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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Subcommittee SC 15, Respiratory protective@evices.

test and test equipment:

Determination of inward leakagé

Determination of breathingesistance

Determination of particlefilter penetration

Determination of gasfilter capacity and migration, desorption and carbon monoxide dynamic tes
Breathing machine/metabolic simulator/RPD headforms/torso, tools and verification tools
Mechanical‘resistance/strength of components and connections

Practical performance test methods

consists of the following parts, underf_the general title Respiratory protective device§
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Part 8

Measurement nfRPD nirflnw rates nfnccicfpdﬁ'lrpring RPD

Part 9:

Carbon dioxide content of the inhaled air

Part 10: Resistance to ignition, flame, radiant heat and heat
Part 11: Determination of field of vision

Part 12: 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

resista

nce, elastance and duration

Part 14: Measurement of sound level
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Introduction

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. If deviations from the test method given in this
part of ISO 16900 are necessary, these deviations will be specified in the performance standards.
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INTERNATIONAL STANDARD ISO 16900-8:2015(E)

Respiratory protective devices — Methods of test and
test equipment —

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

1 (Scope
Thi part of ISO 16900 specifies the methods for measuring air flow rates deliveredto the wearer by an
assisted filtering RPD.

2 |Normative references

The following referenced documents, in whole or in parts, are indi$pensable for the applicaftion of this
document. For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) appliés.

[SO|16972, Respiratory protective devices — Terms, definitions, graphical symbols and units of measurement

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

NOTE Within the definitions listed in 3.2 ¥0-3.7, the flow rates are deemed to be volumetric flow|rates.

3.1
assjsted filtering RPD
filtgring RPD where breathable gas‘is actively supplied to the wearer by the RPD

3.2
int¢ractive flow rate
flow rate through the filters of an assisted filtering RPD (3.1) resulting from the combined a¢tion of the
assisted filtering REDyand the breathing pattern generated by the breathing machine

3.3
averaged interactive flow rate
intdractive:flow rate averaged over 10 consecutive breathing cycles of the breathing machin

1)

3.4
av agcd maximunrinteractive flowrate
average of the highest flow rate within each breathing cycle of 10 consecutive breathing cycles of the
breathing machine

3.5

averaged minimum interactive flow rate

average of the lowest flow rate within each breathing cycle of 10 consecutive breathing cycles of the
breathing machine

3.6

measured maximum flow rate

volumetric flow rate of an assisted filtering RPD (3.1), determined in a laboratory test, when the RPD is
in the condition which results in the highest air flow rate, where this condition takes into account the
influences of temperatures, settings of RPD, pre-conditionings, use of accessories and others

© IS0 2015 - All rights reserved 1
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3.7

measured minimum flow rate

volumetric flow rate of an assisted filtering RPD (3.1), determined in a laboratory test, when the RPD is
in the condition which results in the lowest air flow rate, where this condition takes into account the
influences of temperatures, settings of RPD, pre-conditionings, use of accessories, and others

4 Prerequisites

In order to implement this part of ISO 16900, at least the following parameters need to be specified in
the relevant performance standard:

a) numbdr of test specimens;

b) operatling conditions ofthe RPD, e.g. possible air flow settings, charging status of batterigeg, iifluernces
from the temperature of operation;

c) designiated operational temperature range;
d) appropriate RPD headform(s) and, if necessary, torso;

e) any pre-conditioning.

5 General test requirements

Unless othgrwise specified, the values stated in this International Standard are expressed as nomijinal
values. Excppt for temperature limits, values which are not stated as maxima or minima shall be subje¢t to
a tolerance|of +5 %. Unless otherwise specified, the ambientconditions for testing shall be between 16 °C
and 32 °C and (50 = 30) % RH. Any temperature limits spégcified shall be subject to an accuracy of +1 {C.

Where th¢ assessment of the pass/fail criterion depends on a measurement, an uncertainty of
measurement as specified in Annex A shall be given:

6 Pringiple

The complete RPD is fitted to an appropriate headform and, if necessary, torso and the RPD operdted
in accordance with the manufacturer’s instructions for use, unless prescribed otherwise by |the
performanice standard. The air flow supplied by the RPD is measured as the air flow rate.

Depending|on the prerequisites given it might be required to determine the air flow rate at conditfons
which resylt in the minithum flow rate or the maximum flow rate of the RPD. Depending on the degign
of the RPD] these air flow rates may be determined by possible flow settings of the RPD, initialization
time, the chharging status of the battery, different filter types, alarm settings, the temperature of the RPD,
including the temperature range for use, use of accessories, hose length, supply pressure, and other factors.

Where itis[neecessary to manipulate the RPD in order to achieve, during subsequent tests, a constant fflow
equivalent To et € procedure as to be adopted
will depend on the design of the RPD. Possible ways of ach1ev1ng such adjustments are substituting the
battery by an external variable controlled power supply, artificially increasing the pressure drop of the
filters used, or artificially adjusting the air flow control system of the RPD.

2 © IS0 2015 - All rights reserved
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All results of measured air flow rates are deemed to be volumetric flow rates and shall be corrected to
20°C, 1013 hPa according to Formula (1)

T

m

Qcor =Qm k[P_mj

where

Quor is the corrected air flow;

ey

7.1

Thi
mef

7.2

7.2

Thi
Intd

7.2
The

Q, Is the measured air flow;

k isaconstant 0,289 [K/hPa], i.e. 293 K divided by 1,013 hPa (20°C);

P, is the pressure during measurement in hPa;

T, is the temperature during measurement in K.

Test method

General

5 part of ISO 16900 describes two test methods: mé&dsurement of flow rate using zero bag
hod and measurement of the interactive flow rate.

Measurement of flow rate using zero back pressure method

1 General

5 test is suitable for RPD, where the interactive flow rate is constant, e.g. RPD with K
rface class L (loose fitting);

2 Test equipment

test equipment consists of the following:
appropriate RPD headform, of the appropriate size;
torso, where necessary;

blower or suction device with the air flow capacity to blow or draw an appropriate

k pressure

espiratory

amount of

air! The required air flow capacity shall be greater than the maximum airflow supplied

by the RPD

7.2.

under test. The capacity usually needs to be above the flow rate which corresponds to the peak flow

rate of the designated work rate class of the device. The air flow rate of the blower or suc
shall be controllable;

suitable flow meter, calibrated in the range of air flow to be measured;

differential pressure sensor, with a precision of better than +5 Pa at 0 Pa;

tion device

airtightboxorlightweightbagofavolumebetween 101and 301 with necessaryairtight connections.

3 Test procedure for RPD with a respiratory interface class T

The respiratory interface shall be fitted to the appropriate headform and, if necessary, a torso.
Respiratory interfaces of class T shall be fitted in a leaktight manner to the headform. A sealant might

© ISO 2015 - All rights reserved
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be necessary for this. The differential pressure sensor, the flow meter, and the suction device shall be
arranged as shown in Figure 1.

The RPD shall be activated. The controllable suction device of the test equipment used to draw air from
the mouth opening of the head form shall be switched on and adjusted such that the differential pressure
sensor shows a constant value of 0 + 5 Pa, when compared to the ambient pressure. The air flow rate
measured by the flow meter is the average interactive flow rate.

/5
¢ 7
.- N
4
v

Key
1  headfoym 5 controllable suction device
2 respirafory interface class T 6  air flow'ofthe RPD
3  differefjtial pressure sensor 7  air flew'from controllable suction device
4 air flow meter

Figure 1] — Typical test arrangement for air flow rate measurement of RPD with Respiratory
Interface of class T

7.2.4 Tept procedure for RPD with arespiratory interface class L

The loose fitting respiratory interfage shall be fitted to the appropriate headform and, if necessaty, a
torso. The (differential pressure-sensor, flow meter, the blower, and the box or lightweight bag shall be
arranged as shown in Figure 2:or’Figure 3. All connections to and from the box or lightweight bag shall
be leak tight.

For RPD w]th a Respiratory Interface of class L, Figure 2 shows an appropriate test setup.

For RPD where the'blower of the RPD is integrated in the Respiratory Interface of class L, Figure 3 shpws
an appropijiate test setup.

The RPD shallbe activated. The adjustable blower device of the test equipment shall be switched onfand
adjusted so that the lightweight bag does not inflate, nor deflate. A pressure sensor might be helpful to
find the exact adjustment of the blower.

If abox is used, the blower device shall be adjusted such that the pressure sensor shows a constant value
of (0 £ 5) Pa when compared to the ambient pressure. The air flow rate measured by the flow meter is
the averaged interactive flow rate.

4 © IS0 2015 - All rights reserved
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'\\U'l

N

Key

1 |headform

2 |respiratory interface class L
3 |differential pressure sensor
4 |air flow meter

R N o v

controllable suction detice

air flow supplied bythe RPD

air flow from, centrollable suction device
box or lightweight bag, either may be us¢d

Flgure 2 — Typical test arrangement for air flow rate measurement of RPD with Respiratory
Interface class L where the air flow to the respiratory interface is supplied via a hose

Key]
1 headform 6  air flow
2 respiratory interface class L 7  leaktight connector between filter and breathing bag
or box
3  differential pressure sensor 8  Dbox or lightweight bag
air flow meter 9  blower of RPD

5 controllable blower

10 filter of RPD

Figure 3 — Typical test arrangement for air flow rate measurement of RPD, where the blower of
the RPD is integrated in the Respiratory Interface class L

© ISO 2015 - All rights reserved
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7.3 Mea

surement of the interactive flow rate

7.3.1 General

This method is used to measure the maximum, the minimum, and the average interactive flow rate of
RPD. It is suitable for all RPD, but especially where the blower unit is breath responsive. It measures the
variation of air flow rate within each breath as indicated by the variation of the differential pressure,
measured between the outlet of the filter and the blower part of the RPD.

In order to use this method, a correlation needs to be established between air flow through the RPD and

the pressu

codrgpacressthe fillersustem olithe RPD as described in =

The maxinj
respirator)
maximum

The minim
the respira
maximum

The averag
the respire
a breathin
averaged o

Values of (
pressure c

0=a(

where

a and |

Q
AP

a and b carj

logQ=

7.3.2 Teg

The test eg

um of the interactive flow rate (Qmax) is the air flow rate passing through the RPD when|
r interface fitted on the appropriate headform and, if necessary, torso, is subject fqd the p
nhalation flow rate of a breathing machine set to the relevant work rate as appropriate.

tory interface fitted on the appropriate headform and, if necessary, torso, is subject to
bxhalation air flow rate of a breathing machine set to the relevant werk rate as appropriz

tory interface fitted on the appropriate headform and, if necessary, torso, is subjecte
b machine set to the relevant work rate, as appropriate, . and measured or calculated
ver 10 breathing cycles.

naracteristic of the RPD as given in Formula (2)

hp)”

are constants;
is the air flow rate [I/min]}
is the differential staticpressure [Pa] measured at a suitable point;
be calculated by linear regression analysis from the regression model in Formula (3)

oga+logb(AR)

t equipnient for calibration

uipment consists of the following:

the
eak

um of the interactive flow rate (Qmin) is the air flow rate passing through’the RPD when

the
te.

be of the interactive flow rate (Qay) is the averaged air flow rate“through the RPD when

1 to
and

max, @min, and Qay can be calculated from the recorded pressure data by using the air fllow

(2)

(3)

pressure sensor, able to measure at frequencies up to 50 Hz with less than 3 dB damping;

minimum of 100 Hz;

RPD. This depends on the performance of the RPD and the designated work rate class;

recording equipment to record the dynamic pressure measurements, recording at the

flow meter capable of measuring within the range of the interactive air flow rates supplied by the

controllable suction device, capable of drawing more than the interactive maximum air flow rate.

© ISO 2015 - All rights reserved
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7.3.3 Calibration of the test system

A measuring point for the pressure sensor is introduced in the RPD between the outlet of one filter and
the inlet of the blower unit of the RPD (see Figure 4). At this point of the RPD, the pressure is negative
compared to the environment when the RPD is switched on. The point shall be chosen so that there is
only minimum interference to the air flow rate of the RPD when it is switched on.

An adapter or spacer between the filter outlet and the inlet of the blower unit may be used, provided it
can be demonstrated that the results are unaffected.

NOTE This is the case when the pressure drop across the spacer is negligible when compared to the pressure
drop across the filter and blower umnit.

Theoutlet of the blower unit shall be connected to the inlet of the flow meter. The outlet 0fithe|flow meter
shall be connected to the controllable suction device. The pressure sensor is connected to thelmeasuring
point. With the blower unit switched off, the pressure drop (4P) at the measuring peint is nfeasured at
air flow rates between 0 1/min and the maximum expected air flow rate, e.g. 0 1/min, 30 1/mif, 50 1/min,
70 ll/min, 95 1/min, 120 I/min, 150 1/min, and 180 1/min. A typical arrangement’is shown in figure 4.

From the measured values of pressure drop (4P), and flow rate (Q), the ¢alues of a and b in Hormula (2)
and Formula (3) are determined.

5

/
iy

/ g

6 6
Key
1 |recording equipment 5 controllable suction device
2 |blower unit of RPD 6 filter of RPD
3 |Hdifferentiatpressturesensot F—air-flow-fromeontrotablesuctionrdevie
4  air flow meter 8  spacer (if inserted)

Figure 4 — Typical test arrangement for calibration

7.3.4 Test equipment for measurement of interactive flow rate
The test equipment consists of the following:
— breathing machine;

— pressure sensor, able to measure at frequencies up to 50 Hz with less than 3dB damping;

© IS0 2015 - All rights reserved 7
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minim

torso,

RPD.T

recording equipment to record the dynamic pressure measurements, recording at the

um of 100 Hz;

appropriate RPD headform of the appropriate size;

if necessary;

flow meter capable of measuring within the range of the interactive air flow rates supplied by the

his depends on the performance of the RPD and the designated work rate class;

controllable suction device, capable of drawing more than the interactive maximum air flow rate.

7.3.5 Tes

To measur
the approp
machine se
in a leaktig
is shown ir

The RPD
dependent
be measur

t procedure for measurement of averaged interactive flow rate

e the averaged interactive flow rate, the respiratory interface of the RPD shall,befitted on
riate headform and, if necessary, torso. The headform shall be connected te-the breathing
tto the relevant work rate. If the Respiratory Interface is class T (tight fitting), it'shall be fifted
ht manner to the headform. A sealant may be necessary for this. A typical test arrangenfent

Figure 5.

hall be activated, after which the breathing machine shall be“switched on. The time-
pressure between the pressure measuring point and the ambientatmospheric pressure shall
bd and recorded. Using only the differential pressure values (4P) with the sign corresponding

to an air flow through the filter into the blower, the air flows shall befcalculated from the recorded data

according 1

After the f]
rate Qay sh

7.3.6 Tes

7.3.6.1 G

The maximum interactive flow rate can be méasured with the dynamic test method or the static test met

7.3.6.2 D

To measur

the appropriate headform. If the Respiratory Interface is class T, it shall be fitted in a leaktight mar

to the head
machine sq

The RPD shi
differentia
pressure sl
maximum

o Formula (2) and Formula (3).

ow rates have been calculated from the differential pressures, the averaged interactive flow

b1l be calculated using the data of 10 consecutivebreathing cycles.

t procedure for measurement of averaged maximum interactive flow rate

eneral

nod.

ynamic test method

b the maximum intepactive flow rate, the respiratory interface of the RPD shall be fittedl on
ner
ing

form. A sealant may be necessary for this. The headform shall be connected to the breat
t to the relevanpwork rate. A typical test arrangement is shown in Figure 5.

all be activated, after which the breathing machine shall be switched on. The time-dependent
statie—pressure between the pressure measuring point and the ambient atmosp
nalldbe’measured and recorded. Maximum interactive flow rates shall be calculated fro

been calcu
be calculat

ed using the data of 10 consecutive breathing cycles.
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6 8 6
7 ~_ 1
Key
1 |recording equipment 5 respiratory interface
2 |blower unit of RPD 6_@filter of RPD
3 |differential pressure sensor 7 breathing machine
4 |headform 8  spacer (if inserted)

Figure 5 — Typical test arrangement to measure the averaged interactive flow rate, the
averaged maximum interactive flowrate or the averaged minimum interactive flow rate with
the dynamic test method

7.316.3 Static test method

The breathing machine as' described in 7.3.4 is replaced by a controllable suction device. The suction
deviice is adjusted to-a'constant air flow rate corresponding to the equivalent peak flow rate|of the RPD
clags W1, W2, W3, or W4, respectively, i.e. 110 1/min for W1, 205 1/min for W2, 330 1/min|for W3, or
4251/min for W4,

The configuration for the static test method is shown in Figure 6.

NOTE The peak air flow rates for the suction device for this test are derived from the average alr flow rates
for WL, W2, W3, and W4 and the sinusoidal breathing pattern of the breathing machine. The peak ajr flow rates
are therefore different from the peak air flow rates for W1, W2, W3, and W4 based on other breathing patterns,
e.g. human breathing.

The measured pressure drop is APmax. Qmax shall be calculated from APy 3% using Formula (3).

© IS0 2015 - All rights reserved 9
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1

3—1,

Key

1 recordipg equipment 6 filter of RPD

2 blowerfunit of RPD 7  controllable suctioncdevice
3  differenjtial pressure sensor 8  spacer (if inserted)

4  headfofm 9  air flow from.guction device
5 respirafory interface

Figure 6

7.3.7 Tes
The averag

To measur
fitted on tH
manner to

— Typical test arrangement to measure the maximum interactive flow rate with the
static test method

t procedure for measurement of the averaged minimum interactive flow rate

ed minimum interactive flow ratejcan be measured with the dynamic test method.

b the averaged minimum interactive flow rate, the respiratory interface of the RPD shalll be
e appropriate headform. If the Respiratory Interface is class T, it shall be fitted in a leaktjght
the headform. A sealantimay be necessary for this. The headform shall be connected to|the

breathing machine set to the relevant work rate. A typical test arrangement is shown in Figure 5.

The RPD s
differentia
pressure s
minimum
calculated
calculated

all be activatedyafter which the breathing machine shall be switched on. The time-dependent

static pressure between the pressure measuring point and the ambient atmosphric
nall be measured and recorded. Minimum interactive flow rates shall be calculated from|the
lifferential'static pressures using Formula (2) and Formula (3). After the flow rates have Heen
from\the differential pressures, the averaged minimum interactive flow rate Qmin shall be
using the data of 10 consecutive breathing cycles.

8 Testreport

The test report shall include information regarding those parameters specified in Clause 4, together

with the fo

llowing, as a minimum:

a) the method used according to this part of ISO 16900, i.e. ISO 16900-8;

b) the flow rate in 1/min, including the uncertainty of the measurement;

c) the type of flow rate:

1) flow rate using the zero back pressure method;

10
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