INTERNATIONAL ISO
STANDARD 16840-12

First edition
2021-11

Wheelchair seating —

Part 12:

Envelopment and immersion
characterization ¢f seat cushions
using a dual semispherical indenter

Reference number
1SO 16840-12:2021(E)

© 1S0 2021


https://standardsiso.com/api/?name=53c2d4ead6f57285d6d5122281c7088f

ISO 16840-12:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=53c2d4ead6f57285d6d5122281c7088f

ISO 16840-12:2021(E)

Contents Page
FFOT@WOIM..........ooooooooeeeeeee e85 iv
IIETOAUCTION .......ooooo stk \%
1 Scope
2 Normative references
3 Terms and definitions
4 Indenter construction -
41
4.2
4.3
4.4 Indenter aSSEMDIY ... Tt
4.5 Sensor locations........
4.5.1 General....
4.5.2 Elevationa...
4.5.3 Elevationb..
4.5.4 Elevationc...
4.5.5  EIEVAION A ..oooooosis S
5 Instrumentation hardware
5.1 Sensors........
5.2 Timer ...
5.3 Loading equipment.
5.4 228 U0 I 0T T o O S
6 Preparation of test cushion
6.1 CUSRION SET UP s
6.2 Preconditioning the cushion to the test environment..........ccfo 9
7 Envelopment test method
7.1 Rationale
7.2 1 13 o 1 Yo O OO OSSP U OSSO
7.2.1 Setting the datum height for the indenter ..., 9
7.2.2 .Pre-conditioning the cushion............c......
7.2,3“)Seat cushion thickness measurement...
724/ Load application and data collection.....
7.3 Calculations ...
7.3.1 Envelopment...
20 T2 01004 1= - 10 ) o OSSOSO
8 TESTT@POT T ... 12
Annex A (informative) Estimate of measurement Uncertainty ..., 14
BIDLEOZGIAPIY ..o 15
©1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=53c2d4ead6f57285d6d5122281c7088f

ISO 16840-12:2021(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ISO 1684.0-12:

Introduction

2021(E)

This document provides details of test equipment (an ‘indenter’), and a method, for the measurement
of ‘performance’ of a wheelchair cushion intended to use immersion and envelopment to reduce local
areas of pressure (by effectively supporting more tissue). Envelopment is maximized when the contact
area between the support surface and the body part increases which thereby reduces the pressure
across the weight bearing surface. The method as presented in this document is intended to quantify
envelopment and immersion of the body by the cushion. Alternatively, the test method and resulting
data can provide an indication of other cushion construction and seating and positioning strategies,
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face (e.g. a pressure mapping system) have led to the use of an instrumented indenter,
fer sensors, but sensors that are high quality and exhibit repeatability and. aecuracyj
ability.

this test, the distribution of pressure across the surface of the indenter;is)evaluated wit
enter sizes and loads. The pressure sensors within the indenter are positioned at multiple

the pelvis, the greater trochanters, and at positions along the curve of the buttocks betw
itomical markers. The review of the values at these various pesitions, and the variation

a support
which has
and thus

h multiple
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reen those
or lack of

iation, in the readings, is an indication of the mechanics oféthe cushion’s interaction with the body

] ability to envelop and protect the tissues.

\MPLE
fribute the load to maintain consistent interface pressure-regardless of the depth at which the mg
hken, as opposed to a foam or other homogeneous surfdce that behaves more like a spring, in that
depth of immersion, the greater the interface pressure.

b accommodation of the cushion to the changes in indenter size and load are represe

A fluid filled cushion with the ability to transfernmaterial between cells can have the potential to

asurement
the greater
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changes in size and mass of the occupant that can occur in the life of a user or between different

brs. The indenters are sized to represeiit changes in size and shape as a user of an appy
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dth of the
enters stays the same, but the size of the semi spheres changes. The loads used in this docl}:nment are

proximate to the 50th percentile user and are not intended to characterize envelopment or
er higher loading conditions, nor to assess the weight capacity of a cushion.

s document describes.test methods that might not be appropriate for all cushions, and the
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INTERNATIONAL STANDARD ISO 16840-12

:2021(E)

Wheelchair seating —

Part 12:
Envelopment and immersion characterization of seat
cushions using a dual semispherical indenter
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ISQ 1302, Geometrical Product Specifications (GPS) — Indication of surface texture in technid
do¢umentation
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For the purposes‘fithis document, the following terms and definitions apply.

ISQ) and IECmaintain terminology databases for use in standardization at the following addr

Scope
s document specifies apparatus, test methods, and disclosure requirements for.characte

ssure sensors.

s document expands the characterization of products intendedy to manage tissue
0 16840-2) and provides a standardized indenter for other wheelchair seating tests.

oes not provide information specific to cushion performance fora particular individual us
ended to characterize envelopment or immersion under higher loading conditions, nor to

s document includes a method that is specific to 220ymm and 255 mm indenters. Dime
pvided for a 380 mm indenter to allow for extensiowof the method to larger patient simula

Normative references

e following documents are referred tolin the text in such a way that some or all of the

Hated references, the latest editienof the referenced document (including any amendment

Terms and definitions

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

Fization of
nted with

integrity

BT, nor is it
hssess the

hsions are
fion.

ir content
pplies. For
5) applies.

al product

PSSeS:

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

3.1
clinical offloading
reduction, removal, or transfer of pressure from one area of the body to another

EXAMPLE

other parts of the seated body.

3.2
cushion envelopment
ability to conform around a shape

© IS0 2021 - All rights reserved
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3.3

cushion immersion
depth from an uppermost plane to which a body penetrates

3.4

cushion performance
ability to immerse and envelop

3.5
indenter

Shaped item dpcignpr‘] to simulate the chnpp of the buttocks area of the huuman bodvy

3.6
indenter

lowest point on the curved surface of each of the two halves of the indenter (3.5)

Noteltoe

3.7
indenter
location o

4 Inde

4.1 Materials

The inden|
to deform

to surfaces. The indenter material shall be treated (ifiecessary) to minimize the effects of moistuy
and shall Iot be adversely affected by normal laboratory testing conditions (0 °C to 35 °C; 25 % to 71

relative h
surface ro

4.2 Tolg

Unless oth
finished w

4.3 Ind

4.3.1 Ti

A 375 mm
mounting

base point

htry: The base points correspond with the ischial tuberosities on the human pelvisy

sensor elevation
Fsensors relative to the indenter base points (3.6)

hter construction

ker shall be constructed from hardwood or similar‘material that is sufficiently rigid so as
when subjected to the forces required for simulating the application of a human body m

midity). Surface finish shall be atleastdN7, in accordance with ISO 1302, approximate aver
ughness.

brances and finishes

erwise stated, all dimensions in Clause 4 shall be £0,5 mm and all edges and corners shall
ith a minimum 5 mm radius.

enter elements

ochanter bar

x 50 murx 20 mm bar with a series of openings as shown in Figure 1. These openings are
the‘indenter halves and trochanter blocks as well as for routing of wires.

not
NSS
re,

%
hge
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for
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Dimensions in millimetres

375
362
295
220
155
80
13
A ¢ D ( ) O
(d - 5 e
wn
N
375 50
[ | | | | [ T
L1 | | | | L1 11l
& &
a | THRU ALL.

b | Typ. THRU ALL.

dis|the diameter of the pressure sensor selected to meet requirements of 5.1. See 4.1 and 4.2 for materials)tolerances,
an( finishes.

4.3.2

Figure 1 — Trochanter bar construction

Trochanter blocks

50/mm x 25 mm x 19 mm blocks as shown in Figure 2, which emulate the trochanters. Each frochanter
bar shall have two trochanter blocks’that house the sensors.

NO[TE

Trochanter bar and blocks are not required on the 380 mm indenter.

© IS0 2021 - All rights reserved
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Dimensions in millimetres

2, 29
| | | |
A AN
| | | |
. ! ! !
50 25
T 42
S Qé
(1 o}
N
29
50
a THRU ALL.

d is the diameter of the pressure sensor selected to meet the requirements of 5.1. Sensor location depth e shal] be
such that the sensing surface is flush with the indenter surface.See 4.1 and 4.2 for materials, tolerances and finishes.

Figure 2 — Trochaiiter block construction

4.3.3 S¢mispherical indenter half

The semisjpherical indenter half is a;portion of a sphere (see Figure 3). The sphere diameter defines the
size of th¢ indenter (e.g. a 220 mimyindenter has two semispherical halves sectioned from a 220 thm
diameter $phere) (see Table 1)(Each half has eight sensor locations, as described in 4.5.

4 © IS0 2021 - All rights reserved
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-

surface of a sphere with radius value of a (TableZ1)

angle from centre sensor to farthest sensor(in‘all directions except cut direction)

angle from centre sensor to sensor adjagernt to cut
diameter of hole for pressure sensorspecified in 5.1
depth of hole for pressure sensor specified in 5.1
radius of disc

THRU ALL.

Table 1 for dimensions. Sensor location depth e shall be such that the sensing surface is flush with t

face. See 4.1 and 4.2 ferymaterials, tolerances, and finishes.

Figure 3 — Semispherical indenter half

Table 1 — Semispherical indenter dimensions

he indenter

4.4 Indenter assembly

INDENTER a a B r
220 mm 110 mm 35,0° 17,5° 85,0 mm
255 mm 127,5 mm 32,5° 16,0° 92,5 mm
380 mm 190 mm 26,5° 13,0° 128,5 mm

Assemble the indenter using appropriate fasteners that will maintain the structural integrity of the
indenter in all aspects of testing. See Figure 4 for assembly drawings for the 220 mm and 255 mm
indenter and Figure 5 for the 380 mm indenter.

© IS0 2021 - All rights reserved
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NOTE See 4.1 and 4.2 for materials, tolerances, and finishes.

Figure 4 — Indenter assembly for 220 mm and 255 mm.indenters

NOTE See 4i1>and 4.2 for materials, tolerances, and finishes.

Figure 5 — Indenter assembly for 5860 mm indenter

4.5 Sensor locations

4.5.1 General

The following is a list of sensor locations and abbreviations. All sensors are symmetric about the
midline of the instrumented indenter. For left and right sensor location configurations and elevations,
see Figure 6 and Figure 7.

6 © IS0 2021 - All rights reserved
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4.5.2 Elevation a

The left and right base points along the spherical surface on the instrumented indenter.

4.5.3 Elevation b

The pressure sensor locations along the spherical contour of the surface with a vertical height difference
of 5 mm from the base point elevation.

NOTE These sensors are placed to the outside of the base point locations and are off-axis from the normal
load

0
4.3.4 Elevationc Q

The pressure sensor locations along the spherical surface of the indenter WW vertiral height
difference of 20 mm from the base point elevation. Q

NO[T'E These sensors are placed to the outside of the base point locations an\@e off-axis from fhe normal

loaf.
O

4.3.5 Elevation d g\\%

In the testing configuration, the sensor locations are 40 mm superior to the base point elevafion in the
veftical direction. Q

NO[FE1 These sensors are placed to the outside of the bg@oint locations and are normal to the ppplication
loafl.

<
NO[TE 2  Elevation d represents the location of the t (’)§1\anter blocks.
a A‘\Q
b \O

C

&
N\
&
v
Key Q

1tp1 %fer to assigned number of each pressure sensor, as used in 7.3.1 calculations

a td @ refer to the four elevations of pressure sensors as defined in 4.5.2 to 4.5.5

Figure 6 — Sensor port location layout

The 18 pressure sensor ports are distributed across the instrumented indenter as shown in Figure 6.
The same sensor port design is applied to the three sizes of indenters, but without the trochanter blocks
on the 380 mm indenter.

© IS0 2021 - All rights reserved 7
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d

C

b

a
Key
atod refer to the four elevations of pressure sensors as defined in 4.5.2 to 4.5.5

Figure 7 — Sensor elevation layout
N
N
5 Instijumentation hardware q:l’
N

5.1 Sen

A series o
transduce
frequencyj

The value
device.

5.2 Tim
A device fi

5.3 Loading equipment A‘\Q’

531 A
of 1 mm/s
indenter r

5.3.2 Ar
1 mm.

5.4 Rig
A board th

sors (bb‘Q/

[ 18 sensors with a sensing area diameter of 19 mm + 1 mm. These sen§$>s shall be press
rs with a range of at least 0 mmHg to 370 mmHg and accuracy ,5 % with a respol
of at least 1 Hz. s\\

5 from each sensor shall be captured at 1 Hz or higher, on Q&qputer or other data logg
ler s\\§\
%

pr measuring time with an accuracy of +1s. O

N

O

X
yertical load-application device cap of applying 800 N, with an accuracy of +5 N, at ar
. The device shall be capable o g mounted to the indenter such that the surface of

emains parallel with the horizontal test surface during loading.

instrument with the @city to measure the height of the cushion, with a resolution
d board @\
atis 500 r@ZS mm wide and 140 mm * 5 mm deep with a weightof 1300g+1g

¥

re
1se

ng

hte
the

of

6 Prepar&ﬁgﬁ of test cushion
o
6.1 Cushion setup

Select an appropriately sized test cushion, as wide, or wider than the indenter, to ensure full contact.
If a cushion can be adjusted by adding or removing fluid or components, adjust per manufacturer’s
instructions to accommodate the load and respective indenter for each of the testing conditions. All
adjustments shall be recorded.

NOTE

The indenters are the same width and are sized for a 410 mm cushion but can be used on cushions
with greater widths, depending on cushion design.

© IS0 2021 - All rights reserved
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Where a cushion can be set up in multiple configurations, each configuration should be tested and
reported separately.

EXAMPLE A cushion can allow addition and removal of inserts, or a cushion intended to be used to create
offloading can require movement of material within the cushion away from the area to be offloaded.

6.2 Preconditioning the cushion to the test environment

Allow the cushion to rest at 23 °C + 2 °C and 50 % * 5 % relative humidity for a minimum of 24 h prior
to testing.

7 | Envelopment test method

7.1 Rationale

This test characterizes and compares wheelchair cushions by their ability tejinimerse and ehvelop the
bogdly. The test applies two loads (425 N and 525 N) through each of two indenters (220 mm arjd 255 mm
indenter) to the cushion, to assess different weights and shapes between,users, as well as th¢ potential
changes in an individual user over time. The immersion, and preSsufre distribution are |examined
thijough the use of pressure sensors mounted in a dual semispherical\indenter loaded onto tle cushion
sufface.

7.2 Method

7.4.1 Setting the datum height for the indenter

Sef the datum height for the indenter by attaching the indenter to the load applicator, sudh that the
sufface of the indenter is parallel with the testing surface. Apply a 5,0 N + 0,5 N contact loafl with the
indenter to the testing surface and set the height above the testing surface at that moment t¢ zero (the
dafum height).

7.4.2 Pre-conditioning the cushion

The cushion shall be preconditioned as for the 220 mm indenter specification in Clause {#, without
serjsors.

a) | Adjust the cushion to/accommodate the testing conditions.

b) | Apply 780 N_£10 N for 120 s + 10 s using the 220 mm indenter, with the base points positioned
125 mm +25vmm from the rear of the cushion, or a location appropriate for the contour of the
cushion.

) | Unlead and allow the cushion to recover for 60 s * 10 s.

d) [ Repeat loading and unloading two more times for a total of three compression cycles.

e) Allow the cushion to recover for a minimum of 5 min after preconditioning.

NOTE The Rigid Cushion Loading Indenter (RCLI) and preconditioning method specified in ISO 16840-2:2018
can be substituted for the 220 mm indenter.

7.2.3 Seat cushion thickness measurement

a) If the cushion contains a material that remains displaced after loading, re-set the cushion by
flattening or according to the instructions for use, in preparation for measuring the thickness.

b) Place the cushion under the indenter so that the base points are positioned at the intended location.
Unless otherwise indicated for flat cushions, the anterior-posterior position of the base points of

©1S0 2021 - All rights reserved 9
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d)
e)
f)
g)

the indenter shall be 125 mm * 25 mm from the rear of the cushion or a location appropriate for the
contour of the cushion.

Place a rigid board (5.4) with the longest side parallel with the rear of the cushion such that the
board is centred over the buttocks recess of the cushion. In the absence of a buttocks recess, place
the board with the rear edge 55 mm * 25 mm from the rear of the cushion.

Apply

a vertical force of 5,0 N + 0,5 N to the centre of the board.

Measure the height above the base of the cushion at its centreline to the underside of the board.

Repesd
Repor

ta) to e) two more times for a total of three times.

t the average seat cushion thickness. This is defined as d..

7.2.4 Lg¢ad application and data collection

7241 |
to accommodate the specified load and shape. The following test conditions shall be followed:

For each of the following conditions, adjust the cushion according to thedn'structions for y

the 220 mm indenter, apply a 425 N + 5 N load, and a 525 N + 5 N 1oad.
the 255 mm indenter, apply a 425 N + 5 N load, and a 525 N ¥ 5 N load.

The conditions are intended to provide an indication of adaptability of the cushion to an increa
creased user size.

A 380 mm indenter may be selected by the test facility based on the mass of the intended cushion u
accordingly. See ISO 16840-2: 2018, Annex D, for cushion size and indenter load guidance.

ach condition shall be tested as follows (see Figure 8).

cushion contains a material that remains displaced after loading, re-set the cushion
hing or according to the manufacturer’s instructions.

ally lower the indenter to avoid an impact that could disrupt the cushion setting.

the 425 N + 5 N load for 60s'+ 5 s.

Remoje the load for 5 s + 1’s)then reapply the load for 130 s + 5 s.

d data from the Senisors in the last 15s+ 1 s.

d the cushion thickness below a base point of the loaded indenter 125 s + 5 s after load
Constrain,the indenter to avoid tilt: the two base points shall always be at the same elevati

the,525 N +5 N load for 60 s + 5 s.

se,

ed

SEer

by

ng
on.

d data from the sensorsinthelast15s+1s

Record the cushion thickness below a base point of the loaded indenter 55 s + 5 s after commencing
the 525 N + 5 N load (d,5).

Remove the load and allow cushion to recover for a minimum of 300 s.

a) Using
b) Using
NOTE 1
load and in}
NOTE 2
and loaded
7.2.4.2 |
a) If the
flatte
b) Gradu
c) Apply
d)
e) Recor
f) Recor
(d190)
g) Apply
h) Recor
i)
j)
k)

Repeat a) to j) for a total of 3 trials per condition.

This subclause, i.e. 7.2.4.2, can be repeated to allow longer loading times in steps d) and g) for cushions
that need a longer time to adjust and accommodate the load. The times used and the additional results
shall be added to the Test Report (Clause 8).

10
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Y 525N ;
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

425N ; b
| :
| |
| |
| |
| I
! [
: T

|
B |
| |
| |
| |
| I
! |
1 |
| |
' |
60 s 195 s 255 s X
65s
Key
X | time (s)
Y | load (N)

a Record 15 s.
b [ Record 15 s.

Figure’8 — Load application description

7.2.4.3 Any trial that demonstrates a difference greater than 10 % variation in the cushion| thickness
measured during the 425N * 5 N load (d;9() should be discarded and repeated.

7.3 Calculations

7.3.1 Envelopment

Calculdate and report the average pressures during the last 10 s of the recording periods, at each
elevation for 425 N + 5 N load and 525 N + 5 N load.

— Elevation a: Average of the three trials of sensors (sensors 4 and 7 in Figure 6);

— Elevation b: Average of the three trials of sensors (sensors 3, 5, 6,8, 12, 13, 16, and 17 in Figure 6);
— Elevation c: Average of the three trials of sensors (sensors 2,9, 11, 14, 15, and 18 in Figure 6);

— Elevation d: Average of the three trials of sensors (sensors 1 and 10 in Figure 6).

NOTE1 See Figure 6 for the referenced sensor numbers.

NOTE 2  The pressure averages at each of the four elevations provide a quick reference to a cushion’s ability to

redistribute forces. A cushion where reported pressure values at each elevation are similar would be considered
a high-envelopment cushion.

©1S0 2021 - All rights reserved 11
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