purposes. Wheelchair users and prescribers should understand the safety implications of
dynamic stability, particularly when setting up seating systems that offer a large range of configurations.
They should consider the environment in which the wheelchair is to be used and the hazards that are
likely in that environment while considering possible configurations of the wheelchair when meeting
those hazards.

This document specifies tests for dynamic stability under a range of operating conditions with various
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etchaiT—configurations: T e effectiveness—of stability comtrotting systems are evaiu
edures listed in this document.

elchair instability is a significant contributor to accidents causing injury. Conseq
able that all parties involved in the supply of wheelchairs understand the factors tha

cribers, therapists, building designers, public facility providers and test\houses.

purpose of this document is to define tests that will consistently-demonstrate dynan
s under a variety of proven stability challenges. Tests are designed to reveal th
stments and configurations.

document will help interested parties define suitableyenvironments and intended
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Wheelchairs —

Part 2:
Determination of dynamic stability of electrically powered
wheelchairs

1 Bcope

This| document specifies test methods for determining the dynamic stability of ‘electrically powered
wheglchairs.

This|document is applicable to electrically powered wheelchairs, including scooters, with f maximum

nomntnal speed not exceeding 15 km/h, intended to carry one person. This document is not applicable to
manual wheelchairs with add-on power kits used for, or to assist, propulsion.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated, references, only the edition cited ppplies. For
undjted references, the latest edition of the referenced'document (including any amendments) applies

ISO Y176-11, Wheelchairs — Part 11: Test dummies

ISO ¥176-13, Wheelchairs — Part 13: Determination of coefficient of friction of test surfaces
ISO 7176-15, Wheelchairs — Part 15: Reqtirements for information disclosure, documentation qnd labelling
ISO ¥176-22, Wheelchairs — Part 22: Set-up procedures
[SO Y176-26, Wheelchairs — Part'26: Vocabulary

3 [lerms and definitions
For ghe purposes ofthis document, the terms and definitions given in ISO 7176-26 and the follpwing apply.
ISO @nd IEC praintain terminological databases for use in standardization at the following addresses:

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

— |ECElectropedia: available at http://www.electropedia.org/

3.1
wheel lift
loss of contact between a wheel and the test surface during conditions of instability

Note 1 to entry: This does not include transient loss of contact due to surface irregularity or transitions.

Note 2 to entry: This does not include loss of contact such as a transition onto or rotation of cluster wheels.

© IS0 2017 - All rights reserved 1
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4 Principle

The wheelchair is subjected to a number of driving tests, simulating use of a wheelchair, while its
movements are observed for the occurrence of a range of defined conditions of instability. Accessories
are not accounted for during these tests.

5 Apparatus

5.1 Rigid, flat, horizontal test plane, with coefficient of friction of greater than 0,6 measured by the

method sp

cified in ISO 7176-13 and of sufficient size to conduct the tests. The test plane shall

ave

a surface th
variation in

The test plane shall be long enough to allow the wheelchair to reach maximum speed.

NOTE A
faster wheel

5.2 Rigid

to reach makimum speed and come to a stop within the stated inclination.

The test ar
stated incli}

The testing
50 mm apal

The test ra

ISO 7176-13.

The test ard

than 25 mmn.

The travers

A ramp approximately 10 m x 3 m is‘normally of sufficient area, but the testing of larger and/or f:

wheelchair

NOTE1 T
NOTEZ2 R
NOTE3 F
NOTE4 A

faster wheel

at lies between two imaginary horizontal planes 20 mm apart and has no more thah
slope or cross slope throughout the test.

h area of approximately 10 m x 3 m is normally of sufficient size but the testing of larger ar
Chairs might need a larger test plane.

flat, inclined area, with run up and run down, shall be long enqugh-to allow the wheel

ba of the ramp shall be long enough to allow the wheelchajr to come to a stop withiry
nation which shall be within the tolerance of +1°.

area of the ramp shall have a surface that lies between two imaginary parallel pl
t.

mp shall have a coefficient of friction in the test area that meets the requiremen

a shall run immediately from the heyizontal test plane via a transition with a radius of

ed surface shall be free of logsé material and steps greater than 5 mm in height.

may need a larger ramp-
he ramp can be of awariable angle type or individual ramps for each required angle.
in up and run-dewn areas on either end of the test area need not meet the above criteria.
gure 1 provides a recommended configuration for the test area and transition.

ramp,of approximately 10 m x 3 m is normally of sufficient area but the testing of larger aj
Chairs might need a larger ramp.
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Figure 1 — General arrangement of test area

Rigid vertical step transition,with the following properties:

mmediately adjacent to a~horizontal test plane and followed by a further horizontal
which a wheelchair can(bedriven via the step from the horizontal test plane;

step heights of 150mm, 25 mm, 50 mm, and multiples of 25 mm above that if clai
manufacturer;

h top edge ofthe step with a radius of 6 mm + 1 mm;
Fhe tolerance on total step height shall be #2 mm.

E 175 This can be either a single step with adjustable height or separate fixed steps.

plane onto

med by the

NOT

5.4

2 Anarea of approximately 1 m x 5 m1s normally of sutficient size for the higher plane.

Test dummy, in accordance with ISO 7176-11.

5.5 Means for remote control, for use at the discretion of test personnel, to control the speed of the
wheelchair and to cause a turn through 90 ° on a predetermined radius.

EXAMPLE 1

control fore/aft and lateral movement of the joystick (see Annex A).

© IS0 2017 - All rights reserved
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EXAMPLE 2  For tiller-steered wheelchairs, a remote controlled proportional servo for the speed control and
a spring load with a remote controlled release for the tiller, so that when the tiller is released, the spring causes
the tiller to turn on a predetermined radius (see Annex A). For tests requiring a variable turn radius required
in 10.6, the steering tether can be replaced by an actuator. Alternatively, a device to limit the tiller rotation at

predetermin

ed turn angles can be used.

6 Initial set-up of test wheelchair

6.1 General

Prepare thqtestwheeichalr in accordance with SO 7176-22, Setup tevel Z, modified as specified;in] 6.2.

6.2 Antitip devices

Test the wheelchair with anti-tip devices if they are provided and the instructions for yse-state thatjthey

are to be used. If the anti-tip devices are adjustable, set them to their least effective position. If they can

be adjusted so that they will not contact the ground if the wheelchair tips, this may be considered the

least effective position.

If anti-tip devices are not provided, or the instructions for use do not state that they are to be used) test

the wheelchair without them.

6.3 Battgries

The wheelchair should be equipped with batteries as specifiedby the manufacturer. However, battgries

containing free electrolyte can be hazardous if spillage ocCurs during testing. Such batteries mdy be

replaced by|the nearest capacity equivalent valve-regulated, absorbent glass mat, or gel-type batteries,

with supplgmentary weights if necessary to give an equivalent mass distribution.

6.4 Test]oad

6.4.1 General

Select the t¢st load and set it up as spgcified in 6.4.2 or 6.4.3.

6.4.2 Test dummy

a) Select, position and seeure the appropriate dummy in accordance with ISO 7176-22.

b) Set up the means to-remotely control the wheelchair, if a remote control system is chosen. If ysing
remote|control,set'up the means (see Annex A).

6.4.3 Humantest occupant

For some tests, it might be necessary to use a human test occupant. For such cases, select a suitable

human test

7 Testp

occupant as specified in ISO 7176-22 and see Annex B for safety recommendations.

rocedure

Conduct the tests specified in Clauses 8, 9 and 10 using the scoring system specified in Annex C to
quantify the dynamic response of the wheelchair.

Wherever practicable, test using a test dummy as specified in 6.4.2. Where a test dummy can not be
used, use a human test occupant as specified in 6.4.3.

For safety reasons, perform each test at slow speed initially and repeat using gradually increasing

speeds unti

4

1 a score of 0 or the maximum speed is achieved.

© ISO 2017 - All rights reserved
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If the stability score is found to be 1 or O for a particular slope or step height, end the test and record a 0

fort

he higher levels for that test.

NOTE1 Continuation of the test could be dangerous to the tester and damaging to the wheelchair.
NOTE 2  Video recordings of the movement of the wheelchair, replayed in slow motion and stop action, can
assist observing and scoring the wheelchair responses.

8 Tests for rearward dynamic stability

8.1

Whi
and
for g
conf]

Tabl
whe
rang
may
shal
lowsd

8.2

Prep
com
cong

are ot limited to, the rear wheel position, castor attachment to the frame, seat position, b3

seat

General

e remaining within any constraints mandated by the manufacturer in the user man

wheelchair. This determination may require several iterations to determine the confi
igurations, that is or are the least stable.

e 1 provides guidance for setting up the wheelchair in itscleast stable configurg
e of possible configurations, including those where speed islimited. The least stable cg
be different between tests described in 8.3, 8.4, 8.5, 8.6,8.77/and 8.8. The least stable ca

be determined for each test. The least stable configuration is the configuration that
st score in each test.

Wheelchair preparation

are the wheelchair as specified in Clause 6 with the following additions: Set all
traints specified by the manufacturér in the device user manual. These components

to-back angle, leg-to-seat angle;-and seat height and speed. Typical adjustments for

hal, all user

dealer adjustable parts shall be adjusted to create a least stable configuration or, conffigurations,

guration or

ition. Some

elchairs have drive configurations that limit the speed. It will often be necessary to explore a wide

nfiguration
nfiguration
returns the

adjustable

ponents to their least stable configuration for the wheelchair in the rearward direction within the

include, but
ck position,
least stable

rearward settings are mentioned\in Table 1. If any of the adjustments results in an unwarjted setting,
e.g. the castor wheels contact/any other part of the wheelchair, increase/decrease the adjystment just
enoygh to ensure a proper function of the wheelchair. Make every effort to minimize castor shimmy
duripg tests. There may Be)several ways of doing this including adjusting castor rake and cgdstor cant.
Table 1 — Least stable rearward stability typical settings

Adjustable wheelchair component Least stable position

Rear wheel position, fore-aft Forward

Castor attachment to frame, fore-aft Back

Seat position, fore-aft Back

Seat position, vertical High

Seat back position, recline Back

Seat position, tilt Back

Back position, fore-aft Back

Leg to seat angle Minimum

Speed setting Maximum
© IS0 2017 - All rights reserved 5
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8.3 Starting forward

NOTE This test determines stability when a wheelchair starts on a horizontal surface and on an uphill slope.

a) Position the wheelchair on the horizontal test plane.

b) From astationary position, operate the control device to give maximum acceleration in the forward
direction.

c) Observe the dynamic response of the wheelchair and score it according to Annex C.

d) Repeatb) and c) on the 3° 6° and 10° ramps or other ramp angles as specified by the manufacturer

8.4 Brakjing when travelling forward on horizontal or uphill

or those commissioning the tests specifying requirements starting with the wheelchair on pach
ramp facing uphill. If the manufacturer recommends a technique for driving on a slopg, test the
wheelchair using the recommended technique. If the manufacturer specifies a maximum slope,
testinglis to be done for all ramp angles up to and including that slope, otherwise the test methods
are unrpodified.

NOTE This test determines stability when a wheelchair stops on a horizontal surface and rocks backwajrd as
a counter mqgvement. This test also determines stability when stopping on an uphill slope if the wheelchair|rolls

or rocks backward before coming to a complete stop.

a)
b)
‘)
d)
e)

f)
g)

8.5 Brakjing when,travelling backward

Run th¢ wheelchair at maximum forward speed on the horizontal test plane.

Apply retardation by releasing the control device.

Observg the dynamic response of the wheelchair and score it according to Annex C.
Repeatfa) to c) applying retardation by turning the wheelchair power off.

Repeat|a) to c) applying retardation by quickly applying full speed command in the oppgsite
directi:[n, keeping the control device at maXimum retardation until the wheels turn in the opppsite
directign.

Record(the lowest score from the three methods of a) to e) and the method which gave this resplt.

Repeat|a) to f) travelling forward uphill on the 3° 6° and 10° ramps or other ramp anglgs as
specifigd by the manufacturern If the manufacturer recommends a technique for driving on a s|ope,
test thg wheelchair using.the recommended technique. If the manufacturer specifies a maximum
slope, testing is to be dene up to that slope, otherwise the test methods are unmodified.

NOTE This test-determines stability when a wheelchair stops suddenly from maximum reverse speed

travelling on| the horizontal and also travelling downhill travelling backward.

a)
b)
‘)
d)
e)

f)

Run the wheelchair at maximum reverse speed on the horizontal test plane.

Apply retardation by releasing the control device.

Observe the dynamic response of the wheelchair and score it according to Annex C.
Repeat a) to c) applying retardation by turning the wheelchair power off.

Repeat a) to c) applying retardation by quickly applying full speed command in the opposite
direction, keeping the control device at maximum retardation until the wheels turn in the opposite
direction.

Record the lowest score from the three methods of a) to e) and the retardation method which gave
this result.

© ISO 2017 - All rights reserved
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Repeat a) to f) travelling backward downhill on the 3° 6° and 10° ramps or other ramp angles as

specified by the manufacturer. If the manufacturer recommends a technique for driving on a slope,
test the wheelchair using the recommended technique. If the manufacturer specifies a maximum
slope, testing is to be done up to that slope, otherwise the test methods are unmodified.

8.6

Travelling forward up a step transition from a standing start

a) Test the wheelchair with kerb climbing devices in their normal position if they are available as
standard or optional equipment on the wheelchair. Set kerb climbing devices to their normal
position for climbing kerbs as specified by the manufacturer. Test the wheelchair without kerb

"]imhing devices if fhpy are removable without tools

b)

NOT

8.7

NOT
the
least]

a)

b)

A

Ktep and in the trailing position for forward motion.

Dperate the control device to give maximum acceleration in the forward difection unt
hre up the step.

Dbserve the dynamic response of the wheelchair and score it according to Annex C.
Repeat b) to d) with step heights of 25 mm and 50 mm

fthe manufacturer claims that the wheelchair is capable ofhandling higher step transit
b) to d) at intervals that are multiples of 25 mm, increasing’the step height up to the lg
by the manufacturer and terminating the test if the wheelchair can no longer travel
fransition with a score of 2 or greater.

) Increments ofless than 25 mm can be used to achieve the step heightlevel claimed by the

Travelling forward up a step transition at maximum speed
1 The intent of this test is to use the impact with the step to induce a rearward tip regardle;
vheelchair climbs the step. This test:procedure is very similar to 9.5 which configures the w

stability forward.

Fest the wheelchair with kerb climbing devices in their normal position if they are

position for climbing kerbs as specified by the manufacturer. Test the wheelchair w
Climbing devices if they are removable without tools.

Position the wheelchair on the horizontal test plane far enough from the 15 mm step t
hllow the wheelchair to achieve maximum speed.

NOTE 2 <& A'forward tip can occur at minimum speed, but is unlikely at a faster speed.

Run the wheelchair forward at maximum speed along the horizontal test plane to hit
DO+ 5°.

Position the wheelchair on the horizontal test plane with its front wheels in contact wit]L the 15 mm

I all wheels

ions, repeat
vel claimed
up the step

anufacturer.

s of whether
heelchair for

hvailable as

standard or optional equipment on the wheelchair. Set kerb climbing devices to their normal

ithout kerb

ransition to

the step at

d) Observe the dynamic response of the wheelchair and score it according to Annex C.

e) Repeatb) to d) with step heights of 25 mm and 50 mm.

f)

[f the manufacturer claims that the wheelchair is capable of handling higher step transitions, repeat

b) to d) at intervals that are multiples of 25 mm, increasing the step height up to the level claimed
by the manufacturer and terminating the test if the wheelchair can no longer travel up the step
transition with a score of 2 or greater.

NOTE 3

manufacturer.

© IS0 2017 - All rights reserved
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8.8 Travelling backward down a step transition from a standing start

a) Position the wheelchair on the horizontal test plane above the step with its rear wheels at the edge
of the 15 mm step.

b) Operate the control device at minimum speed in the reverse direction until all wheels are down
the step.

NOTE1 Arearward tip can occur at minimum speed, but is unlikely at a faster speed.

c) Observe the dynamic response of the wheelchair and score it according to Annex C.

d) Repeatfa) to c) with step heights of 25 mm and 50 mm.

e) Ifthe mjanufacturer claims that the wheelchair is capable of handling higher step transitions, repeat
a) to c)|at intervals that are multiples of 25 mm, increasing the step height up to the‘level claimed
by the manufacturer and terminating the test if the wheelchair can no longer trayéldown the|step
transition with a score of 2 or greater.

NOTE 2| Increments of less than 25 mm can be used to achieve the step height level claimed by the
manufagturer.

9 Tests for forward dynamic stability

9.1 Gendral

While remaining within any constraints mandated by the mantfacturer, all user and dealer adjustable

parts shall pe adjusted to create a least stable configuration. This determination may require seyeral

iterations t¢ determine the configuration of minimum:stability.

The setting
a wheelcha

s recommended in Table 2 are not absolute. Finding the least stable configuration for

ir may require an iterative process'to determine the one configuration that is the

stable. Somle wheelchairs have drive configurations that limit the speed. It will often be neces

to explore i

wide range of possible configurations, including those where speed is limited. The

stable configuration may be different bétween tests described in 9.3, 9.4, 9.5 and 9.6. The least s

configurati
returns the

9.2 Whe

Prepare th
component

bn shall be determined for each test. The least stable configuration is the configuration
lowest score in each test.

elchair preparation

a)

wheelchaif2as specified in Clause 6 with the following additions: Set all adjust

east
sary
east
able
that

b to their least stable configuration for the wheelchair in the forward direction withi

constraints

e.g. the castor wheels contact any other part of the wheelchalr 1ncrease/decrease the ad]ustment just
enough to ensure a proper function of the wheelchair. Make every effort to minimise castor shimmy
during tests. There may be several ways of doing this including adjusting castor rake and castor cant.

© ISO 2017 - All rights reserved
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Adjustable wheelchair component Least stable position
Rear wheel position, fore-aft Forward

Castor attachment to frame, fore-aft Back

Seat position, fore-aft Forward

Seat position, vertical High

Seat position, tilt Upright

Seat back position, recline Upright
Backposition, fore-aft Forward

Speed setting Maximum

9.3 | Braking when travelling forward on horizontal or downhill

a) Run the wheelchair at maximum speed forward on the horizontal test plane.

b) WApply retardation by releasing the control device.

c) Pbserve the dynamic response of the wheelchair and score it according to Annex C.

d) Repeata) to c) applying retardation by turning the wheelchair power off.

e) Repeat a) to c¢) applying retardation by quickly applying full speed command in the opposite
irection, keeping the control device at maximum retardation until the wheels turn in the opposite
Hirection.

f) Record the lowest score from the three methadds of a) to e) and the retardation method{which gave
Lhis result.

g) Repeat a) to f) on the 3° 6° and 10° ramps or other ramp angles as specified by the manufacturer
when travelling forward downhill.cIf the manufacturer recommends a technique for| driving on
h slope, test the wheelchair usifigrthe recommended technique. If the manufacturer] specifies a
maximum slope, testing is to,be done up to that slope, otherwise the test methods are ynmodified.

9.4 | Travelling forward@down a slope onto a horizontal surface

a) Run the wheelchair-forward down the 3° test area to reach the horizontal tept plane at
maximum speed.

b) Pbserve thedynamic response of the wheelchair and score it according to Annex C.

c) Repeata)and b) using the 6° and 10° ramps or other ramp angles as specified by the manufacturer.
f thesmianufacturer recommends a technique for driving on a slope, test the wheelchajir using the
recommended technique. If the manufacturer specifies a maximum slope, testing is to|be done up
othat c]npp’ otherwise the test methods are unmaodified

9.5 Travelling forward up a step transition at maximum speed

NOTE1 The intent of this test is to use the impact with the step to induce a forward tip. The wheelchair might

or might not climb the step. This test procedure is very similar to 8.7 which configures the wheelchair for least
stability rearward.

a)

Test the wheelchair with kerb climbing devices in their normal position if they are available as
standard or optional equipment on the wheelchair. Set kerb climbing devices to their normal
position for climbing kerbs as specified by the manufacturer. Test the wheelchair without kerb

climbing devices if they are removable without tools.
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the wheelchair to achieve maximum speed.

step at 90° = 5°,

a) to d) with step heights of 25 mm and 50 mm.

Position the wheelchair on the horizontal test plane far enough from the step transition to allow

Run the wheelchair forward at maximum speed along the horizontal test plane to hit the 15 mm

Observe the dynamic response of the wheelchair at the transition and score it according to Annex C.

If the manufacturer claims that the wheelchair is capable of handling higher step transitions, repeat

a) to d) at intervals that are multiples of 25 mm, increasing the step height up to the level claimed

b)
c)
d)
e) Repeat
f)
by the
transiti
NOTE 2
manufa
9.6 Trav
NOTE 1 T
a) Positiol
the edg
b) Run thg
inadir
c) Observ
d) Repeat
e) Ifthem
a) to )
the ma
transiti
NOTE 2 In]
10 Tests
10.1 Gene
While rema

parts shall
iterations t

manufacturer and terminating the test if the wheelchair can no longer travel up the
on with a score of 2 or greater.

Increments of less than 25 mm can be used to achieve the step height level €laimed b
Fturer.

plling forward down a step transition from a standing start
his test determines stability when a wheelchair very slowly drops down\a-step.

1 the wheelchair on the horizontal test plane above the step;so that the front wheels a
e of the step.

wheelchair at minimum and maximum practical speed, forward down the 15 mm step
bction 90° + 5° to the front of the step.

e the dynamic response of the wheelchair and score it according to Annex C.
a) to c) with step heights of 25 mm and 50 mm.

anufacturer claims that the wheelchair'is capable of handling higher step transitions, re
at intervals that are multiples of 25.mm, increasing step heights up to the level claime
hufacturer and terminating the(test if the wheelchair can no longer travel down the
on with a score of 2 or greater.

for dynamic stability in lateral directions

ral

ining within any constraints mandated by the manufacturer, all user and dealer adjust
be adjusted to create a least stable configuration. This determination may require sey
p determine the configuration of minimum stability. If there are configurations that ar¢

step

y the

re at

and

peat
d by
step

crements of less than 25 mm.can be used to achieve the step heightlevel claimed by the manufacturer.

able
reral
b not

H the

stable, the
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manufacturer’s set up procedures in the user manual.

The settings recommended in Table 3 are not absolute. Finding the least stable configuration for
a wheelchair may require an iterative process to determine the one configuration that is the least
stable. Some wheelchairs have drive configurations that limit the speed. It will often be necessary to
explore a wide range of possible configurations, including those where speed is limited. The least stable
configuration may be different between tests described in 10.3, 10.4, 10.5 and 10.6. The least stable
configuration shall be determined for each test. The least stable configuration is the configuration that

returns the

10

lowest score in each test.

© IS0 2017 - All rights res

erved


https://standardsiso.com/api/?name=8c81bf725aedc96f4bf6a9fd021102cd

ISO 7176-2:2017(E)

10.2 Wheelchair preparation

Prepare the wheelchair as specified in Clause 6 with the following additions: Set all adjustable
components to their least stable configuration for the wheelchair in the lateral direction within the
constraints specified by the manufacturer in the device user manual. These components include, but
are not limited, to the rear wheel position, castor attachment to the frame, seat position, back position,
seat-to-back angle, seat height and speed. Typical adjustments for least stable lateral settings are
mentioned in Table 3. If any of the adjustments results in an unwanted setting, e.g. the castor wheels
contact any other part of the wheelchair, increase/decrease the adjustment just enough to ensure a
proper function of the wheelchair. Make every effort to minimise castor shimmy during tests. There
may be several ways of doing this including adjusting castor rake and castor cant.

Table 3 — Least stable lateral stability typical settings

Adjustable wheelchair component Least stable position
Rear wheel position Narrowest track
Castor attachment to frame, fore-aft Back

Castor attachment to frame, inside-outside Inside

Seat position, fore-aft Forward

Seat position, vertical High

Seat back position, tilt Upright

Back position, fore-aft Forward

Speed setting Maximum

Seat position, tilt Upright

10.3 Turning from a stationary start
a) Position the wheelchair on the horizontaltest plane.

b) From a stationary start, apply maximum speed command turning to the left, with thie minimum
furning radius achievable by the control device, until the wheelchair is facing in the reverse
Hirection. If the wheelchair las direct steering, operate the steering control for a minijnum radius
furn and then apply maximum forward power.

c) Pbserve the dynami¢Tesponse of the wheelchair and score it according to Annex C.

d) Repeata) to c) turning to the right and record the lower score together with the side toward which
the wheelchaif tips.

e) Repeatb)tod) onthe 3° 6°and 10° test areas or other ramp angles as specified by the manufacturer,
ctarting \with the wheelchair facing downhill and finishing with the wheelchair facipg uphill. If
the manufacturer recommends a technique for driving on a slope, test the wheelchajr using the
recommended technique. If the manufacturer specifies a maximum slope, testing is to|be done up

ot ol oo ooz thao t maathadc oo o0 ra-adifiad
O tIrat STO Pt ot vy rsterreee st retrotsar C oot e tr

10.4 Turning in a circle at maximum speed
a) Run the wheelchair at maximum speed in the forward direction on the horizontal test plane.

b) Turn the wheelchair in circles of decreasing radius while continuing to command maximum
possible speed. For each circle, note the score as in Annex C.

c) Determine the minimum diameter circle to the nearest 100 mm in which the wheelchair will run at
maximum possible speed with a score of 2 or greater.

d) Measure the diameter of the circle traced by the centreline of the wheelchair.

e) Repeata) to d) turning in the opposite direction.
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f) Record the larger diameter together with the corresponding direction in which the wheelchair is
turning.

NOTE A wand with chalk attached and projecting from the wheelchair might assist in following a circle.

10.5 Turning suddenly at maximum speed

Most wheelchairs with direct steering will not remain stable during this test. Caution should be
exercised during the testing process.

a) Run the wheelchair at maximum speed in the forward direction in a straight path on the horizontal
test plajne.

b) Operat¢ the control device to produce a 90° turn with a minimum turning radius.

c) Observe the dynamic response of the wheelchair and score it according to Annex C,

d) Repeatfa) to c) turning in the opposite direction.

e) Record|the lower score together with the corresponding direction in which the wheelchair is
turning.

10.6 Travelling forward at an oblique angle to a downward step

a) Run th¢ wheelchair at minimum and maximum practical speed in the forward direction with the
centre line of the wheelchair at an angle of 10° + 2° relative to.the edge of the 15 mm step transjtion
until al| of the wheelchair traverses the step transition.

b) Observg the dynamic response of the wheelchair andsscore it according to Annex C.
c¢) Repeatfa) and b) using the opposite side of the wheelchair to drop down the step.
d) Record|the lower score together with the side-at which this occurs.

e) Repeatfa) to d) with step heights of 25 mm and 50 mm.

f) If the manufacturer claims that-the wheelchair is capable of handling higher step transitjons,
repeat a) to d) at intervals thatate’/multiples of 25 mm, increasing step heights until up to the |evel
claimed by the manufacturer-aind terminating the test if wheelchair can no longer travel down the
step trgnsition with a scoré-of 2 or greater.

NOTE Irjcrements oflessthan 25 mm can be used to achieve the step heightlevel claimed by the manufacturer.

11 Test report

The test report'shall contain the following information:

a) areference to this document, i.e. ISO 7176-2:2017;

b) the name and address of the test institution and whether it complies with the requirements of
ISO/IEC 17025;

¢) the name and address of the manufacturer of the wheelchair;

d) the date of issue of the test report;

e) the wheelchair type and any serial and batch numbers;

f) the mass of the dummy used or, if a person is used, the mass of the test occupant and weights;

g) the details of the set-up of the wheelchair as specified in ISO 7176-22, including equipping and
adjustments, and any additional details of the set-up of the wheelchair as specified in Clause 6;
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h) a minimum of two photographs showing both sides, front and back of the wheelchair as equipped
during the test;

i) a description of the changes, including supplementary photographs, of the wheelchair in the final
configuration which was tested in Clauses 8, 9 and 10;

j)  whether the wheelchair was provided with or without anti-tip devices and kerb climbing devices;
k) the details of the wheelchair’s control device, indicating if it includes direct steering; and

1) the results of the tests specified in Clauses 8, 9 and 10.

NOTE Annex D gives a recommended format for recording these results.

12 Pisclosure of results

The |following results shall be disclosed in the manufacturer’s specification”sheets accorlding to the
fornjat specified in ISO 7176-15:

— |'Rearward dynamic stability on ramp: x°“

iwhere x is the value of the maximum slope (e.g. 0°, 3°, 6°, 10°) ©n which the wheelchaif achieves a
score of 2 or greater in tests 8.3, 8.4 and 8.5;

— |Forward dynamic stability on ramp: x°”

ivhere x is the value of the maximum slope (e.g. 0°,3° 6°, 10°) on which the wheelchaif achieves a
score of 2 or greater in tests 9.3 and 9.4;

— [Lateral dynamic stability on ramp: x°”

where x is the value of the maximum slope (e.g. 0° 3°, 6° 10°) on which the wheelchaif achieves a
score of 2 or greater in test 10.3;

— [Lateral dynamic stability whilelturning in a circle: x m”

iwhere x is the minimum diameter of the turning circle at which the wheelchair achievgs a score of
P or greater in test 10.4;

— |Lateral dynamic stability while turning suddenly: x”

where x is “Yes”.op “No” to the question of whether the wheelchair achieves a score of £ or greater
n test 10.5;

— |'Rearwatd dynamic stability traversing step forward: x mm”

ivhere’x is the value of the maximum step height (e.g. 15 mm, 25 mm, 50 mm or higher] if specified
bythe manufacturer) on which the wheelchair achieves a score of 2 or greater in tests 8.6 and 8.7;

“Rearward dynamic stability traversing step backward: x mm”

where x is the value of the maximum step height (e.g. 15 mm, 25 mm, 50 mm or higher, if specified
by the manufacturer) on which the wheelchair achieves a score of 2 or greater in test 8.8;

— “Forward dynamic stability traversing forward up a step: x mm”

where x is the value of the maximum step height (e.g. 15 mm, 25 mm, 50 mm or higher, if specified
by the manufacturer) on which the wheelchair achieves a score of 2 or greater in test 9.5;

— “Forward dynamic stability traversing forward down a step: x mm”

where x is the value of the maximum step height (e.g. 15 mm, 25 mm, 50 mm or higher, if specified
by the manufacturer) on which the wheelchair achieves a score of 2 or greater in test 9.6;
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— “Travelling forward at an oblique angle to a downward step: x mm”

where x is the value of the maximum step height (e.g. 15 mm, 25 mm, 50 mm or higher, if specified
by the manufacturer) on which the wheelchair achieves a score of 2 or greater in test 10.6.
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Annex A
(informative)

Wheelchair set-up for remote control

Principle

In or

recommended. Servos for these units have low mass and are inexpensive. Minimal modifid

whe

A2

A2,

The
tillel

Sele
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The
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A2,

Whe
The
The
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Ath

der to control the wheelchair, a radio control system, such as those used for radio contr

blchair is needed to fit the servos

Apparatus

1 General

method of setup is determined by the method of steering £the wheelchair, i.e. joysticl
control (typically used for scooters).

ct and fit an ISO 7176-11 compliant test dummy as, specified in ISO 7176-22. Record
5 selected.

2 Joystick control

joystick can be controlled by two servos en'a bracket attached to the joystick module
pystick fore/aft and laterally as shown«inFigure A.1.

3 Tiller control

elchairs using a tiller mechanism have a loaded extension spring fitted to one handgrip
opposite handgrip is tethéred by a flexible cord to allow the wheelchair to travel in a s
flexible cord is released.by a servo allowing the spring to turn the tiller. Preset stops 3
Fing mechanism detérmine the turn radius. Another servo is fitted to control speed. T
ystem is shown in.Figure A.2

rd servo is recemmended to adjust steering trim to allow the wheelchair to travel ina s

ol models is
ation to the

k control or

the dummy

hnd moving

of the tiller.

traight line.
dded to the
he layout of

traight line.
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joystick
left/righ
left/righ
forward
forward
joystick

collar (afttaching links to shaft)

control module
t servo crank
t servo link
reverse servo crank
reverse servo link
shaft

Figure-A:1 — Remote control attachments for joystick input device
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steering trim servo (optional)

steering tether

Epeed control servo

bteering tether release servo

fether and spring mount

fest dummy

iller extension spring (loaded)

[he mount is rigidly attached-te:the tiller.

] O U W DN

Figure A.2'— Remote control attachments for tiller input device
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Annex B
(informative)

Use of a human test occupant

B.1 Principle

Test instity
loading a W
dangerous

mass to corn

described i Annex A should be considered in preference.

It is ackno
precautions

The use of §
the results.

B.2 Apparatus for using a human test occupant

If a human

occupant. A
and knee gt

To constrai

mass is min

B.3 Crite

The occupa
The occupa

The occupa

Select the h

tions are encouraged to use test dummies that comply to ISO 7176-11 as a niear
heelchair in preference to a human test occupant. Many of the tests in this standard
hnd could cause injury. Furthermore a human test occupant tends to move their cent
\pensate for any wheelchair instability providing inconsistent results. Altetnative met

wledged that in some cases, it could be necessary to use a human test occupant
must be taken to minimise the risk of injury and movement.

i human test occupant is not recommended due to the potential'to cause injury and bi

test occupant is to be used, all precautions should be taken to prevent injury to the
ppropriate protection should be worn including a crash helmet, gloves, motorcycle jg
jards.

h movement of the occupant in the wheelchair or scooter so that active movement of his|
imised, lateral thoracic supports anda headrest providing lateral support should be us

ria when a human test.occupant is used

ht shall have more than'four hours of wheelchair driving experience.

ht shall be constrairied from leaning forward or sideways.

ht is not to be restrained using straps that will restrict egress from the wheelchair.

liman test'gccupant in accordance with ISO 7176-22.
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