INTERNATIONAL ISO
STANDARD 16900-13

First edition
2015-10-01

Respiratory protective devices
Methods of test and test’equipment —

Part 13:

RPD using regenerated breathable
gas and special-application mining
escape RPD: Consolidated test for gas
concentration, temperature, humidity,
work of breathing, breathing
resistaince, elastance and duration

Appareils de protection respiratoire — Méthodes d’essai et
équipement d’essai —

Partie 13: Appareils de protection respiratoire utilisant du gaz

respirable et appareils de protection respiratoire pour appljcation
spéciale d’échappatoire miniére: essai de consolidation poul
concentration de gaz, température, humidité, travail respirqtoire,
résistance respiratoire et durée

-_— Reference number
=/ N— 1SO 16900-13:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=a4237686e180bdd7f78540979f1a8f5c

ISO 16900-13:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, 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

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=a4237686e180bdd7f78540979f1a8f5c

ISO 16900-13:2015(E)

Contents Page

FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv

I OQUICHION ... vi

1 S0P ... 1

2 Normative references

3 Terms and definitions

4 Prerequisites

5 General teSt reqUITEMENTS ................coocvcioieeeeseess s oo s 2

6 Test of RPD performance at WOrK rate ... £ e,
6.1 LT3 013 - OSSO e SO IS
6.2 Test regimes.........

6.2.1  General
6.2.2  Regime for RPD of class W1
6.2.3  Regime for RPD of class W2
6.2.4  Regime for RPD of class W3
6.2.5  Regime for RPD of class W4

6.3 Determination of capacity of class SXXXX RPD ...
6.3.1  Class Sxxxx RPD — having class L respiratory interfaces using
compressed breathable gas ... i)
6.3.2  Class Sxxxx RPD — not using compressed breathable gas
6.4  Volume averaged work of breathing, pressures and elastance.......................
6.4.1  Work of breathing/breathing{esistance (peak pressures)
TR 21 - 1 v Lo O OO OO
6.5 (GaS CONCENTTALIONS -...ooooooeeereeeres s it
6.5.1  General

6.5.2  CO2 concentration IS ... sssssssnsnneen]
CTSTC TR 0D 7= ) 0 W 010 ) =) S
6.6 Temperature and humidity ..
6.7 CO content of inspired gas

7 APPATATUS ... N i 7
8 TESET@POTL ... 57 9
Annex A (normative) Application of uncertainty of measurement...............c o 11

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=a4237686e180bdd7f78540979f1a8f5c

ISO 16900-13:2015(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.

The procqdures used to develop this document and those intended for its further maintenance

described

different ffypes of ISO documents should be noted. This document was drafted in accordance|with
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed.for

hts. [SO shall not be held responsible for identifying any or all such patentrights. Detailg
F rights identified during the development of the document will be in the\ntroduction and

name used in this document is information given for the convehieénce of users and does

is drawn to the possibility that some of the elements of this document may be the subject

hre
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assessmeit, as well as information about ISO’s adherence tothe WTO principles in the Technical

Barriers t

The comnpittee responsible for this document is ISO/TC 94, Personal safety — Protective clothing (
equipment, Subcommittee SC 15, Respiratory protectivesdevices.

ISO 16900 consists of the following parts, under,the general title Respiratory protective devices
Methods of test and test equipment:

— Part 1

— Part 4 Determination of breathing.resistance

— Part 3: Determination of particle filter penetration

— Part

dynanic testing
— Part §: Breathing.mtchine, metabolic simulator, RPD headforms and torso, tools and verification to
— Part §: Mechanieal resistance/strength of components and connections

— Part % Practical performance tests methods

b Trade (TBT) see the following URL: Foreword - Supplementary information.

: Determination of inward leakagée

1: Determination 0fygas filter capacity and migration, desorption and carbon monox

ind

ide

Dls

— Part 8: Measurement of RPD air flow rates of assisted filtering RPD

— Part 9: Determination of carbon dioxide content of the inhaled air

— Part1
— Part1

— Part1

0: Resistance to ignition, flame, radiant heat and heat
1: Determination of field of vision

2: Determination of volume-averaged work of breathing and peak respiratory pressures

— Part 13: RPD using regenerated breathable gas and special application mining escape RPD:
Consolidated test for gas concentration, temperature, humidity, work of breathing, breathing
resistance, elastance and duration
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— Part 14: Measurement of sound level
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Introd

uction

This part of ISO 16900 is intended as a supplement to the respiratory protective devices (RPD)
performance standards. Test methods are specified for complete devices or parts of devices that are
intended to comply with the performance standards.

The following definitions apply in understanding how to implement an ISO International Standard and
other normative ISO deliverables (TS, PAS, IWA):

“shall” indicates a requirement;

— “shou

«

— “may’

I Hcan”
is ablé

the conte
claimed a

3.3.1 of tT ISO/IEC Directives, Part 2 (sixth edition, 2011) defines a requirement\as an “expression]

3.3.2 of th
in the col
particulan
preferred
action is d

d” indicates a recommendation;

is used to indicate that something is permitted;

to do something.

t of a document conveying criteria to be fulfilled if compliance with/the document is to
d from which no deviation is permitted.”

e [SO/IEC Directives, Part 2 (sixth edition, 2011) defines a reConimendation as an “express
itent of a document conveying that among several possibilities one is recommended
ly suitable, without mentioning or excluding others,.or that a certain course of actioy
but not necessarily required, or that (in the negative form) a certain possibility or coursg
eprecated but not prohibited.”

Vi

is used to indicate that something is possible, for example, that an organization or individpal

in
be

on
as
is
of
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Respiratory protective devices — Methods of test and
test equipment —

Part 13:

RPD using regenerated breathable gas and special
application mining escape RPD: Consolidated test forgas
concentration, temperature, humidity, work of breathing,
breathing resistance, elastance and duration

1 | Scope

This part of ISO 16900 specifies tests which are specific to RPDs using regenerated breathable gas,
compressed breathable gas with class L respiratory interfaces, and special application mining egcape RPD.

2 | Normative references

The following documents, in whole or in part, are normatively referenced in this documett and are
indispensable for its application. For dated references, only the edition cited applies. Fof undated
references, the latest edition of the referenced document (including any amendments) applieg.

ISO 16900-12, Respiratory protective devices— Methods of test and test equipment — Part 12:
Determination of volume-averaged work of breathing and peak respiratory pressures

[SQ) 16972, Respiratory protective devices = Terms, definitions, graphical symbols and units of mefasurement

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16972 and the following apply.

3.1
class Sxxxx RPD
supplied breathablé gas RPD, where Sxxxx equals the amount of breathable gas avgilable for
regpiration inJitres

bofy temperature pressure saturated

Note 1 to entry: Body temperature (37 °C), atmospheric pressure 101,3 kPa (760 mmHg), and water vapour
pressure (6,27 kPa) in saturated air.

3.3

standard temperature pressure dry

STPD

standard conditions for expression of oxygen consumption

Note 1 to entry: Standard temperature (0 °C) and pressure (101,3 kPa, 760 mmHg), dry air (0 % relative humidity).

© IS0 2015 - All rights reserved 1
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3.4
capacity
volume of

available breathable gas of an RPD

4 Prerequisites

The performance standards shall indicate the conditions of the test. This includes the following:

— number of specimens;

— operafing conditions of the RPD;

— thety
— anyp
— work
—  tempé
— anyd
5 Gene
Unless oth
Except for
a tolerand
16 °C and

an accura

Where the assessment of the pass/fail criteriopn depends on a measurement, an uncertainty|

measuren,

The starty

6 Test

6.1 Gern
RPD cylin
RPD shall
The follow

pes of support such as RPD headform/fixation;
ior conditioning or testing;

rate class;

rature(s) at which tests are to be performed;

bviations from the test method(s).

ral test requirements

erwise specified, the values stated in this part of ISO 16900 are expressed as nominal valy
temperature limits, values which are not stated as’maxima or minima shall be subject

e of +5 %. Unless otherwise specified, the ambiefit conditions for testing shall be betwsg

32 °C and (50 = 30) % relative humidity. Any tefperature limits specified shall be subjec

'y of +1 °C.

lent as specified in Annex A shall be reported.

[p process for the RPD shall folloWw;the information supplied by the manufacturer.

of RPD performance(at work rate

eral
Hers shall be chiarged to working pressure before testing (if applicable).
be equilibrated and tested at each specified test temperature.

ring parameters shall be determined:

es.
to
ECI
to

of

— work

pbfbreathing/breathing resistance, see 6.4.1;

— elastance, see 6.4.2;

— (CO3 concentration limits, see 6.5.2;

— oxyge

— oxyge

n content of RPD using regenerated breathable gas, see 6.5.3.1;

n content of RPD using oxygen enriched breathable gas, see 6.5.3.2;

— temperature and humidity of inspired breathable gas for regenerated breathable gas RPD and

oxyge

n enriched breathable gas RPD, see 6.6;

— capacity.

© ISO 2015 - All rights reserved
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For RPD that protect against carbon monoxide, the carbon monoxide content of the inspired gas shall
be determined in accordance with 6.7.

The test termination point for class Sxxxx RPD shall be when any one of the above criteria for the RPD’s
class is no longer met.

The settings for the metabolic simulator for each flow rate are given in Table 1.

Table 1 — Settings for metabolic simulator for each flow rate

Flow rate
. Breathing Tidal O consumption COz injection
(dynamic f
h . requency volume rate rate
sinusoidal)
1/min cycles/min 1 1/min 1/min
(BTPS)a y (BTPS) (STPD)a (STPD)
10 (3 %) 10,0 1,0 0,31 0,26
35 (¥2 %) 23,3 1,5 1,09 0,91
65 (£2 %) 32,5 2,0 2,03 1,82
105 (2 %) 42,0 2,5 3,28 3,57
135 (1 %) 45,0 3,0 4,22 4,59
a The values in Table 1 are given at BTPS and STPD, because values at BTPS reflect the
conditions of the human, while STPD is used for settings oflaboratory equipment.

6.2 Testregimes

6.2.1 General
RPD shall be tested to the test regime whichis in accordance with the designated work rate dlass.

The transition period between one workrate and the next work rate shall be no more than gne minute
while the RPD is still functioning.

During the transition between the settings of the different flow rates, stopping of the breathing machine
forfmore than 5 s is not allowed-for those types of RPD using enriched or generated oxygen.

For all RPD using contrehmeans, the test shall be performed both with the operating setting pf the RPD
adjusted to the maximum and the minimum flow conditions as specified by the manufacturef.

Tegting shall be penformed on the appropriate required headform.

Humidity and\temperature of the exhaled gas shall be as required by the performance requirements.

6.1.2 « Regime for RPD of class W1

a) L35 minfor10-min
b) 101/min for 5 min
Repeat steps a and b above until the test termination point is reached.

The RPD shall have enough capacity to complete step a at least once. It is not required to complete all of
step b if the test termination point is reached.

6.2.3 Regime for RPD of class W2
a) 351/min for 5 min

b) 651/min for 5 min

© IS0 2015 - All rights reserved 3
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c¢) 101/min for 5 min
Repeat steps a through c above until the test termination point is reached.

The RPD shall have enough capacity to complete steps a and b atleast once. It is not required to complete
all of step c if the test termination point is reached.

6.2.4 Regime for RPD of class W3

a) 351/min for 4 min

b) 651/min for 3 min

c¢) 1051/min for 3 min

d) 101/npin for 5 min

Repeat st¢ps a through d above until the test termination point is reached.

The RPD ghall have enough capacity to complete steps a, b, and c at least once. It is not required to
complete all of step d if the test termination point is reached.

6.2.5 Regime for RPD of class W4

a) 351/min for 2 min

b) 105 l/min for 3 min

c) 65]1/min for 2 min

d) 135 1/min for 3 min

e) 101/opin for 5 min

Repeat st¢ps a through e above until the test.fermination point is reached

The RPD ghall have enough capacity to complete steps a, b, ¢, and d at least once. It is not required to
complete 4ll of step e if the test termination point is reached.

6.3 Determination of capacity of class Sxxxx RPD

6.3.1 Class Sxxxx RPD-—=’having class L respiratory interfaces using compressed breathable gas

RPD shalll be equilibrated at each specified test temperature and tested at ambient temperatyre,
according|to the wopk rate specified by the manufacturer. The determination of the capacity shall/be
performed at settings specified in Table 2.

Table 2 — Rreathing machine settings for capacity tests

Work rate Flow rate Tidal
(dynamic Frequency
class i i volume
sinusoidal)
1/min .
(BTPS) 1 (BTPS) cycles/min
W1 302 % 1,5 20,0
w2 402 % 2,0 20,0
w3 50 +2 % 2.0 25.0
w4 65+2 % 2,0 32,5

4 © IS0 2015 - All rights reserved
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Capacity for RPD is the usable breathable gas volume down to 2,0 MPa.
The capacity shall be determined by the lowest result.

Capacity is designated in litres rounded down to increments of 150 1 up to 900 1 and increments of
3001above 900 1.

6.3.2 C(Class Sxxxx RPD — not using compressed breathable gas

RPD shall be evaluated as listed below when tested according to the table below. At least one RPD shall

be nnlni]ihrahnﬂ at each cpprifind test temperature and tested at ambient temperature, ar“ording to
th¢ work rate specified by the manufacturer. The determination of the capacity shall be pejfformed at
seftings described in Table 3.

Table 3 — Metabolic simulator settings for capacity

Flow rate . 02 CO;
Woclil;::te (dynamic v:;g:lle Frequency | consumption{ injection

sinusoidal) rate rate

1/min . ; 1/min

(BTPS) 1 (BTPS) cycles/min | 1/min-(STPD) (STPD)
w1 30 (£2 %) 1,5 20,0 093 0,78
W2 40 (£2 %) 2,0 20,0 1,24 1,05
W3 50 (£2 %) 2,0 25,0 1,55 1,35
W4 65 (2 %) 2,0 32,5 2,03 1,82

Capacity is the usable breathable gas supplied by:the RPD until the performance limits in pefformance
standard are no longer met.

The capacity shall be determined by the lefwest result.

Capacity is designated in litres rounided down to increments of 150 1 up to 900 1 and incrlements of
30p 1above 900 1.

6.4 Volume averaged work of breathing, pressures and elastance

6.4.1 Work of breathing/breathing resistance (peak pressures)

RPD work of breathing and breathing resistance (peak pressures) shall be determined in eafh cycle of
eag¢h step of the test regime for the designated work rate class, specified in 6.2.

The measurements shall begin after the stabilization of each step.

The average of any 10 consecutive determinations shall be reported.

Testing shall be performed in accordance with 150 16900-12 and the relevant regimes specified in
6.2.2 t0 6.2.5.

6.4.2 Elastance

RPD elastance shall be determined in each cycle of each step of the test regime for the designated work
rate class, specified in 6.2. The measurements shall start after the stabilization of each step.

The average of any 10 consecutive determinations shall be reported.

Testing shall be performed in accordance with ISO 16900-12.

© IS0 2015 - All rights reserved 5
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6.5 Gas concentrations

6.5.1 General

A peak resulting from the switch of the testing equipment from one work rate level to the next shall not
be considered as a failure and shall not be assessed during the gas measurement.

The test and measurement equipment shall be appropriate for the gas concentrations and humidity
levels and have sufficient response times to record changes occurring during tests.

GaS conceptration challbho varmaortnd octlhn mavonnmtagn ~f+bha duyy goc
Trat o Star e Fepotrteaastnetpereentage ot ary-gas:

6.5.2 CQ2 concentration limits
The average of 10 consecutive breaths shall be used to determine the termination point.

Testing shall be performed in accordance with ISO 16900-9 using the relevant regimes specified in
6.2.2 to 6.2.5.

6.5.3 Oxygen content

6.5.3.1 Pxygen content of RPD using regenerated breathable gas
Test using the relevant regimes specified in 6.2.2 to 6.2.5.
Determing the lowest level of inspired oxygen in the initial three’minutes.

Determing the lowest level of inspired oxygen between mintte three and a half and the termination pojnt.

6.5.3.2 Pxygen content of RPD using oxygen enriched breathable gas
Test using the relevant regimes specified in 6.2(2 to 6.2.5.

Determing the lowest level of inspired oxygen between the start of the test and the termination point.

6.6 Temperature and humidity

A peak regulting from the switeh,of the testing equipment from one work rate level to the next shall phot
be considgred as a failure.

Test using the relevant régimes specified in 6.2.2 to 6.2.5.

Record the highestinspired temperature for each range of inspired relative humidity.

6.7 CO content of inspired gas

Schematicarrangenrentof equipmentrequired—for-this—testts—shownminrFigure3—Fhetemperature
of the inspired gas shall be measured by a fast responding sensor. The wet bulb temperature of the
inspired gas shall be measured at key 4 in Figure 3. Work of breathing, wet and dry bulb temperatures
of inspired gas, and carbon monoxide concentration shall be measured and recorded continuously.

A continuous flow of test atmosphere shall be fed into the test chamber. The test atmosphere consists of
air with a temperature and humidity and a CO concentration as specified in the performance standard.
The carbon monoxide concentration in the test chamber shall be measured and monitored continuously
close to the gas inlet of the filtering device. Temperature and humidity of the inspired gas shall be
measured at the sampling point in the airway opening (see key 4 in Figure 3)

The temperature of the exhaled gas shall be checked at the temperature measuring point of the
connector and adjusted before starting the test. The humidity of the test gas in the test chamber
shall be monitored and controlled continuously close to the gas inlet of the RPD. Measurements of CO

6 © IS0 2015 - All rights reserved
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concentration and humidity may be performed at a point in the inspiratory flow path between check
valves and the conditioning unit for exhaled gas (see key 7 and key 8 in Figure 3).

NOTE The test atmosphere in the test chamber can be affected by the RPD under test.

7 Apparatus

Figure 1 shows a simplified setup for recordings of temperature, 02, CO2, and humidity. Measurements
are taken at the sampling point in the airway opening (see key 4). The displacement sensor on the
breathing machine identifies whether the breathing machine is inhaling or exhaling.

Thp inhaled gas can be analysed by drawing a sample only during inspiration (see Figure 2), by selecting
only inspirations in the recorded data or other equivalent methods.

Key
headform or other suitable mechapisin to hold RPD under test
breathing machine

displacement sensor

sampling point in the airfvay opening

transducer or signal donditioner, if separate from key 4

data acquisition device

check valve

O N O Ul W N

conditioningunit (e.g. temperature and humidity control, Oz and CO3 control) for exhaled gas

Figure 1 — Simplified schematic of a typical test set up

© IS0 2015 - All rights reserved 7
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Key

O 0 N O U1 B W N -

Figure ?

headfd

rm or other suitable mechanism to hold RPD under test

breathling machine

displa

ement sensor

sampllr:g point in the airway opening

transd
dataa
check

condit

sampling control device operated from the displacement sensor to ensure sampling only during inhalation

cer or signal conditioner, if separate from key 4
quisition device
palves

during inhalations

oning unit (e.g. temperature and humidity contrély O, and CO; control) for exhaled gas

— Simplified schematic of a typical test set up where the sampling gas is drawn only
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Key
1 | headform or other suitable mechanism to hold RPD under test
2 | breathing machine
3 | displacement sensor
4 | sampling point in the airway opening
5 | transducer or signal conditioner, if separate from 4.
6 | dataacquisition device
7 | checkvalves
8 | conditioning unit (e.g. temperature and humidity control, ©2'and CO; control) for exhaled gas
9 | humidifier

10| flow controller for air
11| flow controller for carbon monoxide

Figure 3 — Simplified schematie of a typical test set up for carbon monoxide tept

8 | Testreport

The test report shall include at least the following information:
a) | information identifying the RPD (model, sizes);

b) | operating patarieters specific to RPD;

¢) | number-Qf’Specimens tested;

d) | anysprior conditioning or testing;

e) | ‘the selection of RPD headforms/torso;

f) combination of tidal volume and breathing frequency and resulting minute ventilation;
g) for each test specimen:

1) minimum oxygen content,

2) carbon dioxide levels,

3) temperatures and humidity,

4) carbon monoxide levels;

h) any deviations from the method(s) and justification(s);

© IS0 2015 - All rights reserved 9
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i) uncertainty of measurement (see Annex A).

10 © IS0 2015 - All rights reserved
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