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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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5 third edition cancels and replacés. the second edition (ISO 7176-14:2008), which

main changes compared to the previous edition are as follows:
addition of provisions on'the following:

— wireless communication technology;
thermal drive test;

occupajit operable battery isolation switch;

battery chemistries other than lead-acid.
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Introduction

Electronic control systems in electric powered wheelchairs and scooters are critical for the safety,
functionality and reliability of the vehicle.

This document specifies some wheelchair tests that are conducted on an inclined test plane. The
intention of these tests is not to evaluate the performance of a wheelchair at the maximum gradient
on which it is capable of operating. Instead, the objective is to reveal any changes in the wheelchair’s
behaviour that might occur under fault conditions, and these changes are more readily discovered when
it is operated on a slope. For convenience, the inclined test plane has a fixed gradient, representative of
those on which the wheelchair might be used.

The range jof ambient temperatures under which testing is carried out is limited to allow cemparison
between the performance of a wheelchair in normal operation and performance when faults|are
introduced.

With interfmodule wireless communication becoming more common with the possibility that|the
communication may cause changes in the behaviour of other devices, a subclause has been addefl to
assist withlan associated safety assessment.

viil © IS0 2022 - All rights reserved
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Wheelchairs —

Part 14:
Power and control systems for electrically powered
wheelchairs and scooters — Requirements and test

methods

1 [Scope

Thif document specifies requirements and associated test methods for the power, and contti

lectrically powered wheelchairs and scooters. It sets safety and./performance requirements
that apply during normal use and some conditions of abuse and failure; It also specifies L
measurement of the forces necessary to operate controls and sets limitson the forces neede
opefrations.

of

This document is applicable to electrically powered wheelchaits and scooters with a maxir
no greater than 15 km/h intended to provide indoor and/ofJodtdoor mobility for one disah

wh

Thd
con
und

EN

IEC
flan

IEC
IEC

IEC
perj

IEC

se mass lies in the range specified in ISO 7176-11.

Normative references

following documents are referred to in the' text in such a way that some or all of th
Stitutes requirements of this document., For dated references, only the edition cited 4
ated references, the latest edition of the-teferenced document (including any amendmen

12182, Assistive products for persons with disability — General requirements and test meth

60332-1-2, Tests on electricakand optical fibre cables under fire conditions - Part 1-2: Test
he propagation for a single(insulated wire or cable - Procedure for 1 kW pre-mixed flame

60417, Graphical symbuls for use on equipment
60529, Degrees gfprotection provided by enclosures (IP Code)

formance

61032;-Protection of persons and equipment by enclosures — Probes for verification

ol systems

ethods of
d for some

num speed
led person

Pir content
pplies. For
[s) applies.

Dds

for vertical

60601-1, Médical electrical equipment — Part 1: General requirements for basic safety and essential

[EC

62262, Degrees of protection provided by enclosures for electrical equipment again

5t external

mechanical impacts (IK code)

IEC

62304, Medical device software - Software life cycle processes

[SO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

[SO 7176-2, Wheelchairs — Part 2: Determination of dynamic stability of electrically powered wheelchairs

ISO

7176-3, Wheelchairs — Part 3: Determination of effectiveness of brakes

ISO 7176-4, Wheelchairs — Part 4: Energy consumption of electric wheelchairs and scooters for
determination of theoretical distance range
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, Wheelchairs — Part 5: Determination of dimensions, mass and manoeuvring space

[SO 7176-6, Wheelchairs — Part 6: Determination of maximum speed of electrically powered wheelchairs

ISO 7176-7,

ISO 7176-9

Wheelchairs — Part 7: Measurement of seating and wheel dimensions

:2009, Wheelchairs — Part 9: Climatic tests for electric wheelchairs

ISO 7176-10, Wheelchairs — Part 10: Determination of obstacle-climbing ability of electrically powered
wheelchairs

[SO 7176-1

3 Wheelchairs — Part 13- Determination nf{'npffiripnf nffrirfinn nlffpcf curfm‘pc

[SO 7176-1

ISO 7176-
compatibill

[SO 7176-2
ISO 7176-2

ISO 13732
contact wit

ISO 14971,
UL 94, Test

3 Terms and definitions

For the pu
apply.

ISO and [E

ISO On
IEC El¢

31
analogue
signal in W
value with

Note 1 to enftry: An analogue signal can follow continuously the values of another physical quantity represen
information.

b, Wheelchairs — Part 15: Requirements for information disclosure, documentation and-labél

P1:2009, Wheelchairs — Part 21: Requirements and test methods for electromagn
ty of electrically powered wheelchairs and scooters, and battery chargers

P, Wheelchairs — Part 22: Set-up procedures
b, Wheelchairs — Part 26: Vocabulary

1, Ergonomics of the thermal environment — Methods for the asseSsment of human response
h surfaces — Part 1: Hot surfaces

Medical devices — Application of risk management to medic¢al devices

s for flammability of plastic materials for parts in devices and appliances

Fposes of this document, the terms and.definitions given in ISO 7176-26 and the follow

[ maintain terminology databasesor use in standardization at the following addresses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

signal
rhich the characteristic quantity representing information can at any instant assume
n a continudys interval

[SOURCE: IEVL702-04-02]

ling

etic

S to

ing

any

ting

3.2

battery

one or more cells that are electrically connected together and fitted with devices necessary for use
EXAMPLE Case, terminals, marking and protective devices.

[SOURCE: IEV 482-01-04, modified]

3.3

battery charger

device that is connected to supply mains and to a battery set for the purpose of charging the batteries

© IS0 2022 - All rights reserved
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battery compartment
removable or non-removable enclosure for one or more batteries

3.5

battery set
set of interconnected batteries used to power a wheelchair

3.6

battery terminal
terminal on a battery to which a cable or connector can be connected

3.7

caplacity

eled

Not
cap

[SO
3.8

tric charge that a cell or battery can deliver under specified discharge conditions

b 1 to entry: The SI unit for electric charge is the coulomb, C [1 C = 1 A-s (amperesseéconds)] but
city is usually expressed in ampere-hours (A-h) or watt-hours (Wh).

URCE: IEV 482-03-14, modified]

charge completion voltage

volt
cird

39

age, normally specified by the battery manufacturer, to~which a battery is charged
umstances, required to assure that a battery can be fully.chiarged

charge rate

eled

Not
decl

[SO

tric current at which a secondary cell or battery.s charged

e 1 to entry: The charge rate is expressed as thie' reference current I, = C./n where C, is the raf
ared by the manufacturer and n is the time base in hours for which the rated capacity is declared.

JRCE: IEV 482-05-45]

3.1
coexistence

inte

ability of two or more spéctrum-dependent devices or networks to operate withot
rference.
e 1 to entry: Spectrufwdependence may include, but is not limited to radio, ultrasound and infrar

Not
[SO
3.1

URCE: IEEE Std 1900.1:2008, B28]
|

command-signal

eled

trical’signal from the control device

3.1

A

in practice,

in defined

ed capacity

1t harmful

bd.

control device
device with which the operator indicates the desired speed and/or direction of movement of the
wheelchair and can optionally control their position within the wheelchair

Note 1 to entry: A control device can be an integral part of a controller.

3.13

controller
electrical devices, circuits, and the case(s) in which they are housed, that are used to convert the
operator's indication of desired speed and/or direction of movement into the appropriate power that is
supplied to the motor(s)

©IS
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cut-off voltage
voltage specified by the battery manufacturer at which the discharge of a battery is considered finished

[SOURCE: I

3.15
discharge

EV 482-03-30, modified]

rate

electric current at which a battery is discharged

Note 1 to entry: The discharge rate is calculated as the rated capacity divided by the corresponding discharge

time, which

TESUItS I aIT etectric CUTTent.

[SOURCE: IEV 482-03-25]

3.16
draught-fy
space inw

Note 1 to e
Quantitativ
sometimes

[SOURCE: 1

3.17

enclosure
part provi
protection

ee environment
nich the results of experiments are not significantly affected by the local dix speed

try: A qualitative example is a space in which a wax candle flame remains-essentially undistur
e examples are small-scale fire tests in which a maximum air speed ©£6,1 m's™! or 0,2 m-s
pecified.

SO 13943:2017, 3.83]

ding protection of equipment against certain external influences and, in any direct
against contact

Noteltoe

ry: Enclosures provide protection of equipmentagainst harmful effects of mechanical impacts.

Note 2 to enfry: Barriers, shapes of openings or any otheérmeans - whether attached to the enclosure or forme

the enclose
as a part of

3.18
entry poin

equipment - suitable to prevent or limit.the penetration of the specified test probes, are consid
he enclosure, except when they can be'removed without the use of a key or tool.

t

output terginals of the battery charger for on-board, off-board and carry-on chargers

3.19
harm
physical in

[SOURCE: I[EC 60601-1:2005+AMD1:2012, 3.38]

3.20
hazard

bed.
1 is

ion,

d by
bred

ury or damageto-the health of people or animals, or damage to property or the environnpent

potential s

putce of harm

[SOURCE: I
3.21

EC 60601-1:2005+AMD1:2012, 3.39]

hazardous situation
circumstance in which people, property or the environment are exposed to one or more hazard(s)

[SOURCE: I
3.22

EC60601-1:2005+AMD1:2012, 3.40]

latched control
function that remains active without continuous input from the operator

© IS0 2022 - All rights reserved
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3.23
leakage current
electric current in an unwanted conductive path other than a short circuit

[SOURCE: IEV 151-15-49]

3.24

pinch point

location at which a moving part comes into contact with or close proximity to another part such that
another object at that location would be cut or crushed

3.2]
single fault condition
condition in which a single means for reducing a risk is defective or a single abnormal dondition is
prefent

[SOPRCE: IEC 60601-1:2005+AMD1:2012, 3.115, modified]

3.2

switch
meg¢hanical switching device capable of making, carrying and bréaking currents under normal
opefrating conditions which might include specified operating conditions, overload conditiofs and also
cartying for a specified time currents under specified abnormal circuit conditions such &s those of
shoft circuit

Note 1 to entry: A switch may be capable of making but not breaking short circuit currents.
[SOPRCE: IEV 441-14-10]

3.2
terminal
confductive part of a device, electric circuit-or electric network, provided for connecting that device,
eledtric circuit or electric network to one or more external conductors

Note 1 to entry: Removable bolts, screws and fasteners are not considered part of a terminal.
[SOPRCE: IEV 151-12-12]

3.28
thepretical state of chdrge
eledtric charge added. to a fully discharged battery by charging at a known charge rate fgr a known
timp, or estimated-{d_remain in a battery that has been fully charged and then discharged at a known
dis¢harge rate fer.a’known time, and expressed as a percentage of the rated capacity

4 |Apparatus

4.1 Inclined test plane with a surface of sufficient friction as specified in ISO 7176-13 to cause

minimal wheel slippage, of sufficient size to enable the applicable tests specified in this document to be
performed and with a marker from which wheelchair stopping distance can be measured.

The inclined test plane shall be able to be fixed at 3°, 6° or 10° to the horizontal. The 6° gradient shall
be used unless the loaded wheelchair (see 5.2) is unable to climb at a speed greater than 0,5 km/h or
where its primary purpose specified by the manufacturer is for indoor use in which case the gradient
shall be set at 3°.

NOTE A ramp approximately 10 m x 3 m is normally of sufficient area, but the testing of larger and/or faster
wheelchairs might need a larger ramp.

4.2 Horizontal test plane, with the same high-friction surface as the inclined test plane (4.1), and of
sufficient size to enable the applicable tests specified in this document to be performed.

© IS0 2022 - All rights reserved 5
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NOTE

faster wheelchairs might need a larger test plane.

An area of approximately 10 m x 3 m is normally of sufficient size but the testing of larger and/or

4.3 Acoustic test area, marked on a horizontal plane in a room with an ambient noise level not
exceeding 55 dB(A-weighted) and of sufficient length for the wheelchair to attain its maximum speed
before reaching the test area specified in 10.6 and to stop safely beyond the test area.

The room shall also have a mean reverberation time (R,) less than 0,5 s for frequencies from 125 Hz
to 4 kHz at the position where sound pressure levels are measured. See Annex B for guidance on

estimation

of reverberation time.

The test flg

4.4 Mea
sample rat

4.5 Mea

NOTE |
accuracy. Sy

hs for measuring and recording speed up to 5 m/s, with an accuracy of +0,1.'my/s ar

or shall be uncoated concrete in the area where the chair is driven.

e of at least 60 Hz. for digital measuring devices.

s of measuring stopping distance of a wheelchair, to an accuracy of #100 mm.

itable methods include, but are not limited to:

da

|t is important that the means for measuring the speed (4.4) and stopping distance give the requfired

a) a photqcell-operated interrupting switch capable of detecting reflective tape or a light source on the|test
plane;

b) a “fifthjwheel” capable of recording the distance travelled where the recording device can be started byf the
interrupting switch.

4.6 Voltage source, with a voltage adjustable in the range 0,25 U to 1,5 Ug, where Uy is the nomjinal

voltage of fhe battery set, expressed in volts.

The voltagpe source shall be capable of supplying the peak current drawn from the battery set dufing

wheelchailf operation and shall be capable of sinking the peak current returned to the battery dufing

wheelchainf operation. Any change in the voltage shall be no greater than 5 % of Uz while the current is

within thid range.

4.7 Test|probe B, as specified in [EG61032.

4.8 Test[probe 18, as specified'in [EC 61032.

4.9 Test[probe 11, as specified in IEC 61032, capable of attachment to a force measuring instrunfent

(4.11). See Figure 1.

6 © IS0 2022 - All rights reserved
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Dimensions in millimetres

Key
1 [force measuring instrument
2 |stop plate

Figure 1 — Test probe 11

4.190 SmallLunjointed test probe, constructed as specified for test probe 18 (4.8), but without joints,
and| capablesof attachment to a force measuring instrument (4.11) both with and without [the handle
exteénsion’

4.11 Force measuring instrument, capable of measuring forces in the range of 0 N to 150 N in
increments of 1 N with an accuracy of +1 N.

4.12 Force measuring instrument for control devices, capable of measuring forces in a range of 0 N
to 10 Nin 0,1 N increments with an accuracy of +0,1 N, and that can be fitted with a rigid spherical tip of
radius 5,0 mm % 0,2 mm.

4.13 Positive differential air pressure measuring device, capable of measuring positive differential
air pressure, relative to local atmospheric pressure, in a range of 0 kPa to 20 kPa in 200 Pa increments
with an accuracy of 200 Pa.

©1S0 2022 - All rights reserved 7
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4.14 Negative differential air pressure measuring device, capable of measuring negative
differential air pressure, relative to local atmospheric pressure, in a range of 0 kPa to -20 kPa in 200 Pa
increments with an accuracy of #200 Pa.

4.15 Test circuit, that can be arranged as shown in Figure 2 and Figure 3, comprising the following:

a) direct current ammeter, capable of measuring current in the range 0 mA to 10 mA in 1 mA
increments with an accuracy of +1 mA, and capable of withstanding a current of 100 mA;

b) aresistor of resistance R +5 %, where R (in ohms) is calculated from:

Rt
0,1

where Uy i§ the nominal voltage of the battery set.
EXAMPLE At12V,Ris 120 Q; at 24 V,Ris 240 (.
The minimum power rating P (in watts) of the resistor is calculated from:

P:()’leB

c) testprbe 11 (4.9).

1 R
<:'—®—‘:'—_|_+
12
T_
Key

1 testprgbe
2 wheelchair battery set

Figure 2 — Test circuit in positive configuration

_1*
T2
é—@—éj

Key
1 testprgbe
2 wheelchairhattery set

Figure 3 — Test circuit in negative configuration

4.16 Circuit breaker, manually operated, capable of interrupting the maximum possible current
obtainable from the battery set or batteries, such that the voltage drop across the circuit breaker and
its associated wiring at that current does not exceed 10 % of the nominal voltage of the battery set.

NOTE Typical wheelchair batteries have maximum short-circuit currents of several hundred amperes.

4.17 Means for supporting the wheelchair, such that it is upright and secure, with all wheels lifted
off the ground and free to revolve.
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4.18 Means for measuring sound pressure level, to an accuracy of +3 dB (A-weighted).

4.19 Fine wire thermocouples, with suitable means for indicating temperature to an accuracy of
+2 °C.

4.20 Means for measuring motor current, to an accuracy of +5 % of the maximum stall current of
the wheelchair motors, e.g. a clamp-on ammeter.

4.21 Test track, as specified in ISO 7176-4.

4.22 Voltmeter, capable of measuring the voltage of the battery set to an accuracy of +1%:
4.28 Variable resistance, capable of being set within the range 20 k() to 1 M().

4.24 Adjustable resistive load or constant current load selected so thatit can be adjudted for the
reqpired current and rated to carry the current capacity of the protectiofi device in the cifcuit under
test].

5 |Preparation of test wheelchair

5.1 Wheelchair set-up
Se

[

up the wheelchair in accordance with ISO 7176-22,

NOTE The battery set-up is changed for some tests.

5.2 Loading the wheelchair

If required for a particular test, load the Wheelchair using one of the following:

a) |adummy as specified in ISO 7176-22, selected and fitted as specified in this document;
b) [a human test occupant that'conforms with the Human Test Occupant requirements of IS0 7176-22.

Where a dummy is fitted\to’a wheelchair that has an anterior pelvic support, the support should be
usefl to restrain the dummy. Upper thoracic restraints shall be used to limit forward rotdtion of the
dummy trunk to between 20° and 25°.

Where a human‘test occupant is used, it is essential that appropriate precautions be taken tojensure the
perpon's safety:

NOTE Use of anterior pelvic support by a human test occupant might be hazardous, for examplelin the event
thaf thée test occupant needs to get out of the chair quickly.

5.3 Wheelchair attributes

Measure and record the maximum speed, v, of the wheelchair on a horizontal surface by the method
specified in ISO 7176-6.

NOTE The wheelchair set-up might not be changed or modified for these tests.

Measure and record the stopping distance, L;, at speed (0,5 + 0,05) x v, of the wheelchair moving down
the inclined test plane (4.1) by the method specified in ISO 7176-3 for normal operation.

5.4 Wheelchair documentation

Obtain applicable circuit diagrams for the wheelchair from the wheelchair manufacturer.
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5.5 Preparation records
Record the following information for each test:

a) the wheelchair equipment specified for the test;

b) the position of any adjustable parts of a body support system. The justification for the configuration

shall be noted in the test report;

c) the battery manufacturer and battery type reference and any certifications that the battery might

carry;

d) the mgss and configuration of the dummy or human load if used and shall conform with the huxlnan

test odcupant requirements of ISO 7176-22.

6 Guidance for tests

WARNING| — The use of this document can involve hazardous materials, operations
equipment. It does not purport to address all of the safety or environmentalproblems associa
with its ufse. It is the responsibility of users of this document to také-appropriate measu
to ensure(the safety and health of personnel and the environment prior to application of
standard and fulfil statutory and regulatory requirements for this;purpose.

6.1 Testlorder

The tests fised to verify the requirements given in Clauses.7 to 14 may be performed in any o
unless othprwise stated in the test methods. Reverse any(modifications made to the wheelchaiy
a test bef?'ﬁe beginning another test. Repair or replace.any parts of the wheelchair damaged du

testing be

the applicable procedures specified in Clause 5 after"any such repairs.

6.2 Batteries

The manufacturer shall declare the nominal voltage and cut-off voltage of the battery set.

6.3 Testlconditions

Carry out the tests in a draught-free environment with an ambient temperature of 20 °C £ 5 °C.

7 Single fault safety

hnd
ted
res
the

der,
for
ing

re beginning another test. Record the nature of any such repairs in the test report. Repeat

7.1 SinTe faultconditions

7.1.1 Gehneral

The manufacturer shall adopt appropriate means to eliminate or reduce as low as reasonably possible

the probability of a hazardous situation developing in the event of a single fault condition. The met
for the risk assessment process used is described in ISO 14971.

7.1.2 Requirements

hod

The manufacturer shall declare to test personnel the means by which the wheelchair is made safe under

the conditions and for the purposes of intended wheelchair use against single fault conditions.

The manufacturer shall employ ISO 14971 to manage risk.
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The manufacturer shall consider the following in the risk management process for a single fault
condition:

fire and/or explosion;
software;
electric shock;

technical knowledge, experience, education or training of intended operator;

or leakage

pping over

Comes into

NOTE Single fault conditions that have heen ohserved in wheelchairs include:

— |short and open circuits of conductors and wiring;

— |exposure of electronic components to humidity and liquids, such as rainwater and urine;

— | component failure, such as leakage, internal short circuit, latched logic state.

— |drive-train failures.

7.2| Controller command signal processing failure

7.211 General

It i§ important that a single command signal error duesto*an open-circuit, short-circuit

curfent does not result in a hazardous situation.

7.2)2 Requirements

Proyision shall be made to ensure that an open<¢ircuit or short-circuit command signal failufre

a) |does notresult in loss of control of the‘wheelchair other than to stop,

b) |does not prevent the wheelchairfrom stopping when the control device is put in its stop|position,

c) |does notresultin a hazardous situation.

When the wheelchair is tested“in accordance with 7.2.3.2 and 7.2.3.3, it shall stop without t

within a distance not exeeeding 2,0 x L;. L, is defined in 5.3.

7.22.1 Testing the-wWheelchair in accordance with 7.2.3.4 shall not

a) |resultin any‘drive wheel turning with a circumferential speed that is greater than 0,1 n}/s,

b) |resultsih*movement greater than 10 mm of any part of the wheelchair that usually
contact with the occupant,

c) resultinahazardeussituation{e-gfirek

7.2.3 Test method

WARNING — This test can be hazardous. It is essential that appropriate safety precautions
be taken to protect test personnel. A wide test area is needed since the wheelchair may start
moving at maximum speed in an uncontrolled way.

© IS0 2022 - All rights reserved
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7.2.3.1 Preparation

7.2.3.1.1

Examine the wheelchair and its circuit diagram to locate

wheelchair,

conductors that supply power and/or reference signals to the control device,

usually come into contact with the occupant,

control device conductors that carry signals involved in the speed and/or direction control of the

conductors that carry signals involved in controlling the motion of parts of the wheelchair that

and that ay

wheelchair.

q

J

NOTE
circuit tracH

7.2.3.1.2
introducin

7.2.3.1.3
reasonably

7.2.3.1.4
analogue s

7.2.3.1.5
reasonably
between t}

NOTE1 |
or enclosur]
conductors
to leak into

NOTE2 |
device enclq

Conformal
from moist
IEC 60335-
it is necess
enclosures,
7.2.3.4.

e suitable for introducing disturbances into those signals that could affect the control of

uitable conductors can include discrete wires, component leads, connector terminals and pri
S.

Identify one point on each of the conductors identified in 7.2.3.1.1. that may be used
b open circuits in them.

For each of the conductors identified in 7.2.3.1.1, identify all ‘ether conductors where
foreseeable that a short circuit could occur between them.

Among the conductors identified in 7.2.3.1.1, identify.each conductor that is used to carr
gnal.

For each of the conductors identified in 7.2:3:1.4, identify all other conductors where
foreseeable that a current leakage pathydue to contamination from liquids could o
em.

xamples include: conductors in a cable(connecting the control device enclosure to another compo
adjacent connector terminals in exposed connectors on the control device enclosure; adja
nside the control device enclosure that could get wet if the enclosure were damaged and liquid
t.

-
-

xamples of conductors noet included: conductors in an encapsulated subassembly within the cor
sure.

coating cannot berelied upon to protect tracks or components on printed circuit boards
ure induced l¢akage currents. Coatings for printed circuits in accordance with

1:2020, Annex | can only ensure protection against pollution degree 2 or better. Therefor
Ary to erfsure enclosures limit pollution to degree 2. If such tracks are not protected by
that offer pollution degree 2 or better protection, they shall be tested as per 7.2.3.3 and

the

hted

for

it is

y an

it is
cur

hent
cent
vere

trol

€,

Enclosure

that do not allow Ingress or water wnen subjected to the test specilied 1n 1s.1 after b

ing

subjected to the impact test specified in 14.2 may be considered unlikely to allow contamination by
liquids, except where such enclosures have fragile flexible components as part of their environmental

protection,

such as typical joystick gaiters.

7.2.3.2 Open-circuit test

Make provision for the wheelchair to be driven on the inclined test plane (4.1).

Switch off the controller and disconnect it from the battery set. For one of the points identified
in 7.2.3.1.2, disconnect the conductor to be tested and connect it via a switch back to its original
connection. Close the switch and reconnect the battery set.

12

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=93c05388d05b85ab060eb92252d02189

ISO 7176-14:2022(E)

Switch on the controller. Note the position of the marker on the test plane and drive the wheelchair
forwards in a straight line down the inclined test plane towards it until a speed of (0,5 + 0,05) x v is
achieved. When the marker is reached, open the switch.

Measure along the centreline of the track of the driving wheels the distance taken to stop to an accuracy
of £100 mm.

Switch off the controller and close the switch.
Reset and/or replace any circuit protection devices.

Switeh-en-the-—controHer—Note 0 rof-the-marker-onthe—te are—a ve—the-wheelchair
forywards in a straight line down the inclined test plane towards it until a speed of 0,5(£0,05) x v is
achjeved. When the marker is reached, open the switch and put the control device to it§ stog position.

Measure along the centre line of the track of the driving wheels the distance taken to/stop to dn accuracy
of 4100 mm.

Resgt and/or replace any circuit protection devices.

Repleat the test for each of the conductors identified in 7.2.3.1.2.

7.213.3 Short-circuit test
Make provision for the wheelchair to be driven on the inclinéd test plane (4.1).
Swikch off the controller and disconnect the battery set!

From those conductor pairs identified in 7.2.3.1.3,stnake provision for connecting the two fonductors
via p switch without changing the original connegctions (to simulate a short circuit).

Opgn the switch and reconnect the battery set:

Switch on the controller. Note the position of the marker on the test plane and drive the wheelchair
foryards in a straight line down the\inclined test plane towards it until a speed of (0,5 + ,05) x v is
achjeved. When the marker is reached, close the switch.

Megsure along the centrelineofthe track of the driving wheels the distance taken to stop to gn accuracy
of 4100 mm.

Swikch off the controllérand open the switch.
Reset and/or repldace-any circuit protection devices.

Switch on the ‘¢ontroller. Note the position of the marker on the test plane and drive the wheelchair
forwards inva’/straight line down the inclined test plane towards it until a speed of (0,5 * §,05) x v is
achjevediWhen the marker is reached, close the switch and put the control device to its stof position.

Megsure along the centreline of the track of the driving wheels the distance taken to stop to gn accuracy
of £100 mm.

Reset and/or replace any circuit protection devices.

Repeat the test for every combination of two conductors from those identified in 7.2.3.1.3.

7.2.3.4 Leakage current test

Support the wheelchair by suitable means (4.17) so that it is secure with the drive wheels lifted off the
ground and free to revolve.

Switch off the controller and disconnect the battery set.
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From those conductor pairs identified in 7.2.3.1.5, make provision for connecting the two conductors via
a variable resistance (4.23) without changing the original connections (to simulate a leakage current).
Set the variable resistance to its maximum value.

Reconnect the battery set and switch on the controller.

Adjust the variable resistance at a rate of change not exceeding 10 % of the present value of the variable
resistance per second.

While varying the resistance, observe whether any drive wheel turns with a circumferential speed
greater than 0,1 m/s or any part of the wheelchair that usually comes into contact with the occupant
moves moife than 10 mm.

Reset and/jor replace any circuit protection devices.

Repeat the|test for every combination of two conductors from those identified in 7.2.3.1.5,
7.3 Confroller output device failure

7.3.1 General

It is important that the failure of any output device does not result in loss_of control of the wheelchair,
other than|to stop.

NOTE A power transistor is a common output device.

7.3.2 Regquirements

Provision ghall be made to ensure that the failure of any‘output device will not result in loss of conjtrol
of the wheelchair, other than to stop.

When testg¢d in accordance with 7.3.3.2 and 7.3.3.3,the wheelchair shall

a) not crgate a hazardous situation,

b) stop \Alithin a distance of 2,0 x L; (sée 5.3), either:

1) when the switch is operatéd-(either opened or closed, depending on whether the short-cirfuit
or|open-circuit test is being conducted) at the marker; or

2) where it fails to stgp\inder the conditions in 1), when the switch is operated and the conjtrol
dewice is put to its stop position at the marker.

7.3.3 Tept method

7.3.3.1 Hreparation

WARNING — This test can be hazardous. It is essential that appropriate safety precautions be
taken to protect test personnel. A wide test area is needed since the wheelchair can start moving
at maximum speed in an uncontrolled way.

Make provision for the wheelchair to be driven down the inclined test plane (4.1) at a speed of
(0,5+0,05) xv.

Connect the circuit breaker (4.16) between the battery set and the wheelchair controller.
Examine the circuit diagram of the wheelchair and determine

a) which devices carry and regulate the current to the driving motors and any steering motors,
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b) which, if any, circuit protection devices protect the respective devices and the recommended
current ratings for these circuit protection devices,

c) whether the wheelchair has two driving motors, one for the left side of the wheelchair and one for
the right side, and whether the circuits that regulate the power for the left and the right motor are
identical.

If item c) is applicable, test the devices that carry and regulate current for either or both driving motors.

In the procedures given in 7.3.3.2 and 7.3.3.3, it is assumed that a switch can be connected to the device
that carries the current to a driving or steering motor. This is often impractical. In such cases, the
swifch may be connected to one of the conductors 1n the control circuit that causes the devjce to be in
its ¢on or off state. In these cases, the switch has only to be able to carry the controllingcurfent for the
devijice. If necessary, refer to the manufacturer for advice. In such cases, the switch may be|connected
to dne of the conductors in the control circuit that causes the device to be in its ontor. 6ff state, so that,
wheén the switch is operated, the device’s state simulates the intended failure condition. Ensyre that the
power switch input is not left to float when it is open circuited.

NOTE If needed, it is possible to refer to the manufacturer for advice on the\maximum current that could
flow when any output device becomes a short circuit or an open circuit.

7.3{3.2 Open-circuit test

Repeat the following procedure for each of the output devicesidentified in item a) of 7.3.3.1.

Swiktch off the controller and disconnect it from the battery set. Connect a suitably rated switch to
simpulate an open circuit in the device. Close the switch,and reconnect the battery set.

(Se¢ Figure 4 for typical circuits.)

+ + + +
T
=
I o] | o]
| | | |
| / | | |
o | l o |

)

= T

)
I

Figure 4 — Open circuit testing switches installed

Switch on the controller. Note the position of the marker on the inclined test plane and drive the
wheelchair in a straight line towards it until a speed of (0,5 + 0,05) x v is achieved. When the marker is
reached, open the switch.

Measure along the centreline of the track of the driving wheels the distance taken to stop to an accuracy
of £100 mm.
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Switch off the controller and close the switch.

If the wheelchair does not stop within a distance of 2,0 x L;, repair any damage and reset and/or replace
any circuit protection devices that have operated, then repeat the test method, except open the switch
before the marker is reached. When the marker is reached, put the control device to its stop position.

Measure along the centreline of the track of the driving wheels the distance taken to stop to an accuracy
of +100 mm.

Switch off the controller. Reset and/or replace any circuit protection devices.

7.3.3.3 Short-circuit test
Repeat the|following procedure for each of the devices identified in item a) of 7.3.3.1.

Switch off|the controller and disconnect it from the battery set. Connect a suitably rated switch to
simulate alshort circuit in the device. Open the switch and reconnect the battery set; (See Figure J for
typical cirquits.)

_l_

. T% =

A{'®al - 1 il - 1 - 1 1 ol 1 - 1 111 1
NOTE VIICIT Cdl lylllg vul d LESL, Ullly UIIT Ul UIIT LWU SWILLIITS TIT LIIT auu-ugul C UIT UIIC I lslll, vwUOulu U LlUSed
at any time.

Figure 5 — Short circuit testing switches installed

Switch on the controller. Note the position of the marker on the test plane and drive the wheelchair in
a straight line towards it until a speed of (0,5 * 0,05) x v is achieved. When the marker is reached, close
the switch.

Measure along the centreline of the track of the driving wheels the distance taken to stop to an accuracy
of #100 mm.

Switch off the controller and open the switch.
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If the wheelchair does not stop within a distance of 2,0 x L}, repair any damage and reset and/or replace
any circuit protection devices that have operated, then repeat the test method, except close the switch
before the marker is reached. When the marker is reached, put the control device to its stop position.

Measure along the centreline of the track of the driving wheels the distance taken to stop to an accuracy
of £100 mm.

Reset and/or replace any circuit protection devices.

7.4 Ability to stop when power is removed

7.4{1 General

The power to a wheelchair can be unintentionally lost while the wheelchair is being driyen. If this
happens on a slope, there is a risk that the wheelchair could start rolling in an uncentrolled yay.

Controllers with regenerative braking can generate enough power on a downhill slope tp keep the
confroller operating even if the battery set is disconnected. A wheelchairould react unprgdictably in
thid situation.

If ppwer to the wheelchair is lost, it should stop automatically or notresult in a hazardous sifuation.

7.4)2 Requirements

WhEen the wheelchair is tested in accordance with 7.4.3, itshall
a) [steer normally, or

b) [stopinadistance not exceeding 2,0 x L; (see 5i3) from the point at which it ceases to steer normally.

In gddition to a) or b), the wheelchair shall-stop in a distance not exceeding 2,0 x L; when fhe control
devijice is put to the stop position.

7.413 Test method

WARNING — This test can be-hazardous. It is essential that appropriate safety precautions be
taken to protect test personnel. A wide test area is needed since the wheelchair might fail to
stop when moving at maximum speed.

a) |Make provision for-the wheelchair to be driven down the inclined test plane (4.1).
b) [Connect the®ircuit breaker (4.16) between the battery set and the wheelchair controllef.

c) |Switch.6n)the controller. Note the position of the marker on the test plane and drive the fwheelchair
in a straight line down the plane towards it until a speed of (0,5 + 0,05) x v is achieved, When the
madrKer is reached, open the circuit breaker.

d) Trthe wheelchair stops, measure along the centreline of the track of the driving wheels the distance
taken for the wheelchair to stop to an accuracy of #100 mm.

WARNING — Some controllers permit regenerated power from the motors to hold the brakes in
the “off” position.

e) If the wheelchair does not stop, or does not stop within a distance of 2,0 x L;, repeat c) and d),
except open the circuit breaker before the marker is reached, then, when the marker is reached,
steer the wheelchair to one side. Note the steering response.

f) Ifthe wheelchair stops, measure along the centreline of the track of the driving wheels the distance
taken to stop to an accuracy of #100 mm.
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If the wheelchair does not stop, or does not stop within a distance of 2,0 x L;, but the steering

response is normal, repeat c) to f), except steer the wheelchair to the other side. If the wheelchair
does not stop, note if the steering response is normal.

h)
i)
j)

Repeat the procedure twice for the method which yields an effective means of stopping.

Calculate and record the arithmetic mean stopping distance from the three measurements.

is reached, return the control device to its stop position.

k) Ifthe

£.100

Repeat c) to d), except before the marker is reached open the circuit breaker, then when the marker

D)

m)

Repeaf

Calcul

8 Desig

8.1 On/
8.1.1 Re

8.1.11 T

switch

switch
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switching
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j) and k) twice.

nte and record the arithmetic mean stopping distance from the three measurements.

n
pff switch
quirements

here shall be available at least one means to;

on the wheelchair;

off the wheelchair.

vitch shall over-ride any ON switch.

s shall be clearly marked with a synibel, either on the means or adjacent to it.

| shall be an appropriate power symbol specified in IEC 60417.

the wheelchair is configuired to be operated by the occupant, at least one means
bn the wheelchair provided for the occupant and at least one means for switching off
should be provided for the occupant.

elchair provided for the assistant and at least one means for switching off the wheelc

should be provided. fer the assistant.

These mea

hs may-be combined into a single device.

for
the

the wheelchaifistonfigured to be operated by the assistant, at least one means for switching

hair

8114 V
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to

revolve more than 10 mm measured on the outer wheel surface except when brake release or free-

wheel devi

ces have been operated.

8.1.2 Test method

Position the wheelchair on the inclined test plane, facing down the slope. Switch off the wheelchair and

attempt to

18

drive the wheelchair without switching it on. Record any movement of the wheelchair.
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8.2 Current consumption while switched off

8.2.1 General

When the wheelchair is switched off, circuits or leakage paths in the wheelchair should not drain the
battery set.

8.2.2 Requirement

The smallest battery specified for the wheelchair shall have sufficient capacity to supply the off-state
curfernt fora mimimumnT of £20 days.

8.2]13 Test method
Dis¢onnect the wheelchair's battery set.
Ensjure that the battery charger is not connected.

Connect a voltage source (4.6) adjusted to the nominal voltage of the battery set +10 %, -0[% in place
of the battery set via the circuit breaker (4.16) and an ammeter withZa logging function of sufficient
timp resolution to measure the mean current flow with an accuracybetter than 5 % of I, 9¢¢f calculated
from:

Cro
2900

I 900 =
whegre

I, 900 isthe numerical value of the current/expressed in amperes (A), drawn from the pattery set
corresponding to a 120-day discharge period (2 900 h);

Cyo is the rated capacity at the 20 h'discharge rate, expressed in ampere hours (A-h), of the smallest
capacity battery specified\for the wheelchair by the wheelchair manufacturer.

When the voltage source is ficsticonnected, some wheelchairs can draw transient currents that are
mu¢h greater than the meaf current. During this test, such transient currents could overload the
amineter. The ammeter may.be bypassed until the current reaches a steady state.

The supply current maytake up to 1 hour to drop to its lowest value and after such time, poyver may be
drapvn in pulses.

Record the mearfcurrent drawn by the wheelchair over a period of 24 h to 72 h after the wheelchair has
beep switch€d off and compare it to the maximum limit, I (.

8.3| Centrol signal at switch on

8.3.1 Requirement

If the wheelchair is switched on with any control device not in its neutral position, the wheelchair shall
not move and automatic brakes shall not release. In this situation, it shall not be possible to drive the
wheelchair unless the control device is returned to the neutral position and then operated again.

8.3.2 Test method

a) Support the wheelchair by suitable means (4.17) so that it is secure with the drive wheels lifted off
the ground and free to revolve.

b) Select a control device.
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c) Determine the control device setting that is required to give a forward speed of 0,1 m/s +0‘(1) m/s.

d) Switch off the wheelchair.

e) Setthe control device to the setting determined in c).

f) Switch on the wheelchair.

g) Record whether any drive wheels rotate or any automatic brake is released.

h) Switch off the wheelchair.

i) Setthd control device for maximum forward speed.

j)  SwitcH on the wheelchair.

k) Record whether any drive wheels rotate or any automatic brake is released.
1) Repeatb) to k) for each control device.

m) The wheelchair fails the testif it is recorded in g) or k) that any drive wheels.thove or any automfatic
brake |s released.

8.4 Safeloperation as the battery set becomes depleted

8.4.1 Geperal

The wheel¢hair should not create a hazardous situation when‘the battery set nears depletion.

8.4.2 Requirements
When the yWheelchair is tested in accordance with.8/4.3:

a) no sugporting wheel of the wheelchajrshall touch any part of the slope outside the slope fest
outling shown in Figure 6;

b) no motor other than a drive motex'shall exhibit any unintended movement.
8.4.3 Tept method

8.4.3.1 Hreparation

WARNING|— This test' can be hazardous. It is essential that appropriate safety precaution§ be
taken to pjrotect test personnel.

Fit the lowgst/capacity battery specified by the wheelchair manufacturer.

Discharge the battery set by driving the wheelchair until it stops, or alternatively by connecting an
external load adjusted to draw a current not exceeding the 5 h rate until the voltage of the battery set
falls to the cut-off voltage specified for the 5 h rate. Charge the battery set with sufficient charge to
complete at least one full ascent and descent as specified in 8.4.3.2.

NOTE If charging the wheelchair for 5 min allows it to complete more than one full ascent and descent as
specified in 8.4.3.2, this is sufficient charge.

Mark out the slope test outline shown in Figure 6 on the inclined test plane (4.1). The slope test outline
has internal width W, equal to 1,5 x the overall width of the wheelchair, +50 mm, and the two end boxes
have internal length L, equal to 1,5 x the overall length of the wheelchair, +50 mm.

Set the test slope at the maximum slope as follows:
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For compact, manoeuvrable wheelchairs not necessarily capable of negotiating outdoor obstacles, set
the slope to 3 degrees.

For wheelchairs sufficiently compact and manoeuvrable for some indoor environments and capable of
negotiating some outdoor obstacles, set the slope to 6 degrees.

For wheelchairs, usually large in size, not necessarily intended for indoor use but capable of travelling
over longer distances and negotiating outdoor obstacles set the slope for 10 degrees.

NOTE1  Scooters are included within the classes above.

NO Ainilo] Tl ] £ i 13 L ifiod ol £ 1] £ H H 1 t 1 fth
E2—The-—stope-testoutlinehasaspecified-thicknressto-aHowfor-minorerrersinmeanualeqntrol of the

whdelchair.

DimensSions in|centimetres
L 2300 L

+

2/ / VAR /
3

A g L
Key
1 [slope test outline
2 |wheelchair
3 |up-down direction of inclined test plane
4 |end box

Figure 6 — Slope test outline

Mark the position of any motor-driven device that is not intended to move during the test o that any
unihtended motion ¢ah be recorded.

8.413.2 Upslope test

Posjtion the“wheelchair in the lower box of the slope test outline, facing up the slope.

Driyethe wheelchair up the slope, using the control device to keep the wheelchair within thg slope test
outlime;and stop the wheelchairwithimthe upper box:

NOTE It is not necessary to drive the wheelchair at the maximum speed that can be attained on the slope.

Reverse the wheelchair down the slope, using the control device to keep the wheelchair within the
slope test outline, and stop the wheelchair within the lower box.

Repeat driving up and down the slope within the slope test outline until the wheelchair is unable to
move. Record whether any supporting wheel of the wheelchair touched any part of the slope outside the
slope test outline.

Switch off the controller. Wait for three minutes, then switch on the controller.
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Repeat driving up and down the slope within the slope test outline until the wheelchair is unable to

move after

the waiting time.

8.4.3.3 Downslope test

Recharge the battery set in accordance with 8.4.3.1.

Repeat the

procedure given in 8.4.3.2, except with the wheelchair facing down the slope.

8.4.3.4 Unintended motion

At the co
identified i

8.5 Ovel
8.5.1 Re

The wheel

avoid
voltag

— provide a visual and auditory indication that the battery has fallen below the cut-off voltage.

NOTE ’

The necesg
8.5.2 Te

8.5.2.1 (
Use either

Where the
appropriat

8.5.2.2 H
Prepare th

Support th

ground andl free-to.revolve. Monitor the voltage of the battery set using the voltmeter (4.22).

Set the co

ricllusion of the test, note and record any unintended motion of any motor-driven.de

8.4.3.1.
r-discharge protection

quirement
hair shall

pver-discharge of the battery set by stopping if the battery voltage falls below the cu
P, OT

'his is to avoid damage to the battery set.

ary protection may be provided by a battery integrated battery management system.
5t method

feneral

bf the test methods specified in 875.2.2 and 8.5.2.3.

e test method.

attery set test method
e wheelchairas'specified in 8.4.3.1.

e wheelchair by suitable means (4.17) so that it is secure with the drive wheels lifted off]

Vice

-off

battery protection is provided within the battery, consult the manufacturer for the most

the

the

(trol device for maximum forward speed. Wait until either the drive wheels stop or

voltage reaches 0,90 x the cut-off voltage of the battery set.

Record whether the drive wheels stop before the voltage reaches the cut-off voltage or, if they do not
stop, whether the wheelchair provides a visual and auditory indication that the voltage has fallen below

the cut-off

voltage.

8.5.2.3 Voltage source test method

Disconnect the battery set and connect the voltage source (4.6) in place via the circuit breaker (4.16).

Support the wheelchair by suitable means (4.17) so that it is secure with the drive wheels lifted off the
ground and free to revolve.
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Switch on the voltage source and set its voltage so that it is equal to the nominal voltage of the battery
set +g %. Set the control device for maximum forward speed. Reduce the voltage of the voltage source,
at a rate not exceeding 1 % of the nominal voltage of the battery set per second, until either the drive
wheels stop or the voltage reaches 0,90 x the cut-off voltage of the battery set.

Record whether the drive wheels stop before the voltage reaches the cut-off voltage or, if they do not
stop, whether the wheelchair provides a visual and auditory indication that the voltage has fallen below
the cut-off voltage.

8.6 Controller over-voltage protection

8.6J1 General

Duijing charging and regeneration, batteries can exceed their nominal voltage. Wheelchairs|should not
malfunction under these higher voltage conditions.

8.6{2 Requirements

WhEn tested in accordance with 8.6.3,

a) [the wheelchair shall operate in accordance with the manufacturer's specification,
b) |the wheelchair shall not create a hazardous situation, ardd

c) |no damage shall occur other than blown fuses.

8.6)3 Test method

Set[the voltage of the voltage source (4.6) to (1533 * 0,05) x U, where Uy is the nominal voltage of the
battery set. Disconnect the wheelchair's battery set and connect the voltage source in its place via the
cirduit breaker (4.16).

Supjport the wheelchair by suitable fneans (4.17) so that it is secure with the drive wheels lifted off the
groind and free to revolve.

Switch on the voltage sourde.)Operate sufficient control functions to cause all driven parts of the
whg¢elchair to operate. Note'any movement of any part of the wheelchair that would produce ahazardous
situation if the wheels were in contact with the ground.

Swiltch off the voltagésource. Replace or reset any circuit protection devices that have operdted.

Corffirm normals operation of the wheelchair by completing the functional check specified in
1S0[7176-9:2009, Clause 9.

8.7| Switch-off while driving

8.7.1 General

It is important that the wheelchair does not create a hazardous situation if any means to switch it off is
operated while driving.

8.7.2 Requirements

The wheelchair shall not create a hazardous situation when any means to switch it off is operated while
driving at maximum forward speed or maximum reverse speed.

During the test, the wheelchair shall achieve a stability score of 2 or better when assessed against
ISO 7176-2 stability scoring system.
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8.7.3 Test method

WARNING — This test can be hazardous. It is essential that appropriate safety precautions be
taken to protect test personnel.

e this means while the wheelchair is driven.

Drive the wheelchair forward on the horizontal test plane (4.2) at full speed.

Whilst commanding full speed, operate the means to switch off the wheelchair identified in a).

Identify a means to switch off the wheelchair that is accessible to an operator. Make provision to

a)
operat

b)

c)

d) Recordg
EXAMH
createg
stop.

e) Repeaf

f) Repeaf

| the wheelchair stability score as specified in 8.7.2.

LE In this test a hazardous situation could be tipping of the wheelchair, a sudden stop
the risk of the occupant falling from the wheelchair or loss of control of the wheelchairether thg
b) to d) with the wheelchair driving in reverse.

a) to e) for each means to switch off the wheelchair which is accessible to an operator.

8.8 Measuring devices

8.8.1 Ge
Wheelchai

neral

- devices that provide a measuring and indication function should be designed

manufactured in such a way as to provide sufficient accuracy<nd stability within appropriate limif

accuracy a

hd taking account of the intended purpose. The limits of accuracy should be indicated by

manufactujrer.

The measu
taking accq

Where pra
in SI units.

rement, monitoring and display scale should be designed in line with ergonomic princij
unt of the intended purpose.

Cticable, the measurements made by devices with a measuring function should be expres

8.8.2 Battery gauge

8.8.2.1 (

The wheel
set while if]

8.8.2.2 H

feneral

thair should be.equipped with a means of indicating to the operator, the state of the bat
is in normaluse, in order to assist the operator in estimating the remaining range availg

equirements

The wheel

that
n to

and
s of
the

les,

sed

ery
ble.

hair shall provide an indication that the battery set is nearing depletion.

At the time of indicating the critical charge, sufficient reserve charge shall be available to allow timely

reaction.

The remaining battery charge shall provide greater than 10 % of the theoretical driving range as
determined in ISO7176-4. The manufacturer shall disclose information describing the critical charge
indication and the conditions affecting the accuracy of the indication.

8.8.2.3 Test method — Indication

Verify that

24

the wheelchair has a means of indicating that the battery set is nearing depletion.
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8.8.2.4 Test method — Remaining distance range

Ensure that the battery set is at a state of charge greater than the state that activates the indicator. If
there is insufficient charge to complete the test, charge the batteries until there is sufficient charge to
complete the test.

Discharge the battery set by driving the wheelchair on the test track (4.21), stopping once per lap and
completing one power OFF/ON cycle every four laps until the indicator is activated.

Continue the drive routine on the test track (4.21) while recording the distance travelled, until the
wheelchair stops due to a depleted battery set.

Recprd the distance travelled after activation of the indicator and record if it is greater opnof than 10 %
of the theoretical range of ISO 7176-4.

8.9 Drive inhibit during charging

8.9]1 General

Meg¢hanical damage or injury might occur, or electrical hazards exposed,if the wheelchair nfoves while
itis|connected for charging.

8.912 Requirement

When tested in accordance with 8.9.3, it shall not be possible to drive the wheelchair.

8.9/3 Test method

Connect the battery charger to the battery set-aiid supply mains in accordance with the manufacturer's
insfructions and switch it on.

Switch on the wheelchair controller andlattempt to drive the wheelchair. Record any movefment of the
wheelchair.

Switch off the supply mains. Attempt to drive the wheelchair and record any moven]ent of the
whegelchair.

8.10 Charging connection voltage drop

8.10.1 General

Cth;ging efficiency of lead-acid batteries can be affected by the voltage difference bgtween the
terminals.of.the battery charger and the terminals of the battery set. This voltage differenfe depends
on the electrical characteristics of the wiring, fuses, connectors or other circuitry used [to connect
themThe following requirements only apply to the charging of lead-acid batteries.

8.10.2 Requirements

Where a battery charger is not supplied with the wheelchair or where the wheelchair manufacturer
does not specify the make and model of suitable battery chargers, the voltage difference, dU, between
the voltage at the entry point of the charger, U,,, and the total of the terminal voltages of the batteries
in the battery set, Uy, 1o Shall not exceed 3,5 ‘I’J/o of the nominal voltage of the battery set when tested

in accordance with 8.10.3.

If the voltage drop associated with a charger port that is integrated with the remote joystick unit does
not allow satisfactory charge performance, a supplementary charger port may be included elsewhere
on the wheelchair. The function of this port might be described in the operator’s manual.
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8.10.3 Test method

Charge or discharge the battery set to a theoretical state of charge between 30 % and 50 % of the rated
capacity of the battery set at the 5 h discharge rate.

Select a battery charger with a charging current, I ;,, within the range 80 % to 100 % of I}, .y, Where
Ichg max is the maximum rated charging current specified by the wheelchair manufacturer. Prepare for
measuring the mean value of the charging current, I ;,,, with an accuracy of better than 5 % of I,
using an ammeter that does not cause a voltage drop greater than 0,1 % of the nominal voltage of the
battery set.

NOTE A\ non-contacting ammeter 1s a suitable device.

Prepare fof measuring the mean value of the entry point voltage, U,, and the terminal voltagé of eyery
battery in the battery set, Uy (1, Upattzs -+ Upaten With an accuracy of better than +0,5 %.

The mean yalues of current and voltage should be measured over a period no less thans.
Commence charging.

Charge for|5 min * 1 min.

Measure and record Ioy,g, Uep, Upaters Upatezs = Upaten Within 1 min.

Calculate the total battery voltage Uy, to1

Upatt,tof = Upatt1 + Upatez + -+ + Upattn

Calculate U at ]

chg,max:

l chg, max
aU= (Uep - Ubatt,tot ) X (I—
chg

Record if dU is less than 3,5 % of the nominalbattery voltage or not.

To assure the correct charge completion voltage that is specified by the battery manufacturer, anfl to
reveal any[non-linearity repeat 8.10.3-at near charge completion when the current is less than 20 96 of

Ichg max » DYt greater than 5 %. Record-if dU is less than 3,5 % of the nominal battery voltage or not.

8.11 Nonfpowered mobility

8.11.1 Gejneral

In the event that thewheelchair loses electric power, it is essential that an assistant be able to move{the
occupied wheel¢hair.

8.11.2 quuil enrents

The force required to maintain motion of the occupied wheelchair (see 5.2) moving in a straight line on
the horizontal without electrical power shall not exceed 155 N.

Where there is provision for the drive or automatic braking system to be disengaged, the disengagement
shall not

a) require any component to be detached,
b) require the use of tools, or
c) require the use of force exceeding

— 60 N for combined hand and arm operation,
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13,5 N for operation by one hand,
5 N for operation by one finger,
100 N for operation by pushing with a foot, or

60 N for operation by pulling with a foot.

It shall not be possible for the drive or automatic braking system to be partially enga

ged. If the

wheelchair is fitted with means of disengaging each drive wheel independently, it shall not be possible

to partially engage any of those means.

Thg method of selecting freewheel operation should be shown in the operator’s manual and/
on the wheelchair.

br marking

If apy automatic brake is disengaged, and electrical power is restored, it shall not be'possible to drive

thewheelchair unless a visual and/or audible alarm is activated

NOTE The phrase “partial engagement” indicates a condition of neither\full engageme
disgngagement. It is applied only to each individual means of disengagement, not'to a collection of
For [example, it does not apply to a wheelchair with one drive wheel fully,engaged and one drive
disgngaged, but it does apply to a friction clutch where the force between the“clutch plates would al
slip

8.11.3 Brake release

Manual brake-release mechanisms shall be maintained.inrtheir operative and non-operativ

nt nor full
buch means.
wheel fully
low them to

e states by

meg¢hanical means that do not rely on friction

If the solution includes a brake disengage as oppased to a declutching operation of the trangmission, it
shall not be possible to drive the chair with any‘one brake disengaged.

8.11.4 Test method

Plag¢e the wheelchair on the horizontal‘test plane (4.2).

Load the wheelchair with the duihmy or human load.

Disg¢onnect the battery set from the wheelchair controller.

Use| the force measufing instrument (4.11) to measure the maximum force required fto operate
any| means for diséngaging the drive or braking system as the means moves through if{s range of
moyement. In this\sway, take three measurements for each device and record the arithmetic mean of
the|measuremerits. See Figure 7 and 10.2.3 for examples of methods for applying forces to]knobs and
levdrs.

Opdgrate each means to disengage the drive and braking system that can be operated withouft the use of
a topl.

Place castor wheels in a trailing position and steered wheels in the straight-ahead position. Use the

force measuring instrument to apply equal horizontal forces to the push handles or back of
wheelchair (see 5.2) in a way that simulates pushing straight ahead by an assistant.

the loaded

Slowly increase the pushing force until the wheelchair starts to move and note the force indicated by

the force measuring instrument to maintain motion. Take three measurements in this way
the arithmetic mean of the measurements.

and record

Reconnect the battery set to the wheelchair controller, re-engage the drive and switch on the controller.

Where possible with the automatic brakes still disengaged, operate all drive controls and ob
wheelchair drives.

© IS0 2022 - All rights reserved

serve if the

27


https://standardsiso.com/api/?name=93c05388d05b85ab060eb92252d02189

ISO 7176-14:2022(E)

IR
Key
1  lever wjth spherical knob
2 tapered lever
3 paralle]lever
4 Dbicycle prake style lever
5 fulcrun
a

Path of|the point of application of(the operating force.

Figure 7 — Application of forces to levers

8.12 Brakes

8.12.1 Gejneral

Clause 7 PPy g3y - For
example, vehicles with a single brake or a single brake driver can lose the ability to brake in the event of
a single failure of a transmission or electronic component, which could lead directly to a safety hazard.
The protective measures might not be obvious to an examiner. In such cases the manufacturer shall
provide documentation to the examiner to prove the safety of measures taken.

8.12.2 Requirement

If the safety of the braking system is not obvious to the examiner such as there being redundant braking
systems provided, the manufacturer shall provide a risk-based analysis using the methods of ISO 14971
to quantify the safety of the braking system from the operator brake activation command through to
mechanical means to brake the vehicle. Product history of brake reliability may be used to quantify
safety.
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8.13 Battery enclosures

8.13.1 Requirements

Battery compartments shall be designed such that the batteries used for wheelchair propulsion are
accessible for inspection and service operations as recommended by the manufacturer.

The battery compartment shall provide adequate protection to prevent damage during use and normal
conditions of transport. Where the battery is not afforded adequate protection during transport, the
battery shall be designed so it is easily removable by the operator or assistant.

Anyf compartment for lead-acid batteries shall be ventilated by an opening or some 0peni|ngs with a
minimum total area calculated from the following:

A=0,005xnxCy

wheére

A isthe cross-sectional area of the openings, expressed in squaré.centimetres (cm?);
n  isthe number of cells contained in the compartment;

C; istherated capacity at the 5 h discharge rate, expressed in ampere hours (A-h).
NOTE The openings are intended to permit escape of gases:

Batfery compartments shall be used unless the'‘batteries are designated non-spillable. Such
conjpartments shall not leak when tested in accordance with 8.13.2.

Battery compartments should be resistant to_coerrosion caused by battery spillage.

8.13.2 Test method

For|battery protection, conformity is ¢onfirmed by inspection.

For|testing for spillage or leakdge, place the battery or batteries in the compartment.
Fill the compartment with water to a depth of half of the total battery height £3 mm.
Tiltjthe compartmentthrough (20 + 3)° from the horizontal in all directions.

Examine the compartment for visible evidence of leakage.

8.1¢ Symbols

Synllbols used for marking on the wheelchair shall conform to [EC 60601-1 and IEC 60417.

NOTE See also 10.1.

8.15 Safety of moving parts

8.15.1 General

It is important that, as far as is practicable, powered moving parts of a wheelchair do not present a
hazard.

It is important that any moving parts that can injure the occupant or assistant should be guarded.
However, it is not possible to totally avoid pinch points on devices such as power adjusted seat
positioners and so such devices should stop as soon as the control is released. The occupant’s hands
should be protected from injury due to collisions with other objects such as furniture.
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Particular attention should be paid to preventing unintended operation of the control device due to
such collisions.

Latched control of moving parts may be used provided the benefit to the occupant or assistant

outweighs

8.15.2 Re

any risk as assessed under ISO 14971.

quirements

Electrically powered moving parts of wheelchairs shall meet the requirements of EN 12182 concerning:

— safety

— folding

8.16 Soft

8.16.1 Ge|

Devices th
ensure rep|
fault condi
risks or im|

8.16.2 Re|

For deviceq
with the st

including i

Manufactu
security m|
intended.

Software t
and maintg

Conformity

8.17 Use

If the whq
equipment
combinatiq

prever]

of moving parts;

tion of traps for parts of the human body;

and adjusting mechanisms.
are faults

neral

ht incorporate electronic programmable systems, including software, shall be designe
eatability, reliability and performance in line with their intended use. In the event of a sil

pairment of performance.

quirements

that incorporate software, the software shall be developed and manufactured in accordg
ate of the art taking into account the prineiples of development life cycle, risk managem
hformation security, verification and validation.

E

asures, including protection against unauthorised access, necessary to run the softwarj

ined in accordance with IEC 62304.

 is confirmed by theréview of documentation provided by the manufacturer.

in combination with other devices

elchair is)intended by the manufacturer for use in combination with other devicej
that_would be electrically connected to the battery set, such as a respirator, the wl
n, ificluding the connection system, shall conform to this document.

l to
ngle

[ion, appropriate means shall be adopted to eliminate or reduce as far as possible conseqyent

nce
ent,

ers shall set out requirements conderning hardware, IT networks characteristics ang IT

c as

hat is embedded in the wheelchair or is an integral part of the wheelchair, shall be developed

or
nole

The attact

et or_addition of electricatty powered devices stratt-bedome i accordance with

the

manufacturer's recommendations and the test report shall indicate if the combined device system

maintains

its intended functional performance. Consult ISO 7176-22 for testing setup procedures.

Connections which the operator or assistant must handle, such as electrical or mechanical coupling,
shall be designed and constructed in such a way as to minimize all possible risks, such as misconnection.

Verification shall be done by inspection.
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8.18 Wireless technology

8.18.1 General

Subclauses 8.18.2 to 8.18.4 were developed in consideration with common radio frequency technologies

such as Bluetooth and Wi-Fi, however for all types of wireless technologies integrated into a wheelchair
system or subsystem, including other radio frequencies, light, magnetic fields, acoustic, etc., the
intended functions shall be described, labelled, and tested in accordance with risk assessment and its
associated outcomes as far as possible as below.

This-shallinclud , A aircompo iesare i ded-teo-conmunicate
ovel radio or other means of wireless transmission of data with other device(s) sp€cified by the

A device can either be a physical device or a device family that is certified for\a ‘specific wireless
profocol/standard.

8.18.2 Wireless technology related labelling

Sunmpmary information about the wireless capabilities shall be included in the operator|manual to
proyide the operator information about the characteristics and-gapabilities. The operafor manual
shal]l include a description of the wireless technology, its function, intended use, specifidations and
cappbilities.

At least the following shall be included in the labelling:
— | Certification labels
At least the following shall be included in the masnual:

a) [the use of the controller as a wireless deyice to control non-wheelchair functions that do jnot control
the wheelchair;

b) |which modes the device can operate under while wireless is enabled;
c) |safety precautions for the ndrmal operation of the device;

d) |security measures shall iriclude a statement to identify if other wireless products or dlevices are
able to make a wireless connection to the device. If such connections are intended pr possible
then the descriptiénshall include summary information about all such products and de}ices, their
function, and hew;the subject medical device functions are protected from adverse and yinintended
effects by conngctions to the other products or devices.

e) |identifieation of the operating environment

f) |how'amy risks and potential performance issues that might be associated with data rates, latency,
and‘communications are addressed.

8.18.3 Risk assessment

Assessment of the hazards and risks associated with the wireless functions and connections shall be
performed in accordance with ISO 14971.

AAMI TIR 69 may be used as a guide.
At least the following topics shall be addressed in the risk assessment.

a) Any risks and potential performance issues that might be associated with data rates, latency and
communications.

b) Risk of unintended access over the wireless connection.
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Risk of leaking sensitive information from the system, e.g. medical data.
Loss or delay of radio connection.
Data integrity.

Unintended wireless connection.

ed use environment.

8.18.4 Wireless coexistence testing and verification

Wireless S
associated

The infornj
a)
b)

A sum]

The w

and their wireless RF frequencies, maximum output powers, and separation distances from

device

<)
d)

The sp

the pa

Risk mitig
any additic

Appropriat
medical d
accordancg
ANSI C63.7

Testing angl verification shall include evidence that risk mitigations work as intended.

8.19 Maintenance and evaluation

Devices sh
can be don

The proces

by inspection.

ubsystem(s) on the wheelchair that requires certification testing need to address
standard or specification, e.g. BLE (Bluetooth Core Specification v5.0).

ation addressing wireless coexistence should include the following:
mary of the coexistence testing, set-up, findings, and analysis.

reless products (interferers, e.g., Wi-Fi, Bluetooth) that were used in/the'coexistence test]

ecific pass/fail criteria for this testing.

5s/fail criteria.

htions shall be verified in the environment desefibed in ISO 7176-21:2009, Clause 10, ¢
ns identified during the risk assessment.

e testing for wireless coexistence with other RF emitters or multiple units of the sub
bvice that can be expected in the wheelchair use environment shall be performed
with the methods required in ass@eiated, or regional, specifications, for example IE
7-2017.

1l be designed and manufactured in such a way that adjustment, calibration, and maintend
e safely and effectively.

s by whichycalibration and maintenance can be performed shall be evaluated and recor

9 Prote

its

ing,
the

How the device and wireless functions were monitored during the testing and determined to npeet

vith

ject
[ in
EE/

nce

ded

ction against electric shock, burns, fire and explosion

9.1 Electrical Isolation of a wheelchair frame

9.1.1 Ge

neral

The chassis of an electrically powered wheelchair should not be connected to the battery set or any
other part of the electrical system of the wheelchair except by circuits with a high DC impedance. This
will reduce the risk of fire that could be caused by a short circuit between parts in the electrical system
and the chassis, but will allow the use of the chassis for circuits that might have a low AC impedance,
which are intended to provide protection for electromagnetic interference or electrostatic discharge.
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This test is intended to determine if there is positive or negative leakage current present in the frame
of the wheelchair.

NOTE If voltages greater than Safety Extra Low Voltage (SELV) are present in the wheelchair, additional
design and safety requirements can be required outside of the scope of this document.

9.1.2 Requirements

The wheelchair frames, motor cases, gearbox cases, battery cases and the controller cases shall not be
connected to the battery set or to any other part of the electrical system except by a circuit that will not
allow a direct current greater than 5 mA to flow.

When tested in accordance with 9.1.3, the ammeter in the test circuit shall not indicate a. €urfent greater
thah 5 mA.

9.1]3 Test method

9.113.1 General

Using the necessary means (4.17), support the wheelchair so that it;iS’secure, with the dijive wheels
liftgd off the ground and free to revolve.

9.1]3.2 Positive connection test

Identify all the electrically conducting parts of the chassis that can be touched by the tip|of the test
prope 11 (4.9).

Rerpove paint or other protective coating from part of the wheelchair frame. Connect the fest circuit
(4.1]5) to the positive terminal of the battery setias shown in Figure 2.

Opgrate control devices to drive each motef.on the wheelchair, one at a time, at maximum spged in each
dirgction.

Apply the test probe in turn to all thé electrically conductive parts of the chassis that can pe touched
and check that the ammeter in the test circuit does not indicate a current greater than 5 mA

9.113.3 Negative connection test

Repleat the test described in 9.1.3.2, with the test circuit connected to the negative terniinal of the
battery set as showfrin Figure 3.

9.2| Protection from non-insulated electrical parts

9.211 «General

It"- = il £l 4 L labaia £ o ick £ U P | 1a 1 1 a3 k th
1S—eSsSefrctartnaca—wicereiratt OCCOpaITc OT aSSTStatrt 15 o T our it OT gTv eI alr CTCCTTrTe—3T CK, or e

wheelchair caused to malfunction, by contact with non-insulated electrical parts.

9.2.2 Requirement

When tested in accordance with 9.2.3, it shall not be possible for a test probe to touch non-insulated
electrical parts except those protected by a circuit which will not allow a direct current greater than
5 mA to flow (see 9.1.2).

Battery terminals shall be insulated when connected.
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9.2.3 Test method

Apply the test probe 11 (4.9) and the small unjointed test probe (4.10) to all openings that give access to
electrical parts from every practicable position, with a force no greater than 30 N.

If either test probe enters any opening, use the test probe B (4.7) and test probe 18 (4.8) in every
possible position, with all joints bent and then with all joints straight to determine if any non-insulated
electrical part can be touched.

9.3 Circuit protection

9.3.1 Gejneral

Wheelchaif batteries store considerable energy and are capable of supplying that energy quiekly with
power levels sufficient to burn unprotected or inadequate wiring in fault situations. Burniag wiring|is a
significant/hazard for wheelchair occupants.

It is imporfant that all wiring has adequate protection for its conductor size. It is\also important that
the protective devices are placed as close as practicable to the energy source to(minimize the amount of
unprotectdd wiring.

components, is subjected to short-term/intermittent peak current biit,under normal conditions is|not
subjected o high current for long periods. This contrasts with control wiring, particularly that which
carries chqrging current, which carries significant current for Jengthy periods of time. This fact mgkes
the protection requirements for control wiring different from that of wiring that carries traction poyver.

Wiring thdt carries traction power, and wiring that is used to change the position of body supIort

Short circyit tests are used to test wiring carrying traction‘eéurrent.

A combinafion of short circuit tests and load current\tests is used to test control wiring that carries
charging cfirrent.

Annex A is|provided to assist in the selection ©f combinations of wire sizes and protection that mjght
conform tq the requirements of 9.3 and 9.4 Recognizing that there are many acceptable variations and
combinatigns of wire ratings and protection ratings for a particular system, Annex A is provided ¢nly
as guidancp for a particular circuit design. Since all systems are not identical and because oftechn(v):{(:gy
advancemgnts, there might be combinations different than those outlined in Annex A which, when
supported by risk analysis and additional component-level testing, would conform to the requiremé¢nts
of 9.3 and 9.4.

WARNING|— If fuses areused in place of thermal overloads, it can be necessary to use a curient
rating that is substantially higher than is typical for the thermal overload that they are replaging
to stop unjwanted fuse blowing. In such cases, battery wire sizes might need to be increased
proportiopally. See-Table A.2 for suggested wire sizes in relation to a fuse sizes.

NOTE Further related requirements and tests are included in 9.4.

9.3.2 Requirements

All wiring and connections in a wheelchair shall be suitably protected against excessive current flow
from energy sources within the wheelchair or external energy sources connected to it.

When the wheelchair is tested in accordance with 9.3.3, there shall be no visible damage to any current-
carrying conductor, insulation, electronic component or connector, and wire insulators and connectors
shall not exceed their dry air rated temperature.

NOTE Examples of visible damage include melting, colour change, smoke, copper migration and oxidation.

Circuit protection devices shall not be of the type that can self-reset while a fault is still present.
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The necessary over-current protection may be provided by a battery integrated battery management
system such as in a Lithium Ion battery.

When changing fuses that do not need a tool for access, it shall not be possible for leads or terminals

exp

9.3.

osed during the procedure to touch any other part of any electrical circuit.

3 Test methods

WARNING — These tests can be hazardous. It is essential that appropriate safety precautions be

tak

en to protect test personnel.

9.3
Fit
the
for
NOT

Infy

3.1 General

the maximum capacity batteries specified by the wheelchair manufacturer.” Ensur
pretical state of charge of the battery set is notless than 75 % of its rated capacity’Cs. Mak

monitoring the highest temperatures of wire insulation and connectors usjggthermocou
E Often the inner wires of a bundle will reach a higher temperature than'the outer ones.

a-red thermography may be used to determine the location of high‘temperatures in the

to iflentify where the thermocouple is to be inserted.

9.3
driy

3.2 Short-circuit test for wiring that predominantly eaxries power from the battej
/e motors

Identify the wiring that predominantly carries traction ¢urrent and complete the following t

Rep
exa

a)

b)

WA|
cirg

)

eat the following tests for each battery on the wheelchair, one at a time (see Figures 8, 9
ples of recommended test points).

wires from the battery, or their insulation, can be pulled into contact with each other ¢
other wire with a force that is less@han 10 N (test points A in Figures 8, 9 and 10). The
fails the test if there is no circuit)protection device within the circuit loop containing t
point and the battery.

If there is a circuit protection device present in the circuit loop containing the co1
described in a) and the ‘battery, strip the insulation from the wires at the contact point a
the positive and negative wires to the circuit breaker (4.16) so that the wires will be
when the circuit bréaker is closed. Ensure that the circuit breaker is positioned so tha
can operate itWithout personal hazard.

RNING — It'is essential that the tester be prepared to open the circuit breaker
uit protection devices do not operate.

Close'the contacts of the circuit breaker.

e that the
P provision
ples (4.19).

firing loom

ies to the

ests.

and 10 for

Determine the location of the point closest to the battery terminals where the positive aind negative

r with any
wheelchair
his contact

ntact point
Ind connect
connected
[ the tester

quickly if

d)

Observe and record if the circuit protection device fails to operate, or if the wire insulation shows
visible damage due to heating, any smoke, any burning smell, or if any wire insulation or connector

exceeds its rated temperature or an electronic component fails.

e) Leave the contacts closed for at least 2 min and observe and record if the circuit protection device

f)

©IS

resets automatically. Use a measuring instrument if necessary.

Open the contacts of the circuit breaker.
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hort circuit test for wiring other than that which predominantly carries traction

Repeat 9.3.3.2 for the following test points (see Figures 8, 9 and 10 for clarification of test positions):

a)

b)
circuit

<)

immediately adjacent to the battery side of any circuit protection device (test points B);

breaker;

the extreme end of any control wiring or points at the end of all branches (test points D).

each charging connector (test points C), using a matching connector to carry the connections to the

9.3.34 1

Identify th|
wheelchair
circuit pro

Ensure thalt the theoretical state of charge of the wheelchair battery set is not lessthan 75 % of its rz
capacity C4.

Select an 4
protection
wheelchaiy
of the prot

Ensure th{
connector

oad current test for wiring that carries battery charging current

e current-carrying capacity of the circuit protection device that is installed toe protect
wiring that carries battery charging current. The wheelchair fails the testhif there ij
fection device suitably installed to protect the wiring.

djustable resistive load or constant current load that is rated to carry the capacity of]
device. Use the load in combination with a recommended ‘connector that matches
's charging connector, a switch and an ammeter that has@ range not less than the capa
bction device and an accuracy no greater than +2 % of the capacity of the protection dev

t the switch is off and connect the combined test apparatus to the wheelchair's charg
7ia the recommended connector. Connect a voltmeteér (4.22) to the battery terminals.

Turn the s)
level for t
of the no

passes the
temperatu

vitch on. Adjust the current if necessary and-ensure that it stays within 5 % of the des
e duration of the test. Leave the current flowing until the battery voltage falls below 8
inal battery voltage or visible damage appears on any wiring or connector. The wheelc
test if no visible damage occurs and no wire insulation or connector exceeds its r4
Fe.

the
no

ted

the
the
Ccity
ce.

1N g

red
b %
hair
ted
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L
6 5
9
10
12
P
6
Key
1 [testpointD 8 (@jcharger and/or control wiring
2 |control wiring fuse 9. charger socket
3 |testpointB 10 testpoint A
4 |low power controls 11 traction wiring
5 [testpoint C 12 wheelchair drive controller
6 |battery 13 circuit protection device
7 |connector 14 unprotected wiring
Figure 8 — Example of poor protection
Ungdafe protections comments related to Figure 8:
Instilation failupe‘en battery wiring near battery could cause unprotected short-circuits af test point
10.
Lenigths of-ainprotected wiring upstream from its protection could be liable to unprotefted short-
cirduits_at test point 3.
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6 9
5
o L—1
8
(S
13
2
o3 |
— \olo/) 12
\ “
7 © ‘ E :
6
test point D 8 chargérand/or control wiring
control|wiring fuse 9  charger socket
test point B 10_ctest point A
low poyver controls 1T traction wiring
test point C 12  wheelchair drive controller
battery 13 circuit protection device
connecfor

Figure 9 — Example of geod/protection with protection device between batteries
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\ : 5

5 10 A

/ m”k{
i)

A

11

AN

13 1
\ 10
6
Key
1 |testpointD 8 (@charger and/or control wiring
2 |control wiring fuse 9. charger socket
3 |testpointB 10 testpoint A
4 |low power controls 11 traction wiring
5 [testpoint C 12 wheelchair drive controller
6 |battery 13 circuit protection device
7 |connector

Figure 10 — Example of good protection with protection device for each battery

9.4| Stalled condition protection

9,411 General

be gtalled. If the operator continues to drive when a motor is stalled, high currents could flpw and the
motor(s) could overheat and be damaged permanently. The wheelchair should be protecfed against
such damage yet supply sufficient power for reasonable kerb climbing and heavily loaded situations.

When a wheelchair is driven against an obstacle such as a high kerb, the drive motor or Fotors can

9.4.2 Requirements

Circuit protection devices that immobilize the wheelchair shall not operate during a period of 15 s after
the wheelchair is stalled, with a maximum speed command signal continuously applied.

After being locked in position with a maximum speed command signal applied for a period of 3 min, and
for a further period of 30 min, the wheelchair shall pass the functional check specified in ISO 7176-9.

When tested in accordance with 9.4.3.1:

a) current shall flow in the motor windings for not less than 15 s before any break in current,
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The period during which current flows in subsequent cycles may be less than 15 s.

The current may vary during the three minutes.

b) no non-resettable circuit protection device shall operate that immobilizes the wheelchair.

On completion of the test in accordance with 9.4.3.1 and 9.4.3.2:

c)

the wheelchair shall operate in accordance with the manufacturer's specification;

d) no part of the drive system shall be damaged.

Self-resett
9.4.3 shall

operate when the wheelchair is tested in accordance with 9.4.3 shall be capable of operation-not

than 10 tin
device datz:

943 Te

9.4.3.1 1

Condition

Mechanica
when full d

Fit a mean
which the
of more th§

Set the corj
current to

If the wheg
in accorda
to a maxin
flows.

If the whe
to permit
instructior
total perio

Complete g

Remove th

ng over-current releases that operate when the wheelchair is tested in accordanceyy
be capable of operation not less than 200 times. Non-self-resetting over-current releases

hes. Confirmation of operational life is determined through review of the circuit protec
1sheet.

5t method

hitial stall test
he wheelchair in an ambient temperature of 20 °C + 5 °C for24 h prior to testing.

ly lock the position of the wheelchair so that movement of the drive wheels is prever
rive power is applied in the forward direction.

5 of detecting whether current is flowing in theaniéotor windings and measure the timg

in 5 A without adding an impedance greatercthan 10 % of the motor stall impedance.

trol device for maximum forward speed and hold it in that position for 3 min, or until
the motors is cut off. If the current is.cut off, record the time for which it flowed.

hce with the manufacturer'synstructions and repeat the test as many times as possiblé
um of five test cycles, during'a total period of three minutes from the time the current {

lchair is fitted with'self-resetting circuit protection devices, take such steps as necesg
the devices toreset (e.g. returning the control device to neutral; see manufactuy
s). Repeat thefest'as many times as practicable, up to a maximum of five test cycles, duri
1 of 3 min fromthe time current first flows.

ny test cycle started within the three-minute test period.

e means of locking the position of the wheelchair. Reset any manually resettable cir

protection

vith
that
less
[ion

ted

for

furrent flows (4.20). The means of detecting the current shall indicate DC or AC current fllow

the

Ichair is fitted with manually résettable circuit protection devices, immediately reset them

up
irst

ary
er's
g a

cuit

dévices that have operated.

Within one minute of removing the means of locking, begin the functional check specified in ISO 7176-9.
If the wheelchair will not drive because a self-resetting protection device has not yet reset, wait no
more than one minute and attempt the functional check again, repeating until the device resets, up to a
maximum of 15 min after the end of the test.

After performing the functional check, examine the drive system and wiring.

Record if any non-resettable circuit protection device operated that would immobilize the wheelchair,
whether the functional check was successfully completed and whether any damage to the controller or
wiring was observed.
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9.4.3.2 Extended stall test
Within 10 min of completing 9.4.3.1, mechanically lock the position of the wheelchair again.

Set the control device for maximum forward speed and hold it in that position for 30 min +18 min

Remove the means of locking the position of the wheelchair. Reset any manually resettable circuit
protection devices that have operated.

Within 3 h of removing the means of locking, begin the functional check specified in ISO 7176-9. If the
wheelchair will not drive because a self-resetting protection device has not yet reset, wait no more than
15 jain and attempt the tunctional cCheck again, repeating until the device Tesets, up to amaximum of
4 h pfter the end of the test.

After performing the functional check, examine the drive system and wiring.

Recprd whether the functional check was successfully completed and whether any damjage to the
controller or wiring was observed.

9.5/ Maximum thermal drive test

9.5/1 General

A wheelchair should be capable of climbing inclines and driving through soft terrain fof extended
perjods without stopping or failing due to propulsion systém or component damage.

Based on the experience of test labs, the parametersdn the controller must often be adjusfed to pass
both 9.4 and 9.5. It is common for wheelchairs that have not been tested before to fail ong or both of
thesge tests until the controller is adjusted to prot&et the motors, the wiring and the controllg¢r itself.

A 6f slope is chosen to correspond to the load that occurs in the drive system when dtiving up a
modlerately steep slope or driving on a soft’surface for an extended period of time. The slope that is
chopen for this testing is similar to thatofa standard ramp, which is 1 in 12 pitch (4,7 degreps) in some
couptries and 10 % (5,7 degrees) in@ther countries. The slope that is chosen for this test hagnothing to
do yith the maximum safe slope for stability.

Othler ramp angles higher thdn)6° may be used.

9.5/2 Test method
NOTE 1 This testcan’cause a motor, wiring or controller failure of some type.

Corntroller — sSet'the user-adjustable speed control setting, or change the programming profile to any
conpenientspeed that the driving speeds require.

Slope “ adjust the slope of the test plane (4.1) to 6° unless the loaded wheelchair is unable fo climb up
at alL average speed 125 mm/s + 50 mm/s, in which case the slope shall be set at the maximym slope, in
successive 1° increments below 6° down to a minimum of 3°, that the loaded wheelchair is able to climb
at an average speed 125 mm/s + 50 mm/s.

Speed — average Speed while driving up the inclined test plane shall be 125 mm/s + 50 mm/s. Minimum
average speed while reversing down the inclined test plane shall be 900 mm/s.

NOTE 2  Verification of average speeds using a tape measure and a stopwatch is considered acceptable.

Cooling - no fans are allowed to provide cooling during the testing unless they are an integral part of
the system. All shrouds shall be installed on the wheelchair as designed and built by the manufacturer.

The Load Test - drive the wheelchair forward up the ramp, without allowing the wheelchair's forward
movement to pulsate at the specified speed, then immediately back down to return to the base of the
ramp at the specified speed and immediately continue driving up and down the ramp in the same
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fashion. If the wheelchair stops, immediately cycle the power using the on/off switch and continue
driving if possible until one of the conditions of a) to d) below occurs or b) and c) occur simultaneously.

Battery — outfit the wheelchair with the largest battery recommended by the manufacturer. Record
the type, the 5-hour capacity of the battery in ampere hours and the make and model of battery used
for testing the wheelchair and ensure the battery set is fully charged,

9.5.2.1 The following are acceptable reasons for stopping this test:

a)
b)
c)
d)
e)
circuit
f) Thew
9.5.2.2 T
would resy
a) Theus
b) The wl
c¢) Thewl
d) The wl
e) Acircy
f) Inabili
9.5.2.3 A
the wheelc
requireme
a) As out
manuf
b) Asoutli
by the
c)

The wheelchair drives for 60 minutes.

The wheelchair battery set becomes depleted.

The wheelchair stops when the controller “folds back” after a minimum of 6 minutes.

The wheelchair slows down when the controller “folds back” after a minimum of 6 minutes.

The wheelchair has an automatic resetting circuit protection device that trips during testing aftler a
minimum of 6 minutes and resets by turning the power off and then back on again or an automfatic

protection device resets on its own.

heelchair has a manually resetting circuit protection device that trips during testing after a
minimum of 6 minutes and is readily accessible to be reset by the operator and/or attendant.

he following results are considered non-acceptable reasons for stopping this test, which

It in a failure of this test:

er is unable to maintain the forward direction of¢he wheelchair.

neelchair wiring insulation melts, causing the failure of insulation around the wiring.
neelchair stops after less than 6 minutes when the controller “folds back”.

neelchair slows down to an average Speed less than 75 mm/s after less than 6 minutes.

it protection device trips that is not accessible to the operator and/or attendant, and requ

a manyial reset and immobilizes the\wheelchair.

Ly of the wheelchair to ¢lilmb a 3° ramp at 125 mm/s + 50 mm/s.

ires

fter the motors-return to room temperature and after fully charging the wheelchair,
hair shall opefaté normally after the test procedure and meets the specific performgnce

hts listed hete:

lined inISO 7176-6, the wheelchair shall achieve a maximum speed as claimed by
hctureror specified by the requestor.

. . c C
manufacture or specified by the requestor.

As outlined in ISO 7176-9, the wheelchair shall pass the functional check.

the

e\l ed

Record the maximum cumulative uphill climbing distance (do not count the downhill driving distance)
and time that the wheelchair travelled (including the downhill travel time).

Record the reason for stopping the test.

NOTE

depletion, or any other event.

This could be caused by the controller reaching thermal limit, operation of a protective device, battery

If the wheelchair is still functional after the test, record what was required to reset the wheelchair,
such as a cool-down period for an automatic reset, or a reset of a manual circuit breaker, etc.
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Surfaces that can come into constant direct contact with the occupant's skin during normal use and
including at least those within the occupant reach space illustrated in Figure 11 shall not exceed 41 °C

as measured by the test method specified in ISO 13732-1.

Normal use is defined as the temperature reached on the completion of 25 laps (or until the chair comes
to a stop if sooner) of the ISO 7176-4 manoeuvring range test. Driving during this test shall be done as

quickly as possible.

Dimensions in millimetres

200 200 100

L0
[SAVAV)

200
LUV

Key
occupant reach space

backrest reference plane

intersection line between backsrest reference plane and seat reference plane
seat reference plane

NOTE

Figure 11 — Occupant reach space

9.7| Iselation of battery system

9.7

600

/
200
/J‘

The darker shaded region below the seat is excluded from the occupant reach space.

FeIreTror

Disconnection of battery systems offers benefits to the user and maintenance personnel in the following

scenarios:

a) Airline and other forms of transport.

b) Service and maintenance of the power wheelchair.

c) Responding to particular single fault conditions as specified in Clause 7.

d) Inthe event of a fire or other emergencies.
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9.7.2 Requirement

The wheelchair shall be equipped with a means of electrically disconnecting and reconnecting the
battery set, without the use of tools, to be used in the case of an emergency, for transportation or while
waiting for repairs.

The means shall be clearly marked with at least the symbol shown in Figure 12 in a contrasting colour.
The symbol shall be at least 12 mm in diagonal.

The requir

that is removable without tools or two batteries each of less than 160 Wh that are removable with

tools.

The requil
personnel.

Accidental
means suc}

Connector
labelled an

9.7.3 Isdg

If the chos:
status of th

a)

r 1

L _

Figure 12 — Symbol to indicate battery isolation switch (IEC 7000-2063)

ement need not apply to wheelchairs that incorporate a single battéry of less than 300

operation of the battery isolate system shall be minimized or prevented through suit
1 as by appropriate location.

separation is an acceptable means of batterytisolation provided the connection is cle
d visible.

late switch requirements

bn means to isolate the battery is.a@ switch, the symbols shown in Figure 13 shall indicate
e switch with “I” indicating the ‘ON position and “0” indicating the OFF position.

r r 1

IEC 60417-5007 "ON" (Power) b) IEC 60417-5008 "OFF" (Power)

NOTE

9.7.4

ed means of isolating the battery shall be accessible 4y an attendant and emergd

Wh
out

ncy

hble

hrly

the

On battery isolations switches, the "ON" symbol can be displayed on top of the "OFF" symbol.

Implementation

End-users, maintenance personnel and caregivers should be made aware, through instructions in the
user manual, of how to operate this mechanism and warned of situations when battery disconnection

is appropri

44
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5 Test Methods

Check that the means of electrically disconnecting the battery is accessible without tools, and is clearly
labelled with the required symbol and readily accessible to an attendant and emergency personnel.

Confirm by inspection or testing that the provided device isolates the battery set as intended.

To verify that electrical circuits have been isolated, place the device into drive mode (i.e. not freewheel
mode), observe if the mobility aid will power up and, if so, whether use of the joystick results in the
wheelchair moving. It shall also be verified that the circuits of supplemental motorized systems such as
seating systems have been isolated by operating the controls for those system.

9.8

9.8

Itis

9.8

9.8

Resistance to ignition

1 General

essential that safety risks due to flammability of materials in the wheelchair are minimi
2 Requirements

2.1 Polymeric parts

zed.

Either of the following options a) or b) shall apply.

a) |The manufacturer shall adopt appropriate means.fe' eliminate or reduce as far as feasonably
practicable the risk of a hazardous situation develgping from the ignition of any part of the power
and control system of the wheelchair. The manufacturer shall use the process specified ir} ISO 14971
to manage that risk.

b) |Where the following parts other than wiring are made of polymeric material, the materfial shall be
classified V-0 when subjected to the 200mm vertical burning test specified in UL 94:

— components within 25 mm efthe surface of any connected battery terminal;

— components within 50 mm of the surface of any connected battery-terminal, unlgss there is
a barrier of non-flammable material, or material with UL 94 classification V-0, b¢tween the
components and the battery-terminal, excluding any material in contact with the battery
terminal; (IEC 60695-11-10 may be used as an alternative to UL 94);

— electrical enelosures including controller cases;

— incandéscent lamp housings;

— connector housings for conductors that carry battery charging current, motor currgnt, or lamp
current, and that are outside or part of any controller case.

NOTE This requirement does not apply to the cases and handles of lead-acid batteries.

9.8.2.2 Wiring

Insulated wiring shall have a flammability classification equivalent to IEC 60332-1-2, or better.

10

Ergonomics

10.1 Operator interface

Where the wheelchair bears marking, visual indicators and/or visual displays, they should be
understandable to the operator.
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Where appropriate, information related to the function of the operator interface should take the form
of symbols. Symbols and colours used for markings, controls, visual indicators and/or visual displays
shall conform to IEC 60601-1 and IEC 60417 where applicable except that the colour red may be used
for indicator warnings that require a prompt response by the operator, rather than an immediate
response. All symbols used for markings, visual indicators and/or visual displays, and the sounds made
by auditory indicators, shall be described in the operator manual.

The size and style of font used for text should be appropriate for the viewing distance and should
contrast in colour and luminance with its background.

10.2 Operatingforees
10.2.1 Geperal

Some wheElchair operators need to know the forces required for operating control ‘devices when
purchasing a wheelchair.

10.2.2 Rejguirements

The manufacturer shall disclose the forces or pressures necessary to operate all control device§ on
the wheeldhair. If the forces or pressures for operating switches are adjustable, the operating forces or
pressures at the maximum and minimum settings shall be disclosed.

The operatling force for switches intended for operation by a single finger shall not exceed 5 N.

The forces|or pressures required to operate the control deviges'shall be measured in accordance With
10.2.3.

10.2.3 Test method

10.2.3.1 Lever to control speed and/or direction

Select the part of the lever (see Figure 7) through which the force is to be applied from the followin

oS

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

b) If the lever is tapered, apply.the force through the point where the largest cross section intersects
the centre line of the lever;

c) If the lever is parallelyor of any shape other than those listed in items a) and b), apply the force
through a point ofvthe centre line of the lever 15 mm from the end.

Use a forc¢-measuring instrument for control devices (4.12) aligned in the direction of travel of|the
point of application of the force +15° to move the lever to the limit of its travel in all directions, keeping
the line of §pplication of the force through the centreline of the lever +2 mm. }r

Measure and record the maximum force needed to operate the lever, to an accuracy of 0,1 N.

Take three measurements in this way and record the arithmetic mean of the three measurements.

10.2.3.2 Push-button, rocker and keypad switches

Where the control device is a push-button, fit the spherical tip to the force-measuring instrument for
control devices (4.12).

Use the force-measuring instrument for control devices (4.12) to apply a force to the centre of the
switch in line with its axis of operation. Increase the force until the switch operates.

Measure and record the maximum force needed to operate the switch to an accuracy of 0,1 N.
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Take three measurements in this way and record the arithmetic mean of the three measurements.

10.2.3.3 Toggle switches

Make provision for attaching the force-measuring instrument for control devices (4.12) to the end of the
toggle switch so that a force can be applied to the switch in the direction of its operation and parallel to

the

NOTE

surface on which it is mounted +15°.

This can be achieved by use of tape, string or similar material.

Increase the force applied to the switch until it operates.

Med
Taki

10.

10.

If t
min

Con
wit

Swiltch on the controller.

Inct

Med
swi

Allg
Tak
If th
Rep

10.

If t
min

Con

sure and record the maximum force needed to operate the switch to an accuracy of 0}14

P.3.4 Pneumatic switches (sip and puff) pressure measurement

p.3.4.1 Positive differential air pressure switches (puff)

he operating pressure of the positive differential air pressute“switch is adjustable,
imum operating pressure.

nect the positive differential air pressure measuring device (4.13) to the pneumatic s
hout obstructing the ability to operate the switch in théwsual way.

ease the air pressure in the inlet until the switch operates.

sure and record the air pressure, expressed in pascals, above atmospheric pressure af
Lch operates, to a resolution of 200 Pa.

w the inlet to return to atmospheticpressure.
e three measurements in this way and record the arithmetic mean of the three measure
e operating pressure is,adjustable, select the maximum operating pressure and repeat t

eat this test for each'of the positive differential air pressure switch inlets.

p.3.4.2 Negativedifferential air pressure switches (sip)

he operating pressure of the negative differential air pressure switch is adjustable,
imum operating pressure.

neCt.the negative differential air pressure measuring device (4.14) to the pneumatic s

|

.

e three measurements in this way and record the arithmetic mean of the three measureinents.

select the

witch inlet

which the

ents.

S test.

select the

witch inlet

wit

Swi

hout obstructing the ability to operate the switch in the usual way.

tch on the controller.

Slowly decrease the air pressure in the inlet until the switch operates.

Measure and record the air pressure, expressed in pascals, below atmospheric pressure at which the
switch operates, to a resolution of 200 Pa.

Allow the inlet to return to atmospheric pressure.

Take three measurements in this way and record the arithmetic mean of the three measurements.

If the operating pressure is adjustable, select the maximum operating pressure and repeat this test.
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Repeat this test for each of the negative differential air pressure switch inlets.

10.3 Display position

Devices that present visual information to the occupant shall be positioned so that they are clearly
visible by the occupant when seated in the wheelchair. All information conveyed with colour shall be
available without the perception of colour.

Displays should be designed in line with ergonomic principles, taking account of the intended purpose
of the wheelchair.

10.4 On/

The wheel
and ready

10.5 Coni

It shall be
connected

10.6 Aud

10.6.1 Ge|

Wheelchai
are not int

10.6.2 Re
When the

pff indicator

Chair shall be equipped with a device that indicates whether the wheelchair is,;switcheq
for operation.

hectors

possible for electrical connectors intended for use by the occupant or assistant tg
and disconnected without the use of tools.

ible noise

neral

s can be used in environments where the ambientnoise level is low. It is important that {
‘usive in such environments.

quirement

Wwheelchair and ancillary equipment;{apart from the audible warning device) are teste

specified ij 10.6.3 and 10.6.4, the sound pressure level shall not exceed

A-weighted) for wheelchairs ot intended primarily for outdoor operation, or

A-weighted) for wheelchairs intended primarily for outdoor operation.

5t method
he tests for audible noise using the following method.

n the seund pressure level measurement device (4.18) level with the mid-point of
ic testarea (4.3) 1 m £ 0,05 m above the test plane and 1 m # 0,1 m from the centre line of
ic téstfarea as illustrated in Figure 14.

| on

be

hey

1 as

the
the

thewheelchair forward—at—its maximmum speed;, a5 measured by the method spect

ied

in ISO 7176-6, along the centre line of the acoustic test area, #100 mm, such that it reaches its
maximum speed before it enters the measuring distance shown in Figure 14 and maintains its
maximum speed within it.

using frequency weighting (A), time weighting (F), with the hold facility activated.

Repeat b) and c) a further two times with the wheelchair travelling in the same direction.

applicable requirement of 10.6.2, the wheelchair fails the test.

— 65dB

— 75dB

10.6.3 Te

Carry out t

a) Positig
acoust]
acoust

b) Drive

c)

d)

e)

f)

48

Repeat items b) to e) with the wheelchair travelling forward in the opposite direction.

Measure and record the maximum time-weighted sound level to an accuracy of +3 dB(A-weighted),

Calculate the arithmetic mean of the three recorded values. If the arithmetic mean exceeds the
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Dimensions in
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measuring device
stop position

start position
measuring distance

Figure 14 — Audible noise drive test

b.4 Ancillary equipment test

form the following test sequence on each set of electrically adjustable body support c
h as seat, back support or leg support mechanisms) that can be operated at any one t
ipant or assistant.

Position the wheelchair in the acoustic test@rea.

Place the sound pressure level measurement device (4.18) at one of the positiong
Figure 15,1 m * 0,05 m above the testplane and 1 m + 0,05 m from the perimeter of the Y

Operate the set of electrically_adjustable body support components throughout it
operation.

Measure and record the-maximum time-weighted sound level to an accuracy of +3 dB(A
using frequency weighting (A), time weighting (F), with the hold facility activated.

Repeat c) and d)}-afurther two times.

Calculate the.arithmetic mean of the three recorded values. If the arithmetic mean ¢
applicable'\requirement of 10.6.2, the wheelchair fails the test.

Repeatthe test for each of the remaining positions shown in Figure 15.

bmponents
ime by the

shown in
wheelchair.

5 range of

weighted),

xceeds the
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Dimensions in millimetres

1000

Key

1 measulfing point 1
2 measuljing point 2
3 measuljing point 3
4 measuljing point 4

Figure 15 — Audible noise ancillary equipment test

10.7 Acouystic warning device

10.7.1 General

Wheelchaifs shall be equipped with afacoustic warning device to allow the operator to warn otheys.

10.7.2 Reguirements
The wheel¢hair shall be equipped with an occupant-operable acoustic warning device (e.g. a horn).

The sound| of the warfiing device shall be a single or variable tone with a fundamental freque
between 5P0 Hz and-3kHz.

When test¢d as specified in 10.7.3, the sound pressure level of an acoustic warning device in at least
of the test points'shall not be less than

— 65 dB(A-weighted) for wheelchairs not intended primarily for outdoor operation, or

— 75 dB(A-weighted) for wheelchairs intended primarily for outdoor operation.

10.7.3 Test method
Perform the following test sequence on each acoustic warning device.

a) Position the wheelchair in the acoustic test area.

wn

ncy

one

b) Place the sound pressure level measurement device (4.18) at one of the positions shown in
Figure 15,1 m * 0,05 m above the test plane and 1 m + 0,05 m from the perimeter of the wheelchair.

c) Operate the acoustic warning device.
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Measure and record the maximum time-weighted sound level to an accuracy better tha

n +3 dB(A-

weighted), using frequency weighting (A), time weighting (F), with the hold facility activated.

If the maximum time-weighted sound level is less than the applicable requirement of
wheelchair fails the test.

Repeat the test for each of the remaining positions shown in Figure 15.

Durability

10.7.2, the

11.

11.

Control devices shall be of robust design.

11.

11.
Wh

NOT

f)

g)

.1.2.2 Test method for fatigue strength of control devices

1 Control devices

1.1 General

|.2 Requirement

[.2.1 General

bn tested as specified in 11.1.2.2, there shall be no change in‘performance of control devi

E This requirement applies to switches when they are uséd as control devices.

Carry out the test on three control device specimens.

Check that the control device operates~the wheelchair as specified by the manuf]
performing the functional check specified in ISO 7176-9.

Using the method specified in 20.:2:3, determine the magnitude of the operating force
point of application, or the magnitude of the operating pressure, P.

If the control device is operated by a force, measure the distance, d, moved by the point of
of the force, F.

If the control device,is operated by a force, and the distance, d, moved by the point of ap
the force is greater than 5 mm, follow the procedure given in h).

If the controldevice is operated by a force and the distance, d, moved by the point of ap
the force-is(less than or equal to 5 mm, follow the procedure given in i).

If théseontrol device is operated by pressure, follow the procedure given in j).

CES.

pcturer by

, F, and its

hpplication

blication of

blication of

h)

Move the control device from its neutral position through a displacement, x, and back to

its neutral

©IS

position. This action constitutes one cycle, where:

090 xd<x<099xd

Ensure that no load greater than the operating force is applied to the control device at th
of travel.

NOTE1 An eccentric driving motor, lifting magnet or similar device can be used to move
device.

e extremes

the control

Apply a force normal to the centre line of the control device. Gradually increase the force from zero

to F £5 %, and then gradually reduce the force to zero. This action constitutes one cycle.
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