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Foreword

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

Safety in mining operations is of concern to all involved in owning, developing, managing, and working
in mining environments. Routine mining activities can generate airborne particulates which are
hazardous to human health. Therefore, it is necessary to develop controls which limit the operator’s
exposure to airborne particulates while operating equipment from within the operator enclosure.
With the rise in the number of countries regulating air quality in mining, construction, and industrial
environments, machine manufacturers have become increasingly aware of the need for standard
practices in the design and performance of operator enclosures. This document seeks to address the
fundamental design requirements that will allow for operator enclosures to perform at a level that

provides sustained air quality, reducing concentrations ol respirable particulate matter

Jde that are harmful to human health. The emphasis of this document is in three areas:

diox
air q
oper

All o
the 1

technical aspects of an operator enclosure are universal as are the deSign and perform

metH
the iy

This

inside operator enclosures. It primarily addresses air quality concerns by establishing

to de
throt
Co,,
thel
a sul

document. See Bibliography.

pality control system performance testing, and 3) maintenance and operationzinstru
htor enclosure.

perator enclosures, either on new machines or existing machines currently in operat
equirements of this document are expected to provide consistent air |quality perfof

ods. Therefore, every attempt has been made to make this an inclusive document whic
eeds of fixed and mobile operator enclosures.

document was developed to provide for the occupational Kealth and safety of personn

termine air quality control system effectiveness. The control of these airborne cont
igh an effective air quality control system (for both external air and recirculated air
routine testing of the air within the operator.eniclosure, and effective maintenance
fe cycle of the operator enclosure. Extensive résearch and subsequent publications ha
pstantial body of knowledge around the :aip quality control systems and are the |
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Figure 1 — Air quality control system life cycle

As illustrated in Figure 1, this document presents a life cycle approach to operator enclosure air quality
control system design, performance testing, and maintenance.
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Mining — Air quality control systems for operator
enclosures — Performance requirements and test methods

1

Scope

This document specifies performance and design requirements for air quality control systems for

ication and do not contemplate specific mining environments. They are intended to-me|

rsal in their
et identified

parameters of both pressurization and respirable particulate and carbon dioxide)corncentrations.
This|document also specifies test methods to assess such parameters and provides opefational and
mairftenance instructions. Recommendations are made for operational integration of th¢ air quality
contfol system.

Gasep and vapours that can be a hazard in the work environment outsidé of the operator ehclosure are
exclyded from this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenceddocument (including any amendments) applies.
ISO 18158, Workplace air — Terminology

ISO R9463-1:2017, High efficiency filters and, filter media for removing particles from aif — Part 1:
Classfification, performance, testing and marking

ISO 29463-2, High-efficiency filters and filter media for removing particles in air — Pant 2: Aerosol
prodjiction, measuring equipment and particle-counting statistics

ISO 29463-3, High-efficiency filters and filter media for removing particles in air — Part 3] Testing flat
sheet filter media

ISO 29463-4:2011, High=efficiency filters and filter media for removing particles in air — |Part 4: Test
metHhod for determining)leakage of filter elements - Scan method

ISO 29463-5:201%, High-efficiency filters and filter media for removing particles in air — |Part 5: Test
method for filtel elements

ISO/|ECA7000, Conformity assessment — Vocabulary and general principles

[SO/ EEE—7050-1—Conformity—assessment Supplier's—declaration—of—conformity Part 1: General
requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 17000, ISO 18158,
ISO 29463-1 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2021 - All rights reserved
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3.1 Terms related to air quality

3.1.1

airborne particle
airborne particulate

fine matter,

in solid or liquid form, dispersed in air

[SOURCE: ISO 18158:2016, 2.1.2.3, modified — The preferred term "airborne particulate” has been added.]

3.1.2

hazardous to human health

has

in such a q
adverse hea

3.1.3
contaminat
area where

3.1.4
breathing 7

prerrrere

th effects

.........

ed environment
1irborne particulates (3.1.1) hazardous to human health (3.1.2) are present in‘the ambient

one

air space ar¢und the worker’s face from where they take their breath

3.1.5

ambient CO
€O, (3.1.7) d
can be expo

3.1.6
respirable
materials th

Note 1 to ent

3.1.7
co,
carbon diox

3.2 Term

3.2.1

operator er
structure th
dust or othe

» level

bed

particulate matter
at are deposited in the gas-exchange region:gfthe lungs

y: The median cut point for respirable particulate matter is 4,0 um, according to ISO 7708:1995

de emitted as a by-product.ofthuman respiration

s related to the operator enclosure design

closure
at completely/stirrounds the operator, preventing the free passage of external air (3.4
r substanees into the area around the operator

[SOURCE: IS

0 10263-4:2009, 3.1, modified - "part of the machine which" has been replaced

air

oncentration present in the air outside of the operator.enclosure (3.2.1), to which peo¢ple

.7),

with

"structure tlrat".]

3.2.2

air quality control system
operator enclosure (3.2.1) that includes structural components, external air (3.2.7) and recirculation air
systems designed to protect an operator from environmental factors such as dust, heat, cold, wind, and
airborne particulates (3.1.1) hazardous to human health (3.1.2)

3.2.3

sustained quality
quality achieved through designs that work together to create an effective air quality control system
(3.2.2) that allows operator enclosure (3.2.1) pressure and effective filtration to be maintained
continuously between planned maintenance intervals (3.2.4)

© ISO 2021 - All rights reserved
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3.2.4
planned maintenance interval
interval when routine maintenance is performed

3.25

operator enclosure pressurization

situation when the operator enclosure (3.2.1) external air (3.2.7) intake is greater than the operator
enclosure leakage

3.2.6
operator enclosure work environment

3 LA | £ £ 1 2.2 1)
Spacemstaetneoperaror-erncrosttie{o-z=—1J

3.2.7
external air
contfolled air entering the system or opening from outdoors before any air treatmfent

[SOURCE: ISO 16818:2008, 3.97]

3.3 | Terms related to measurement

3.3.1
decay time
time|that it takes for the airborne particles (3.1.1) to be removed from the air inside the operator
enclgsure work environment (3.2.6)

Note|l to entry: See Figure 2.

Y

6000
5000

4000 " a >

3000

2000

1000

0 0 1 2 3 4 5 6 7 X

Dustconcentratiomrwithimrthe operatorenclosure startsat 7 pg/mmsand at the 2=mrimuteimter val it begins
to rise. At the 3-minute interval it peaks at 5 000 pg/m3, and at the 5-minute interval it returns to 7 ug/
m3. In this example, the decay time is two minutes.

Key

X  time, min

Y  concentration, ug/m3
a  2Z2min

Figure 2 — Decay time — Example

© IS0 2021 - All rights reserved 3
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4 Requirements

4.1 Performance requirements

The air quality control system objective is to prevent ingress of respirable particulate matter from the
contaminated environment, through means of filtration and operator enclosure pressurization. The air
quality control system shall meet the following performance requirements.

a)

b)

‘)
d)

e)

The maximum sustained CO, shall be the ambient level of CO, + 400 ppm, refer to Annex A for

further

information.

At the sfartand the end of the decay test, the maximum respirable particulate matter concentr

shall be|

The res

<25 pg/m3.

birable particulate decay time shall be of 120 s maximum.

The minimum sustained pressurization, when the machine starting device is in the “on” pos

(activat

The ma

ing the electrical system) shall be = 20 Pa.

Kimum sustained pressurization shall not exceed 200 Pa.

4.2 Engineering design

4.2.1 Opdrator enclosure

The following requirements shall be met.

a)

b)

f)

g)

h)

The ma
retrofit

If the o
properl

Chinery safety standard for the specific machine type shall be consulted when designi
[ing an operator enclosure to a machine.

berator enclosure is built on the machire, the interface with the machine frame shg
y sealed to ensure that there are no leakage points created under vibration during ma

operatigns.

Operatqringress, egress, and field of tiew, and operator enclosure serviceability and maintainal

shall be|

Operatdr roll over protective structures (ROPS) and falling-object protective structures (F
or other protective structure Systems, shall not be modified without permission from the ma

manufa

Considd

accumu|
cleaned

Weld jo

Cturer.

[ate particulate and are easily cleaned. Operator seats should be covered in a smooth, ¢
material; for example vinyl.

nts or connections in the engine exhaust system, which are prone to leakage over

considered when retrofitfing an operator enclosure with an air quality control systen.

htion

ition

hg or

11 be
thine

ility,

DPS),
thine

ration should be given to materials used in the enclosure to ensure that they d¢ not

asily

time,

h ld thaofdhn magmthhn At ol 1ol n ot oo
S Ou ITUT UC TILdAdI UIIU CALUT IIdAdI TTIVAdINU d1T .)_y.)l.blll.

The operator enclosure shall be designed such that all ingress points are sealed so that the system
holds pressure. All structural members, such as ROPS and FOPS, weld points, stitch welds, electrical
and hydraulic penetrations, windows, etc. shall ensure that the operator enclosure holds pressure
sufficiently to meet the minimum pressurization performance requirement, see 4.1 d), e).

Operator enclosures with air quality control system components and plumbing that are built with
attachment to two different planes shall have means to relieve the vibration stress, for example by

flexible

connectors.

© ISO 2021 - All rights reserved
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4.2.2 Air quality control system

4.2.2.1 General

The following shall be considered.

a)
b)

f)

g)

j)

The ventilation system should allow for airflows to be directed away from the operator.

Air quality control systems components added to the operator enclosure should be fitted such as
not to impede the field of view of the operator. If visual impediment is unavoidable, an assessment
shall be performed to determine the best mitigation measures, for example through the use of

ANTETdasS O T TOTS:.

he air quality control system shall not create levels of noise that are hazardous to‘hiiman health

r that contribute to existing sources of noise, generating levels hazardous to human h

ilter maintenance intervals shall be considered in the design. Sustainéd, quality r
he prefilter be appropriately sized so that it does not require maintenance between
aintenance interval.

balth.

bquires that
the planned

refilters or cyclonic precleaners are recommended to remove airborne particulates from the

xternal air prior to the primary filter. This prolongs the seryicelife of the filter and a

lows for the

se of high efficiency filtration. The design solutions referenced in the list below are gifven in order

f their effectiveness in providing sustained operator enclosure pressurization when
ust conditions typical of mining environments:

1) powered precleaner using an integrated poweréd cyclonic separator;
2) pressurizer blower using a non-powered cyclonic separator;

3) pressurizer blower using a prefilter;

4) heating ventilation air conditioning (HVAC) blower.

Leakage in low-pressure areas.in the HVAC system and external filtration cau
particulates to flow directlyninto the operator enclosure without passing through f{
qir filter. Low pressure leakage can occur for a number of reasons, including the intg
¢xternal air seal, mounting surfaces, plastic and metal joints, ventilation tubing and atf

Fxternal air shall ie~ducted directly into the HVAC mixing plenum. Putting external
into the operator’enclosure compromises the air quality in the operator enclosure by
humidity and/er’heat/cold directly into the operator enclosure. This makes the operat
the mixing plénum and compromises the air quality control system.

he airqudlity control system shall include a means to pressurize the operator enclosy

bperating in

se airborne
he external
bority of the
achments.

air directly
introducing
br enclosure

re.

nd switched

Fxternal air dev1ces 1nclud1ng the pressurlzatlon fan and all fllters shall be in place a

electrlcal conflguratlon shall prov1de for contlnuous operator enclosure pressurlzatlon
external pressurizer or through the HVAC blower. Continuous external air, through high efficiency
filtration, prevents particulate ingress into the work environment.

through the

When the machine starting device is in the “on” position (activating the electrical system), the

air quality control system shall continuously bring external air into the HVAC mixin
continuously dilute CO, concentrations. CO, levels in the air quality control system
indication of sufficient air exchange. (See Annex A.)

© IS0 2021 - All rights reserved
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4.2.2.2 External air and recirculation airflow systems

Air quality is directly related to the efficiency and integrity of the external air and recirculation airflow
filtration systems. The following shall be considered.

a) The air quality control system shall be equipped with an external air filter and a recirculation

airflow

filter.

b) High efficiency filtration can restrict airflow, a factor that shall be taken into consideration in HVAC
ventilation design.

NOTE

particul
particul
pass thr

The recirculation filter is the most effective means to rapidly remove the respirable airborne

ites from within the operator enclosure. High efficiency recirculation filtration allow

the recirfculation filter, air quality is maintained.

c¢) Theair
machin
the exh

d) In oper
enclosu
enclosu

from th|

air inta
return
defined

juality control system’s external air intake shall be installed so as to minimize ingress
’s exhaust emissions. Placement of the external air intake should take|into consider
hust emissions of other machines operating in close proximity.

htor enclosure designs, ventilation should direct airflow from the top half of the ope
e to the bottom half of the operator enclosure. The airflow pattern in the ope
e is a major consideration in the design of the ventilation System. The filtered air co
ke HVAC should pass over the operator breathing zone.and then down to the recircul
ke. By placing the supply ventilation in the upper part'of the operator enclosure an
hirflow in the lower part of the operator enclosure; below the seat index point (SI

5 the

hte to be removed with a single pass through the filter. The air volume of the operator enclosuie can
bugh the recirculation filter several times a minute. By removing the particulate in one pass through

»f the
htion

rator
rator
ming
ation
1 the
P) as

in ISO 5353, the particles move in a downward.direction, taking advantage of gravity The

location of the recirculation filter low in the operatorienclosure allows particles that are brqught
into the operator enclosure on the boots and vestments of the operator to be drawn int

b the
hctor

should be considered in operator enclosure vehtilation design. While all ventilation configurafions

high ef{ciency recirculation filter without passing over the operator breathing zone. This f

might npt follow this recommended airflow pattern, in all cases the operator enclosure air qyality
perfornmance shall comply with the performance requirements. [See 4.1 a), b), c), d), e).]

e) Externg
in accof
FltoFp

f) Allfilte

g) Filters §
ISO 294
of a mad

for retr

4.2.3 Filt

] air filtration and recirculatien air filtration shall be manufactured, tested, and clasg
dance with ISO 29463-1,(IS0O 29463-2, ISO 29463-3, ISO 29463-5 and ISO 29463-4:

D.
s shall be marked with their filter classification.

hall be labelled)in accordance with ISO 29463-1:2017, 9.1 a), b), c), d) e), f). If applig
63-5: 2011;-Clause B.5, shall be included as a separate document in the filter packaging
hine-readable optical label (e.g. matrix barcode) on the filter label is recommended to :
eval ofithe filter label information.

prs-and filter housings

ified
P011,

able,
.Use
h[low

4.2.3.1 General

Filter housings provide the delivery system for the operator enclosure filtration. Protection of the filter

is critical to

sustained quality and operator enclosure air quality performance.

4.2.3.2 Filter housings

The following items should be addressed in the filter housing:

a) the filter cannot be installed incorrectly (e.g. reversed airflow);

b) the filte

r housing is easily cleaned to avoid accumulation of particles;

© ISO 2021 - All rights reserved
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c) all surfaces are easily cleaned;

d) edges, projections, and recesses are reduced or eliminated;

e) filters are easily removed and replaced without damaging the filter media or filter seal;

f) interior surfaces are smooth without ridges or crevices that can collect particles;
g) filter housing shall mate with the filter seal to insure zero seal leakage;

h) vibration and shock do not have an adverse effect of filter seal effectiveness.

4.2.3.3 Handling instructions for filter media made from glass fibre

A primary cause of filter leakage is damage to the media during shipping, removal frjom th
and [installation on the machine. Glass fibre media is particularly susceptible-to fibn
pundture holes, water wicking, and fibre abrasion from vibration. For every step in the p
mantyifacture to final installation, the filter efficiencies shall be maintained as classified.

The following requirements shall be met.

e packaging
e breakage,
Focess, from

a) Handling instructions shall be provided on the label and packaging.

b) Packaging shall protect the media from excessive shock dufing shipping.

c) labelling of the filter packaging shall include a warningnot to touch the media.

d) MHandling instructions for how to remove the filtef#rom its original packaging withoyit damaging
he filter should be printed on the outside of the product packaging.

e) [ilter shall be constructed with a protectivé.séreen to prevent damage, which is caused|by touching

achine.
4.3 | Monitoring devices

4.3.1 General

Contjnuous monitoring is(the means by which system performance is validated and mainta
quality control monitoring device shall be integrated into the air quality control system. B
and €O, shall be monitored.

The pressure menitoring device shall have the following minimum features.

a) A minimum resolution of 5 Pa.

he filter media when being removed from its packaging or when it is being installed into the

ned. The air
th pressure

b) Aminimum accuracy of + 10 Pa.

The carbon dioxide monitoring device shall have the following minimum features.
a) Nondispersive infrared sensor (NDIR).

b) Range: 0,0 to 5 000 ppm.

c) Accuracy: £ 3,0 % of reading.

d) Response time: 20 s.

e) Altitude compensation — Due to variations in temperature and atmospheric pressure,

air volumes

change at different altitudes. The device shall have a temperature and atmospheric pressure

sensor to automatically compensate for changes in these conditions to provide a
measurements.

© IS0 2021 - All rights reserved
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f) The device shall be affixed to a location within the operator enclosure that is in the ventilation

airflow,

Note

but out of the breathing zone of the operator.

CO, is in higher concentrations in areas that do not have air circulation. If the CO, monitor is
improperly located, the CO, reading may not be accurate.

4.3.2 Carbon dioxide operator notification system for retrofit installations

Notification

systems shall contain a first and second alarm state with visible and audible alarms.

a) Firstalarm:

1) avikual display shall be provided that shall be

iii)

2) thelalarm shall be set to 1 000 ppm by the manufacturer of the monitoring device;

3) the

seclire administrative controls;

4) the

b) Second plarm:

1) audlible and visual alarms shall meet the requireéments of IEC 60073;

4) thelsecond alarm, if silenced, shaill reoccur at a maximum of every 10 min if the alarm condiLions
ain. If configurable beyond the parameters of the first alarm limit threshold and timing of

2) the
3) the
ren
the

Clause B.4.

4.3.3 Carbon dioxide opérator notification system for machine manufacturers

Notification
Audible and

a) Firstalg

green when operating within performance requirements,

amber when the monitoring device detects concentrations within 10,0-% "of the 4
value, and

red when the audible alarm sounds;

adjustment of the first alarm limit threshold and timing of\alarms shall be made thr

device shall be configurable by an individual with administrative control.

second alarm setting shall be set to 2 500 ppm;

device shall be configurable by aniindividual with administrative control;

alarms, the device shall'be’configurable by an individual with administrative contro

systems shall contain a first and second alarm state with visible and audible alg
visual alavms shall meet the requirements of IEC 60073.

rme

larm

ough

|, see

rms.

1) thel

3 ok all b P N | o0 b il £ 'S £l 14 4 o 4
ITITITC 5111l T OUTL LU 1 UUU lJlJlll Uy LIIT ITTIariuirattur Tl Ul L1IT ITIUVITILUT llls UCTVILLC,

2) the system shall be capable of adjusting the low alarm limit threshold and the timing of alarms
through secure administrative controls;

3) the adjustment of the first alarm limit threshold and timing of alarms shall be made through
secure administrative controls.

b) Second alarm:

1) the

second alarm setting shall be set to 2 500 ppm;

2) through administrative controls, the equipment owner shall have the capability to activate the
alarm silence function;

© ISO 2021 - All rights reserved
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3) thesecondalarm, if silenced, shall reoccur ata maximum of every 10 min if the alarm conditions

remain. If configurable beyond the parameters of the first alarm limit threshold a
the alarms, the device shall be configurable by an individual with administrative
duration and frequency of elapsed time between subsequent alarms should be con
an individual with administrative control. Refer to site protocols when the alarm
Clause B.4.

ISO 6011 for guidance on placement of the visual warning.

4.3.4 Additional monitoring capabilities

The ollowing events are recommended to be recorded or monitored.

a)
b)
c)
d)

e)
f)
g)

5

5.1

5.1.1 Testsetup

The following requirements shall:be met.

a)
b)

c)

d)

5.1.2 ““Test equipment

nd timing of
control. The
figurable by
sounds, see

hether the external air filter is removed from the filter housing.
hether an incorrect filter, or no filter, is installed in the filter housing.
hether the filter life expires; the time to replace the filter; whether thefilter is replac

etection and reporting of the external air filter classification, the filter part number, 3
ife remaining.

eporting of the recirculation filter classification, the part ntiumber, and the filter life rg
Data logging.

Particle concentration.

Performance testing

Requirements

An operator enclosure fortesting shall be fully functional per its design.
All external air filtefs and recirculation air filters shall be in place on the operator encl

Tests may be,performed at the equipment manufacturer (e.g. OEM, HVAC manuf
manufacturer) or in an aftermarket environment (e.g. actual worksite, unaffiliated test

To perform the test, the wind speed shall be < 0,55 m/s.

ed.

nd the filter

maining.

psure.

hcturer, cab
facility).

The following requirements shall be met.

a)

b)

Use a real time airborne particulate monitor with a minimum specification of:
1) concentration range: 1,0 pg/m3 to 10 000 pug/m3;
2) resolution: 1,0 ug/m3;

3) particulate size: 0,3 pum to 10,0 pum;

4) airflow rate: the airflow rate depends on the size selector used and its performance

characteristics.

Set the particulate monitor to the closest data reporting interval to 1 s.
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c¢) Use a differential pressure monitor capable of measuring in maximum increments of 5 Pa of
pressure.

d) Use an airborne particulate generator, which generates nontoxic airborne particulate (e.g.
composed of glycerine and distilled water in a ratio of one-part glycerine and three-parts distilled
water), equipped with remote operation capabilities (e.g. 400-watt, fog machine or equivalent).

5.1.3 Test methods

5.1.3.1 Pressure

The test shalll be performed as follows.

Once the priessure monitor is installed in the operator enclosure, the operator enclosurespressyre is
determined by closing all windows and doors in the operator enclosure. A minimum of 20{Pa-of opefator
enclosure pressure shall be indicated on the monitor when the machine starting deviee. is placed ip the
“on” position (activating the electrical system). When the HVAC blower motor is turnédto low fan speed,
the pressure should increase. The maximum pressure is achieved by setting the-HVAC blower to|high
fan speed. Record the minimum pressure reading and the maximum pressure reading in the test rejport.

5.1.3.2 External air system leakage

The externall air system includes the external air filter, filter seal, andintake plenum. These compomnents
operate at d lower pressure than the entirety of the operator enclesure and, if there are leaks ip the
external air|system, the airborne particles pass directly into theeperator enclosure.

The test shalll be performed as follows.

a) Install hew minimum classification external air @fd recirculation air filtration as classifi¢d in
accordance with ISO 29463-1 in the HVAC system. Filters should not be damaged when remg¢ving
them frpm their packaging or when handling them.

b) Turn on the airborne particulate moniter,'and place it in the airflow, on or near the operator|seat.
The parfticulate monitor display shall be Visible from outside the enclosure.

c) Turn on the electrical power to(the operator enclosure. Ensure that the HVAC blower motor is
running at a fan speed sufficient to achieve 50 Pa + 10 Pa of pressure. Confirm that all window$ and
doors afe shut, and that the operator enclosure pressure monitor and particulate monitors are on.
Record the pressure readitg

d) Set up the particulate generator so that the outlet of the particulate generator is 2 m * 0,25 np and
pointed|directly atithe HVAC external air filter.

e) Record the starting particulate concentration level, which shall be below 25 pg/m3.

f) Turn on the particulate generator to emit a full stream of particles for approximately 1 s. Exjsure
that the-particutatetsimpacting theextermatair-fitter for <-3—s-{f-theparticutate-tsmottmpacting
the external air filter due to wind, construct a temporary plenum in front of the external air filter
to block the wind.

g) Observe the particulate monitor display, and record the highest particulate level achieved over the
1-min interval after applying the particulate to the external air filter.

h) If the external air system is leak-free, the particle concentrations in the operator enclosure rise
to < 100 pug/m3. If the particle concentration is > 100 pg/m3, the external air system should be
examined to determine the source of the leakage. When there is leakage, particulate concentrations
rise to a much higher level than 100 pg/m3, for example 1 000 pg/m3 to more than 10 000 pg/m3 is
typical.
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NOTE1 The same testcan also be performed with an ISO 35 H filter. If the system is leak-free, then the particle
concentrations in the cab will rise <10 pug/m3.

NOTE 2  The test data can reveal seal leakage, leakage in the plumbing on the low-pressure side of the HVAC,
and filter media damage.

5.1.3.3 Decay time

The decay time test is performed with a direct reading particulate monitor, a digital watch, a pressure

moniter anda parfirll]nfn gnhnrafnr

The test shall be performed as follows.

a) Install a new filter classified in accordance with ISO 29463-1 in the HVAC systém. Filter]s should not
Ibe damaged when removing them from their packaging or handling them.

b) Confirm that the pressure monitor and the particulate monitor are tutned on and installed in a
Ication on or near the operator seat, easily visible from outside of the operator enclosyire.
1

c)

ace the particulate generator on the floor in the operator enclesure. Turn on the electrical power
o the operator enclosure. Confirm that all windows and deors are shut and that the operator
eénclosure pressure and particulate monitors are on.

d) The test shall be done without an operator in the operator enclosure.

e) Confirm that the operator enclosure is pressurizedto 50 Pa + 10 Pa. Record the pressufe reading.

f) Read the particulate monitor display and record the particulate concentration inside the operator
nclosure.

g) Particle concentration shall be below 2541g/m3 at the start of the test.

h) Using the remote control, so thatthe'device can be activated from outside of the operatqr enclosure,
urn on the particulate generator so that it produces a constant stream of particulates for 1 sto 2 s.

i) For purposes of this test, the maximum particulate concentration created by the| particulate
enerator should not exceed 5 000 pug/m3, and the minimum particulate concentratigns shall not
e below 2 000 pg/m®.

j) If particle concentpation exceeds 5 000 pg/m3, repeat steps h) to k).
k) Record the tithé when the particulate concentration is at its highest point.
1) Actively-watch the particulate monitor and record the highest particulate concentratign reading.

m) (ontinue to actively watch the particulate monitor until the particulate concentrafion falls to

£ 25 no/m3 recordthe time
757 U

n) Open the door, remove the particulate monitor.

o) Calculate the decay time and record it in the test report, see Table 1.

5.1.3.4 CO,

There are two methods which can be used to introduce CO, into the operator enclosure. Either method
may be used in a manufacturing environment or in the after-market. Both methods require that the
ambient CO, concentrations be determined first. The test is performed using the monitoring devices
installed in the operator enclosure, meeting the requirements of 4.3.1.

The test shall be performed as follows.

© IS0 2021 - All rights reserved 11
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a) Determine the ambient CO,.

1) Turn on the machine to the “on” position (activating the electrical system).

2) Close the operator enclosure door.

3) After 5 min, record the CO, reading.

one: using the operator to generate the CO, for the test.

b) Method
1) Pla
enc

ope

for

2) Clo
3) Tur
4) Con
5) Aft
levd

c¢) Method

min, value taken from ASTM D6245-18.

1) Wit
enc
2) Tur
3) Con
4) Allg
for
5) Aft
am]

For operatd
following m

— Modific

operatolr enclosure to equal the number of occupants for which the operator enclosure is desig

— Modific

eamroperator-imtireoperatorenclosure—theoperatorshattrenmatrseated-imrthe ope
osure until the 15-min test is completed. The person performing the test can b{
rator; however, only one person is required in the operator enclosure to generdte ‘thg
Lhe test.

be all openings in the operator enclosure.

h on the operator enclosure pressurization system.

er 15 min, record the CO, reading. CO, shall not exteed the initial ambient
1+ 400 ppm.

two: using CO, from a cylinder which is metered at the'human CO, generation rate of

h the door closed, meter the CO, at the generation rate of 0,3 1/min into the ope
osure.

n on the operator enclosure pressurization system.

w the CO, to continuously flow, while maintaining the operator enclosure pressuriz
15 min.

br 15 min, record the CO»level in the operator enclosure. The CO, shall not exceed the i
pient CO, level + 400 ppm.

bdifications:

htion to.fest method one: during the test, increase the number of operators present i

firm that the operator enclosure pressure is 50 Pa + 10 Pa, recordthe pressure reading.

firm that the operator enclosure pressure is 50 Pa * 10 Pa, record the pressure reading.

ator
b the
 CO,

co,

0,31/

rator

htion

hitial

r enclosures designed for more than one occupant, repeat the test protocol with the

h the
ned.

ption to test method two: multiply the required CO, flow by the number of operatoy

s for

which t

ne operator enclosure 1s designed.

5.2 Testreport

The reporting template in Table 1 can be used to record the performance test data from 5.1.3.1, 5.1.3.2,

5.1.3.3,and

5.1.34.

12
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. External air filter
Machine asset no. PR
classification
Date of performance Recirculation air filter
test classification
. . Calibration
Equipment Make Model Serial no. d
ate
Airberne-partieuiate N/A
gengrator
Airborne particulate
realjtime monitor
Pressure Q:\ -
Fan speed ({bv
Pregsure (Pa) Low Medium " High
External air system leakage, o
£ lai Pressure 0\< Max. concentration|
xternal air system (pa) X 4Q [llg/m3)
leakiage
Decay tin
D . Initial Max.  *> | Time of max. Time of Cqlculated
ecdy time : . . .
concentration | concen on | concentration | concentration ddcay time
(performed on low fan (ug/m3) (ugytn3) <25 pg/m3
speed)
= <o
- Pressure (|  Ambient concentration Concentration of CO, after 15 min
Carbon dioxide
(Pa) -, (ppm) (ppm)
One operator
Additional occupant

(if required)
Add{tional comments;
6 OQperation-and maintenance instructions
6.1 | The'machine manufacturer, HVAC supplier or retrofitter shall provide information for fthe operator
(eithpr-in~the machine operator manual or as a separate manual). ISO 6750-1 and IEC/IHEE 82079-1
should-be used for guidance in providing information on safety operation and maintenanke of the air
quality control system. This information shall contain at least the following.

a) Description of the air quality control system and its protective function against respirable airborne
particulate.

1)
2)

3)
4)

device is placed in the “on” position).

© IS0 2021 - All rights reserved

Maximum number of persons for which the air quality control system is designed.

Description of how the air quality control system is activated (e.g. when the machine starting

Instructions to keep doors and windows closed while the air quality control system is activated.

Description of filter classification(s) required to achieve the rated performance level(s).
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5) Explanation of the variables that effect the filter life (e.g. respirable particulate concentrations).

6) Prohibition against cleaning and or reusing air quality control system filters that are intended
only for a single use.

7) Explanation of filter labelling contents in accordance with 4.2.2.2 g).

b) Explanation of regular inspection and maintenance protocol.

c) Explanation of hygienic practices known to improve air quality control system performance, for
example cleaning the operator enclosure at the end of every shift, keeping doors and windows
closed, maintaining all aspects of the air quality control system according to the manufacture’s
maintenance schedule, as applicable. See Annex B.

d) Limitat{ons of use (for example, gases present outside of the operator enclosure).

e) A declarfation of conformity, see 6.3.

6.2 Suppliers of field-installed air quality control systems shall provide:

a) instructions for mounting of the air quality system devices;

b) instructions for electrical integration of air quality system devices;

c) adescription of how the air quality system functions, for example a flow diagram;
d) instructions for filter installation and service.

6.3 The nfachine manufacturer or installer of the air quality control system shall provide a suppllier’s

declaration pf conformity that the operator enclosure-dnd filtration system is in conformity with this
document. The declaration shall be in accordance with1SO/IEC 17050-1.

14 © IS0 2021 - All rights reserved
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Annex A
(informative)

CO, management

General

This
perfy
math
encld

A2

Oper]
healt
extel
oper
abov|
Oper]
envil

Stud
high
alert
the 4
main

ISO 1

rmance, a CO, standard reference value, physical aspects of CO,, CO, monitoring dg
ematical model for the relationship between external air and CO, concentrations in
sure.

Background

ator enclosures are designed to protect operators from environaients that are hazardo
h. External factors are addressed through design of the dir quality control systen
nal contaminants from entering the operator enclosure.However, once inside the er
htor generates CO, through human respiration. CO, is.anfasphyxiant gas, which in ¢

ator enclosures address internal contaminants, sueh as human generated CO,, as wel
onmental contaminants.

es on CO, effects on human cognition, have consistently demonstrated the negatiy
er than normal CO, on critical thinking. While operating a piece of mining equipme
ness and critical thinking skills are necessary to operator safety and for the safety of t
quipment. Dilution of CO, with the-ntroduction of air with ambient oxygen levels is
tain safe levels of CO,.

6000-26:2012 assigns a standard value to CO, concentrations that produce various lev

air quality. 800 ppm is used &s)the standard reference value and assumes a 400 ppm a

of C(
refen

»- Due to variation in ambient CO, concentrations, the method used in determining t
ence value (400 ppm@mbient + 400 ppm human generated CO,) is applied. For use in thi

annex provides information on the importance of CO, as a consideration in operatrLr enclosure

vices, and a
an operator

us to human
| to prevent
closure, the
centrations

0
e 1 000 ppm can compromise human cognitive fungtions, like decision making aer alertness.

as external

e effects of
nt, operator
hose around
required to

els of indoor
mbient level
he standard
s document,

CO, limits for initial setdp and on-going performance validation are ambient CO, level + 400 ppm.

A3

A.3.

Measuring CO, in operator enclosures

| Understanding CO, concentrations

Carb

pn’dioxide (CO,) in air can be measured in parts per million (ppm) or as a percent co

ncentration.

Parts per million is a ratio between one gas and another.

The air volume required to contain one million air molecules is affected by air temperature and air
pressure. Air pressure and air volume work in an inverse relationship. As air pressure increases,
the volume required to contain one million air molecules decreases. The converse is also true, as air
pressure decreases the air volume required to contain one million air molecules increases. The opposite
is true of temperature. As the air temperature decreases, the air volume required to contain one million
molecules decreases. As the air temperature increases, the air volume required to contain one million
molecules increases. The net effect of temperature and air pressure on the concentration of CO, is that
regardless of air volume, the concentration of CO, stays the same.
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A.3.2 CO, Monitoring devices

Because air volumes are constantly changing due to variations in temperature and atmospheric
pressure, CO, monitoring technology has been developed that provides for real time automatic
temperature and pressure compensation, insuring an accurate CO, reading. This technology can also
be referred to as automatic altitude compensation.

A.4 Calculating external air from CO, concentration in an operator enclosure

Methods for calculating external air intake using the CO, concentration within the operator enclosure
are deSCFibC’J 1 ACLID AL £9 1 Ao )
U Il IXJI 1IN UL‘-.L, LAXITITIC A LY,
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Annex B
(informative)

Recommendations for the operational integration of this

document

B.1

Cons
encld
thred
occu

Afte
the {
protd
resp
thein

The 4

proc
man
defin
air q
B.2
The f

a) 1

b) 1

1

B.3

General

istent performance of an air quality control system is a result of the combined éffortg

of operator

sure design, timely and accurate maintenance, and proper operation. Withalit the sfipport of all

p of these aspects, equipment operators can be at risk of short-term or‘long-term ¢
bational health hazards.

the operator enclosure is designed and conforms to the parametérsin this document

bquipment owner’s responsibility to maintain the air qualityk control system effe
pct the safety, health and well-being of their equipment operaters. Equipment operaf]
bnsible for using the operator enclosure in alignment withthe manufacturer’s manu
own safety, health and well-being.

Xposures to

, it becomes
Ctiveness to
ors are also
1l to protect

uccessful integration of an air quality control systemnéeting the performance requirements of this
document as an effective engineered occupational exp@sure control can require a standat

bdure that is supported by the maintenance “staff, operators, health and safety
hgement, and all other concerned parties. This documentation can support the ali
ition of responsibilities, and actions of thé personnel involved in the use and mainte
1ality control system.

Operation and maintenance of the performance test equipment
ollowing should be considered.

Personnel using the performance test equipment should be trained in the op

maintenance of these\devices.

d operating
Hepartment,
bnment and
hance of the

bration and

Monitoring deviCe€s and performance testing equipment specified in this document nged be used

dnd maintained-as per their manufacturer’s recommendations to provide accurate

esults.

Rétrofitting operator enclosures

and reliable

The

ollowing should be considered.

a) An existing operator enclosure should be evaluated to determine the current performance status
in relation to this document’s parameters. If the operator enclosure is known to be deficient,
the evaluation should still be performed to determine a baseline of the operator enclosure’s air
quality control system performance and effectiveness. This recommended evaluation includes the
following.

1)

example of a visual inspection test is provided in Table B.1.

2) Pressure, decay time and CO, test protocols aligned with Clause 5. Portable monito

© ISO

meeting the specifications in 4.3 should be used.

2021 - All rights reserved

Visual inspection of operator enclosure filters and the interior of the operator enclosure. An

ring devices
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b)

3) Interview of the operator to determine existing concerns of ingress of particulates.

Once the operator enclosure has been properly fitted with an air quality control system, handover
should occur between the fitter and machine owner, providing written guidance on how to operate
and maintain the operator enclosure.

B.4 Operating air quality control systems

The following should be considered.

a)

b)

B.5 Maintaining operator enclosures and air quality control systems

The following should be considered:

a)

b)

18

Prior to use of the operator enclosure and air quality control system, it is recommended that
maintenpance personnel, equipment operators, health and safety personnel and any additjional
personiel who can complete performance tests, be made aware of the following.

1) Proper operation and maintenance of operator enclosures and air quality contfel-Systerms to

preyent occupational overexposure to respirable particulate and/or CO,. Fhis includes the
opriate actions to take in the event an alarm related to the air quality control syst¢m is
activated.

2) Ocqupational health and safety hazards and risks specific to the operation and maintenarice of
air fjuality control system components (e.g. filter handling and changes).

3) Linlitations of use (e.g. gases present outside of the operator,éndlosure).

4) Ocqupational health and safety hazards and risks if the operator enclosure and air qyality
Con[[rol system is not maintained or operated properly.

Including an operator pre-use inspection of the_.air quality control system into exipting
equipment checks.

If more |n-depth expertise is desired by maintenance or health and safety personnel, Referenceg [26]
to [32] provide advanced education in the application of operator enclosure theory, mainterfance
practicgs, and occupational health and safety management system (OHSMS) integration.

Operatdr enclosure maintenance inspections should take place immediately after the plaphned
maintenance (PM) of the/HVAC filters, halfway through the PM, and approximately 80 % df the
way thrjough the PMCIfthe results of the interim inspections are good, then the operator enclgsure
performance tests'¢an be completed. An example of a maintenance inspection template is proyided
in Table B.1.

If the dpefator enclosure fails an interim inspection, the maintenance department should be
notified of-the deficiency and its probable cause.

The length of PM cycles is determined by the performance of the operator enclosure between
required maintenance intervals. It is recommended that the performance of the operator enclosure
be audited annually.

Performance testing can be completed at any time to identify operator enclosure effectiveness.

Adjusting first alarm settings — The first alarm level can be manually set to accommodate actual
site conditions. The key variable is the level of ambient CO, in field condition. Subclause 5.1.3.4
gives specific instructions on how to determine the ambient CO, level. It is recommended to set
the first alarm to reflect the ambient CO, + 400 ppm. The first alarm setting can be adjusted to any
level below 2 500 ppm.
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